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Editorial
IJMR Special Issue on HIV/AIDS: Editorial Overview

The HIV epidemic has reached an important
threshold in India. India has the world’s second largest
burden of HIV-infected persons. One of every six
new HIV infections occurs in India. Two Indians
become HIV-infected every minute and HIV is
expected to exacerbate a number of other important
public health problems in India. India’s DOTS
programme for control of tuberculosis has been a
model of success. Yet, India also now has the largest
number of HIV-TB co-infected persons in the world.
In addition to increasing the number of active TB
cases, HIV can be expected to increase TBassociated mortality in India, challenging the continued
success of the national DOTS programme. In a setting
of an expanding feminization of the HIV epidemic,
Indian women are already overburdened with high
maternal mortality and limited access to health care.
Indian women endure high rates of many other health
problems, including the world’s highest rates of
cervical cancer, which would be expected to increase
further due to HIV infection. At least 500,000 Indians
have already died of HIV-associated illnesses and
most of these deaths have occurred in the past 5 yr.
HIV-associated morbidity and mortality will put an
increasing, costly burden on public and private medical
care systems, which are already coping with major
challenges. Finally, recent publicity of episodes of
violence and discrimination towards adults and
children with HIV in India, reflect significant
stigmatization of the victims of HIV infection, in many
segments of society.

opportunities to further harness India’s considerable
scientific, economic and humanitarian resources to
reduce the future impact of HIV upon Indian society.
Despite having a large number of HIV-infected
persons in India, the epidemic still remains largely
limited to specific high-risk groups of injection drug
users, men who have sex with men, female sex
workers, their male clients and the spouses of these
men. The current HIV prevalence estimate among
adults in India is 0.9 per cent, which is similar to the
United States. The rates of HIV infection among
pregnant women in Mumbai and Durban, South Africa
were similar in the late 1980’s and early 1990’s. The
fact that HIV prevalence among pregnant women in
Durban is now more than 10-fold higher than in
Mumbai, suggests that it is not too late for India to
prevent a greater expansion of HIV in the general
population. For reasons that are not entirely clear,
the HIV epidemic remains geographically diverse
with some States, such as Maharashtra and Tamil
Nadu having much higher HIV prevalence among high
risk groups and pregnant women, than other lower
prevalence States like Uttar Pradesh and West
Bengal.
Thus, India has an opportunity and a
responsibility to take important steps to reduce the
number of new HIV infections and limit the public
impact of this epidemic. A 1 per cent increase in adult
HIV prevalence in India would represent another
5 million infections. Fortunately, India has begun to
take some important steps. Over the past 5 yr, the
National AIDS Control Organization (NACO) has
increased the number of HIV surveillance sites more
than 3-fold and the number of voluntary counseling
testing centers by 7-fold, with a budget increase to
Rs.1425 crores for the AIDS-II Project. NACO has

Although the social and public health challenges
facing India due to the rising HIV epidemic are
daunting, there have also been important
accomplishments in India’s efforts to meet these
challenges. Importantly, there are also unique
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also initiated the world’s largest government-funded
antenatal HIV screening programme, which offers
voluntary counselling and testing (VCT) to more than
600,000 pregnant women per year and provides free
antiretroviral therapy, for prevention of mother-tochild transmission through more than 400 antenatal
centers in the country. In addition, NACO has also
initiated an ambitious programme to expand free
access to highly active antiretroviral drugs. The Indian
pharmaceutical industry has also been instrumental
in providing lower cost, generic, fixed dose
combinations for HIV-infected patients throughout the
world.
In the area of research, for the past 13 yr the
National AIDS Research Institute (NARI) in Pune
has undertaken a large number of important HIV
studies, including the first clinical trials of female
microbicides and the first HIV vaccine trial in India,
which was initiated in March 2005. The first clinical
trials to compare the efficacy of different
combinations of anti-retroviral therapies among Indian
patients will soon be initiated at YRG Care in Chennai
and NARI in Pune. In addition, a large number of
dedicated, highly-skilled and experienced investigators
working in many government and non-governmental
institutions throughout India have made important and
unique scientific and public health contributions in the
battle against HIV/AIDS. In particular, nongovernmental organizations throughout the country
have been particularly effective in mobilizing and
increasing the societal and governmental response to
the HIV epidemic.

In this special issue of the Indian Journal of
Medical Research, many of India’s leading scientists
and equally distinguished researchers from abroad
have outlined the many and wide-reaching challenges
facing the country, as a result of the increasing and
complex Indian HIV epidemic. I would like to
personally thank all of the authors for their contribution
to this issue. These same scientists also reflect in
their own dedicated work and demonstrate through
the great accomplishments described in these
manuscripts, that India has uniquely qualified,
capable, experienced and motivated scientists as well
as the scientific infrastructure to meet the challenges
of the HIV epidemic. These articles review what is
known and what has been already accomplished in
the areas of HIV research, with particular relevance
to India. More importantly, they also tell us that there
is much more yet to be done. India’s scientific
community, Indian industry, governmental
organizations, non-governmental organizations and the
rest of Indian society must now step forward together
and demonstrate that effective prevention and
treatment of HIV in India can be achieved.

Robert C. Bollinger
Professor of Infectious Diseases and
International Health, Johns Hopkins School of
Medicine, Johns Hopkins Bloomberg School of
Public Health, Ross Building 1150, 720 Rutland
Ave, Baltimore, Maryland 21205, USA
e-mail: rcb@jhmi.edu
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Editorial
TRIPS, patents & HIV/AIDS drugs

Kofi Annan describes global AIDS epidemic as
one of the greatest challenges facing our generation,
a global emergency - an unprecedented threat to
human development requiring sustained long term
commitment and action1. Over 20 million people have
died while an estimated 37.8 million are living with
HIV/AIDS with 50 per cent being young girls/women.
In fact young people (15-24 yr) account for half of
all new HIV infections, more than 6000 contracting
the virus each day. Last year in poor countries
HIV/AIDS killed over 3.1 million, about 8000 every
day.

countries in Africa and Asia account for over 90 per
cent of these. Almost 15 yr since antiretroviral drugs
became available, just one of ten pregnant women
receives the ART.
The ARVs don’t come cheap. Cost estimates vary
from US $ 150 to US$ 250 per person per year (ppy),
if sourced from generic manufacturers. An estimated
US $5.1 billion to US$ 5.9 billion will be needed by
the end 2005 toward ART and support cost for the 3
by 5 goal of WHO and UNAIDS1. And this will cover
only 3 million people in the low and middle income
countries3. The 'low-cost option' estimate of US$ 5.1
billion is based on the US$ 140 ppy negotiated by the
Clinton Foundation from a generic manufacturer from
India 3 . It appears that Abbott offers an ARV
combination for $500 ppy to all African countries and
less developed countries (LDCs), but charges $4336
for the same drug to ten Latin American countries4.
Patients in developed countries like the US pay
$10,000 to $15,000 annually for the same medication2.
The high cost of drugs is due to patent protection.
Most of the R&D is done in the private sector and
pharma companies hold almost all the patents for the
ARVs. It takes an estimated US$ 500 million and 12
to 15 yr to bring a new drug to market5, and the industry
needs to recoup the cost.

Can we check the mortality, stem the spread of
the infection, improve the quality and care of those
living? Recent experience has shown that while cure
remains elusive, there are other approaches with
proper leadership that could definitely make a
difference to “ …the most globalized epidemic in
history"1. Ironically, it is the increasingly globalizing
economy that is responsible to at least one critical
element of the global efforts to control the pandemic.
Keep most of the drugs out of reach of HIV/AIDS
patients.
Why the focus on drugs? According to Barry
Bloom, Harvard School of Public Health, highly active
retroviral therapy cuts down death rates in HIV/AIDS
patients by 73 per cent2. These drugs are unaffordable
to the poor patients and there are far too many of
them. In December 2004, only about 12 per cent
(700,000 of 5,800,000) HIV/AIDS patients from all
developing and transnational countries were receiving
anti-retroviral (ARV) treatment 1 . The relative
coverage says it all - about 8-9 per cent in SubSaharan Africa and South East Asia and 65 per cent
in the Americas. What is more, just 34 high-burden

Many commentators consider the TRIPS
agreement to be responsible for the current global
crisis in the HIV/AIDS drugs. ‘TRIPS’ stands for
Trade-Related aspects of Intellectual Property Rights,
a global treaty to ensure intellectual property rights
within international trade. During 1986-94,
industrialized countries led by the US pushed for a
global intellectual property rights (IPR) protection
system. Earlier, IP regimes were mostly left to
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national discretion in both developed and developing
countries. Countries like India did not have ‘product’
patent protection for drugs and the total period of
patent protection was five years from the date of
sealing or 7 years from the date of filling. The
objective was to harmonize the way IP is protected
around the world by establishing a set of common
minimum international rules designed to protect
inventors (primarily from the pharma industry). After
prolonged and acrimonious negotiations, TRIPS came
into force in 1995.
As TRIPS rules prohibit ‘copying’ a drug under
patent protection (so called generics), during these
negotiations, countries like India, Brazil and other poor
countries continuously expressed their misgivings
about the potential adverse impact of the treaty on
the price of medicines, including life saving drugs, a
concern shared by several international nongovernmental organizations (NGOs) like Medicines
Sans Frontieres (MSF), Oxfam, Third World
Network (TWN), etc. The simmering debate surfaced
in 1997 when the Republic of South Africa modified
IP laws to provide cheaper medicines for the alarming
HIV/AIDS infected population by invoking what is
known as compulsory licensing provisions for patented
drugs. The US and the EU threatened trade sanctions
against South Africa besides initiating a protracted
legal battle. In the light of severe international
criticism, the US withdrew the case. About the same
time, the US took on Brazil when the Brazilian govt
threatened invoking compulsory licence provisionson two patented drugs. The Lancet predicted 6 that
“...if the USA does not withdraw its case, the wrath
of the international community will be as furious as
in South Africa and make Brazil the moral winner
what ever happens”. The prediction proved right and
on June 25, 2001, the US withdrew its complaint
against Brazil. Some concerns on the TRIPS, patent
protection and their impact on global health thus
continue to be in the forefront of a global debate since
1985. Some of these include (i) strong patent protection
leads to higher drug prices eventually out of reach of
people in developing countries; (ii) enforcement of
TRIPS provisions will have a serious negative effect
on the local manufacturing capacity; (iii) TRIPS
discourages R&D to produce a cheaper source of
generic, innovative, quality drugs for poor countries;

(iv) TRIPS provisions will not encourage adequate
R&D for developing drugs and vaccines for diseases
of the poor such as malaria, tuberculosis and HIV/
AIDS. Developed countries led by the US consistently
opposed any dilution to the TRIPS provisions.
Yet, developing countries like Zimbabwe, India and
Brazil supported by international NGOs like the MSF,
Oxfam, etc., pushed for discussion on the TRIPS
rules and public health. Finally, in 2001 the TRIPS
Council agreed to hold a special session on access to
medicines. The US primarily took the US
Pharmaceutical Research and Manufacturers of
America (PhRMA) position7 that patents really are
not the issue in access to medicines in poor countries.
While these discussions were on, the tragic event of
11 September 2001 of the terrorist attack of World
Trade Centre and Pentagon occurred which, some
commentators, consider played a crucial role in the
final outcome of the TRIPS Council debate in Geneva
and the eventual outcome at Doha. Following this
attack, the US and Canada perceived bio-terror
(anthrax virus) threat and thus a large scale public
health emergency which necessitated large supply of
ciprofloxacin, a patented drug from Bayer. To bring
the price down, Canada granted a compulsory license
to a local manufacturer in October 2001 while the
Secretary HHS, US threatened Bayer with a grant
of compulsory license to a US firm if the company
did not meet the demand for price reductions. Bayer
was forced reduce the price to half at which it initially
offered to supply the drug (See 7 for details). The
action of the US was widely criticized: “It is time
..US Government recognized … that public health
needs may have to override trade profits, and that
putting money into a fund while doing its utmost to
prevent life-saving treatments reaching those who
need them is duplicitous. The US .. should apply the
same standards in defining what is, or not, a public
health emergency”8.
The Doha Ministerial meeting (9-14 November
2001) is possibly the first time the issue of public
health was discussed in close association with a
country’s development at every level of the WTO
system. The Doha Declaration on the TRIPS
Agreement and Public Health9 is also considered the
first real victory for the poor countries in the 20 yr
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history of TRIPS. The Declaration restated and
affirmed the right of Member States to take measures
to protect public health, clarified certain controversial
obligations contained in the TRIPS text and tried to
provide assistance to developing countries and LDCs
in resolving devastating public health crises like HIV,
tuberculosis, etc 9. While the Doha round tried to
address and clarify several contentious issues in
TRIPS, it did not resolve the raging debate on patent
protection in the developing world but left the highly
contentious issue of compulsory licensing unresolved
to date (See 10, 11 for details).
A public health crisis of this unprecedented
magnitude needs solutions within and outside the
TRIPS regime. Solutions for the control of HIV/AIDS
need to be found within and outside the TRIPS
agreement. While factors other than patent protection
play a role, trade ministries and the pharmaceutical
industry need to rise above mere profit making and
consider the ethical and moral need to provide poor
HIV/AIDS patients with life-saving medicines. And
access to medicines should have primacy over
commercial interests.
As a starter, the Doha Declaration and all the
TRIPS "flexibilites" for least developed countries
should be implemented in letter and spirit (See 10,
11 for details of implementation issues). WTO is
not the primary international institution for addressing
public health needs of developing countries which
makes the role of UN agencies like the WHO and
UNAIDS, Global Fund etc., most critical (For
discussion, See 7).
In a report prepared for the US Congress, Thomas2
proposed some interesting legislative and other options
that could be considered by the industrialized
countries. A differential pricing system that envisages
companies with patented drugs to recover most of
the costs in the developed world and at the same time
license or sell at lower prices in the poor countries is
one such. Perhaps licensing out to a company in
developing country for manufacture could be a better
option as local manufacturing would ensure
sustainability and lowest price besides strengthening
local technical competence 12 . In 2001,
GlaxoSmithKline Plc handed over rights to its AIDS

213

medicines to Aspen Pharma Care in South Africa13.
In exchange, Aspen will pay 30 per cent of net sales
to one or more NGOs fighting HIV/AIDS in South
Africa. The UK Government has recommended to
the WTO to explore means by which voluntary
licensing could be made more wide spread to promote
access to medicines14.
Another option put forth by Yale economist Jean
Lanjouw envisages market segmentation wherein
drug companies choose whether to procure or enforce
patents in either the developed or the developing
countries 2. This policy takes advantage of the US
patent laws that require pharma companies that
perform R&D in the US to seek the so called ‘foreign
filing license’ from the USPTO before filing foreign
patents2. It should also be possible for all the playersgovernment, industry, UN agencies and donors to sit
across and negotiate patent and royalty issues for
ensuring availability of HIV/AIDS drugs in poor
countries. The MSF has also proposed 15 (i)
encouraging generic competition; (ii) differential
pricing of drugs; (iii) adopting TRIPS safeguards into
national legislation; (iv) creating high volume/high
demand through global/regional procurement; and (v)
encouraging local production through voluntary
licensing and technology transfer. But even at the 'lowcost option'3, there is still a short fall of US $ 3.5
billion to scale up ART access to 34 hardest hit
countries1 even at the first line treatment.
There should be a thrust for encouraging R&D in
both the private and public sectors. The pharma
industry considers R&D on drugs for diseases of the
poor to be uneconomical. Steps as supporting R&D
in selected diseases, tax credits on R&D spend and
similar incentives to encourage industry participation
should be stepped up. Efforts already on to set up
public-private partnerships wherein the pharma works
closely with public sector institutes for the discovery
of new drugs, vaccines and diagnostics for HIV/AIDS
should be further strengthened.
In the long term, at the global level, there is an
acute need to put in more money for R&D. According
to the Global Forum for Health Research16, the global
expenditure on R&D on health is quite inadequate.
Of the US$ 105.4 billion spent on health R&D in 2001,
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the total private sector investment was as much as
56 per cent, with the Private-for-Profit sector
accounting for almost 50 per cent underlining the need
for enhanced investment for health R&D both in the
developed and developing countries. The R&D spend
by the public sector in poor countries was a miniscule
2.4 per cent. This is especially significant as drug
R&D targeted at infectious diseases has virtually
ground to a halt; drug companies are simply not
interested in R&D for diseases that abound in
developing countries 17 . Of the 1,223 new drugs
approved between 1975 and 1997, just 1 per cent (13
drugs) specifically target tropical diseases18.
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Annan says 1 that if there is one lesson that the
20 yr old epidemic has taught, it is: “…we can make
a difference; we can prevent new infections and we
can improve the quality of care and treatment for
people living with HIV”. Availability of affordable
anti-retrovirals should be the heart of future global
strategy. And the time to act is now.
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Detection of Enterocytozoon bieneusi (Microsporidia) by polymerase
chain reaction (PCR) using species-specific primer in stool samples of
HIV patients
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Background & objectives : Microsporidia are obligate intracellular parasites causing infections
predominantly in immunocompromised patients. Enterocytozoon bieneusi is the most important
microsporidian causing chronic diarrhoea in AIDS patients. The current method used for
diagnosing the microsporidia spores is based on light microscopy using stained smears, which
do not differentiate spores at species level. The present study was undertaken to detect
microsporidia and confirm at species level (E. bieneusi) by PCR from stool samples of HIV
positive patients.
Methods : During September 2002 to April 2003, stool samples from 153 HIV-positive patients
(with chronic diarrhoea n = 105; without diarrhoea n=48) were collected and examined
microscopically for microsporidia spores using modified Weber’s chromotrope stain. Stool
samples were subjected to PCR assay using species-specific primer EBIEFI/EBIER1, which
amplifies small subunit ribosomal RNA (SSU rRNA) of this microsporidian
Results : A total of 10 HIV positive patients with chronic diarrhoea were positive for microsporidia
by microscopic analysis and confirmed as Enterocytozoon bieneusi by PCR. No false positive
results were observed. A diagnostic DNA fragment of 607 bp of the unique SSU rRNA was
amplified from all samples infected with E. bieneusi.
Intrepretation & conclusion : The study revealed that polymerase chain reaction is a useful tool
for accurate species identification of microsporidia in stool samples, which serves the benefit
of treatment to the patients.
Keywords Diarrhoea - Enterocytozoon bieneusi - HIV - Microsporidia - PCR

Microsporidia are protozoan parasites responsible
for significant gastrointestinal disease in patients with
human immunodeficiency virus (HIV) infection. To
date, up to six genera of microsporidia have been
reported to infect humans. Microsporidia of the
genera, Enterocytozoon, Encephalitozoon,
Nosema, Pleistophora, Trachipleistophora,
Vittaforma and unclassified microsporidia were

primarily detected in immunocompromised hosts with
a broad variety of clinical presentations1, 2. Among
microsporidian species infecting humans,
Enterocytozoon bieneusi is increasingly recognized
and most commonly identified agent of chronic
diarrhoea in patients with acquired immunodeficiency
syndrome (AIDS)3. E. bieneusi was first described
in 19854 and found associated with malabsorption and
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diarrhoea in patients with AIDS. Prevalence of
E. bieneusi infections among AIDS patients with
chronic diarrhoea is estimated to be between 7 and
50 per cent 1 , but it may cause diarrhoea in
immumocompetent individuals also5.
The clinical diagnosis of microsporidiosis has
traditionally depended on direct visualization of the
parasites by light and electron microscopy but the
sensitivity and specificity of these techniques are not
known and also dependent on the expertise of the
microscopist 6 . Electron microscopy, which can
provide species-specific diagnosis in faecal
specimens, is a suboptimal method for coprodiagnosis
of microsporidian infections1.
Further application of antigenic techniques is
limited because specific antibodies to all microsporidia
are not available. Studies using specific PCR primers
based on the region coding for the small subunit
ribosomal RNA (SSU rRNA) have shown the
usefulness of such tools for identification of
microsporidia at species level 7.
Identification of E. bieneusi by PCR in clinical
samples necessitates the importance of treatment
assessment, prognosis and to reduce dissemination
risks among patients 8. We carried out the present
study to identify the microsporidian E. bieneusi using
species-specific PCR primers in stool samples
obtained from HIV seropositive patients.
Material & Methods
During September 2002 to April 2003, stool
samples were collected from 153 HIV-positive
patients admitted to the HIV wards at Government
Hospital of Thoracic Medicine, Chennai. These
included 105 patients who presented with persistent
chronic diarrhoea and 48 patients without diarrhoea.
All stool samples were routinely examined for ova
and cyst by light microscopy and concentrated by
water-ether sedimentation to perform DNA
extraction 9 , 1 0 . Microsporidia infections were
diagnosed by light microscopy using modified Weber’s
chromotrope stain6. Stool samples were evaluated for
the presence of other enteric coccidian parasites such
as Isospora belli, Cryptosporidium parvum, and
Cyclospora cayetanensis using modified Kinyoun
acid fast stain11.

For DNA extraction, 500µl of concentrated stool
samples were used. Samples were pelleted by
centrifugation at 18,000 g for 5 min and washed three
times in phosphate-buffered saline (0.01M, pH 7.2).
The washed pellets were suspended in 250 µl of the
digestion buffer containing 50mM Tris-HCl (pH8.5),
1 mM EDTA and 2 per cent sodium dodecyl sulphate.
Proteinase K (AB gene, U.K) was added in the
concentration of 1mg/ml, followed by the addition of
100mg of glass beads (trimethyl-silanized 140/270
mesh; Sigma, USA) per µl of total sample volume.
Samples were vortexed at full speed at every 10 min
for 3 min. Samples were centrifuged at 14,000 g for
30 seconds to pack the beads, and supernatants were
transferred to sterile tubes. Again proteinase K was
added in the same concentration (1mg/ml) and
incubated overnight at 550C. Finally, samples were
incubated for 10 min at 950C to inactivate proteinase
K, allowed to cool at room temperature. DNA was
further purified by ethanol – sodium acetate
precipitation after phenol-chloroform extraction. DNA
was resuspended in 25 µl of TE buffer [10mM Tris
HCl, 1mM EDTA (pH7.4)] and stored at 40C until
PCR amplification.
Primers for PCR chosen were highly
specific for diagnosis of E. bieneusi that would
amplify a conserved region of small
subunit rRNA 1 2 . The forward primer, EBIEF1,
5 ’ - G A A A C T T G T C C A C T C C T TA C G - 3 ’ ,
and
reverse
primer
EBIER1,
5’- CCATGCACCACTCCTGCCATT-3’ (Alpha
DNA, Canada) were based on nucleotides 295 to 315
and 881 to 901, respectively of the E. bieneusi SSUrRNA (Gen Bank accession no: L16868) 12,13 .
Amplification of E. bieneusi templates with this
primer results in a 607 bp diagnostic DNA fragment.
The PCR was performed in 50 µl reaction mixture
containing the following : 50pM of each primer, 10X
NH4 PCR buffer; 200 µM of each dNTP, 2mM MgCl2
and 2 units of Taq DNA polymerase (Bioline, U.K).
DNA amplification was performed on thermocycler
(MJ Research, Inc, PTC - 100, Massachusetts, USA)
and each set of reactions included a negative control
(reagent mixture without template DNA) and a
positive control (cloned E.bieneusi SSU-rRNA
provided by Dr. A.J. Da Silva, CDC, Atlanta, USA).
The amplification procedure included 5 min of initial
denaturation at 95 0C, followed by 30 seconds of
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denaturation at 94 0C, 30 seconds for annealing at
55 0 C and 90 seconds of extension at 72 0 C for
35 cycles. A 10 min extension at 720C was used after
35 cycles.
Amplified products were electrophoretically
resolved on a 2 per cent agarose gel (AB gene, U.K)
and stained with ethidium bromide to visualize the
amplified-PCR products under UV illumination.
Results & Discussion
Of the 153 HIV positive patients evaluated in this
study; 10 patients with persistent chronic diarrhoea
(n=105) were found to be positive for microsporidia
by microscopic analysis. In positive stool samples,
microsporidia spores were found to be oval or round
measuring 1 to 1.5 µm in size (Fig. 1). E. bieneusi
DNA was amplified in all 10 cases by PCR using the
species-specific primer EBIEF1/EBIER1. Positive
diagnostic amplification of E. bieneusi DNA
fragment of 607bp was amplified in all 10 samples
(Fig. 2). E. bieneusi was detected only as a sole
pathogen in all ten positive cases and co-infection with
other enteric parasites was not observed.
No microscopic detection or PCR amplification
was obtained from HIV positive patients without
diarrhoea that were negative for microsporidia (n=48).
Other enteric pathogens detected by light microscopy
were, Cryptosporidium parvum (11.7%), Isospora
belli (9.1%), Giardia lamblia (5.9%) and
Cyclospora cayetanensis (3.3%), Strongyloides

Fig. 2. PCR amplified products of E.bieneusi from stool samples
(L1; 100 bp mol.wt, Lanes 2 and 3; positive and negative control
respectively, Lanes 4-7; positive samples, Lane 8; Negative
sample).

sterocoralis (3.3%), Entamobea histolytica (1.3%)
and Ascaris lumbricoides (0.6%) (Table I).
Until recently, microsporidia have rarely been
considered in differential diagnosis of opportunistic
infections in patients with AIDS and have frequently
remained been undiagnosed because of their small
size. Prevalence of individual microsporidial species
has not been properly estimated, as careful
identification at species level was not done for all
described cases. E. bieneusi is the most prevalent
Table. Enteric parasites detected from HIV patients

Fig. 1. Microsporidia (E.bieneusi) spore appears as ovoid,
refractile and bright pinkish stained organisms against green
background (100 X).

Parasites

Chronic
diarrhoea
(n = 105)

No diarrhoea
(n = 48)

Microsporidia*

10

0

Cryptosporidium parvum

16

2

Isospora belli

13

1

Giardia lamblia

7

2

Cyclospora cayetanensis

5

0

Strongyloides sterocoralis

4

1

Entamoeba histolytica

2

0

Ascaris lumbricoides

1

0

*Confirmed as Enterocytozoon bieneusi by PCR using speciesspecific primer
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microsporidian infecting AIDS patients 1. The current
standard light microscopic techniques used for the
detection of microsporidia in stool samples are
effective as screening test, but do not provide the
species-specific identification necessary for proper
clinical management and therapy 3 . Transmission
electron microscopy (TEM) cannot discriminate
between certain species. The sensitivity of TEM is
unknown, but because of its complexity and cost, this
technique cannot be used for routine detection of these
parasites in clinical specimens7, 14.
In this study, we used the species-specific PCR
primers for the detection of E. bieneusi in stool
samples12. Only 6.5 per cent (10 of 153) patients were
positive for E. bieneusi by PCR, which corroborated
with the report of another study where different sets
of primers were used2. False-positive results and cross
amplification was not observed. The DNA extraction
method in combination with a modified water-ether
sedimentation procedure may result in increasing
sensitivity raising the number of spores. Increase in
spore concentration by water-ether sedimentation has
also been reported in another study10.
Studies from different parts of the world have
demonstrated the detection of microsporidia in clinical
stool samples and also compared light microscopy and
PCR2, 15, 16. This is probably the first report of detection
of microsporidia at species level using PCR in this
part of the country. The main advantage of employing
PCR procedure in facal samples is the differentiation
of species of microsporidia, which is helpful in
instituting appropriate therapy because dissemination
risks and treatment response are not identical for
Encephalitozoon (Septata) intestinalis and
E. bieneusi 8, 17 .
In conclusion, the findings of the present study
revealed that species-specific PCR will be an efficient
tool for the identification of microsporida in stool
samples of HIV-positive patients with diarrhoea
which in form will help in instituting appropriate
treatment.
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Background & objective : Three categories of prognostic markers are best documented as
having significance in relation to prognosis of HIV infection. These include HIV viral load,
CD4 T-cell levels and plasma levels of soluble markers of immune activation. The plasma
α ), interleukins etc., are
activation markers, like neopterin, tumor necrosis factor alpha (TNF-α
products of cytokine activity and represent immunologic changes throughout the body. There
is not much information available on serum neopterin estimation in patients infected with
both HIV and tuberculosis (TB), though neopterin levels are known to be elevated in pulmonary
TB patients. In this study we attempted to correlate neopterin levels with the presence of
tuberculosis in HIV infected and uninfected individuals and studied the changes after antituberculosis treatment.
Methods : Serum neopterin concentrations were measured by high performance liquid
chromatography (HPLC) in 25 HIV-seropositive (HIV-TB) and 10-seronegative (TB) patients
with tuberculosis before, during and at the end of antituberculosis therapy (ATT). S-neo was
also measured in 10 HIV-seropositive asymptomatic individuals and 10 healthy controls. The
results were correlated with clinical, bacteriological and immunological status.
Results : All TB patients regardless of HIV status had elevated s-neo concentrations at diagnosis,
which declined gradually during treatment. Patients with HIV/TB with CD4 counts < 200/mm3
had the highest levels at baseline with a steep fall during treatment. The median level at the
end of treatment was significantly higher in HIV/TB than in TB patients, despite clinical
improvement and bacteriological clearance of Mycobacterium tuberculosis. HIV infected
asymptomatic individuals had neopterin levels that were higher than healthy controls but
lower than HIV-TB patients.
Interpretation & conclusion : Serum neopterin levels are elevated in HIV-positive patients,
with the highest levels in those with tuberculosis and CD4 counts < 200/mm 3. Though the
levels decrease with anti tuberculosis therapy, persistently elevated levels indicate progressive
HIV disease and a poor prognosis.
Key words : HIV - neopterin - opportunistic infections - tuberculosis

count, the viral load and the soluble immune activation
markers in predicting the course of the illness1-5. The
CD4+ T-lymphocyte count has been the principal
biological marker utilized for clinical evaluation of

The use of surrogate end points has been more
intensely examined in HIV/AIDS than in any other
disease. Many studies have shown the value of
prognostic markers such as CD4+ T-lymphocyte
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disease. However, measuring CD4 counts and viral
load requires expensive equipments, separate
space, trained personnel, etc. Hence there is a
need to study other markers for use in monitoring
HIV disease progression and response to
treatment.
Activation of all components of the immune
system is a major feature of HIV infection and one
manifestation of immune activation is increased
cytokine production. However, limitation in the ability
to quantitate circulating cytokines has led to the
assessment of downstream products that reflect
cytokine activity in lymphoid tissues 2 . Such
assessment includes level of soluble markers and one
such marker is neopterin. Neopterin is a pteridine
derivative of guanosine triphosphate released into
circulation from activated macrophages. Serum
neopterin (s-neo) level is an indicator of both
macrophage activation and interferon gamma
(IFN-γ) activity, a major macrophage activating
factor 1,3,4. Neopterin can be measured more easily
and accurately than IFN-γ levels in serum.
Tuberculosis is one of the commonest
opportunistic infections in HIV infected patients, in
India. Previous studies have shown that s-neo levels
are elevated in patients with pulmonary
tuberculosis5,7. Serial evaluation of s-neo in patients
on antituberculosis treatment (ATT) is useful in
assessing the response to therapy8,9. As HIV and TB
both stimulate the cellular arm of immune system,
effective treatment of tuberculosis would reduce some
of the excessive immune activation. However, there
are not much data on serial estimation of neopterin in
patients infected with both HIV and tuberculosis. In
the present study, we have tried to correlate changes
in s-neo levels with clinical and bacteriological status
of patients infected with HIV and TB, and compared
these results with HIV-negative TB patients. The
changes in s-neo levels after antituberculosis
treatment were also studied in all these groups of
patients.
Material & Methods
Study subjects : Patients admitted to various
controlled clinical trials at Tuberculosis Research
Centre (TRC) clinics and subcentre at Chennai and
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Madurai, between January and June 2001, were
randomly selected for serum neopterin assays. A
thorough history and clinical examination, chest Xray and three sputum smear examinations for acidfast bacilli (AFB) and culture for Mycobacterium
tuberculosis were done. After pretest counselling
and obtaining informed consent from the patients, HIV
status was determined by using two different rapid
tests (Comb Aids-RS, Span diagnostics, India and
TRI-DOT, J. Mitra & Co, India) followed by an
ELISA (Labsystems, UK).
Twenty five HIV-positive tuberculosis patients
aged between 22-50 yr (mean + SD 31.0 + 4.6 yr)
and 10 newly diagnosed HIV-negative smear positive
pulmonary tuberculosis patients aged between 20 to
50 yr (mean + SD 26.8 + 9.8 yr) were included in the
study. All the HIV seronegative patients had culture
confirmed pulmonary TB.
HIV-TB group comprised of patients with newly
diagnosed pulmonary and extra pulmonary forms of
tuberculosis. Of the 25 patients, 19 had pulmonary
tuberculosis while 6 had extrapulmonary tuberculosis,
including 2 with TB lymphadenitis (proven by
histopathology) and 4 with pleural effusion; 11 had
sputum smears positive for AFB while 17 had sputum
culture positive for M. tuberculosis. Seven patients
had associated opportunistic infections like diarrhoea,
oral candidiasis, scabies, etc. during pre-treatment
period. The 25 HIV-TB patients were categorized
on the basis of CD4 T cell counts at presentation as
less than or greater than 200 cells/mm3. 15 patients
had CD4 T cells <200/mm3 ranging from 22-195 cells/
mm3 (mean + SD: 92.8 + 58.8) and 10 had >200 cells/
mm3 ranging between 204 to 513 cells/mm3 (mean +
SD 334.6 + 127.5).
Tuberculosis patients were started on a 6-month
short-course intermittent chemotherapy regimen
containing rifampicin (450 mg), isoniazid (600 mg),
pyrazinamide (1500 mg) and ethambutol (1200 mg)
thrice weekly for two months followed by rifampicin
(450 mg) and isoniazid (600 mg) thrice weekly for 4
months. In addition, all HIV-positive patients with
CD4 cell count < 200 cells/mm 3 were given
corimoxazole double strength one tablet daily. Ten
asymptomatic HIV-seropositive individuals aged
between 20 to 50 yr (mean + SD 30.3 + 8.0 yr) and

INDIAN J MED RES, APRIL 2005

222

10 healthy seronegative individuals aged 20-40 yr
(mean + SD 28.8 +3.2 yr), mainly TRC laboratory
staffs, were also included in the study. All the patients
with TB became smear and culture negative by the
end of treatment and showed clinical and radiological
improvement.
The study proposal was approved by the
Institutional Ethics committee.
Study design : Blood samples (10ml) were collected
before, during and at the end of treatment for HIVTB and TB patients and at one time point for HIV
seropositive asymptomatic individuals and healthy
controls. Serum was separated and stored frozen at
– 70oC until use.
Neopterin assay : Neopterin in serum was measured
by high performance liquid chromatography (HPLC)
as described elsewhere 10. The HPLC system used
was Shimadzu vp series (Shimadzu corporation,
Japan) equipped with two pumps (LC-10ATvp),
spectrofluorimetric detector (RF-10AXL) and system
controller (SCL-10Avp). Ultra filtrate of serum
samples were prepared using the ultrafreemicrocentrifuge filters (Sigma Chemical Co., USA).
The mobile phase was a 15mM potassium phosphate
buffer (pH 6.5) with a flow rate of 1ml/min. Standards
ranging from 0 to 160nmol/l and the protein filtrate of
samples were analysed by injecting 20µl directly to a
reverse phase C 8 column (LiChroCART 5µm
250x4.0mm, Merck KgaA, Germany); neopterin was
measured by its native fluorescence (350nm
excitation, 440nm emission).
Measurement of CD4+ T-lymphocyte count : CD4
lymphocyte enumeration in whole blood samples from
HIV-positive patients was done by flow cytometry

(FACSort, Becton-Dickinson, USA) before and at the
end of treatment.
Statistical analysis: The SPSS (version 8.0) was used
for statistical analysis. Using the non-parametric
Mann-Whitney U test and Wilcoxon rank test,
comparison between the groups was performed;
P < 0.05 were considered significant. The correlation
between s-neo and CD4+ T-lymphocyte count was
assessed with use of Spearman’s rank correlation
coefficient.
Results & Discussion
The median s-neo level was significantly elevated
above the normal level in patients with active
tuberculosis regardless of their HIV status. The HIVpositive asymptomatic group had significantly lower
level (median: 13.5 nmol/l, P<0.001) than that of HIVTB patients (median: 37.8 nmol, P<0.001), but higher
than healthy controls (P<0.001). Among patients with
tuberculosis, the median levels of s-neopterin in HIVTB group with CD4 count of >200/mm3, was similar
to that of HIV uninfected TB patients. Patients with
CD4 cell count of <200/mm3, had the highest median
level and the range of 25th and 75th percentile did not
overlap with the other two groups (Table).
There was a gradual decrease in s-neo level in
all the three groups (HIV/TB with CD4 < 200 cells/
µl, HIV/TB with CD4> no cells/µl, and TB patients)
in response to chemotherapy. However, the median
level (25th-75th percentile) at the end of treatment was
significantly higher in both the HIV-TB groups than
in TB patients [41.1 (33.2-72.2), 31.5 (19.4-41.8) vs
13.2 (10.7-22.1) nmol/l] with a P <0.001, P<0.01,
respectively (Fig.). The median values for both HIV

Table. Baseline serum neopterin levels in different study groups
Serum Neopterin
(nmol/l)

HIV-TB
(CD4<200/mm 3)
(n=15)

HIV-TB
(CD4>200/mm 3)
(n=10)

Pulmonary TB
(n=10)

Asymptomatic
HIV positive
(n=10)

Healthy control
(n=10)

Median

90.7

37.8

29.2

13.5

7.4

54.7-124.8

25.0-48.5

18.9-42.0

11.8-14.5

6.0-8.1

th

th

25 -75 percentile

All groups significantly (P<0.001) different from each other except pulmonary TB and HIV-TB with CD4 T cell count
>200 cells/mm3
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Fig. Median s-neo levels in HIV/TB (n=10) and 10 TB patients before, during and end of treatment.

groups were higher than the 75th percentile for TB
patients at the end of treatment. Four patients, three
with CD4+ T-lymphocyte counts < 200 and one with
>200/mm3 had increased neopterin level at the end
of treatment after a decline during treatment.

bacteriological response during treatment for
tuberculosis in HIV-seropositive patients. Other
indices such as CD4 T-lymphocyte counts were
correlated to s-neo concentrations both at presentation
and at the end of ATT.

In HIV-TB patients with CD4+ T-lymphocyte
counts <200/mm3, the median decrease in neopterin
was 34 and 45 per cent during and at the end of
treatment respectively; the corresponding decrease
in patients with CD4+ T-lymphocyte counts >200/
mm3 was 6 and 19 per cent; and in TB patients it
was 45 and 55 per cent. The decrease was statistically
significant only in HIV-TB patients with CD4+ T cell
counts <200/mm 3 (P<0.01) and in TB patients
(P<0.05).

S-neo level was significantly increased initially
in all the patients with tuberculosis irrespective of HIV
status. These findings confirm our previous report7
and of others that TB patients have elevated neopterin
levels6-8. The median neopterin level was markedly
elevated in HIV-TB patients and this was higher than
that reported in Zambian patients 8; this could be
because 60 per cent of our patients had CD4+ counts
< 200/mm 3. However, our results for the median
neopterin level in patients with CD4 count >200/mm3
was comparable to that of Zambian patients. The
median s-neo level of HIV-TB patients with <200
CD4 T-lymphocyte counts µl was the highest of all
the groups, indicating that immune activation was
maximum in patients with severe immunosuppresion.

Neopterin concentrations were inversely related
to CD4+ T-cell counts, both initially and at the end of
treatment, (r = -0.484 and –0.449 respectively,
P < 0.05) in patients with HIV-TB.
Immune activation is an important feature in HIV
infection because the extent of immune activation is
correlated to the clinical outcome of the disease11. In
HIV associated tuberculosis, cellular activation is
prominent, despite the deleterious effect of HIV on
immune response12. This activation can be quantified
by measurement of plasma levels of soluble markers.
It would be useful to have a marker that could predict
prognosis when HIV and TB occur together. In the
present study, an attempt was made to examine
whether neopterin, a surrogate marker for interferon
gamma (IFN-γ) would correlate with clinical and

In vitro experiments to investigate the possibility
that HIV-1 infection of mononuclear phagocytes
directly induces enhanced neopterin production,
showed that the observed 6 to 12 fold increase in
neopterin was not caused by HIV infection but might
be a result of the normal response by mononuclear
phagocytes to increased level of IFN-γ 13. Further,
acute primary HIV-1 infection was characterized by
CD4 lymphocytopenia with elevated serum level of
IFN-γ and neopterin 14 . Aziz et al 15 had reported
progressive increase in the levels of IFN-γ and
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neopterin when HIV-seropositive individuals were
stratified on the basis of CD4 cell counts, and the
highest levels were seen in CD4 category of <200/
mm3. Similarly, circulating plasma level of IFN-γ is
shown to be increased in newly diagnosed tuberculosis
patients16. In HIV-TB patients, plasma IFN-γ level is
maximum17 in patients with CD4 T cell counts of less
than 200/mm3. These findings clearly indicate that sneo level is an indicator of IFN-γ activity and thus is
a good surrogate marker for this cytokine.
In this study, persons with asymptomatic HIV
infection had s-neo level higher than healthy controls
but much lower than patients with tuberculosis. These
results are in agreement with the findings of Fahey
et al18, that HIV infection produces immune activation
even in early stages of the disease. During
antituberculosis treatment, s-neo concentrations
started to decline but this decline was statistically
significant in HIV-TB patients with CD4 +
T-lymphocyte counts of <200/mm 3 and in TB
patients. It is interesting to note that three patients in
HIV-TB group had rising s-neo levels after the decline
during treatment with a corresponding decrease in
CD4+ counts. Two of these patients who had s-neo
levels >100nmol/l at the end of treatment died within
nine months after the completion of ATT due to
causes other than TB (one patient died due to AIDS
wasting and the other developed atypical
mycobacterial infection) and one patient relapsed after
four months. Similarly, one patient with CD4 counts
of >200/mm3 at presentation, had an increased serum
neopterin level at the end of treatment (120nmol/l)
with a corresponding decrease in CD4 cell counts to
<200/mm 3 and this was associated with the
development of multiple opportunistic infections, over
the period of her treatment. She developed recurrent
episodes of diarrhoea, oral thrush and skin
infestations. Although we observed a declining trend
in other patients, the level of s-neo at the end of
treatment did not reach the normal range and it was
also higher than that found in HIV-negative TB
patients despite good clinical and bacteriological
response to treatment. This shows that there is
persistent activation of cell-mediated immunity and
the higher level at the end of treatment in HIV-TB
patients indicates either co-existing opportunistic
infections or progressive HIV disease.

The advantage of combining CD4+ T-lymphocyte
counts with neopterin levels as a prognostic marker
has been documented previously 12 . Our data and
earlier reports show that s-neo level does not
correlate very closely with CD4+ T-lymphocyte
counts (r=0.45 vs - 0.39, -0.43, 0.41)11,19. The increase
in the s-neo level has been shown to be largely
independent of changes in CD4 T-lymphocyte counts
in HIV infection. The CD4 levels showed an inverse
relationship to the s-neopterin levels in most patients,
both at baseline and at end of treatment. The number
of patients in this study was not adequate to test the
sensitivity of s-neopterin levels for predicting the
decline in CD4 T cell count. Though s-neo estimation
is easier to perform and less expensive as compared
to CD4 count measurement, it does not replace CD4
count estimation. Combination of a single plasma
activation marker measurement like neopterin with
CD4 T-cell levels has been shown to improve the
prognostic capability 17. However, these markers,
including neopterin are non specific and could be
elevated due to a variety of causes in individuals with
HIV infection. The limitations of our study are small
sample size and a relatively short period of follow
up. More studies are required to evaluate s-neopterin
and other serum immune markers in patients with
HIV and TB and to correlate the changes with CD4
T cell counts.
In conclusion, though neopterin is a non specific
marker of cellular immune activation, we have shown
that s-neo levels are elevated in HIV-seropositive
compared to seronegative patients with tuberculosis.
Further, the levels decline with effective anti-TB
treatment, but remain well above the normal range in
patients with HIV co-infection. The decrease in
s-neopterin is most marked in patients with severe
immunosuppression with CD4 T cell counts < 200
cells/mm3, indicating the benefits of early diagnosis
and treatment of tuberculosis in this group. Further,
rising levels of neopterin in serum are indicative of
presence of another opportunistic infection or disease
progression itself. Neopterin is stable in stored serum
and is technically easy and cheaper to measure
compared to viral load. More studies are required to
assess its role in the monitoring of patients with HIV
in developing countries, including those on antiretroviral therapy.
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Background & objectives : The global surveillance of human immunodeficiency virus (HIV)
subtypes (clades) helps understand the global distribution and incidence of different HIV
subtypes. As knowledge about subtypes circulating in an area is needed for developing a
candidate vaccine, prevlence of the subtypes HIV-1 and HIV-2 were studied in south India. The
profile of cytokines interleukin 10 (IL10) and interferon gamma (IFNγγ ) in both types of infection
were also analysed as these are considered indicators of disease progression.
Methods : Patients who belonged to the 4 south Indian States i.e. Tamil Nadu, Kerala, Karnataka
and Andhra Pradesh were included. HIV-1 subtyping was carried out by the heteroduplex
mobility analysis (HMA) while that of HIV-2 was done by direct sequencing. The quantitation
of IFNγ and IL-10 was carried out using commercial ELISA kits.
Results : Among the 82 HIV-1 infected individuals subtyped, 78 (95.1%) were subtype C while
all 12 HIV-2 strains were subtype A. IL-10 concentration was significantly higher among HIV
infected individuals compared to normal healthy controls. IFNγγ was significantly higher among
symptomatic and AIDS groups compared to asymptomatic HIV-1 infected individuals.
Interpretation & conclusion : HIV-1 subtype C and the HIV-2 subtype A are the major subtypes
circulating in south India. The study showed a trend towards a shifting of the cytokine profile
from Th1 to Th2/Th0 in HIV-1, HIV-2 infections, and HIV-1 and HIV-2 dual infected individuals
as the disease progresses. This trend observed is not unlike that reported from the West,
despite the difference in subtype profile.

Currently one of the important aims of the
UNAIDS/WHO is to have a global surveillance of
human immunodeficiency virus (HIV) subtypes 1 .
Based on the phylogenetic analysis of the nucleotide
sequences from the env gene, strains belonging to
the group M of HIV-1 have been classified into
9 different genetic subtypes A-K 1. Following studies
of full-length genomes of HIV-1, the former subtypes
E and I were reclassified as circulating recombinant
@

forms. The epidemiological trends suggest that env
based subtype C strains would dominate the HIV
pandemic in the coming years 1 . The geographic
spread of subtype C strains is also very diverse. It is
prevalent in different regions in Africa, Latin America
and Asia. It is important to know the subtypes of both
HIV-1 and HIV-2 circulating in an area before
considering developing a candidate vaccine for trial
in that particular region. Moreover, there are reports,
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which suggest that the pathogenesis of HIV in infected
individuals may differ, depending on the subtype of
the infecting virus 2-5.

of detecting both IgG and IgM antibody to HIV
(Capillus HIV-1 / HIV-2, Trinity Biosystems, Galway,
Ireland).

It is known that cytokines play a crucial role in
the pathogenesis of HIV infection 6. Cytokines have
a complex effect on the replication of HIV, and
conversely in infected individuals HIV directly affects
cytokine production. Different studies postulate that
the progression of disease in HIV infected individuals
may be controlled by the balance between the levels
of type 1 (Th1) and type 2 cytokines (Th2) 7-10. Two
important cytokines involved in the Th1/Th2 crossregulation are interferon-γ (IFNγ), a product of Th1
cells and interleukin-10 (IL-10), a product of Th2
cells 11. Majority of these studies are reported form
areas where HIV-1 subtype B circulates. In this
study, we investigated the plasma IFNγ and IL-10
levels in HIV infected individuals, with reference to
the clinical status and virus subtype profile. The HIV2 subtyping data have been published elsewhere 12
and is referred to here to give a comprehensive
picture.

An informed verbal and / or written consent was
obtained from all patients and controls. The approval
of the institutional research committee was obtained
for the molecular studies and the cytokine testing was
done on stored plasma.

Material & Methods
The study was carried out in the department of
Clinical Virology, Christian Medical College (CMC),
Vellore, a tertiary care centre, between March 1998
and February 2002. Individuals included in the study
by ‘convenient sampling’ (n=227) were above
15 years of age, and belonged to the
4 south Indian States of Tamil Nadu, Kerala,
Karnataka and Andhra Pradesh. The patients were
referred to the Clinical Virology Department, either
from the Infectious Diseases Clinic of CMC or by
general practice physicians, for HIV confirmation or
for CD4/ CD8 T cell estimation. Of these, 206 were
HIV-1 infected, 14 HIV-2 infected and 7 were dual
infected (both HIV-1 and-2) individuals.
Twenty-nine normal healthy adults (HIV
seronegative) were included as controls who were
volunteers from among the staff of the institution, from
the general public or healthy relatives accompanying
HIV infected individuals for CD4 counts. All the HIV
uninfected volunteers were screened by a
questionnaire administered as referred to earlier 13.
All the controls were tested by a rapid test capable

About 10ml of blood sample was collected from
each individual, in EDTA treated tubes, between 08:00
and 10:00 a.m. to avoid diurnal variation of CD4
counts. An aliquot of whole blood was used for the
enumeration of CD4/CD8 T cells. From the remaining
blood, plasma was separated and stored immediately.
The plasma samples were separated immediately in
order to avoid the decay of cytokines and HIV-1
RNA. Peripheral blood mononuclear cells (PBMC)
were separated by the density gradient technique using
Ficoll hypaque (Amersham Pharmacia Biotech,
Sweden). Both plasma and PBMC were stored in
multiple aliquots at -60oC until tested.
Samples were collected from 206 HIV-1 infected
individuals and CD4 / CD8 T cell estimation was
carried out. In subpopulations of this group HIV-1
subtyping (n = 82) and plasma cytokine estimation
(n = 119) was carried out. The data presented here
are on these two groups.
Subtyping of HIV-1 : DNA was extracted from
uncultured PBMC of 82 individuals using the high pure
viral nucleic acid kit (Boehringer Mannheim,
Ottweiler, Germany) according to the manufacturer’s
instruction. A nested PCR was performed to amplify
either a 700 bp or 1.2 Kb portion of the env region as
described by Delwart et al 14. The primers used for
the first round of amplification were ED3 (5’- TTA
GGC ATC TCC TAT GGC AGG AAG AAG CGG-3’)
and ED14 (5’-TCT TGC CTG GAG CTG TTT GAT
GCC CCA GAC-3’). For the nested round, one of
the following pairs of primers were used: ES7
(5’-TGT AAA ACG ACG GCC AGT CTG TTA
AAT GGC AGT CTA GC-3’) and ES8 (5’- CAG
GAA ACA GCT AGT ACC CAC TTC TCC AAT
TGT CCC TCA-3’) for the amplification of a 700 bp
product and ED5 (5’- ATG GGA TCA AAG CCT
AAA GCC ATG TG-3’) and ED12 (5’- AGT GCT
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TCC TGC CTG CTC CCA AGA ACC CAA G-3’)
for the amplification of a 1.2 kb product. After
successful amplification of either the 700 bp or 1.2
kb portion of the env region, subtyping was carried
out by the heteroduplex mobility assay (HMA) as
described by Delwart et al using HMA HIV-1 env
subtyping kit (NIH AIDS Research and Reference
Reagent program, Bethesda, USA) 14.
Subtyping of HIV-2 : DNA from PBMC of 12 HIV-2
infected individuals was extracted, PCR amplified and
subtyped by direct sequencing, as reported earlier 12.
Estimation of cytokines : For the cross sectional
analysis of cytokines (IL-10 and IFNγ), a total of 140
HIV infected individuals were available. Among these
140 individuals, 119 were HIV-1 infected individuals,
14 were HIV-2 infected individuals and 7 were dual
infected individuals with both HIV-1 and HIV-2. The
HIV-2 status in both monotypic and dual infected
individuals was confirmed by nested PCR 15. Among
the 119 HIV-1 infected individuals categorized by the
CDC criteria 16, 68 were asymptomatic (CDC A), 19
were symptomatic without AIDS (CDC B) and the
remaining 32 were in AIDS (CDC C).
As the number of HIV-2 and dual infected
individuals were small they were grouped only into
asymptomatic and symptomatic groups. There were
11 asymptomatic and 3 symptomatic individuals among
HIV-2 infected individuals while 4 of the dual infected
individuals were asymptomatic and 3 were
symptomatic.
The quantitation of IFNγ and IL-10 was carried
out using ELISA kits (Immunotech-Coulter, Marseille,
France). The tests were carried out as per
manufacturer’s instruction. All the samples were
tested in duplicate and the mean value taken for
analysis. The standard curve was constructed for each
assay based on the standards provided in the kit and
cytokine concentration was calculated by
extrapolation from the standard curve.
T cell subset enumeration and HIV-1 viral load
estimation : For HIV-1 infected individuals and
healthy controls, T cell subset enumeration was
carried out by the standard flowcytometry analysis
(FACScan flowcytometer, Becton Dickinson, CA,
USA) with SimulSet software as reported
earlier 1 7 .

During the study at one time, the flow cytometer
was not functional in our laboratory, affecting the
sample collection for the HIV-1 study. This also
coincided with the beginning of sample collection on
HIV-2 infected individuals. Hence, an alternative
method for estimation of CD4/CD8 T cells was
evaluated, and this method was used for HIV-2
infected individuals. The Capcellia CD4 / CD8 whole
blood kit, an immuno-capture ELISA based assay,
from BIO-RAD (BIO-RAD, California, USA)
(Formerly Sanofi Diagnostics Pasteur, France) was
used to measure CD4 and CD8 T cell counts of HIV-2
and dual infected individuals 18, 19. The test was carried
out as per the manufacturer’s instruction with minor
modifications as described earlier 19. Though the kit
manufacturer recommended samples to be tested as
singletons, we tested all the samples in duplicate and
the average was taken for CD4 and CD8 T cell
counts.
Quantitation of HIV-1 RNA in plasma was
carried out with Amplicor HIV-1 Monitor test, version
1.5 (Roche Diagnostics, NJ, USA). The quantifiable
range with the kit used was 400 copies/ml (2.6 log)
to 750000 copies/ml (5.9 log). HIV-2 viral load
estimation was not estimated, as there was no
commercial kit available.
Statistical analysis : EPI info version 6.04d software
was used for statistical analysis 20 . Outliers were
removed with the Grubbs’ test only to calculate the
means of plasma IL-10 and IFNγ. Kruskall-Wallis test
or ANOVA tests were used to compare means.
Pearson’s correlation was calculated with Microsoft
Excel, and P values for the correlation calculated with
“Pcal” (Kind courtesy Dr. André Charlette, Health
Protection Agency, Colindale).
Results
HIV subtype : Of the 82 patients subtyped, 66 were
male (mean age ±SD 33.6 ± 8.9 yr) and 16 were
female (mean age ±SD 33.1 ± 10.7 yr). Forty one,
26, 9 and 6 were from Tamil Nadu, Andhra Pradesh,
Karnataka and Kerala, respectively. Seventy eight
(95.1%) individuals were infected with subtype C and
3 with subtype A and 1 was untypeable.
Based on the available quantity of the specimens
a subset of specimens was tested for genotyping.
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Among the three subtype A strains characterized,
1 was A2 and 2 were A3. Of the 67 infected with
subtype C whose sample was further characterized,
47 strains were classified as C3, 5 as C2. In 15
samples, the heteroduplexes with two plasmids were
close to each other and were classified as C (12 were
either C3/C2, 2 were either C3/C1 and 1 was either
C1/C2). The HIV-1 subtype A patients were from
Tamil Nadu (n = 1) and Andhra Pradesh (n= 2).
Among the 12 HIV-2 infected individuals in
whom the virus was subtyped, 8 were male (mean
age ± SD 34.6 ± 4.7 yr) and 4 were female (mean
age ± SD 30.8 ± 7.9 yr). All 12 HIV-2 strains were
subtype A. The patients were from Tamil Nadu
(n = 8) and Andhra Pradesh (n = 4).
Cytokine profile, T cell counts and RNA loads :
Among the 29 HIV seronegative controls,
21 were male (mean age ± SD 29 ± 3.6 yr) and 8
were female (mean age ± SD 31.6 ± 8.9 yr). Among
the 119 HIV-1infected individuals, 81 were male
(mean age ± SD 34.2 ± 8.4 yr) and the remaining 38
were female (mean age ± SD 31.4 ± 9.4 yr).
The mean IL-10 level was significantly higher
among HIV-1 infected individuals (P < 0.001) in
comparison to HIV seronegative controls (Table I).
There was no significant difference in the IL-10 levels
between the asymptomatic and symptomatic groups
or symptomatic and AIDS infected individuals.
IL-10 levels were significantly higher in AIDS
patients compared to asymptomatic group (P < 0.05).
The mean IFNγ level was lower among controls
in comparison to asymptomatic HIV-1 infected

individuals, but this difference was not significant.
Significantly higher IFNγ levels were found among
the symptomatic (P<0.05) and AIDS groups (P<0.001)
compared to as symptomatic group (Table I).
Ten of the 14 HIV-2 infected individuals were
male (mean age 33.2 ± 8.4 yr) and 4 were female
(mean age 35 ± 13.4 yr). Among the 3 symptomatic
HIV-2 infected individuals, one had a high IL-10 level
of 293 pg/ml contributing to the high SD. The IL-10
level among symptomatic HIV-2 infected individuals
was significantly higher than in asymptomatic
individuals (P <0.05). IFNγ levels were higher in
asymptomatic HIV-2 infected individuals compared
to normal healthy controls. IFNγ levels in
symptomatics were also higher compared to
asymptomatic HIV-2 infected individuals. Both
differences were however, not significant, probably
a reflection of the sample size. The differences in
the IL-10 and IFNγ levels among the asymptomatic
and symptomatic dual infected individuals were also
not significant (Table II).
The mean CD4 T cell counts and percentages
were lower in HIV-1 infected individuals compared
to controls while CD8 T cell count and percentages
were higher in patients (Table III). There was a
significant negative correlation between the HIV-1
plasma RNA level and CD+T cell counts (r = -0.44
P < 0.001), CD4% (r = -0.52 P < 0.001), and
CD4:CD8 ratio (r = -0.43, P < 0.001). A significant
positive correlation was found between HIV-1 plasma
RNA level and CD8% (r = 0.28, P = 0.002). There
was a negative correlation between HIV-1 plasma

Table I. Plasma IL-10 and IFNγ levels in normal controls and HIV-1 infected individuals
Groups

n

IL-10 (pg/ml)

IFNγ (IU/l)

Normal healthy controls

29

1.25 ± 3.9

80.9 ± 65.5

Asymptomatic

68

11.42 ± 11.45 * †

92.4 ± 115.4 *

Symptomatic
non-AIDS

19

16.84 ± 16.49 * †

505.8 ± 707.5 * § § §

AIDS

32

18.1 ± 13.45 † §

489.5 ± 704.5 * § §

HIV-1 infected

* Minus one outlier
Values are mean ± SD
§† P<0.05, §§ P<0.001 compared to asymptomatic
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§§§ P<0.01 compared to asymptomatic

INDIAN J MED RES, APRIL 2005

230

Table II. Plasma IL-10 and IFNγ levels in HIV-2 and dual infected individuals with HIV-1 and HIV-2
Groups

n

IL-10 (pg/ml)

IFNγ (IU/l)

Normal healthy controls

29

1.25 ± 3.9

80.9 ± 65.5

Asymptomatic

11

12.4 ± 28.0

160 ± 216

Symptomatic

3

105 ± 163 *

232 ± 80

Asymptomatic

4

6.9 ± 10.2

77 ± 135

Symptomatic

3

24.7 ± 35.2

15 ± 15

HIV-2 †

HIV-1 & HIV-2 dual infected ††

Values are mean ± SD

†P<0.05

††<0.01 compared to controls (IL-10)

* P<0.05 compared to asymptomatic

RNA level and CD8 count but this was not significant
(r = -0.14, P = 0.14).
There was no significant correlation between IL10 with CD4 counts or plasma HIV-1 viral load.
However, there was a significant negative correlation
between plasma IFNγ level and CD4 absolute count
(P = 0.023), CD4% (P = 0.033) and CD4:CD8 ratio
(P = 0.045). CD8% (P = 0.008) and plasma RNA
levels (P = 0.017) correlated positively with IFNγ level
(Table IV).
For HIV-2 and dual infected individuals, T cell
subsets were estimated by the Capcellia test. The
counts obtained by this technique have been shown

to be higher than when estimated by
flowcytometry 19. In HIV seronegative controls, the
mean ± SD of CD4 and CD8 counts are 1048 ± 210
and 595 ± 211 cell/µl respectively. The mean CD4 T
cell counts among the 9 asymptomatic HIV-2
infected individuals was 832 ± 228 and for the 3
symptomatic individuals was 326 ± 222 cell/µl. CD4
T cells among the 4 asymptomatic dual infected
individuals was 596 ± 177 and the same for
symptomatic individuals was 258 ± 176 cell/µl. There
was no significant correlation between IL-10 or IFNγ
levels with CD4 and CD8 T cell count among the
HIV-2 and HIV-1 and HIV-2 dual infected
individuals.

Table III. CD4 T cell counts, percentage of the normal healthy controls and CD4 T cell counts, percentage and the plasma RNA
concentrations observed in the HIV-1 infected individuals

Subjects

CD4 + T cells
Cells/µl

Healthy controls ( n = 29)

790 ± 187.2

35.6 ± 6.9

696 ± 280.9

30.3 ± 8.0

1.30 ± 0.31

Asymptomatic
(n = 68)

416 ± 249* †

19.1± 7.9*

1161 ± 539.1* ††

53.1 ± 12.6*

0.407 ± 0.271* 135025 ± 186579**

Symptomatic non
AIDS (n=19)

190 ± 119

11.2 ± 5.7

1129 ± 414.6

64.2 ± 11.3

0.171 ± 0.08

270794 ± 254590

124 ± 173

8.5 ± 7.3

709 ± 378.0

57.5 ± 14.9

0.167 ± 0.176

424195 ± 239045**

%

CD8 T cells
Cells/µl

%

CD4:CD8 ratio

Plasma RNA
(Copies/ml)
-

HIV-1 infected (n = 119)

AIDS (n=32)

*CD4 count/CD4% values were not available in one individual.
**RNA value for one individual each was not available
Values are mean ± SD

† P<0.001, ††<0.05, Compared to healthy controls
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Table IV. Correlation observed among the HIV-1 infected individuals between plasma IL-10 and IFNγ levels with CD4 + (both
absolute and percentage), CD8 + (both absolute and percentage) T cells, CD4:CD8 ratio and the plasma HIV-1 RNA level
Parameter

IL-10

IFNγ

r value

p value

r value

p value

CD4 absolute count

-0.1

0.4

-0.21

0.023

CD4 %

-0.10

0.3

-0.20

0.033

CD8 absolute count

0.09

0.3

-0.11

0.23

CD8%

0.12

0.2

0.25

0.008

CD4:CD8 ratio

-0.14

0.13

-0.19

0.045

Plasma HIV-1 RNA

0.15

0.1

0.22

0.017

The difference in plasma IL-10 levels was not
significant between the HIV-1, HIV-2 and dual
infected individuals. When asymptomatic and
symptomatic infections were compared, IFNγ levels
were higher in HIV-1 infected individuals than dual
infected individuals. However, this difference was not
statistically significant, probably a reflection of the
high variation seen in the HIV-1 group. The difference
in IFNγ levels was however significant when the
symptomatic groups of HIV-2 and dual infection were
compared (P < 0.001). IFNγ levels of HIV-1 infected
individuals with AIDS was higher than symptomatic
HIV-2 or symptomatic dual infections, however this
difference was also not significant.
Discussion
Data from different parts of India show a high
prevalence of subtype C. In north India, 78.4% of
HIV-1 strains were subtype C, with the majority being
subtype C3 (68%)21 while in western India, 96% of
the samples were subtype C, with the majority (66%)
of them being C322. Ninety five per cent of HIV-1
strains were subtype C among female sex workers
in Kolkata23. In this study, 68% showed maximum
homology to the C3-Indian reference strain. In the
present study, the prevalent HIV-1 subtype was
similar to that observed in the other parts of India.
Ninety five per cent of our strains had maximum
homology with subtype C. Among the subtype C
strains that were further characterized, 90.38% had
maximum homology with genotype C3. Subtype A

was detected in 3.7% of the individuals tested. One
individual who had all his exposures in the Middle
East had a strain that was untypeable. All the HIV-2
strains subtyped in our laboratory were subtype A,
the most predominant HIV-2 subtype demonstrated
in areas where HIV-2 is an epidemic24-26. Subtype A
has also been reported from western India 27.
Many reports describe a shift from Th1 to Th2/
Th0 cytokine profile during the progression of HIV
disease7-10. This is characterized by a decline in the
production of IL-2, IL-12 and IFNγ with an increase
in the production of IL4, IL6 and IL10. Often a shift
from a strong Th1 / weak Th2 to a weak Th1 / strong
Th2 profile has been observed. However, there is
one report on the lack of evidence of switching of
cytokine profile from Th1 to Th228.
To identify a shift from Th1 to Th2, we calculated
the IFNγ / IL-10 ratio (data not shown). The ratio
was significantly higher in normal controls compared
to the HIV-1 infected group. The difference in ratio
in the different stages of HIV-1 infected individuals
was not significant. These findings demonstrate a shift
from Th1 to Th2 / Th0 cytokine profile in HIV-1
infected individuals.
The plasma IL-10 level was significantly higher
both in HIV-2 infected and dual infected individuals
compared to normal healthy controls. Among the
HIV-2 infected individuals, plasma IL10 level was
significantly higher in symptomatic than in
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asymptomatic individuals, indicating a shift to the Th2/
Th0 cytokine profile. A trend towards the Th2
cytokine profile was also noted in the dual infected
individuals as disease progressed. However, the
difference in the cytokine levels between symptomatic
and asymptomatic individuals were not significant,
probably because of the small numbers tested. Unlike
HIV-1 or HIV-2 infected individuals dual infected
individuals clearly showed a decrease in the IFNγ
level with progression, probably the additive effect
of both the viruses.
Klein et al 29 reported the production of
intracellular IL-10 and IFNγ in stimulation experiments
on PBMC. They noticed a progressive increase in
the proportion of CD4 T cells expressing IL-10 in
HIV-1 infected individuals with AIDS compared to
uninfected healthy controls. This may be consistent
with the increase in plasma IL-10 seen in our
population. CD8 T cells expressing intracellular
IL-10 was almost undetectable. On the other hand,
they also found an increase in CD8 T cells producing
IFNγ as disease progressed, unlike in CD4 T cells
where there was a decrease in production. The
increase in plasma IFNγ seen here could represent
the IFNγ produced by the CD8 T cells, which are a
large proportion of T cells as disease progresses.
There was a drop in IFNγ level in individuals with
AIDS in our population compared to symptomatic
individuals, probably because of the drop in the
percentage of CD8 T cells. This could explain the
significant positive correlation between IFNγ and
CD8%.

to Ethiopians 32. Environmental factors, impact of
infections or genetic differences could explain the
difference in the baseline cytokine levels. More work
needs to be done to assess the influence of the various
factors on disease progression in HIV infected
individuals.
In conclusion, the major subtype of HIV-1 and
HIV-2 circulating in south India are subtype C and
subtype A respectively. A shifting trend in the
cytokine profile from Th1 to Th2/Th0 was seen in
HIV-1, HIV-2 and dual infected individuals with
disease progression. Though the subtype profile and
certain host factors are different from the West, the
cytokine profile appears to be similar to that seen in
the West.
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Background & objectives: Tuberculosis is the commonest opportunistic disease in persons infected
with human immunodeficiency virus (HIV). Emergence of drug resistant isolates of
M. tuberculosis highlights the need for continuous monitoring of drug resistance to antituberculosis drugs. Considering the reported high prevalence of drug resistance in HIV infected
tuberculosis patients, we studied the anti-tuberculosis drug resistance pattern of
M. tuberculosis in HIV seropositive and seronegative tuberculosis patients in Pune, Maharashtra,
India.
Methods: A total of 70 M. tuberculosis isolates, 30 from HIV seropositive and 40 from HIV
seronegative tuberculosis patients with no previous history of anti-tuberculosis treatment,
were isolated from sputum samples on Lowenstein-Jensen (LJ) medium, confirmed by
conventional biochemical tests and stored at -70°C. They were revived by subculturing on LJ
medium and tested for drug resistance against four first-line antitubercular drugs by BACTEC
Mycobacterial growth indicator tube 960 (MGIT 960) system.
Results : Of the 30 isolates from HIV infected patients, 10 per cent were resistant to isoniazid
(H), 6.6 per cent to streptomycin (S), 6.6 per cent to ethambutol (E) and 10 per cent were multi
drug resistant (MDR). Of the 40 M. tuberculosis isolates from HIV uninfected individuals, 10
per cent were resistant to H, 2.5 per cent to S, 2.5 per cent to E, and 2.5 per cent isolates were
MDR.
Interpretation & conclusion : The prevalence of drug resistant M. tuberculosis isolates among
HIV seropositive tuberculosis patients was similar to that of HIV seronegative TB patients,
indicating HIV infection may not be associated with drug resistant tuberculosis. However,
considering the results from other studies and a high prevalence of HIV-TB infection in the
country, monitoring of drug resistance in M. tuberculosis isolates needs prioritization to ensure
success in national tuberculosis control programme.
Key words Drug resistance - BACTEC MGIT 960 - HIV - Mycobacterium tuberculosis

Tuberculosis (TB) is still a major health concern
worldwide and the main cause of death by a single
infectious agent, namely Mycobacterium
tuberculosis. The disease spreads more easily in

overcrowded settings and in the conditions of
malnutrition and poverty; characteristics typical of
developing countries1. India contributes nearly 25 per
cent of the global burden of tuberculosis. Development
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of drug resistance in M. tuberculosis isolates may
adversely impact the management of the disease.
Some recent developments, such as, emergence of
multi drug resistant bacilli resulting from inadequate
therapies and indiscriminate use of antibiotics and
HIV/AIDS pandemic resulting in accumulation of pool
of individuals who are more susceptible to TB have
worsened the TB scenario 2 . A high HIV
seroprevalence among newly diagnosed TB patients
has been reported in India3,4.
An increasing prevalence of multidrug resistance
(MDR) in several parts of the world including India
has been one of the major reasons for declaring
tuberculosis (TB) control as a global emergency by
WHO 5,6 . Several outbreaks of MDR-TB 7,8
necessitated the continuous surveillance of drug
resistance, not only for effective treatment of TB
patients but also for initiating adequate public health
measures. The present study was undertaken with
the objective of comparing the anti tuberculosis drug
resistance pattern of M. tuberculosis isolates from
HIV seropositive and seronegative tuberculosis
patients in Pune, India.

Material & Methods
Strain isolation : As a part of an ongoing study on
efficacy of directly observed treatment-short course
(DOTS) in HIV seropositive and HIV seronegative
tuberculosis patients in Pune, consecutive patients
attending TB clinics of Talera General Hospital and
Yashvantrao Chavan Memorial Hospital of PimpriChinchwad Municipal Corporation, Pune, between
September 2000 and July 2004 were screened for
enrollment in the study. Those who had no previous
history of tuberculosis treatment and were diagnosed
as having pulmonary tuberculosis by sputum smear
microscopy using Ziehl Neelsen’s acid fast staining
and / or on radiological findings were enrolled. A total
of 175 patients were enrolled during the study period.
Seventy M. tuberculosis isolates, 94.7 per cent (36/
38) from smear positive and 24.8 per cent (34/137)
from smear negative patients were obtained and
included for the present analysis. Of these, 30 isolates
were from HIV seropositive and 40 from HIV
seronegative tuberculosis patients. The sputum
samples were processed by modified Petroff ’s
method, inoculated on Lowenstein-Jensen (LJ)
medium (Hi-Media Laboratories Ltd, Mumbai) and
the isolates were identified by conventional
biochemical methods9. The isolates were stored at

Table. Drug resistance pattern of M. tuberculosis isolates to four primary anti-tuberculosis drugs
Total (n=70)

HIV + ve (n=30)

HIV – ve (n=40)

H

19 (27.1)

9 (30)

10 (25)

S

14 (20)

7 (23.3)

7 (17.5)

E

5 (7.1)

3 (10)

2 (5)

R

4 (5.7)

3 (10)

1 (2.5)

H

7 (10)

3 (10)

4 (10)

S

3 (4.3)

2 (6.6)

1 (2.5)

R

0

0

0

E

3 (4.3)

2 (6.6)

1 (2.5)

4 (5.7)

3 (10)

1 (2.5)

Any resistance

Mono- resistance

Multi drug resistance
HR ± S ± E

H, Isoniazid; S, streptomycin; E, ethambutol; R, rifampicin
Values in parentheses are percentages
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-70°C and revived prior to anti-tubercular
susceptibility testing (AST).
Preparation of inocula: Isolates were revived on
LJ medium and incubated at 37°C in ambient air;
colonies no older than 14 days were suspended in
4 ml of Middlebrook 7H9 broth (Hi-Media
Laboratories Ltd, Mumbai), which was adjusted to a
McFarland standard of 0.5. One milliliter of this
suspension was diluted with 4 ml of sterile saline
(1:5 dilution), 0.5 ml of this dilution was used to
inoculate into each of the drug containing
Mycobacterial growth indicator tubes (MGITs; Becton
Dickinson Microbiology systems, Sparks, MD, USA).
One hundred microliters of 1:5 dilution was pipetted
into 10 ml of sterile saline to obtain a final dilution of
1:500; 0.5 ml of this diluted suspension was used to
inoculate into an MGIT growth control (GC) tube
without drug.
Drug solutions: For drug susceptibility testing, 4 ml
of sterile distilled water was added to a lyophilized
vial of the drugs to prepare a stock solution (Becton
Dickinson Microbiology systems, Sparks, MD, USA).
Stock solution (100 µl) was added to an MGIT. The
final critical concentrations were 1.0 µg/ml for
streptomycin (S), 0.1 µg/ml for isoniazid (H), 1.0 µg/
ml for rifampicin (R) and 5.0 µg/ml for ethambutol
(E). These concentrations are equivalent to critical
drug concentrations recommended by Center for
Disease Control and Prevention (CDC) Atlanta10.
Drug susceptibility testing : To each 7 ml MGIT
tube, 0.8 ml MGIT 960 growth supplement (Becton
Dickinson Microbiology systems, Sparks, MD, USA)
and 100µl of the drug stock solution were aseptically
added, and finally 0.5 ml of the suspension containing
M. tuberculosis was added to each MGIT. For each
isolate, a growth control (GC) tube with growth
supplement and without drug was included. All of the
inoculated tubes (four drug containing tubes and one
drug free tube for each isolate) were placed into the
BACTEC MGIT 960 instrument (Becton Dickinson
Microbiology systems, Sparks, MD, USA) on the
same day of inoculation. The relative growth ratio
between the drug containing tube and drug free GC
tube was determined by the system’s software
algorithm. Susceptibility test results were reported
automatically.
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Quality control: Fully susceptible H37Rv (ATCC
27294) reference strain of M. tuberculosis was used
as control, additionally one isolate resistant to
streptomycin and isoniazid, previously tested at this
centre, was also included.
Statistical analysis : Fischer’s exact test and Chisquare test with continuity correction were employed
to test the proportions of anti-tubercular drug
resistance in HIV seropositive and seronegative
tuberculosis patients.
Results & Discussion
Among the 70 isolates, mono resistance to H, S,
R and E was found to be 10, 4.3, 0 and 4.3 per cent
isolates, respectively. Isolates resistant to isoniazid
(H), streptomycin (S), ethambutol (E) or rifampicin
(R) in combination with other drugs were 27.1, 20,
7.1 and 5.7 per cent respectively (Table). Drug
resistance to at least one drug was found in 13
(43.3%) isolates from HIV seropositive and 12
(30.0%) isolates from HIV seronegative tuberculosis
patients. The prevalence of multidrug resistance
(resistance to at least isoniazid and rifampicin) in HIV
uninfected tuberculosis patients was found to be low
(2.5%) compared to that in HIV infected tuberculosis
patients (10%). The prevalence of polyresistance
(resistance to two or more drugs, but not both isoniazid
and rifampicin) was found to be 10 per cent in HIV
infected and 12.5 per cent in HIV uninfected
tuberculosis patients. Neither individual drug
resistance nor the MDR or polyresistance was found
to differ significantly in the HIV infected and
uninfected TB patients. The turnaround time for the
AST by BACTEC MGIT 960 ranged between 5 days
16 h to 12 days 20 h with a median time of 8 days
and 8 h.
Emergence and spread of drug resistant M.
tuberculosis is a serious threat to tuberculosis control
programme because patients with drug-resistant
bacilli respond less readily to theropy than those with
sensitive bacilli, resulting in preferential spread of the
drug resistant bacilli in the community. The MGIT
960 system has been reported to be an accurate, nonradiometric alternative to the BACTEC 460TB
procedure for rapid susceptibility testing of M.
tuberculosis to four first-line drugs 11,12. However,
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due to exorbitant cost, this system will only be available
at few select centres and hence the majority of the
sites will have to rely on conventional methods for
drug susceptibility studies.
Estimates of initial drug resistance carried out at
the Tuberculosis Research Centre, Chennai showed
that primary resistance to isoniazid was 15.0 per cent
to streptomycin 11.8 per cent, and to both isoniazid
and streptomycin was 7.7 per cent during the period
1993-1996; resistance to isoniazid was reported to
vary from 3.2 per cent in Pune (1992-1993) to 32.9
per cent in Kolar (1987-1989) and resistance to H
and R has been observed to increase over the past
four decades 13 . We found that prevalence of
resistance to isoniazid and Streptomycin was 10 and
4.3 per cent respectively and that to both drugs was
11.4 per cent. The issue of whether infection with
HIV is a risk factor for drug resistant tuberculosis
still remains unanswered since results of some studies
supported this hypothesis while some did not. A study
conducted in New York city 14 revealed that HIV
infected TB patients were significantly more likely to
develop resistance to at least one drug (37 versus
19%) and MDR (19 versus 6%) than those without
HIV infection.
In our study, we did not find any difference in
drug resistance between HIV seropositive and
seronegative tuberculosis patients, which is in
accordance with the findings from other studies in
Europe 15,16 . Some studies have reported lower
prevalence of anti tuberculosis drug resistance in HIV
seropositive tuberculosis patients compared to that in
HIV seronegative patients 17,18.
In conclusion, no significant difference was seen
in anti-tuberculosis drug resistance in HIV
seropositive and seronegative tuberculosis patients.
In view of the conflicting results from other studies
and high prevalence of HIV-TB in our country, we
feel that monitoring of anti-tuberculosis drug
resistance pattern in TB patients in general and HIV
seropositive tuberculosis patients in particular, would
provide important data, which may be crucial for the
National Tuberculosis Control Programme.
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Progression of HIV infection is largely dependent on the interaction between the viral factors
and host factors. HIV primarily infects the CD4 lymphocytes in the body. It brings about the
destruction of CD4 cells through multiple mechanisms including apoptosis. The loss of CD4
cell population ultimately leads to the inability of infected person to deal with opportunistic
organisms. Host genetic factors such as HLA polymorphism and HIV co-receptor polymorphism
may influence either susceptibility to infection or disease progression. Innate immune
mechanisms may play a role in disease progression. However, adaptive immune response is the
most critical component of immune system for control of HIV infection. HIV-specific CD4 helper
response and HIV-specific CTL responses have clearly emerged as the most important host
factors that may decide the rate of disease progression. However, the role of neutralizing
antibodies still remains to be understood in context with the disease progression. One of the
gray areas is the role of mucosal immune response in HIV infection. However, it is clear that it
is not a single component but orchestrated action of different immune mechanisms will decide
the outcome of HIV infection. The studies in persons exposed to HIV infection but who are
uninfected and the long term non-progressors will be critical for understanding the
immunopathogenesis of HIV infection.
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The progression of the HIV infection may be
measured through various outcome measures such
as the plasma virus load set point, the rate of decline
in CD4 count, increase in plasma virus load and the
HIV associated opportunistic infections. Though a
number of factors may influence the course of disease
progression, a balance between the host factors and
the virus factors are major determinants of the
outcome of HIV infection. At one end of the spectrum
are the persons who are able to mount immune
response that is able to control the virus multiplication
successfully and such individuals may remain
clinically normal with minimal loss of CD4 cells and
very low to undetectable plasma virus load. These

are “long term non-progressors (LTNPs)”. At the
other end of spectrum are individuals who are unable
to control virus multiplication successfully and show
rapid decline in CD4 cell counts and may develop
AIDS within 2-3 yr of acquiring HIV infection. This
review highlights the mechanisms responsible for
CD4 cell depletion, and the role of genetic factors,
innate immune response, and the adaptive immune
response in HIV disease progression.
Depletion of CD4 positive cells: The principal
impact of HIV infection on the immune system is
destruction of the CD4+ T lymphocytes. The halflife of most HIV infected T cells in vivo is
240
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Fig. 1. The rate decline in CD4 cell, plasma virus load set point, rate of increase in plasma virus load and immune response to HIV
(CTL response and neutralizing antibody response) influence the progression of HIV disease. CTL, Cytotoxic T lymphocyte.

12-36 h 1 . HIV uses multiple mechanisms for
destroying CD4 T lymphocytes; not only HIV
infected cells but HIV uninfected CD4 cells also
(Fig. 2). Some of the mechanisms of CD4
destruction are discussed below.
Apoptosis: In HIV infection T cell apoptosis is one
of the mechanisms that contribute to T cell
destruction. Elevated levels of apoptosis are found to
correlate directly with disease progression and
inversely with T helper cell counts2,3. HIV proteins
Nef, Env and Tat may upregulate CD95 and FasL
levels; thus enhancing the susceptibility to Fasmediated killing. HIV proteins such as gp120, Tat,
Nef and Vpu have been shown to induce cell death
in uninfected cells. Cross linking of CD4 molecules
is probable mechanism of gp120 induced apoptosis in
HIV uninfected T cells 4. HIV Nef protein in the
extracellular matrix can induce cell death in uninfected
T cells 5 . HIV Tat protein may induce apoptosis
through both Fas-mediated and Fas independent
mechanisms. Apoptosis, a mechanism normally used
by the body to eliminate redundant cell populations

and defective cells, is utilized thus by HIV to destroy
both infected and uninfected cells.
Other mechanisms of CD4 T cell destruction:
CXCR4 tropic HIV isolates generally found in the
late stage of HIV infection, preferentially infect T
cells and induce membrane fusion between adjacent
cells to form a giant multinucleate cell called
syncytium. Such syncytia are short lived and are more
often seen in advanced stage of infection. Both HIV
infected and uninfected cells participate in syncytium
formation thus accelerating the cell destruction during
advanced disease 6.
Continuous budding of the viruses from infected
cells may cause membrane disruption and increased
permeability resulting in ultimate death of the cell.
Specific HIV proteins such as Vpu can induce
membrane permeability leading to cell death. The build
up of unintegrated linear viral DNA in the cell also
increases cellular cytotoxicity. HIV-specific cytolytic
T lymphocytes (CTL) recognize HIV infected cells
through T cell receptor in HLA restricted manner.
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The cell-to-cell contact leads to the activation of
mechanisms for the lysis of target cell i.e., HIV
infected cell. However, this mechanism may not
contribute significantly to the CD4 cell decline as the
infected cell in the peripheral blood account for
relatively small percentage of lymphocytes. HIV not
only infects and destroys CD4 cells, but also affects
other cells of immune system. It adopts multiple
strategies to destroy the immune system of infected
individuals.

Table I. Soluble factors with HIV suppressive activity
Amino-terminal peptide fragment of Urokinase type plasminogen
activator
Eosinophil derived neurotoxin
Interferon-α
Macrophage derived chemokine (MDC)
Urokinase-type plasminogen activator receptor
STAT- signal transducer and activator of transcription
Interleukin-16

The host factors such as genetic factors, innate
immunity and most importantly HIV-specific immune
responses impact greatly the progression of HIV
infection. How effectively the host factors can counter
these strategies decides the outcome of infection.

Tumor necrosis factor-α
Lukaemia inhibitory factor
Secretory leucocyte protease inhibitor (SLPI)
Salivary soluble proteins, Mucin, Histatins
Source: References 20, 21

Influence of genetic factors on HIV disease
progression
Three particular genetic factors that have been
studied in the context of HIV disease progression
include alleles at major histocompatibility complex
(MHC) loci, mutations and polymorphism in HIV
co-receptor genes and polymorphic immunoregulatory
genes present in the MHC region and are in strong
linkage equilibrium with them.
Human leucocyte antigen (HLA) and HIV infection:
A number of studies have revealed association
between certain HLA alleles with rapid or slow disease
progression. The alleles B57, B14, C8 and B27 have
been shown to be associated with long term nonprogressor status7-9. Homozygosity for HLA BW-4
was found to be associated with long term nonprogression to AIDS10. A study in the cohort of long
term non-progressors revealed a strong association
between LTNP status and expression of HLA B*5701
class I allele with 85 per cent of LTNPs expressing
this allele against only 9.5 per cent of non LTNP
expressing this allele11. On the contrary, HLA B3501
and Cw4 have been consistently associated with
accelerated disease progression12. Heterozygosity at
all HLA loci is more likely to be associated with better
control of viraemia and slower disease progression.
The only study on HIV and HLA alleles from India13
carried out among 38 HIV infected persons and 120

uninfected healthy controls revealed strong association
between HLA alleles B*1801(OR 5.57), B*3520(OR
4.588) and C1507(OR 13.37) and HIV infection.
Chemokine receptors: Receptors for chemokines,
chemoattractant substances secreted at the sites of
infection or injury, were found to act as elusive second
receptor for HIV14. Haplotype structure of chemokine
receptor has subsequently been studied in context with
HIV infection and disease progression. One of the
strongest association of genetic polymorphism and
HIV susceptibility and disease progression has been
reported in case of a mutation of 32 base pair deletion
in the CCR5 receptor gene (CCR5∆32). Individuals
homozygous for this mutation have decreased
susceptibility to HIV infection 14 . Persons
heterozygous for CCR5∆32 are not less susceptible
to HIV infection, but are more likely to become long
term non-progressors/survivors 14 . CCR5 gene
promoter region has nine stable haplogroups. Certain
haplogroups may influence the HIV disease
progression. CCR5 haplogroup E speeds the decline
in CD4 counts and is shown to be associated with
accelerated disease progression in Thai population15.
HIV disease progression also has been reported to be
influenced by mutation in co-receptor CCR2, CCR2V64I. Persons exhibiting this mutation may progress
to AIDS more slowly16. A mutation in stromal derived
factor 1 (SDF-1), ligand for CXCR4, may delay
progression to AIDS and also increase survival after
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Fig. 2. Potential mechanisms of CD4+ T cell destruction. HIV-1 infected and bystander uninfected CD4+ T cells are destroyed by
multiple mechanisms; 1. action of cytotoxic T lymphocytes; 2. By mechanism of apoptosis; 3. Killing by natural killer (NK) cells;
and 4. due to cytopathic effect such as syncytia formation.

diagnosis of AIDS. The mutated gene SDF-1 3’α,
involves mutation in an untranslated region of the gene
and may upregulate SDF-1, thus competitively inhibiting
T-tropic strains of HIV from binding17.
Other genetic mechanisms: Central MHC region
contains many immunoregulatory genes that are in
strong linkage disequilibrium with MHC alleles. These
include genes for cytokines, chaperon proteins, etc.
These genes may influence the capacity to recognize
and destroy the pathogens. The adaptive immune
response may be influenced by polymorphism in killer
inhibitory receptor (KIR) gene cluster.
The evidence in literature strongly suggests that
host genetic factors may impact the disease
progression. Considering the fact that various alleles
may be present in different frequencies in different
populations, it is impossible to pinpoint at a single
genetic factor as an important influence. These
genetic factors may not only influence disease
progression but may be of importance in developing
patient specific anti-retroviral strategies and
development of HIV vaccines.
Innate immunity and HIV infection: Early processes
that try to contain the pathogen during the interim

period when adaptive immune response is not yet
ready are innate immune responses. The innate
responses may play a major role in initial containment
of infection and hence may be crucial in acute
primary HIV infection.
Anti-viral non-cytotoxic responses: Walker et al 18
in 1986 described for the first time that the CD8+ T
cells are able to block active HIV replication through
non-cytolytic virus suppressive mechanisms. This
activity was attributed to soluble factors that are
capable of suppressing primary HIV isolates that are
both CCR5 tropic and CXCR4 tropic. These soluble
factors have been collectively coined as ‘CD8
antiviral factor’ or CAF. In 1995, Cocchi et al 19
reported that ligands for chemokine receptors
RANTES, macrophage inflammatory proteins α and
β (MIP-α and MIP-β) are involved in suppressor
activity when released by activated CD8 cells. These
chemokines can account for the suppression of R5
strains of HIV that use CCR5 as a co-receptor.
However, the ability of CAF to suppress X4 strains
that use CXCR4 for virus entry cannot be accounted
for by chemokines. It is now clear that HIV
suppression by non-cytolytic mechanisms use multiple
mechanisms of suppression such as CD4 crosslinking, inhibition of pro-viral integration, down
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regulation of receptors and inhibition of viral entry.
The suppressor activity may vary based on various
factors such as the cell types producing the factor,
the stimulus for activation of the cells and time kinetics
in culture system.
The role of soluble suppressor factors has not yet
been fully understood in the pathogenesis of HIV
infection. However, it may be most crucial in the
acute primary infection. This may also play important
role in the control of viraemia in structured treatment
interruptions.
Innate cellular responses: Two cell populations,
plasmacytoid dendritic cells (PDC) and natural killer
(NK) cells play predominant role in innate cellular
immune response. PDCs were first detected in lymph
nodes in 1975 and described as T-like plasmacytoid
cells, which initially had no known function22. Only
recently has this cell type been recognized as the
major producer of type 1 Interferons. Loss of these
cells, reflected by decreased interferon-alpha
(INF-α) production, is associated with higher HIV
RNA levels and progression to AIDS23. Normal or
high PDCs were observed in HIV infected patients,
who remain healthy without receiving any therapy,
despite their low CD4+ cell count. PDCs not only
participate in the innate immune response through
Interferon production, they may become mature
dendritic cells and participate in the adaptive immune
response. The presence of PDCs in advanced disease
may indicate that PDCs may operate innate immune
mechanisms even when adaptive immune response
is lost.
Mature dendritic cells are potent antigen
presenters and play role in inducing adaptive immune
response. DC also acts as a conduit for HIV
transmission. The DC-specific lectin DC-SIGN
(Dendritic Cell-Specific ICAM-3 non-integrin), which
has been shown to bind HIV virions, is expressed by
DCs located in mucosal sub-epithelia and may
‘shuttle’ viruses to susceptible T cells.
NK cells form a critical component of host innate
immune response against a variety of viruses, fungi,
parasites, and bacteria. They were originally identified
on a functional basis because of their ability to lyse

Table II. HIV-1 neutralizing monoclonal antibodies and epitopes
recognized by them
Human monoclonal antibodies
showing broad HIV-1
neutralizing activity

Recognized Epitope

IgG1b12

CD4 binding
domain of gp120

2F5

Transmembrane-proximal
region of gp41

17b, 48D

CD4-induced epitope of
gp120

2G12

Mannose residues of gp120

certain tumour cells without previous stimulation. NK
cells are large granular lymphoid cells that lack
surface markers characteristic of T- or B-cells.
NK cells have the natural capacity to kill virus
infected cells in the absence of prior sensitization and
without MHC restriction. NK cells can kill target cells
either by direct contact in the absence of antibody or
by antibody-dependent cellular cytotoxicity (ADCC).
Although the importance of NK cells in some viral
infections is well documented, their role in the
protection and control of HIV-1 infection is currently
unclear. NK cells display a decreased lytic activity in
HIV-1 infected patients as compared to uninfected
controls. This effect appears to be associated with
the very low expression of natural cytotoxicity
receptors (NCR) on HLA-DR+ NK cells and possibly,
at least in part, with a differential content in perforin
molecules24. The role of NK cells in defense against
HIV infection was highlighted by studies in European
intravenous drug users (IDUs)25. The finding of an
enhanced NK-cell function (production of the cytokines
IFN-γ and TNF-α and the β chemokines CCL3, CCL4,
and CCL5) in exposed but uninfected IDUs, especially
in comparison to those who became HIV-1 infected
strongly supports the protective role of NK cells25. NK
cells may also cause suppression of viraemia through
CC-chemokine production. Suppression of HIV
replication by NK cell culture supernatant was
predominantly mediated by CC-chemokine secretion
and was considerably greater in patients without
viraemia than in patients with viraemia26. Although
considerable information is available on the role of
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Fig.3. Major events in HIV-1 transmission and pathogenesis. HIV enters the body through mucosal epithelium and binds to dendritic
or Langerhans cells which carry the virus to lymph node where infection is established. Virus replication accelerates and massive
viraemia leads to the wide dissemination of virus throughout the body. An HIV-1 specific immune response occurs which consists of
HIV-1 specific antibodies, cytotoxic T lymphocytes (CTL) and helper CD4+ T lymphocytes. NK, Natural killer; DG-SIGN,
Dendritic Cell-specific ICAM-3 non-integrin; ICAM-3, intra-cellular adhesion molecule-3.

PDCs and NK cells on the HIV infection, the exact
role of these cellular components of innate immunity
needs to be studied further.
Adaptive immune response
Almost all HIV infected individuals mount HIVspecific immune response. However, only few can
control the viraemia successfully for prolonged
period. The adaptive immune response plays major
role in the control of viraemia. Adaptive immune
response uses multiple effecter mechanisms to control
the virus multiplication. HIV-specific neutralizing
antibodies, CTL responses and T helper response are
the major players in HIV-specific adaptive immune
response (Fig. 3).
Neutralizing antibodies: The role of neutralizing
antibody response in HIV-1 infection is one of the

most debated issues in HIV immunopathogenesis 27.
The role of neutralizing antibodies in the early
control of infection was studied in simian
immunodeficiency
virus
(SIV)/macaque
experimental model by artificially depleting the B
cells from animals before their exposure to SIV 28,30.
Although both studies emphasized role of
neutralizing antibodies during chronic infection, one
concluded that neutralizing antibodies play a limited
role during acute infection 28 whereas the other
suggested that role of neutralizing antibodies during
this period is under-appreciated 30.
Study on recently HIV-1 infected individuals show
that initial HIV-1-specific immune response is
characterized by appearance of non-neutralizing
antibodies detected by ELISA 2 to 4 wk after
infection31. These antibodies serve as the basis for
the diagnosis for HIV infection but may not have any
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clinical relevance. Neutralizing antibodies may be
detected 8 wk or more after infection32,33. However,
these antibodies appear after initial containment of
burst of HIV replication in newly infected individual34,
making their role in acute phase of infection
debatable. The neutralizing antibodies seem to place
strong immune pressure on the virus as evidenced by
appearance of escape variants along with an explosion
of viral diversity 35 . Several studies suggest that
neutralizing antibodies are generated sequentially, at
first against the autologous infecting HIV-1 variant
and then against variants that appear subsequently
as a result of immune pressure; thus resulting in
broadening of neutralizing antibody response 36 .
Appearance of neutralizing antibody response results
in complete replacement of neutralization sensitive
virus by successive population of resistant virus.
Escape virus may contain mutation in Env protein that
alters conformation of gp120 protein, which diminish
antibody binding37 or may modify glycosylation pattern
of envelope protein32.
Studies of neutralizing antibody response in
individuals with established infection shows that
LTNPs have shown broad and high titered neutralizing
activity compared to individuals that show rapid
disease progression 34,38,39 . Neutralization of
contemporaneous autologous virus is more likely to
be seen in LTNPs compared to short-term non
progressors and progressors34. Another evidence of
protective role of neutralizing antibodies comes from
studies which indicate that antibodies transferred
across placenta might protect against transmission of
HIV-1 from infected pregnant women to their
infants 40,41. Some investigators have reported that
presence of neutralizing antibodies to heterologous
HIV-1 isolate is not predictive of rate of HIV-1
disease progression42. It is important to mention that
the patients showing signs of immunological escape
retain their ability to make neutralizing antibodies,
although these antibodies are not directed against their
predominant autologous strain.
HIV-1 neutralizing monoclonal antibodies have
been generated from lymphocytes of infected
individuals and their specificities have been
determined43 (Table II).

Though protective role of neutralizing antibodies
in an infected individual is debatable, many passive
immunization experiments in various experimental
models have established that broadly neutralizing
monoclonal antibodies can block infection and can
provide sterilizing immunity 44-47. However, these
studies show that high titre neutralizing antibodies are
required to block infection and such high titres may
not be usually seen in natural infection or as a response
to HIV vaccine.
First phase III HIV-1 vaccine trial conducted in
USA and Thailand by Vaxgen Inc. measured efficacy
of a vaccine that primarily induced neutralizing
antibody response. The results were disappointing,
once again emphasizing the fact that the neutralizing
antibodies may not play important role in protection
from HIV infection. This may be because vaccine
induced antibodies were capable of neutralizing
laboratory strains of HIV-1 48 but not the primary
isolates. Neutralization resistance of primary isolates
of HIV-1 might be due to dense glycan shield that
masks the neutralizing epitopes of envelope protein
of HIV-1 and due to extremely high variability of
envelope protein.
Variability of HIV-1 envelope protein, poor
immunogenicity and steric restriction for antibodies
to access neutralizing epitopes are major concerns
for development of an immunogen that induces broadly
HIV-1 neutralizing antibodies. Several new
approaches are being explored for development of
such immunogen that could bring us closer to the goal
of successful AIDS vaccine49.
The limitation in studying HIV-specific neutralizing
antibody response is the nature of the assays available
for studying neutralizing antibodies, use of different
viruses and selection of neutralization threshold.
Several different assays have been described for
detection of antibody mediated HIV-1 neutralization.
These assays use peripheral blood mononuclear cells
(PBMCs) or cell line like MT2, MT4, U87 or indicator
cell lines like HeLa-MAGI (Multinuclear activation
of galactosidase indicator) or U373-MAGI, GHOST
(human osteosarcoma cells that produce green
fluorescence protein). In PBMC based assay there
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is certain level of variability from donor to donor. The
cell line need to be selected depending upon coreceptor usage of test virus.
Different investigators use different levels of virus
suppression (such as 50, 80 or 90%) as a threshold
of neutralization. In neutralization assay some
investigators use natural infectious viruses, some
employ clonal viruses. The results from various
studies cannot be compared meaningfully as the
results may depend on the viruses used in the assay,
culture conditions, different threshold values for
significant neutralization, the method used, etc. Use
of recombinant viruses with or without embedded
reporter gene and Env-pseudotyped viruses has also
been reported. A standardized panel of viruses may
help greatly in obtaining widely comparable results.
Helper T cell response: HIV infects CD4+ T
lymphocytes leading to the death of not only infected
CD4 cells but uninfected bystander cells also. The
decrease in CD4 cell count affects the CD4 T cell
responses; HIV-specific response, response to recall
antigens as well as response to T cell mitogens. T
cell help is required for generation of neutralizing
antibody response as well as cytotoxic T cell
responses. The CD4 T cells produce an array of
cytokines that are very important in activating and
maintaining effector cells. The impairment of
lymphocyte proliferative response to HIV-1 antigens
is a relatively early functional defect of cell mediated
immunity found in HIV-1 infected individuals. The
magnitude of CD4 T lymphocyte proliferation and
quantity and pattern of cytokine production correlate
with the clinical status. Patients who have controlled
the viraemia will show a strong proliferative response
to HIV antigens and production of Th1 type of
cytokines and the responses inversely correlate with
plasma virus load 50 . Similar findings have been
reported in SIV and simian human immunodeficiency
virus (SHIV) infected monkeys51. A strong CD4 T
lymphocyte response in primary HIV infection was
found to correlate with slower disease progression
and better control of viraemia and those with poor
CD4 response in primary HIV infection failed to
control viraemia effectively52. Loss of HIV-1-specific
CD8+ T cell function that correlates with progressive
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infection was restored in chronic infection by
augmentation of HIV-1-specific T helper cell function
either by vaccine induction or infusion of autologous
CD4 helper cells 53 . CD4 cells apparently do not
appear to have significant cytotoxic activity. However,
their role in maintaining HIV-1-specific CD8 CTL
activity is well recognized. It is yet not clear how
CD8 CTL activity is maintained even when CD4
helper activity is not evident during chronic stage of
infection.
CD4+ T cells produce various cytokines that
activate the effecter cells of the immune system. A
fine balance between various cytokines is the key to
immune response that would ultimately equip immune
system to fight the infection. In several infectious
diseases including HIV, the profile of the cytokines
produced by the CD4 helper cells may decide the
progression of the disease. Cytokines not only activate
the cells of immune system, they may also influence
the expression of various critical molecules on the
cell surface and may upregulate or downregulate HIV
multiplication in infected cells. Cytokines such as IL2,
IFNγ, IL12 are proregulatory cytokines (Th1 type)
while IL4, IL10, IL5, IL13 are proinflammatory
cytokines (Th2 type). Since the cytokines are shown
to have an immunomodulatory role and also have
ability to modulate HIV expression the interplay
between cytokines and HIV infection has been
intensively investigated. Earlier studies in HIV-1
infection suggested that HIV disease is associated
with overproduction of type 2 cytokines and
decreased production of type 1 cytokines54. However,
there are contradictory observations regarding
production of type 2 cytokines and there is general
agreement that IL2 is decreased in HIV infection.
Few studies have demonstrated decreased production
of both type1/ type2 cytokines rather than polarization
of cytokine profile 55. In a recent study 56 impaired
production of cytokine was found to be predictor of
mortality in HIV-1-infected patients and preserved
capacity to produce cytokines was associated with
prolonged survival. This indicates clinical significance
of impaired cytokine production in HIV-1 infection.
Another study has demonstrated that balanced type1/
type2 response is associated with long-term nonprogressive HIV-1 infection57.
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Considering potential therapeutic and
immunomodulatory role, several cytokines (IL2, IL12,
IL15, IFNα, IFNγ) have been tested or are under
investigation in phase I/ II human study in infected
individuals. Some cytokines are also being used as
adjuvant for candidate prophylactic vaccine58.
HIV-1-specific cytotoxic T lymphocyte (CTL)
response: Cytolytic T lymphocytes recognize HIV
infected cells through HIV antigens expressed on the
surface of the infected cells in association with HLA
Class I peptides. This activity requires cell-to-cell
contact. The cytotoxic T cells induce biochemical
pathways in the target cell that ultimately lead to the
destruction of cells. By destroying infected cells the
CTLs puts halt to multiplication of HIV. Presence of
HIV-1-specific cytolytic T lymphocyte responses
were reported in HIV-1 seropositive individuals as
early as in 198759.
Three kinds of evidence support the role of CTLs
in the control of HIV infection.(i) Studies in animal
models; (ii) Cytolytic T cell responses in early HIV
infection and in LTNPs; and (iii) CTL responses in
persons who are exposed to HIV infection but are
not infected.
Rhesus monkeys were administered with anti-CD8
monoclonal antibodies to eliminate the CD8
populations in vivo. When CD8 depleted monkeys
were challenged with SIV, uncontrolled viraemia and
rapid progression of disease was observed. Depletion
of CD8 cells in the monkeys with chronic SIV
infection resulted in transient increase in viraemia
which lasted for the period coinciding with CD8
depletion60. A number of candidate HIV/SIV vaccines,
either alone or in prime and boost strategy, have been
able to induce potent cytotoxic T cell response that
was able to provide at least a degree of protection
against non-pathogenic as well as pathogenic viral
challenges 61-65. In humans, HIV-1-specific CD8+
T-cell response is the earliest adaptive immune
response generated and is temporally associated with
the decline in viremia during acute HIV-1
infection66,67. The appearance of CTLs in early HIV
infection is found to influence disease progression and
be responsible for favourable outcome. Strong virusspecific CTL responses have also been demonstrated

in HIV-1-infected individuals with long-term non
progressive disease 68,69. The non-progressors have
also shown highly activated and broadly directed HIVspecific CTLs in setting of low viral loads70. The HIVspecific CTL response has been detected in highly
exposed but uninfected individuals (HEPS). In a study
among uninfected sexual partners of HIV infected
persons, 41 per cent showed HIV-specific MHCClass I-restricted memory CTLs 71. The studies in
Nairobi cohort of commercial sex workers have
shown that the subjects considerably exposed to HIV
infection but still not infected exhibit HIV-specific
CTL response at vaginal mucosal level72. It has also
been shown that the epitopes recognized by these
HEPS subjects were different than the epitopes
recognized by HIV infected individuals73. Thus, there
is compelling evidence to believe that CTLs play a
crucial role not only in controlling the HIV
multiplication, but also protection from new HIV
infections. However, CTLs are unlikely to be the only
mechanism to control and prevent HIV infection.
Although CTL responses are reported to be
associated with long term non-progressor status and
control of viraemia in early HIV infection, several
studies have failed to show a clear association
between plasma virus load and breadth or magnitude
of CTL response in humans74-76.
CTLs recognize 7-11 amino acid peptides, antigenic
determinants (epitopes), expressed on antigen
presenting cells in association with class I HLA
molecules. The CTL response of an individual is thus
genetically governed through the HLA haplotype of
the individual and the alleles expressed. Studies
performed on uninfected HIV vaccinees have shown
association between expression of certain class I HLA
alleles and CD8+CTL responses. In a recent study on
84 patients participating in the Swiss-Spanish
Intermittent Therapy Trial77 showed that HLA types
associated with rapid disease progression often failed
to elicit a killer T-cell response, potentially because
the HLA failed to bind and display the appropriate viral
epitope. The investigators hypothesized that rare HLA
types would be more likely to elicit an effective immune
response than commonly occurring HLA types. They
also suggested that rare HLA types were advantageous
because HIV variants that have mutated to evade
recognition by rare HLAs should also be rare.
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The HIV-specific CTL response has been
observed against all HIV antigens. HIV-1 Gag and
Nef specific CTLs have been found to appear in early
HIV infection. HIV-1 Gag-specific response
appearing in early HIV infection has been found to
inversely correlate with plasma viral load. Since
cytotoxic T lymphocyte response is crucial for control
of viraemia, most strategies for prophylactic HIV
vaccines are aimed at developing potent anti-HIV
CTL response. One of the critical issues in this
approach is whether candidate vaccines based on one
HIV subtype will be able to control infection with
other subtypes. Several studies have demonstrated
such cross-clade CTL response75,78,-81.
In a study in Pune, India81, vigourous CTL response
was reported against subtype B antigens among
subtype C infected individuals studied within first year
of infection. Frequencies of precursors of cytotoxic
T lymphocytes were measured by limiting dilution
analysis using subtype B specific antigens. Strong
response was seen in most participants and response
was seen against more than one antigen. In a follow
up study, 12 patients were studied for HIV-1 subtype
B- and subtype C-specific T cell response in an
ELISPOT assay 82. The responses were studied on
two occasions within one year of documented
seroconversion. The results confirmed our earlier
finding that HIV-1 subtype C infected patients
demonstrated cross-clade response. However, it was
also seen that subtype C-specific CTL response is
significantly associated with lower viraemia. Such
association was not seen with subtype B-specific
response 82. HIV uninfected volunteers immunized
with HIV-1 subtype B based ALVAC/gp160 vaccine
showed both a broad pattern of cytolysis in which
viruses from other clades including HIV-1 subtypes
A and C were recognized83. It has also been shown
that the estimation of CTL response against
autologous virus will provide better understanding of
the extent of CTL responses. A study has shown that
29 per cent of the targeted peptides were detected
only with the peptides representing autologous viral
strains84. However, the approach is not practical and
hence not being used for estimation of HIV-specific
CTL responses.
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Considering the protective role of HIV-specific
CTLs, the efforts for development of vaccine have
been principally aimed at a vaccine that could
generate strong, sustained cross subtype specific CTL
response. Several HIV vaccine candidates containing
HIV-1 proteins especially, Gag and Env are under
phase I and II trials.
CTL responses are unable in most cases to prevent
HIV-1 infection or thwart viral escape from immune
recognition 85-87 . The apparent inability of HIVspecific CTLs in controlling viral replication has been
attributed to several reasons. First, depletion of
essential helper CD4+ T cells by HIV may be an
important cause for the progressive loss of CTL
function. These cells are critical in sustaining optimum
virus-specific CTL response52. A direct correlation
between HIV-specific CTL response and helper
responses has been reported 88 . Secondly, HIVspecific CTLS may suffer functional defects that make
them unable to control HIV infection. Defects in
perforin expression and IFN-γ have been reported.
HIV-specific CTLs detected by tetramer staining,
were detectable throughout the study but their ability
to produce IFN-γ declined with disease progression89.
It has also been shown that the stage of maturity of
CTLs is also important for effective response 90 .
Thirdly, CTLs are not able to maintain the control of
HIV multiplication as a result of viral escape from
recognition by CTLs.
Viral escape from CTL control may be influenced
by various factors such as the immunological pressure
in favour of escape mutants, purifying selection in the
virus, fitness of the escape mutant for replication and
HLA haplotype of the individual. The generation of
escape mutants and their transmission may contribute
to the evolution of the virus within the individual as
well as population. This may have influence on the
efficacy of vaccines. Accumulation of escape mutants
in infected individuals and establishment of escape
mutants in population may affect the response to the
vaccine over time. A single amino acid change in the
anchor residues within the epitopes can abrogate CTL
recognition91. The most compelling evidence for CTL
selecting for mutations in HIV-1 comes from an analysis
of the 473 HIV-1 infected subjects of the Western
Australia HIV cohort study92.
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Viral sequence analyses demonstrated that the
regions of HIV-1 hypervariability coincide with the
regions encoding dominant CTL epitopes in humans
with particular MHC Class I haplotype. Leslie et al93
demonstrated that HLA-B57 and HLA-B5801restricted CTL escape mutations in Gag epitope TW10
behave differently on transmission to HLA-B57/
B5801 negative individuals 93 . While one escape
mutant underwent reversion to wild type, the other
did not. Similar findings were reported by Friedrich
et al94 in SIVppm infection in Indian Rhesus macaques.
This study also demonstrated that the escape mutants
may show lesser fitness. These findings established
the fact that CTLs may play important role in the
evolution of HIV in population.
One of the limitations in studying CTL responses has
been less than optimum technology available to the
researchers. The traditional assays like classical
chromium release assay analyze bulk populations of
CTLs for cytotoxicity after HIV-specific stimulation.
This is the functional assay that estimates the ability of
CD8+ T cells to lyse target cells expressing specific
HIV antigens. However, the methodology is labourintensive and the results are usually qualitative. The
single cell assay such as enzyme linked immunospot
assay (ELISPOT), MHC-peptide tetramer staining
assay and flow cytometry based intracellular cytokine
(ICC) assays have come into use. While ELISPOT and
ICC assay use antigen driven cytokine production as
surrogate marker for cytotoxic activity, tetramer assay
determines the expression of HIV-specific T cell
receptor by fluorescent staining. Though antigen-specific
production of Interferon-γ has been used as surrogate
for cytotoxic activity, recent evidence demonstrates that
HIV-1-specific cytotoxicity of CD8(+) T cells is
preferentially mediated by a subset of CD8(+) T cells
secreting both interferon-gamma and TNF-alpha95.
Each of these assays can provide quantitative
estimates since they enumerate antigen-specific cells
without need for ex vivo expansion of reactive cell
population. However, each of these assays differs in
their sensitivity. In general, ELISPOT requires fewer
cells and is less technically demanding than ICC. ICC,
on the other hand, allows precise immuno phenotyping
using lineage-specific markers to identify the
responding cell populations.

Mucosal antibody response
The mucosal surfaces provide first contact for HIV
and hence the defense mechanisms at mucosal levels
may be important in preventing establishment of HIV
infection. Recent studies on anti-HIV immune
response at mucosal surfaces have suggested that
HIV immunopathogenesis at mucosal surfaces
probably involves both innate and acquired
immunity96.
The innate defence mechanisms at the mucosa
primarily include the antimicrobial products derived
from the epithelial cells and neutrophils such as
lysozyme, lactoferrin and defensins97, the bacterial
flora and pH of the local mucosal microenvironment98.
The studies on adaptive mucosal immunity
suggested a key role for mucosal antigen presenting
cells (APCs), and more specifically DCs in HIV
infection. DCs residing within epithelial surfaces are
the initial cells infected by HIV after mucosal
exposure to virus99. DC-SIGN, a novel C-type lectin
expressed by DCs, has recently been shown to play
a role in transport of HIV to the local lymph nodes. It
has been observed that virus bound to DC-SIGN on
DCs can remain infectious for several days, and viruspulsed DCs efficiently transmit virus when they come
into contact with CD4- and co-receptor-positive cell
types 100 .
HIV-1-specific IgA has been detected in mucosal
compartment in exposed seronegative partners of
HIV-seropositive persons101 and HIV-1 resistant sex
workers 102 . The CD8+ T-cell mediated immune
responses have been detected from the vaginal
epithelium of SIV-infected macaques103. CD4 and
CD8 CTLs have been recovered from cervix of HIV
infected women 104 . These HIV-1-specific MHCrestricted CD8+ and CD4+ CTL have been found to
be capable of both destroying HIV-1 infected cells
and releasing anti-viral cytokines. These cytokines
might be locally active in women with vaginal or
cervical infection. HIV-specific CD8+ CTLs have
also been shown in the cervicovaginal secretions of
exposed but uninfected commercial sex workers
(CSWs) from Nairobi105. The CD8+ CTL response
in systemic compartment of HIV-1 resistant women

PARANJAPE: IMMUNOPATHOGENESIS OF HIV INFECTION

was found to be directed against different
subdominant or new CTL epitopes than the epitopes
recognized by HIV infected women99. It has also been
postulated that continuous antigen stimulation is
needed for eliciting anti-HIV CTL responses in these
women. However, still there is no conclusive evidence
to suggest protective role of mucosal CTL activity
against HIV transmission. Though mucosal immunity
may hold key as the first barrier for establishing HIV
infection, the data on mucosal immune response is
still very limited.
In summary, HIV disease progression is largely
dictated by the balance between the viral factors and
host factors. Although virus affects almost all cells
of the immune system directly or indirectly, the gradual
loss of CD4 cells is the prime cause of the immune
suppression. The host genetic factors may be
associated with the rate of disease progression,
although the evidence suggests that the genetic
factors may not be critical for HIV control. HIV
infection may be contained by innate immune response
in the early phase. However, adaptive immune
response is the most critical component in control of
HIV infection. The role of neutralizing antibodies in
control of HIV infection is yet a mute point. HIVspecific CD4 helper response and HIV-specific CTL
responses clearly emerge as the most important host
factors that may decide the rate of disease
progression.
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The era of highly active antiretroviral therapy (HAART) has led to a considerable decline in the
HIV disease progression rates and HIV-1-related opportunistic infections especially in developed
countries. Unfortunately, antiretroviral treatment for almost 90 per cent of the HIV-infected
population is not available because of cost concerns. Although a number of studies have shown
uniform impact of HAART on disease progression, its effect on treating HIV infection of the
brain and its manifestations, such as AIDS dementia complex (ADC), remains unclear. Along
with the reasons why AIDS dementia complex continues to be a problem in the era of HAART,
this review also discusses the changes in ADC patterns with HAART and its relevance in
developing countries such as India. In addition, an overview of various biological, molecular and
therapeutic aspects that may influence HIV dementia (HIV-D) is provided.
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motor signs and behavioural abnormalities 2 . In
contrast, paediatric HIV encephalopathy often occurs
prior to clinically obvious immunosuppression 3 .
Although the virus infects the brain at an early stage
of HIV infection, the neurological disease or
complications including dementia, sensory neuropathy
and myelopathy tend to occur at advanced stage of
HIV disease. HIV affects the CNS either directly,
producing distinct neurological symptoms, or indirectly,
by causing immunodeficiency resulting into
susceptibility to opportunistic infections and HIVrelated malignancies4.

Human immunodefiency virus type 1 (HIV-1) has
been recognized for its ability to target the immune
system and nervous tissue1. AIDS dementia complex
(ADC) or HIV-asssociated dementia (HIV-D)
develops in about 20 per cent of HIV infected patients
who progress to AIDS 2 . The actual underlying
mechanisms of the pathogenesis of ADC in adults and
progressive encephalopathy in infants and children still
remain obscure. In approximately 30 per cent of
immunosuppressed HIV infected patients, the entry
of virus into the central nervous system (CNS) initiates
a syndrome which is characterized by progressive
256
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The current HIV epidemic has seen all categories
of individuals (men, women, infants and injecting drug
users) becoming infected with HIV, yet most
neurological studies have focussed on gay men from
developed countries. As the HIV-associated
syndromes do not develop until the onset of advanced
HIV disease, data on their development, prevalence,
manifestation, intervention and management,
especially in developing countries, are scanty.
Similarly, women and injecting drug users from
developed countries have not been studied in greater
details for HIV-dementia (HIV-D).
Generally, patients have AIDS-defining illness prior
to the appearance of neurological symptoms, but in
some very rare cases HIV-dementia develops without
profound immunosuppression in apparently healthy
individuals with high CD4+ and CD8+ T cell count
and below detection viraemia (Saksena et al
unpublished observations). There is a good correlation
between symptomatic and asymptomatic phases of
HIV disease and their association with the
development of HIV-D. Miller et al5 showed HIV-D
at only 0.4 per cent in asymptomatic individuals as
opposed to 16 per cent in persons with symptomatic
phase of HIV disease 6. Before the introduction of
antiretroviral therapy, the overall risk of developing
HIV-D in HIV positive individuals was estimated to
be at 15-20 per cent1, but the exact figures in the era
of highly active antiretroviral therapy (HAART) are
just beginning to emerge. Some of the most intriguing
questions remaining are (i) Why HIV-D continues to
prevail in the era of HAART, despite considerable
success of HAART regimens and protease inhibitors
in particular; and (ii) Are there changes in ADC
patterns in the era of HAART? We provide an
overview of various mechanisms involved in the
causation of HIV-D, drug penetration and distribution
in the CNS and its implications on HIV-D, changing
features of HIV-D in the era of HAART and effect
of compartmentalisation on HIV. Further, it would also
be discussed how neurological disease will affect
patients in developing countries, and what measures
should be taken to prevent occurrence of
psychological manifestation.
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Possible mechanism of HIV-1 entry and
causation of HIV-D: Biological mechanisms
In the brains of patients with HIV-D, HIV is found
at highest concentrations in the basal ganglia
(especially globus pallidus), subcortical regions and
frontal cortex as demonstrated by immunohistology,
quantitative PCR and virus isolation2,7,8. Thus, high
HIV loads in the brain appear to be important in the
development of advanced ADC but there is little
correlation between severity of HIV-D and viral
load 19,10. Further, the neuropathology of ADC also
shows loose correlation between the extent of
multinucleated giant cell formation, and severity of
HIV-D2. Hence, there is also likely to be variability
in other pathogenic mechanisms such as the individual
viral strain and host cell responses to HIV infection.
There is now general agreement that the cells
supporting productive infection in brain are the
microglial cells and macrophages, whereas the
neurons and oligodendrocytes are relatively rarely
infected 8. The route of CNS infection appears to
involve circulating activated monocytes (CAM),
which increase in proportion as the disease stage of
an individual12,13.
The peripheral activation of circulating monocytes
is the critical step for viral entry into the CNS12. It
has been shown that individuals seropositive for HIV
may contain little or no DNA, despite early entry of
HIV into the brain14. Even if DNA is evident, there is
no expression of HIV structural proteins15. Thus, the
reseeding of the CNS by activated monocytes leading
to productive CNS infection remains the only plausible
mechanism of viral entry into the brain, which, in most
cases, does not occur until an advanced stage of HIV
disease. Further, macrophage activation within the
CNS and peripheral nervous system (PNS) appears
to be a critical factor in the develoment of HIV-D
and sensory neuropathies16.
Since the emergence of a subset of circulating
monocytes during HIV-1 disease appears to correlate
with cognitive impairment, it has been hypothesized
that diagnostic protein profiles may be obtained from
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this monocytic subset especially for patient at risk
for HIV-D 17 . Wojna et al 17 with the help of
sophisticated proteomic techniques (surface enhance
laser desorption/ionization-time of flight protein chip
assay) have elegantly shown with a case study seven
unique proteins between 3 and 20 kD in monocytederived macrophges (MDM) from patients with
HIV associated dementia (HAD), which were absent
in the control group. Further, all these proteins were
abrogated after HAART. Recently, Sun et al17 have
also shown that there is loss of macrophage-secreted
lyzozyme in HIV-D as shown by SELDI-TOF mass
spectrometry. Thus, both studies confirm macrophage
dysfunction as a significant consequence to HAD and
both emphasize the utility of MDM profiling for the
diagnosis and monitoring of HIV-D.
Cell types, other than macrophages also get
infected with HIV-1. Non-productive infection of
astrocytes with the expression of nef and rev in infants
with HIV-related encephalopathy has been
reported 19,20 . Hence the observed neuronal
dysfunction and loss of neurons in advanced HIV-D
(20-40% in the frontal lobe) must be due to indirect
factors such as neurotoxins and cytokines.
Astrocytosis induced during brain infection may also
be a critical event in HIV-D, as dopamine system
may be damaged, which may have profound
consequences in clinical manifestation of HIV-D.
Viral determinants
mechanisms

of

ADC:

molecular

The underlying molecular mechanisms governing
ADC remain controversial and poorly understood. As
in HIV infection in general, variability in viral and
host factors almost certainly determine the likelihood
of ADC in HIV-1-infected patients. Neurologic
disease is often caused by single amino acid changes
in the surface proteins21. Characteristic changes in
the env gp120 V3 loop and the macrophage phenotype
associated with macrophage tropism are also
associated with microglial tropism22,23. They are also
involved in influencing the infectivity of macrophages
and T-lymphocytes 23-28 . It is thought that
characteristic changes within the V3 loop of the

envelope and the macrophage phenotype correlate
with progression to severe ADC3,29. Two independent
studies24,25 have shown association between molecular
changes in the envelope V3 loop region and the
development of HIV-D. Two mutations specifically
of residues 305 and 329 were shown to correlate with
HIV-D 23,24 and these changes were absent in nondemented patients. Although several studies24-27 have
found differences between blood and brain-derived
strains from patients with ADC, these have failed to
show similar consistent changes in residues 305 and
329, which would be correlated to ADC in HIV
infected individuals. Further, our detailed studies28,29
also failed to show any evidence for consistent
molecular changes that segregate demented and nondemented patients. Thus, it is likely that single amino
acid changes or the biological nature of infecting
strains may be accountable for the neurologic disease
manifestation in HIV infected individuals29.
Chemokine receptor usage and neurotropism
CCR5 and CXCR4 are the two major chemokine
co-receptors used by HIV together with CD4
receptor for gaining entry into the target cells. The
entry of HIV into the brain and its interaction with
recently discovered chemokine receptors still remain
obscure. Classically, the entry of HIV into the brain
is either across the blood-brain barrier or from the
cerebrospinal fluid (CSF). It is now accepted that the
T-cell line tropic HIV-1 strains use the chemokine
receptor CXCR4 [previously known to be stromalcell derived factor (SDF-)-1], a powerful leukocyte
chemoattractant 30 . By contrast, CC-chemokine
receptor CCR5 is utilized primarily by macrophagetropic non-syncytium inducing HIV-1 strains30. CCR5
is known to be a key player in the initial infection by
macrophage tropic strains of HIV-1.
The chemokine receptors could also play a major
role in viral entry into the brain. He et al31 reported
that the microglial cells in brain express CXCR4,
CCR3 and CCR5. This infection of microglia is
predominantly supported by macrophage-tropic HIV1 strains, and to a much less extent with T-cell tropic
strains. In addition, other studies have shown that
certain HIV-1 isolates preferentially grow on
microglia, and not on macrophages, suggesting that
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strains infecting macrophages may differ. Because
HIV-1 infection of microglial cells is one of the most
important steps in HIV infection of the brain and the
development of neurocognitive disorders/
impairment 32, both CCR5 and CCR3 could play a
critical role in HIV neuropathogenesis. The exact role
of CCR3 remains controversial because of the
unavailability of in vitro data confirming the previous
observations by He and colleagues 31 . We have
conclusively shown that brain-derived isolates predominantly use only CCR529.
In our studies we have demonstrated greater
heterogeneity in HIV genotypes from different regions
of the brain, and high homogeneity in viral strains from
blood of the same patient with AIDS dementia
complex 28,33. These data suggest that viral strains
evolve independently after they cross the blood-brain
barrier. We have also dissected the biology of each
of these strains from both demented and nondemented patients and found evidence that the
biological nature has more to do with influencing the
disease manifestation than the envelope genotype of
infecting strains29. These biological differences had
immense influence on tropism of viral strains, with
tropism for monocytes, T cells and macrophages in
strains from non-demented patients, as opposed to
largely M-tropic strains from patients with dementia29.
Thus the biological nature of HIV-1 strains residing
in the CSF and brain, along with the host factors, may
influence the manifestation of neurologic symptoms.
Drug resistance, viral compartmentalization and
HIV-D
Strict adherence to HAART is critical in
determining its success. Incomplete adherence, noncompliance, sub-optimal dosing and pharmakokinetic
drug interactions can rapidly lead to the emergence
of drug resistance 34. There is a evidence showing
significant correlation between cognitive impairment
on HAART and adherence. Thus, drug resistance
emergence in the CSF, blood and the CNS may have
remarkable impact, because the positive effects of
certain antiretroviral agents, which penetrate the
blood-brain barrier efficiently, may be compromised35.
A serious concern is that in the era of HAART,
HIV-D continues to be a problem. Thus, the degree
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of regional compartmentalization of drug resistant
viral variants during HAART suggests that poor and
perhaps differential penetration of antiretroviral drugs
may occur in the CNS. This may encourage the
independent development of HIV quasispecies in
regions of the brain with characteristic resistance
profiles through a milieu of sub-therapeutic drug
concentrations. This phenomenon may further be
accentuated by the varied tropism of HIV variants
arising as a consequence of selection pressures
imposed on HIV in each of the local areas, and also
by cellular differences in the CNS that may display
differential permissibility to antiretroviral drugs. A
great concern arises in that mutations conferring
resistance to multiple antiretroviral drugs may
predominate in brain regions where drug levels are
sub-optimal36. Hence the CNS may become a source
and a reservoir for multiple drug resistant viral strains
that may emerge systemically at the failure of therapy.
We also reiterate that, in addition to resistance
mutations, we have also observed a marked absence
of drug resistant mutants in certain areas of the CNS
in almost all patients35. Presently, there is no clear
explanation for the notable absence of resistance in
certain regions35, but several studies have shown that
drug concentrations in vivo can vary considerably
from one tissue type to another, or one organ to
another, during therapy 37,38 . In addition, some
compartments including the CSF 39 , genital
secretions40, and lymphoid tissue41 have been shown
to be poorly accessible to different antiretroviral
drugs. In rhesus monkeys a dramatic difference in
the levels and concentration-time profiles of
lamivudine (3TC) between lumbar and ventricular
CSF was observed 42 . Therefore, the sub-optimal
therapeutic drug levels in the CNS, and poor
penetration of these drugs in various regions of the
CNS, may be a more likely explanation for the
independent evolution of drug resistant variants in
diverse areas of the CNS. Cumulatively, the spectrum
of primary and secondary resistance mutations in
diverse areas of the CNS, which develop as a
consequence of the administration of ART or HAART,
may significantly influence the outcome of therapy
both in the CNS and systemic circulation35. In our
study a detailed analysis of drug resistant HIV-1
genotypes regionally compartmentalised in diverse
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regions of the CNS during antiretroviral therapy is
reported35. Our data have clarified that, both primary
and secondary resistance mutations are regionally
distributed in diverse areas of the CNS, which may
be significantly important in a clinical context. It
remains unknown which cell types in the CNS may
harbour resistant virus and permit their active
replication and propagation, and whether poor
penetration of drugs and sub-optimal drug
concentrations have some role in encouraging viral
replication of independently evolving viral quasispecies
in diverse areas of the CNS. Nonetheless, further
clarification of these aspects may have important
implications for future design of antiretroviral
treatment strategies for treating CNS infection and
will allow a greater understanding of the correlation
between drug resistant genotypes and HIV-D.
Distribution and penetration of antiretroviral
agents in the CNS
The CNS is highly delicate and evolutionarily built
to protect against intrusive chemicals. The downside
is that the same mechanisms, which protect brain
against intrusive chemicals, also render it a difficult
compartment for therapeutic intervention. Many
pharmaceutical agents struggle to penetrate the CNS
effectively and are poorly sustained within the CNS
compartment.
The CNS is a key anatomical reservoir of HIV-1
in both treated and untreated patients. Independently
evolving HIV variants have been detected in diverse
areas of the CNS, which are genetically distinct from
those found in the blood of the same patient29,35. As
a consequence, it has been hypothesized that the CNS
may act as a sanctuary site for HIV and render the
virus less susceptible to antiretroviral treatment 43.
Pathological studies have suggested that
macrophages and macrophage-related microglial cells
are the primary CNS sites of HIV infection. Other
studies have also provided evidence that
macrophages and microglial cells are the primary
source of HIV in the CNS, and a non-syncytium
inducing, macrophage tropic phenotype is more
common in HIV variants from this compartment44.
CSF serves as an independent compartment for viral
replication 45 , a feature that may be related to

differences in HIV viral load dynamics between the
peripheral blood and CSF46.
Unique anatomical structures limit the distribution
of anti-HIV drugs into the CNS. These structures
are the blood-brain barrier located between the blood
and brain tissue, and the blood-CSF barrier primarily
formed by the choroid plexus. High plasma protein
binding of protease inhibitors (PIs) and their
unidirectional efflux by P-glycoprotein membrane
proteins in the blood-brain barrier limit the penetration
and absorption of antiretrovirals into the CNS 47-50.
As a result, the CNS (which also encompasses the
retina) represents a site in which ongoing viral
replication may occur. Further, a greater concern
arises in that mutations conferring resistance to
multiple antiretroviral drug classes may predominate
in compartments where drug levels are sub-optimal.
Hence, the CNS may in some cases be a source of
ongoing replication for multiple drug resistant HIV
strains. As systemic treatment may not reduce the
CNS viral load due to inadequate penetration of drugs,
investigation into new methods of delivery is of
paramount importance. So far, nucleoside analogs are
the most characterized of the antiretroviral agents in
terms of CNS distribution.
Distribution of nucleoside reverse transcriptase
inhibitors (NRTI) in the CNS: Currently, there are
five available nucleoside analogs: zidovudine (AZT),
didanosine (ddI), zalcitabine (ddC), stavudine (d4T)
and lamivudine (3TC). AZT crosses the blood-CSF
barrier and its distribution into the CNS is the most
studied among the NRTIs51,52. Generally, CSF levels
of AZT are reliable estimators of brain levels
following systemic administration of the drug 50 .
Clinical studies have demonstrated a significant
improvement in the neurological functions of HIVinfected patients with dementia treated with AZT53,54,
indicating that the levels of AZT obtained in the brain
are sufficient to inhibit viral replication. The dynamic
efflux of AZT from the CNS into the blood has been
well documented, with much of the evidence relating
to the AZT steady state in brain extracellular fluid
(ECF), or the CSF/plasma concentration ratio55-63.
Previous studies have shown that AZT crosses
both the blood-brain and blood-CSF barriers by passive
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diffusion, a process recently demonstrated using a
bilateral in situ brain perfusion technique64. While it
is not metabolized to any discernible extent in the
brain, the effectiveness of AZT treatment may be
reduced by the efflux of this drug from the CNS
through active transport mechanisms55,61.
Uptake and penetration of ddI into the CNS is
poor 65,66 and its mechanism of entry is probably
passive diffusion. The efflux of ddI from the CNS is
prominent and similar to that of AZT, and occurs
through an active transport process. The CNS
distribution of ddC is similar to that of ddI in humans.
The low uptake of ddC in the CNS is partially due to
limited penetration of the blood brain barrier, a factor
related to its octanol/water coefficient and high
solubility in water 67 . The entry of ddC may be
mediated, at least in part, by a nucleoside
transporter50, and it is believed that there may likewise
be an active efflux mechanism of ddC from the CNS.
Only a limited number of studies have been conducted
on the penetration and effect of 3TC in the CNS.
These have shown that its distribution in the CNS is
poor68. Since 3TC is structurally related to ddC, it is
hypothesized to have similar absorption and efflux
properties in the CNS. Some studies have suggested
the existence of a dynamic efflux transport system in
the blood-CSF barrier and possibly the blood-brain
barrier42. Other studies on both humans and animal
models have indicated that d4T penetrates into the
CSF and CNS to a substantial degree69,70. It is thought
to enter the CNS via passive diffusion50, but further
studies are required to confirm this, and to clarify
whether d4T is actively transported out of the CNS.
Distribution
of
non-nucleoside
reverse
transcriptase inhibitors (NNRTI) in the CNS: Few
studies are available regarding the CNS distribution
of NNRTIs, which are potent anti-HIV agents. These
drugs act by binding directly to the active site of the
RT and so prevent the replication of HIV.
Resistance is a major problem in this class of drugs,
limiting their effectiveness71. Approved and commonly
used drugs in this class include nevirapine, delavirdine
and efavirenz. Nevirapine has been shown to have
the best blood-brain barrier permeability among antiHIV agents including nucleoside analogs (AZT, ddI,
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ddC and d4T) and protease inhibitors (saquinavir,
indinavir and amprenavir) in an in vitro study using
bovine cerebral endothelial cells72. In the same study,
delavirdine was found to have undetectable bloodbrain barrier permeability. A study using an
experimental NNRTI drug (atevirdine) in the treatment
of AIDS dementia complex showed improved
neurologic function in four of five patients who
completed the trial, no firm correlation was found
between this clinical response and the atevirdine level
in CSF73.
Distribution of protease inhibitors (PIs) in the
CNS: Little data are available concerning the CNS
penetration of PIs. In rats the penetration of indinavir
into the CNS was limited49, and it is thought the extent
of CNS distribution of other PIs is likely to be limited
and poor. The reduced CNS distribution of saquinavir,
ritonavir and nelfinavir may relate to the fact that
these PIs are highly protein-bound in the plasma (over
98%). In contrast, the protein binding of indinavir is
only 60 per cent49. In addition, most PIs are substrates
of P-glycoprotein (P-gp) which acts as an efflux pump
limiting the extent of the PI distribution in the CNS.
Nonetheless, some PIs have been found to have a
favourable effect on the treatment of ADC,
producing stabilization or near complete regression
in white matter disease correlating with cognitive
improvement 74 . An experimental compound,
amprenavir, in combination with AZT and 3TC
resulted in CSF viral loads below detection (<400
copies/ml) within 32 wk after initiation of treatment.
Amprenavir was the second best anti-HIV agent in
terms of uptake in cerebral endothelial cell lines, in
the study conducted by Glynn and Yazdanian72. The
drug crosses the blood-brain barrier well. In
individuals treated with HAART, the incidence of
AIDS and HIV-D has decreased 75 . However,
antiretroviral treatment is not always effective, or
universally available, and the long-term effects of
even transient viral replication in the CNS are not
clear76. Thus the role of HIV infection and replication
in the CNS, and its correlation with the development
of CNS disease and dementia remains an important
and unresolved issue. It has been hypothesized that
the CNS may act as a sanctuary for HIV and render
the virus less susceptible to antiretroviral
treatment 43,77 . As a result of inadequate drug

262

INDIAN J MED RES, APRIL 2005

penetration into the CNS, systemic antiretroviral
treatment may fail to prevent viral replication and have
little effect in reducing the viral burden of this
compartment.

in the face of potent HAART remains to be
determined, and until such data are available, it is
difficult to conclude whether macrophages serve as
a true HIV reservoir in vivo.

Sub-optimal drug penetration also influences the
emergence of multiply drug resistant variants, which
may also predominate in this anatomical viral reservoir.
Discordant changes in peripheral blood and CSF HIVRNA levels have been reported in response to
antiretroviral therapy 78 . Similar and discordant
patterns of antiretroviral drug resistance have been
detected in the RT and protease genes of isolates
from the blood compartment and the CSF of the same
patient 79,80. A better understanding of the ways in
which drug resistant mutations emerge in HIV
populations of the CNS, and possibly other anatomic
compartments, which have similar barriers to drug
penetration such as testes81, and the development of
more efficacious antiretroviral drugs are of paramount
importance to achieve and maintain consummate
therapeutic drug levels in the CNS.

Advantages and pitfalls of HAART: It is now
recognized that a potent combination of three or more
antiretroviral agents (two NRTIs and one/two PIs or
one NNRTI) can allow an extended suppression of
HIV replication in vivo. This can augment the
immune response paving the way for the reconstitution
of the host’s immune system. A full recovery of the
immune system would require not only replacement
of lost T cells, but also the correction of aberrant
levels of immune system activation back to normal
levels. However, even after extended periods of
HAART, immune reconstitution appears incomplete
in many cases. Host anti-HIV immunity often
gradually declines upon the achievement of viral
suppression during therapy, perhaps as a result of the
reduced exposure to HIV antigens which may be
crucial factors in maintaining immune activation. In
other words, while some infected individuals may
experience the expected benefits of HAART (low
viraemia, sustained rise in CD4+ and CD8+ T cells,
and reduction of viral evolution), others remain poor
responders and fail to maintain vital host antiviral
immune responses. The underlying reasons for poor
immune responses during HAART are unclear, and
may stem from viral factors (resistance) and/or host
factors (P-glycoprotein efflux, adherence, genetics,
etc.). Investigation into individualized treatment
strategies for such patients seem warranted.

Macrophages and antiretroviral therapy:
Macrophages and cells of macrophage lineage are
crucial in HIV infection of the brain. In addition,
macrophages may shield HIV from the effect of
highly active antiretroviral regimens containing PI, due
to the action of P-glycoprotein transporters in their
membranes82. P-glycoprotein is responsible for the
unidirectional transport of selected substrates,
including PIs, across key tissue barriers such as the
CNS blood-brain barrier and the gastrointestinal tract,
limiting the absorption of antiretroviral drugs in these
compartments 82. The resistance of macrophages to
the uptake of PIs is likely to result in sub-optimal drug
concentrations and increases the likelihood of drug
resistance in this compartment.
The overall capacity of this transporter system to
reduce drug concentrations in macrophages, and its
biological relationship to HIV persistence remains an
open area of investigation. The design of agents that
inhibit the P-glycoprotein transportation system may
be useful, but the use of such a strategy must be
approached with caution as many physiological side
effects may occur 83 . The extent to which
macrophages serve as a long-lived sanctuary for HIV

Expansion in the polyclonality of CD4+ and CD8+
repertoires in concomitance with decreasing plasma
viraemia and improvements in peripheral blood
mononuclear cell (PBMC) production of IL-2 and IL12 can occur during PI-based HAART, but reports
show that virus may rebound to levels above baseline
values after stopping therapy74.
The toxicity of antiretroviral drugs is a subject of
intense debate, and has been a prominent topic at
various international forums. As HIV infection
becomes a “manageable” disease with greatly
reduced morbidity and mortality attributable to
reduced immunodeficiency, the identification,
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monitoring and clinical management of the adverse
effects of antiretroviral therapies assumes
proportionally greater importance in the clinical
setting. Several adverse effects of individual
antiretroviral drugs have been recognized, such as
effects related to the CNS (e.g., irritability related to
efavirenz), mitochondrial toxicity and hyperlactatemia
with NRTIs, and lipoatrophy, cardiac disease and
hepatotoxicity from the use of NRTIs and other
antiretroviral drugs.

HAART era. In pre-HAART era, temporal lobe
changes were commonly seen in patients with HIVD, but now they appear to be less conspicuous as
determined by positron emission tomography and
neuropathological testing. Before the introduction of
HAART, the standard CSF markers, such as beta-2
microglobulin and HIV viral load in the CSF were
considered to be important in diagnosis of HIV-D,
but now they no longer fully correlate with the
presence or severity of HIV-D in HIV patients86.

Changing features of HIV-D in the era of
HAART

A remarkable change is that most HAART treated
patients with neurological manifestation of HIV
disease remain more stable. In some cases partial
reversal of symptoms with neurological deficits have
been observed after a few years on HAART 4 .
Although biological reasons for this reversal are
unclear, but adherence and compliance to therapy are
critical for the management of HIV-D. Drug fatigue
usually results in poor adherence, which, in turn, may
lead to the development of drug resistance. Further,
although speculative, it is likely that many of these
patients with few years on HAART may have
responded maximally to HAART and may have been
left with a fixed deficit, perhaps due to neuronal loss.
Thus, intensification of HAART may have little effect
in repairing cognitive loss.

The era of combination ART has certainly
produced considerable delays in disease progression
rates in developed nations, but the prevalence of HIVD is on the increase in contemporary cohorts of HIVinfected individuals. In the HAART era, the
manifestation of neurological disease has certainly
become less severe and more manageable. Both
newly diagnosed moderate to severe dementia have
fallen from 6.6 in 1989 to 1 per cent in year 20004.
Before the use of HAART, the incidence of HIV-D
appeared to be stable among individuals with
advanced stage of disease. In pre-HAART era, the
mean CD4+ T cell count at the time of the diagnosis
of HIV-D was between 50-100 cells/µl blood
depending on patient group examined84, whereas in
the era of HAART this mean CD4+ T cell count has
jumped to 160/µl blood 85 . The actual underlying
reasons for this elevation upon HAART introduction
remain unclear. It has been hypothesized that the
failed restoration of specific defect in immune
function related to HIV-D, or it may suggest that the
HIV disease duration is becoming more critical, or it
could be due to both. The mean time to death, which
was 6-9 months in pre-HAART era has increased to
>44 months in post-HAART era. There are several
conditions, which deserve particular attention. These
conditions do suggest that HIV-D in the era of
HAART appears to be transforming. The basal ganglia
hypermetabolism, which was the typical of HIV-D
and correlated with neuropathological changes in basal
ganglia in the pre-HAART era, does not appear to be
a prominent feature of HIV-D in post-HAART era.
In contrast, the mesial temporal lobe abnormalities
have gained more prominence and relevance in post-

As a consequence of HAART, three distinct forms
of HIV-D can be observed: (i) A ‘subacute
progressive’ dementia in therapy naïve patients with
clinical syndrome of severe and progressive dementia
comparable to pre-HAART era; (ii) A ‘chronic active’
dementia, in patients, with HAART who show
evidence of poor adherence to drug regimen and in
some cases the emergence of drug resistance. This
group is pre-disposed to risk for neurological disease
progression; and (iii) A ‘chronic inactive’ dementia
in patients on HAART who adhere to drugs, are fully
compliant and show effective suppression of viral
burden in both CSF and plasma and have shown signs
of recovery from neuronal injury. This group is more
stable.
HAART may also be associated with chronic form
of AHIV-D. A prospective positron emission
tomography (PET)-cerebrospinal fluid (CSF) study
has also highlighted that there are changes in ADC
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in the era of HAART. The PET study included patients
who developed HIV-D over several years in the
presence of below detection viral loads in both plasma
and CSF compartments. Patients treated with
HAART for two years, who are neuro-asymptomatic,
also have shown elevated levels of neopterin and
normal levels of HIV CSF RNA copies and beta-2
microglobulin in both blood and the CSF87. These data
suggest that HAART cannot restore all CSF
functional deficits to normal. The reasons could be
(i) Partial functional loss prior to initiation of HAART,
or (ii) Poor penetration of antiretroviral drugs into
the CSF, which are unable to achieve below detection
limits of HIV RNA copies. It is clear that various
CSF markers of immune activation such as
neopterin88, beta-2 microglobulin89 and quinolinic90
correlate with the severity of HIV-D and they decline
with HAART treatment. In pre-HAART era, the
levels recorded for all the aforementioned CSF
markers were highly elevated in patients with HIVD 88,91 as opposed to post-HAART era. Thus,
antiretroviral therapy that achieves maximal reduction
in CSF HIV-1 RNA would be expected to provide
the greatest protection against HIV-D. At this stage,
this is speculative and more trials are needed to
confirm this.
Although HAART has changed the forms of ADC,
the emergence of resistant forms of HIV to both RT
and PIs has shown the resurgence in the frequency
of HIV encephalitis, and HIV leukoencephalopathy
in AIDS patients failing HAART. It is characterized
by massive infiltration of HIV-infected monocyte/
macrophages into the brain and extensive white matter
destruction. Recently, it has been proposed that this
condition may be caused by interactions of anti-HIV
drugs with cerebrovascular endothelium, astroglial
cells and white matter of the brain. These interactions
may cause cerebral ischaemia, increased blood-brain
permeability and demyelination. This study 92
concluded that with HAART severe forms of HIV
encephalitis appear to be emerging as the epidemic
matures. The main factor attributing to this is the
prolonged survival of HIV patients, which may
predispose them to prolonged exposure to virions and
viral proteins and selection of more virulent and
neurotropic viruses in the face of HAART.

Conclusions
The antiretroviral treatment is slowly becoming
available in India. At present, there are two problems
in India and other developing countries regarding HIVassociated neurological disorders: clinical inaccuracy/
unawareneness and pathological inaccuracies. To
monitor for HIV-D clinically it is really education of
health care workers for the correct use of HAART.
Therefore, physician awareness and training are two
essential components for proper control of HIV and
its manifestations.
Recently, it has been reported that persistent
neurological abnormalities can be seen in therapy
naive HIV infected individuals92. Such studies have
direct relevance in Indian context. Proton magnetic
resonance spectroscopy and neuropsychological tests
were performed on HIV patients naive for therapy
followed by 3 months of HAART. These data revealed
that despite significant improvement in CD4+ T cell
counts and suppression of plasma and CSF viraemia,
elevated brain metabolites (choline compounds and
myoinositol in the frontal lobes) and
neuropsychological deficits persisted post-HAART.
The persistent abnormalities in the brain suggest an
ongoing repair or reactive inflammatory processes in
the brain after 3 months on HAART93. Regimens with
2 CSF-penetrating antiretrovial agents do not appear
to be more effective than just one CSF-penetrating
agent 93 . As ADC is under-diagnosed, and the
assessment of neurological deficits is poor due to
socio-economic segregation of HIV patients in India,
such studies on persistent neurological damage on
HIV-infected therapy-naïve and experienced patients
in India are warranted. These will not only shed light
on what HIV does to the brain in naïve patients, but
will also show some novel features of
neuropathological aspects of HIV, which pre-HAART
era in the developed countries missed out on. In
addition, association of HIV-1 subtype dispersal in
geographical locales and its influence on ADC can
be determined.
The relevance of these studies in the context of
developing countries is enormous, because people
living with HIV are growing older. According to the
CDC report, rates of persons living with AIDS suggest

SAKSENA & SMIT: NEUROPATHOGENESIS OF HIV-1

that the older adults (>50 yr of age) account for up to
15 per cent of AIDS case load, representing an
increse of about 5 per cent from 1997-1999. Studies
are also required in older people living with AIDS as
antiretroviral therapy has augmented the survival time
for HIV patients, some living for at least 10-20 yr
more. These trends emphasize a need for basic
epidemiological research on HIV and HIV-associated
CNS complications in India and other developing
countries. Research is also needed to determine the
mechanisms at work in an ageing immune system and
to determine whether there is a difference in immune
reconstitution after HAART between younger and
old age categories infected with HIV, and how such
differences can influence the manifestation of
neurocognitive dysfunction. It remains poorly
understood whether the neurocognitive complications
in HIV disease are due to the processess typical of
functional ageing or whether there is considerable
influence of HIV disease on ageing process.
Therefore, there is a continued need for reassessment
and further refinement of HIV-D in the elderly and
its clear effect in the younger age categories. In India,
the incidence of HIV-D in asymptomatic subjects
appears to be lower compared to HIV-infected
individuals in the USA and Europe (1 to 2% in India
as opposed to15 to 30% in USA and Europe) 93,94.
Though genetic diversity between subtypes is well
documented, the subtypic genetic differences have
never been attributed to disease manifestation.
Subtype C is the most prevalent subtype circulating
in India. Recently, Ranga et al95 have targeted Tat
protein because of its association with monocyte
chemotactic function. Analyses of Tat sequences
representing nine subtypes revealed that at least six
amino acid residues are differentially conserved in
subtype C Tat protein. Of these, cysteine (at position
31) was highly (>99%) conserved in non-subtype C
viruses and more than 90 per cent of subtype C viruses
encoded a serine. The C-Tat due to the disruption of
CC motif was defective for monocyte chemotactic
activity without a loss in the transactivation property.
While the CC mutant was functionally competent for
both the functions, in contrast, the SC mutant was
defective in both. Because Tat could influence
monocyte chemotactic function and increased
monocyte migration of HIV-1 to the brain has been
correlated with HIV-D. These analyses conclude that
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the loss of the C-Tat chemotactic property may
underlie the reduced incidence of HIV-D in India.
Although not fully conclusive, it points to an important
epidemiologic phenomenon, which could be potentially
exploited for further research. This should include
subtype C viruses from other geographical regions,
such as South Africa where subtype C predominates.
References
1.

McArthur JC, Hoover DR, Bacellar H, Miller EN,
Cohen BA, Becker JT, et al. Dementia in AIDS patients:
incidence and risk factors. Multicenter AIDS Cohort Study.
Neurology 1993; 43 : 2245-52.

2.

Price RW, Brew B, Sidtis J, Rosenblum M, Scheck AC,
Cleary P. The brain in AIDS: central nervous system
HIV-1 infection and AIDS dementia complex. Science
1988; 5 : 586-92.

3.

Navia BA, Dafni U, Simpson D, Tucker T, Singer E,
McArthur JC, et al. A phase I/II trial of nimodipine for
HIV-related neurologic complications. Neurology
1998; 51 : 221-8.

4.

McArthur JC, Haughey N, Gartner S, Conant K, Pardo C,
Nath A, et al. Human immunodeficiency virus-associated
dementia: an evolving disease. J Neurovirol 2003;
9 : 205-21.

5.

Miller EN, Selnes OA, McArthur JC, Satz P, Becker JT,
Cohen BA, et al. Neuropsychological performance in HIV1-infected homosexual men: The Multicenter AIDS Cohort
Study (MACS). Neurology 1990; 40 : 197-203.

6.

McArthur JC. Neurologic manifestations of AIDS.
Medicine (Baltimore) 1987; 66 : 407-37.

7.

GlassJD, Wesselingh SL, Selnes OA, McArthur JC.
Clinical-neuropathologic correlation in HIV-associated
dementia. Neurology 1993; 43 : 2230-7.

8.

Bagasra O, Lavi E, Bobroski L, Khalili K, Pestaner JP,
Tawadros R, et al. Cellular reservoirs of HIV-1 in the central
nervous system of infected individuals: identification by
the combination of in situ polymerase chain reaction and
immunohistochemistry. AIDS 1996; 10 : 573-85.

9.

Nuovo GJ, Gallery F, MacConnell P, Braun A. In situ
detection of polymerase chain reaction-amplified HIV-1
nucleic acids and tumor necrosis factor-alpha RNA in the
central nervous system. Am J Pathol 1994; 44 : 659-66.

10. Johnson RT, Glass JD, McArthur JC, Chesebro BW.
Quantitation of human immunodeficiency virus in brains

266

INDIAN J MED RES, APRIL 2005
of demented and non-demented patients with acquired
immunodeficiency syndrome. Ann Neurol 1996; 39 : 392-5.

11. Achim CL, Heyes MP, Wiley CA. Quantitation of human
immunodeficiency virus, immune activation factors, and
quinolinic acid in AIDS brains. J Clin Invest 1993;
91 : 2769-75.
12. Gartner S. HIV infection and dementia. Science 2000;
287 : 602-4.
13. Pulliam L, Gascon R, Stubblebine M, McGuire D,
McGrath MS. Unique monocyte subset in patients with
AIDS dementia. Lancet 1997; 349 : 692-5.
14. Donaldson YK, Bell JE, Ironside JW, Brettle RP,
Robertson JR, Busuttil A, et al. Redistribution of HIV
outside the lymphoid system with onset of AIDS.
Lancet 1994; 343 : 383-5.
15. Kibayashi K, Mastri AR, Hirsch CS. Neuropathology of
human immunodeficiency virus infection at different disease
stages. Hum Pathol 1996; 27 : 637-42.
16. Keswani SC, Pardo CA, Cherry CL, Hoke A, McArthur JC.
HIV-associated sensory neuropathies. AIDS 2002; 16 :
2105-17. Review.
17. Wojna V, Carlson KA, Luo X, Mayo R, Melendez LM,
Kraiselburd E, et al. Proteomic fingerprinting of human
immunodeficiency virus type 1-associated dementia from
patient monocyte-derived macrophages: A case study.
J Neurovirol 2004; 10 (Suppl 1) : 74-81.
18. Sun B, Rempel HC, Pulliam L. Loss of macrophage-secreted
lysozyme in HIV-1-associated dementia detected by
SELDI-TOF mass spectrometry 2004; 30 : 1009-12
19. Tornatore C, Chandra R, Berger JR, Major EO. Abstract
HIV-1 infection of subcortical astrocytes in the pediatric
central nervous system. Neurology 1994; 44 : 481-7.
20. Ranki A, Nyberg M, Ovod V, Haltia M, Elovaara I,
Raininko R, et al. Abundant expression of HIV Nef and
Rev proteins in brain astrocytes in vivo is associated with
dementia. AIDS 1995; 9 : 1001-8.
21. Kawano H, Rostapshov V, Rosen L, Lai CJ. Genetic
determinants of dengue type 4 virus neurovirulence
for mice. J Virol 1993; 67 : 6567-75.

24. Hwang SS, Boyle TJ, Lyerly HK, et al. Identification of
the envelope V3 loop as the primary determinant of cell
tropism in HIV-1. Science 1991; 253 : 71-4.
25. Chesebro B, Wehrly K, Nishio J, et al. Macrophage tropic
human immunodeficiency virus isolates from different
patients exhibit unusual V3 envelope sequence homogeneity
in comparison with T-cell tropic isolates: Definition of
critical amino acids involved in cell tropism. J Virol 1992;
66 : 6547-54.
26. Korber B T, Kunstman KJ, Patterson BK, et al. Genetic
differences between blood and brain-derived viral sequences
from human immunodeficiency virus type 1-infected
patients: evidence of conserved elements in the V3 region
of the envelope protein of brain-derived sequences. J Virol
1994, 68 : 7467-81.
27. Di Stefano M, Wilt S, Gray F, et al. HIV type 1 V3
sequences and the development of dementia during AIDS.
AIDS Res Hum Retroviruses 1996, 12 : 471-6.
28. Chang J, Jozwiak R, Wang B, et al. Unique HIV type 1
V3 region sequences derived from six different regions
of brain: Region-specific evolution within hostdetermined quasispecies. AIDS Res Hum Retroviruses
1998, 14 : 25-30.
29. Smit TK, Wang B, Ng T, Osborne R, Brew B, Saksena NK.
Varied tropism of HIV-1 isolates derived from different
regions of adult brain cortex discriminate between patients
with and without ADC: Evidence for neurotropic variants.
Virology 2001; 279; 509-26.
30. Dragic T, Litwin V, Allaway GP, Martin SR, Huang Y,
Nagashima KA, et al. HIV-1 entry into CD4+ cells
is mediated by the chemokine receptor CC-CKR-5.
Nature 1996; 381 : 667-73.
31. He J, Chen Y, Farza M, et al. CCR3 and CCR5 are coreceptors for HIV-1infection of microglia. Nature 1997;
385 : 645-9.
32. Gendelman HE, Lipton SA, Tardieu M, Bukrinsky MI,
Nottet HS. The neuropathogenesis of HIV-1 infection.
J Leukoc Biol 1994; 56 : 389-98.

22. Watkins BA, Dorn HH, Kelly WB, et al. Specific tropism
of HIV-1 for microglial cells in primary human brain
cultures. Science 1990; 249 : 549-52.

33. Saksena NK, Wang B, Ge YC, Chang J, Dwyer DE,
Xiang SH, et al. Region-specific changes, gene duplications,
and random deletions in the nef gene from HIV type 1infected brain tissues and blood of a demented patient.
AIDS Res Hum Retroviruses 1997; 13 : 111-6

23. Power C, McArthur JC, Johnson RT, et al. Demented and
nondemented patients with AIDS differ in brain-derived
human immunodeficiency virus type 1 envelope sequences.
J Virol 1994; 68 : 4643-9.

34. Condra JH, Holder DJ, Schleif WA, Blahy OM, Danovich
RM, Gabryelski LJ, et al. Genetic correlates of in vivo
viral resistance to indinavir, a human immunodeficiency
virus type 1 protease inhibitor. J Virol 1996; 70 : 8270-6.

SAKSENA & SMIT: NEUROPATHOGENESIS OF HIV-1
35. Smit TK, Brew BJ, Tourtellotte W, Morgello S,
Gelman BB, Saksena NK. Independent evolution of human
immunodeficiency virus (HIV) drug resistance mutations
in diverse areas of the brain in HIV-infected patients, with
and without dementia, on antiretroviral treatment. J Virol
2004; 78 : 10133-48.
36. Lipton SA. Treating AIDS dementia. Science 1997; 13 :
1629-30.
37. Hirsch MS, Conway B, RTD’A quila, et al. Antiretroviral
drug resistance testing in adults with HIV infections:
implications for clinical management. JAMA 1998;
279 : 1984-91.
38. Hoetelman RM, Profigt M, Mennhorst PL, Mulder JW,
Beijen JA. Quantitative determination of 2-2deoxy-3thiacytidine (lamivudine) in human plasma, saliva and CSF
by high performance HPLC with ultraviolet detection.
J Chromatogr B Biomed Sci Appl 1998; 713 : 387-94.
39. Stellbrink HJ, Eggers C, van Lunzen J, Albrecht H,
Greten H. Rapid decay of HIV RNA in the cerebrospinal
fluid during antiretroviral combination therapy.
AIDS 1997; 11 : 1655-7.
40. Sune C, Brennan L, Stover DR, Klimkait T. Effect of
polymorphisms on the replicative capacity of protease
inhibitor-resistant variants under drug pressure. Clin
Microbiol Infect 2004; 10 : 119-26.
41. Thompson JD, Higgins DG, Gibson TJ. CLUSTAL W:
improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-specific
gap penalties and weight matrix choice. Nucleic Acids Res
1994; 11 : 4673-80.
42.

Venturi G, Catucci M, Romano L, Corsi P, Leoncini F,
Valensin PE, et al. Antiretroviral resistance mutations in
human immunodeficiency virus type 1 reverse transcriptase
and protease from paired cerebrospinal fluid and plasma
samples. J Infect Dis 2000; 181 : 740-5.

43. Siliciano JD, Siliciano RF. A long-term latent reservoir for
HIV-1: discovery and clinical implications. J Antimicrob
Chemother 2004; 54 : 6-9.
44. Pratt R, Nichols S, McKinney N, Kwok S, Dankner W,
Spector S. Virologic markers of HIV type 1 in cerebrospinal
fluid of infected children. J Infect Dis 1996; 174 : 288-93.
45. Ellis R, Seubert P, Motter R, Galasko D, Deutsch R,
Heaton RK, et al. Cerebrospinal fluid tau protein is not
elevated in HIV-associated neurologic disease in humans.
Neurosci Lett 1998; 254 : 1-4.
46. Sei S, Stewart S, Farley M, Mueller BU, Lane JR,
Robb ML, et al. Evaluation of HIV type 1 RNA levels
in cerebrospinal fluid and viral resistance to zidovudine
in children with HIV encephalopathy. J Infect Dis
1996; 174 : 1200-6.

267

47. Kakuda T, Struble K, Piscitelli S. Protease inhibitors for
the treatment of HIV infection. Am J Health Syst Pharm
1998; 55 : 233-54.
48. Kim RB, Fromm M, Wandel C, Leake B, Wood AJ,
Roden DM, et al. The drug transporter Pglycoprotein limits
oral absorption and brain entry of HIV-1 protease
inhibitors. J Clin Invest 1998; 101 : 289-94.
49. Lin J, Chiba M, Balani S, Chen IW, Kwei GY,
Vastag KJ, et al. Species differences in the pharmacokinetics
and metabolism of indinavir, a potent HIV protease inhibitor.
Drug Metab Dispos 1996; 24 : 1111-20.
50. Sawchuk R, Yang Z. Investigation of distribution, transport
and uptake of anti-HIV drugs to the central nervous system.
Adv Drug Deliv Rev 1999; 39 : 5-31.
51. Burger D, Kraaijeveld C, Meenhorst P, et al. Penetration
of zidovudine into the cerebrospinal fluid of patients
infected with HIV. AIDS 1993; 7 : 1581-7.
52. Gallo J, Etse J, Doshi K, Boudinot F, Chu C. Hybrid
pharmacokinetic models to describe anti-HIV nucleoside
brain disposition following parent and prodrug
administration in mice. Pharm Res 1991; 8 : 247-53.
53. Brouwers P, Oecarli C, Heyes MP, Moss HA, Wolters PL,
Tudor-Williams G, et al. Effect of combination therapy
with zidovudine and didanosine on neuropsychological
functioning in patients with symptomatic HIV disease: a
comparison of simultaneous and alternating regimens.
AIDS 1997; 11 : 59-66.
54. Gisslen M, Norkrans G, Svennerholm B, Hagberg L. The
effect on HIV type 1 RNA levels in cerebrospinal fluid
after initiation of zidovudine or didanosine. J Infect Dis
1997; 175 : 434-7.
55. Dykstra K, Arya A, Arriola D, Bungay P, Morrison P,
Dedrick R. Microdialysis study of zidovudine transport in
rat brain. J Pharmacol Exp Ther 1993; 267 : 1227-36.
56. Galinsky R, Hoesterey B, Anderson B. Brain and
cerebrospinal fluid uptake of zidovudine in rats after
intravenous injection. Life Sci 1990; 47 : 781-8.
57. Hedaya M, Sawchuk R. Effect of probenecid on the renal
and nonrenal clearances of zidovudine and its distribution
into cerebrospinal fluid in the rabbit. J Pharm Sci 1989;
78 : 716-22.
58. Masereeuw R, Jaehde U, Langemeijer M, De Boer A,
Breimer D. In vitro and in vivo transport of AZT across
the blood-brain barrier and the effect of transport inhibitors.
Pharm Res 1994; 11 : 324-30.
59. Sawchuk R, Hedaya M. Modeling the enhanced uptake of
zidovudine into cerebrospinal fluid. 1. Effect of probenecid.
Pharm Res 1990; 7 : 332-8.

268

INDIAN J MED RES, APRIL 2005

60. Tuntland T, Ravasco R, Al-Habet S, Unadkat J. Efflux of
zidovudine and 2',3'-dideoxyinosine out of the cerebrospinal
fluid when administered alone and in combination to
Macaca nemestrina. Pharm Res 1994; 11 : 312-7.
61. Wang Y, Sawchuk R. Zidovudine transport in the rabbit
brain during intravenous and intracerebroventricular
infusion. J Pharm Sci 1995; 84 : 871-6.
62. Wong S, Van Belle K, Sawchuk R. Distributional transport
kinetics of zidovudine between plasma and brain
extracellular fluid/cerebrospinal fluid in the rabbit:
investigation of the inhibitory effect of probenecid utilizing
microdialysis. J Pharmacol Exp Ther 1993; 264 : 899-909.
63. Wong S, Wang Y, Sawchuk R. Analysis of zidovudine
distribution to specific regions in rabbit brain using
microdialysis. Pharm Res 1992; 9 : 332-8.
64. Thomas S, Segal M. The passage of azidodeoxythymidine
into and within the central nervous system: does it follow
the parent compound, thymidine? J Pharmacol Exp Ther
1997; 281 : 1211-8.
65. Ahluwalia G, Cooney D, Mitsuya H, et al. Initial studies
on the cellular pharmacology of 2',3'-dideoxyinosine, an
inhibitor of HIV infectivity. Biochem Pharmacol 1987; 36
: 3797-800.
66. Anderson B, Hoesterey B, Baker D, Galinsky R. Uptake
kinetics of 2',3'-dideoxyinosine into brain and cerebrospinal
fluid of rats: intravenous infusion studies. J Pharmacol
Exp Ther 1990; 253 : 113-8.
67. Singhal D, Morgan M, Anderson BD. Role of brain tissue
localized purine metabolizing enzymes in the central
nervous system delivery of anti-HIV agents 2'-beta-fluoro2',3'-dideoxyinosine and 2'- beta-fluoro-2',3'dideoxyadenosine in rats. Pharm Res 1997; 14 : 786-92.
68. Van Leeuwen R, Katlama C, Kitchen V, et al. Evaluation of
safety and efficacy of 3TC (lamivudine) in patients with
asymptomatic or mildly symptomatic HIV infection: a
phase I/II study. J Infect Dis 1995; 171 : 1166-71.
69. Dudley M, Graham K, Kaul S, et al. Pharmacokinetics of
stavudine in patients with AIDS or AIDS-related complex.
J Infect Dis 1992; 166 : 480-5.
70. Kline M, Dunkle L, Church J, et al. A phase I/II evaluation
of stavudine in children with HIV infection. Pediatrics 1999;
96 : 247-52.
71. Rutschmann O, Hirschel B. Antiretroviral therapy: a guide
to the most important trials. Schweiz Med Wochenschr
1997; 127 : 436-43.
72. Glynn S, Yazdanian M. In vitro blood-brain barrier
permeability of nevirapine compared to other HIV
antiretroviral agents. J Pharm Sci 1998; 87 : 306-10.

73. Brew B, Dunbar N, Druett J, Freund J, Ward P. Pilot study
of the efficacy of atevirdine in the treatment of AIDS
dementia complex. AIDS 1996; 10 : 1357-60.
74. Filippi C, Sze G, Farber S, Shahmanesh M, Selwyn P.
Regression of HIV encephalopathy and basal ganglia signal
intensity abnormality at MR imaging in patients with AIDS
after the initiation of protease inhibitor therapy. Radiology
1998; 206 : 491-8.
75. Ferrando S, Van Gorp W, McElhiney M, Goggin K,
Sewell M, Rabkin J. Highly active antiretroviral treatment
in HIV infection: benefits for neuropsychological function.
AIDS 1998; 12 : 65-70.
76. Eggers C, Van Lunzen J, Buhk T, Stellbrink HJ. HIV
infection of the central nervous system is characterized
by rapid turnover of viral RNA in cerebrospinal fluid.
J Acquir Immune Defic Syndr 1999; 20 : 259-64.
77. Pialoux G, Fournier S, Moulignier A, Poveda J, Clavel F,
Dupont B. Central nervous system as a sanctuary for HIV1 infection despite treatment with zidovudine, lamivudine
and indinavir. AIDS 1997; 11 : 1302-3.
78. Strain MC, Letendre S, Pillai SK, Russell T, Ignacio CC,
Gunthard HF, Good B, et al. Genetic composition of human
immunodeficiency virus type 1 in cerebrospinal fluid and
blood without treatment and during failing antiretroviral
therapy. J Virol 2005; 79 : 1772-88.
79. Lanier ER, Sturge G, McClernon D, Brown S, Halman M,
Sacktor N, et al. HIV-1 reverse transcriptase sequence in
plasma and cerebrospinal fluid of patients with AIDS
dementia complex treated with Abacavir. AIDS 2001; 15 :
747-51.
80. Wildemann B, Haas J, Ehrhart K, Wagner H, Lynen N,
Storch-Hagenlocher B. In vivo comparison of zidovudine
resistance mutations in blood and CSF of HIV-1-infected
patients. Neurology 1993; 43 : 2659-63.
81. Schlegel P, Chang S. Physiology of male reproduction: the
testes, epididymis, and ductus deferens. In: Walsh PC,
Retik AB, Vaughan ED, Wein AJ, editors. 7th vol.
Campbell’s Urology. Philadelphia,Pa: WB Saunders Co.;
1998 p. 1254-86.
82. Lee C, Gottesman M. HIV-1 protease inhibitors and the
MDR1 multidrug transporter. J Clin Invest 1998; 101 : 287-8.
83. Gonzalez-Scarano F, Martin-Garcia J. The
neuropathogenesis of AIDS. Nat Rev Immunol 2005; 5 :
69-81.
84. Dore GJ, Correll PK, Li Y, Kaldor JM, Cooper DA,
Brew BJ. Changes to AIDS dementia complex in the era
of highly active antiretroviral therapy. AIDS 1999; 13 :
1249-53.

SAKSENA & SMIT: NEUROPATHOGENESIS OF HIV-1
85. Brew BJ. Evidence for a change in AIDS dementia complex
in the era of highly active antiretroviral therapy and
the possibility of new forms of ADC. AIDS 2004;
18 (Suppl 1): S75-S78.
86. Abdulle S, Hagberg L, Svennerholm B, Fuchs D,
Gisslen M. Continuing intrathecal immunoactivation despite
two years of effective antiretroviral therapy against HIV-1
infection. AIDS 2002 8;16(16): 2145-9.
87. Brew BJ, Bhalla RB, Paul M, Gallardo H, McArthur JC,
Schwartz MK, Price RW. Cerebrospinal fluid neopterin in
human immunodeficiency virus type 1 infection. Ann Neurol
1990; 28 : 556-60.
88. Brew BJ, Perdices M, Darveniza P, Edwards P, Whyte B,
Burke WJ, et al. The neurological features of early and
‘latent’ human immunodeficiency virus infection. Aust N Z
J Med 1989; 19 : 700-5.
89. Griffin DE, McArthur JC, Cornblath DR. Neopterin and
interferon-gamma in serum and cerebrospinal fluid of
patients with HIV-associated neurologic disease. Neurology
1991; 41 : 69-74.
90. Griffin DE, Wesselingh SL, McArthur JC. Elevated central
nervous
system
prostaglandins
in
human

269

immunodeficiency virus-associated dementia. Ann Neurol
1994; 35 : 592-7.
91. White D, Heaton RK, Monasch AU. Neuropsychological
studies of asymptomatic HIV-infected individuals. The
HNRC Group. HIV Neurobehavorial Research Center.
J Int Neuropsychological Soc 1995; 1 : 304-15.
92. Chang L, Ernst T, Witt MD, Ames N, Walot I, De Silva M,
Trivedi N, Speck O, Miller EN. Persistent brain
abnoormalities in antiretroviral-naïve HIV patients 3 months
after HAART. Antiviral Therapy 2003; 8 : 17-21.
93. Langford TD, Letendre SL, Masliah E. Changing patterns
in the neuropathogenesis of HIV during HAART era.
Brain Pathology 2003; 13 : 195-210.
94. Hira SK, Dore GJ, Sirisanthana T. Clinical spectrum of
HIV/AIDS in Asia Pacific region. AIDS 1998; 12 (Suppl B)
: S145-S54.
95. Ranga U, Shankarappa R, Siddappa NB, Ramakrishna L,
Nagendran R, Mahalingam M, et al. Tat protein of human
immunodeficiency virus type 1 subtype C strains is a
defective chemokine. J Virol 2004; 78 : 2586-90.

Reprint requests: Dr Nitin K. Saksena, Retroviral Genetics Division, Center for Virus Research, Westmead Millennium Institute
Westmead Hospital, Darcy Road, Westmead NSW 2145, Sydney, Australia
e-mail: nitin_saksena@wmi.usyd.edu.au

Indian J Med Res 121, April 2005, pp 270-286

HIV-1 viral protein R (Vpr) & host cellular responses
Richard Yuqi Zhao*+, Michael Bukrinsky** & Robert T. Elder+

*Department of Pathology, University of Maryland School of Medicine, Baltimore, MD 21201,
**Department of Microbiology and Tropical Medicine, The George Washington University, Washington,
DC 20037 & +Children’s Memorial Research Center, Northwestern University Feinberg School of
Medicine, Chicago, IL 60614, USA

Accepted February 21, 2005

During infection of host cells by HIV-1, active host-pathogen interactions take place. The final
balance between these interactions determines the efficiency of viral infection and subsequent
disease progression. HIV-infected cells respond to viral invasion with various antiviral strategies
such as innate, cellular and humoral immune antiviral defense mechanisms. On the other hand,
the virus has also developed tactics to suppress these host cellular responses. Among the many
viral offensive strategies, viral protein R (Vpr) plays a particularly active role. Vpr involved in
nuclear transport of the viral pre-integration complex, activation of viral transcription, induction
of cell cycle G2/M arrest and apoptosis of the host cells. However, specific roles of these Vpr
activities in viral pathogenesis and their contribution to disease progression are not fully
understood. HIV-1 defective for some or all of these Vpr activities have been associated with
slow disease progression in some patients. With regard to the host responses to vpr gene expression,
studies show that Vpr is specifically targeted by CD8 T-lymphocytes during acute viral infection
and that the host innate immune response may also play a crucial role in suppressing the effects
of Vpr on various cellular activities. The effect of host cellular responses to vpr gene expression
and its roles in nuclear transport, cell cycle G2/M regulation and induction of apoptosis are
discussed in this review. Strategies with potential application for future antiviral therapies
directed at suppressing Vpr activities are described.
Key words Apoptosis - cell cycle G2/M arrest - disease progression - HIV-1 - host-pathogen interaction - host immune responses nuclear transport - Vpr - viral pathogenesis

Upon infection by human immunodeficiency virus
type 1 (HIV-1), host cells react with various innate,
cellular and humoral immune responses to counteract
the viral invasion. Limited and transient restriction of
viral infection is normally achieved. However, HIV
ultimately overcomes these antiviral responses
resulting in successful viral infection and replication.
Expression of several HIV-1 regulatory and

accessory genes such as vif, vpu and tat is known to
regulate some of the host cell innate immune
responses to maximize viral infection or
replication 1-3. For example, a host innate antiviral
response mediated by APOBEC3G was recently
found to sabotage HIV reverse transcription through
cytidine deamination within minus DNA
strand 4-7 .Targeting viral replication by DNA
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deamination seems to be one of the major host innate
responses defending against retroviral infections. On
the other hand, HIV-1 accessory protein Vif prevents
APOBEC3G from entering the HIV-1 virion during
viral assembly, thus ensuring viral replication in target
cells 8,9.
HIV-1 viral protein R (Vpr) is another accessory
protein. It can be found in the serum of HIV-1 infected
patients and in the cerebrospinal fluid (CSF) of AIDS
patients with neurological pathologies10,11. Because
Vpr is a highly conserved viral protein, it presents a
good target for host antiviral responses. However,
little is known at present about Vpr-host cell
interactions or whether Vpr is involved in suppressing
host antiviral responses as Vif does. Numerous
reports certainly indicate a dynamic interaction
between Vpr and host cellular responses. We will
briefly summarize those findings here and will
examine the potential contribution of Vpr to viral
pathogenesis and disease progression.
HIV-1 Vpr is a virion-associated viral gene
product with an average length of 96 amino acids,
and a calculated molecular weight of 12.7 kDa.
However, it typically appears as either a 14 kD or
15 kDa band due to post-translational modifications.
Vpr is a highly conserved viral protein among HIV,
simian immunodeficiency viruses (SIV) and other
lentiviruses 12,13 . Besides lentiviruses, its protein
sequence shares no strong homology with any of
the known proteins. A tertiary structure of Vpr
proposed on the basis of nuclear magnetic resonance
(NMR) analysis consists of an α-helix-turn-α-helix
domain in the amino-terminal half from amino acids
17 to 46 and a long α-helix from 53 to 78 in the
carboxy-terminal half 14,15. These three α-helices are
folded around a hydrophobic core in a structure
which allows interaction of Vpr with different
cellular proteins 16.
Vpr displays several distinct activities in host cells.
These include cytoplasmic-nuclear shuttling 17 ,
induction of cell cycle G2 arrest18 and cell killing19.
These three Vpr-specific activities were shown to
be functionally independent of each other 20, 21 and
have been demonstrated in a wide variety of
eukaryotic cells ranging from human to yeast,
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indicating that Vpr most likely affects highly
conserved cellular processes.
In this review, we describe our current
understanding of the host-Vpr interactions and the
potential roles of Vpr activities in viral pathogenesis
and disease progression.
HIV-1 Vpr and host cellular responses
All regulatory and accessory HIV-1 viral proteins
are being targeted by HIV-1-specific CD8-positive
cytotoxic T-lymphocytes (CTLs)22. However, Vpr is
being preferentially targeted by the CD8+ Tlymphocytes as compared with other viral proteins,
at least during the acute phase of the viral
infection23,24, suggesting a salient role of Vpr during
the early phase of infection. Consistently, some of
the cellular proteins, such as heat shock proteins
(HSPs), respond quickly to viral infection or vpr gene
expression, which suggests another level of host innate
immune response 25,26 (our unpublished data). For
example, HSP27 and HSP70 mRNA transcription
appeared as early as 3-8 h following HIV infection.
We now know that some of the small heat shock
proteins, such as HSP27 or HSP70, exert effective
protective effect against some or all of the Vpr
activities 27-29 . However, responsive elevations of
HSPs to HIV-1 infection are transient as the HSP27
and HSP70 mRNA transcripts were significantly
downregulated by 24 h after viral infection,
concomitant with the first appearance of the full
length genomic HIV-1 mRNA 30. This observation
implies an active interplay between HIV viral proteins
and HSP27 or HSP70. Indeed, an active and
antagonistic interaction was seen between Vpr and a
yeast homologue of HSP2731. Vpr suppresses antigenspecific CD8-mediated CTL and Th1 immune
responses 32 . Consistent with this notion, Rhesus
macaques infected with HIV-2 lacking vpr gene had
increased antibody titres compared to monkeys
infected with the wild-type virus33. Although molecular
mechanisms underlying suppression of CTL and
antibody production by Vpr are presently unknown,
it was surmised that Vpr may prevent antibody
production against the virus by inhibiting T-cell clonal
expansion through suppressing T-cell proliferation and
inducing cell cycle G2/M arrest 34. Evidence also
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suggests that Vpr may suppress host inflammatory
responses, which present another level of the host
immune responses to viral infections35. Vpr inhibits
host inflammatory responses by down regulating proinflammatory cytokines (TNFα and IL-12) and
chemokines (RANTES, MIP-1α and MIP-1β) in a
manner similar to glucocorticoids36,37; Vpr additionally
suppresses host inflammatory response by inhibiting
nuclear factor kappa B (NFκB) activity through the
induction of IκB37.
Therefore, there appears to be at least two levels
of host responses to vpr gene expression; one is the
cellular immune response mediated by CD8+ CTLs;
and another innate immune responses involving some
of the cellular chaperone proteins. Conversely, Vpr
counteracts those host immune responses. It prevents
T-cell proliferation, suppresses host inflammatory
responses including production of cytokines and
chemokines. Vpr may also have additional
mechanisms to counterbalance some of those innate
reactions, such as heat shock proteins, that have
specific suppressive activities against Vpr. These
specific host responses to Vpr and the counteracting
effect by Vpr strongly suggest a very dynamic
interaction between vpr gene expression and host
reactions. Future studies should reveal to what extent
these interactions contribute to the success of viral
infection and will determine the best way to exploit
those specific host responses to design strategies
aimed at suppressing Vpr.
Potential association of Vpr activities with viral
pathogenesis and disease progression
The importance of Vpr in viral pathogenesis has
been addressed in a number of earlier studies of
SIV mac219 infection in Rhesus monkeys. However,
these experiments produced conflicting results and
interpretations, which were further complicated by
the presence of two genes in SIVmac219 homologous to
the vpr gene of HIV-1. These two genes, vpr and
vpx, are thought to have arisen by duplication of the
ancestral vpr gene13, although phylogenetic analysis
of various lentiviruses later suggested that nonhomologous recombination may have played a role in
the evolution of vpr and vpx genes 12,38. It is also
believed that the functions of the single vpr of HIV-

1 have been divided among the vpr and vpx genes of
SIV39. In one study, Rhesus monkeys infected with
the SIVmac219 defective in vpr had low viral burden
and no disease progression while monkeys infected
with the wild-type virus or those Vpr-defective viruses
spontaneously reverted to the wild-type exhibited high
viral burden and rapid disease progression 40 . In
contrast, in two other studies 41,42 , no significant
differences in disease progression were found
between the vpr-deficient SIVmac219 and the parental
wild-type virus, and all of the monkeys developed
AIDS41,42. However, in the experiment most relevant
to infection by HIV-1 with the single vpr gene,
monkeys infected with SIVmac219 defective in both the
vpr and vpx genes had severely attenuated infections
with much lower viral burden and no evidence of
disease progression41,43. At least a 100-fold decrease
in pathogenic index was found in the infectivity of
these mutant viruses in comparison with the wild-type
viruses, confirming the role of Vpr in viral
pathogenesis 43.
Vpr seems to be required for in vivo replication
of the virus. An earlier study in Rhesus monkeys
showed rapid reversion of a single base pair mutation
in the stop codon of the vpr gene40. The requirement
for Vpr in vivo by HIV-1 was further illustrated in
chimpanzees and an accidentally infected laboratory
worker, who was initially infected with a Vprdefective HIV-1 viral laboratory strain IIIB44. The
vpr gene in the viral strain IIIB has a frame shift
mutation at codon 73, which results in a truncated
Vpr protein with only the first 72 amino acids.
However, the mutant vpr gene in the virus initiating
the infection reverted to the wild-type Vpr both in
this human subject and experimentally infected
chimpanzees44. These results clearly demonstrate the
necessity of Vpr in vivo.
Even though Vpr sequence is one of the most
conserved regions in HIV genome, with estimated
similarities of 87 per cent between different viral
strains45,46, Vpr sequence variations were inevitably
found in viruses infecting patients showing fast or slow
disease progression. Earlier efforts in studying the
role of Vpr in disease progression were mostly based
on nucleotide sequence analyses 47-51. Even though
such analysis is useful in detecting gene deletions or

ZHAO et al: HIV-1 VPR

insertions, it cannot be used to predict functional
changes derived from amino acid substitutions. As a
result, different conclusions were drawn with regard
to potential contribution of Vpr to disease progression.
A synonymous or non-synonymous amino acid
substitution in Vpr could dramatically affect Vpr
functions as shown in a number of mutagenesis
studies52-55. A potential problem associated with these
mutagenesis studies is, however, that the vpr mutants
were often artificially created and therefore may not
represent the profile of naturally occurring mutations.
An alternative method to rapidly determine
multiple Vpr activities, such as cell cycle G2 arrest,
nuclear localization and induction of cell death, is the
use of fission yeast (Schizosaccharomyces pombe)
model system, which allows simultaneous
determination of these three Vpr activities using an
inducible gene expression system20,56,57. These three
Vpr activities observed in fission yeast are very similar
to that observed in mammalian cells58-60. By using
the yeast model system, these Vpr activities were
shown, as expected, to be highly conserved in many
of the viral laboratory strains and also in viruses
isolated from patients progressing to AIDS 61. In
contrast, a significant proportion (23-50%) of Vpr in
viruses isolated from a non-progressing mother-child
pair was functionally defective in all three Vpr
activities 61,62 . Variation analyses of the protein
sequences indicated that these Vpr proteins carried
unique amino acid substitutions that frequently
interrupted highly conserved domains, which include
a N-terminal α-turn-α helix and an epitope sequence
that is preferentially targeted by the CTL immune
response61. Association of slow disease progression
with Vpr defect was also found in another HIVinfected non-progressor63. The vpr gene isolated from
this patient contained both premature stop codons and
an unusual Q3R polymorphism, which significantly
impairs the ability of Vpr to confer cytopathicity but
has no effect on the efficiency of viral replication.
Together, these data support the idea that functional
Vpr might be one of the viral factors contributing to
disease progression. However, these three reported
non-progressors are thus far the only HIV-infected
patients known to carry functionally defective Vpr.
Whether these are unique cases or a common trend
remains to be determined. Based on protein sequence
analysis of Vpr deposited in the database, a high
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frequency of R77Q Vpr mutations were reported to
associate with patients with slow disease
progression 64. Although the authors convincingly
demonstrated that this Vpr mutation, when isolated
from an HIV-1 viral strain HxBRU, impaired the
ability of Vpr to induce apoptosis, it was not present
in viruses isolated from some of those long-term nonprogressors 61,65 . Therefore, association of this
mutation with slow disease progression remains
unproved 65,66. It also remains open how strong a
correlation is between Vpr functional defects and
slow disease progression of HIV-infected patients.
Induction of cell cycle G2/M arrest
To ensure accurate transmission of the genetic
information, eukaryotic cells have developed an
elaborate network of checkpoints to monitor the
successful completion of every cell cycle step and to
respond to cellular abnormalities such as DNA
damage and replication inhibition as they arise during
cell proliferation. Two of the best characterized
G2/M checkpoints, DNA damage and DNA
replication67-70 were first characterized in detail by
genetic analysis in fission yeast. The G2 to M
transition is controlled in fission yeast by the
phosphorylation status of Tyr15 on Cdc2, the cyclindependent kinase which regulates the cell cycle in all
eukaryotic cells 71 . In fission yeast, Tyr15 is
phosphorylated by the Wee1 and Mik1 kinases to hold
the cell in G2, and rapid dephosphorylation by the Cdc25
phosphatase triggers the G2 to M transition71-74.
The DNA damage checkpoint is activated by
ionizing radiation or ultraviolet light, and activation of
this checkpoint leads to inhibitory phosphorylation of
Cdc2 at Tyr15 by a multi-step pathway75,76. The early
genes in the pathway, which include Rad1, Rad3,
Rad9, Rad17, Rad26 and Hus1, are thought to sense
the DNA damage and lead to phosphorylation of the
Chk1 protein77. In response to double strand DNA
breaks (DSBs) induced by ionizing radiation, for
examples Rad17 acts as a checkpoint-specific loading
factor, which responds to the DNA damage by loading
a 9-1-1 protein complex onto the sites where DNA is
damaged 78,79 . The 9-1-1 protein complex is also
known as the checkpoint clamp complex (CCC),
which is composed of Rad1, Rad9 and Hus1 79. In
addition, the Rad3-Rad26 protein complex binds to
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Table. Human homologues of fission yeast cell cycle control genes

Fission yeast

Human

Putative activity

CDK1
Cyclin B
WEE1
—
CDC25A/B/C

Cyclin B-dependent kinase
B-type cyclin
Tyrosine kinase
Tyrosine kinase
Tyrosine phosphatase

hRAD1
ATM/ATR
hRAD9
hRAD17
14-3-3
hHUS1
CHK1
CHK2
BRCA1
CLSPN

Nuclease
Protein kinase
3’-5’ exonuclease
Unknown
Binds to phosphorylated ser
A PCNA-related protein
Serine/Threonine Kinase
Serine/Threonine Kinase
Unknown
Unknown

PP2A
A
B
C
C
P23

Protein phosphatase 2A
A regulatory subunit
B regulatory subunit
C catalytic subunit
C catalytic subunit
Inhibitor of Wee1

Mitotic regulators:
Cdc2
Cdc13
Wee1
Mik1
Cdc25
DNA damage and replication checkpoints:
Rad1
Rad3
Rad9
Rad17
Rad24/25
Hus1
Chk1
Cds1
Crb2
Mrc1
Cellular proteins involved in Vpr-induced G2 arrest:
PP2A
Paa1
Pab1
Ppa2
Ppa1
Wos2
—, not found

sites of DNA damage independently of the 9-1-1
protein complex. The independent binding of these
two protein complexes to DNA damage to initiate
the DNA structure checkpoint is believed to protect
the cell against inappropriate checkpoint
activation68,79,80. Activation of Chk1 is mediated by
Crb2, which may bridge Rad3 and Chk1 81-83. The
activated Chk1 kinase then directly phosphorylates
the Cdc25 phosphatase84. The phosphorylated Cdc25
binds Rad24/25 protein, and this complex is
transported out of the nucleus to render Cdc25
inactive85. The activated Chk1 also regulates the Mik1
kinase to inhibit Cdc286. DNA damage thus initiates
a Chk1-mediated protein phosphorylation cascade
ending in the inactivation of Cdc25 phosphorylase and
activation of Mik1 kinase to increase inhibitory
phosphorylation of Tyr15 on Cdc2.

replication, and this checkpoint also controls the G2 to
M transition through inhibitory phosphorylation of
Cdc276. Parts of this DNA replication checkpoint are
shared with the DNA damage checkpoint as Rad1,
Rad3, Rad9, Rad17, Rad26 and Hus1 are required for
both checkpoints in fission yeast87. The same 9-1-1
and Rad3-Rad26 checkpoint protein complexes may
associate with the DNA replication complex 79 .
However, the DNA replication checkpoint acts
primarily through phosphorylation of Cds1 kinase,
which is mediated by another protein Mrc188,89. There
is a minor contribution from the Chk1 kinase, and either
kinase is sufficient by itself to give cell cycle arrest
when DNA synthesis is inhibited90. Activated Cds1
kinase inactivates Cdc25 through the same mechanism
as Chk1 and may also activate the Wee1 and Mik1
kinases, which phosphorylate Tyr15 of Cdc267,90.

The DNA replication checkpoint is activated by
treatment with hydroxyurea, which inhibits DNA

Cell cycle G2/M controls, which were often initially
defined in yeast, are highly conserved, and most of
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the genes required for the G2/M checkpoints have
human homologues (Table). In general, these
homologues have similar, although not always
identical, roles in the control of the human cell cycle.
There is a tendency for multiple, partially redundant
checkpoints in human cells compared to simpler
checkpoints in yeast probably reflecting the more
complex requirements for cell cycle control in
multicellular eukaryotes. For example, the single rad3
gene in fission yeast is required for both the DNA
damage and replication checkpoints and activation of
the chk1 and cds1 checkpoint kinases 68,79,80 . In
human cells, there are two homologues of rad3, ATM
and ATR. The primary role of ATM is in the DNA
damage checkpoint and activation of CHK2, the
human homologue of cds1, whereas the primary role
of ATR is in the DNA replication checkpoint and
activation of CHK191,92. Similarly, there is only one
Cdc25 tyrosine phosphatase that dephosphorylates
Cdc2 in fission yeast. In human cells, there are three
CDC25 homologues, CDC25A, CDC25B and
CDC25C, and each of them can be phosphorylated
by CHK193. All three of these phosphatases have been
shown to be involved in the control of the G2/M
transition, even though their specific roles in this
process have not yet been well characterized94-96. The
p53 gene is an example of an additional level of cell
cycle control in human cells. The p53 transcription
factor, which has no homologues in yeast, has multiple
roles including regulation of apoptosis and the cell
cycle with an essential role in the G1 DNA damage
checkpoint 97. It also has important roles in the G2
damage checkpoint. It inhibits Cdc2 through activation
of Gadd45, p21, and 14-3-3δ. In addition, it is involved
in regulatory feedback loops with ATM/ATR and
CHK1 98 . The conservation of checkpoints even
extends to the regulatory mechanisms as illustrated
by the negative regulation of Cdc25 by relocation to
the cytoplasm from the nucleus in both fission yeast
and human cells. This relocation in both organisms is
dependent on 14-3-3 proteins85,99.
The HIV-1 Vpr protein induces cell cycle G2 arrest
through inhibitory phosphorylation of Cdc2 both in
fission yeast and human cells, suggesting that Vpr
affects a conserved cellular process. Specifically Vpr
induces hyperphosphorylation of fission yeast Cdc2 or
human CDK1, the human homologue of Cdc218,56,100.
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It exerts its inhibitory effect through T14A and Y15F
of CDK1 and Y15F of Cdc2, as expression of
nonphosphorylatable Cdc2 mutants, T14A Y15F of
CDK1 and Y15F of Cdc2, prevents Vpr-induced G2
arrest 18,101 . Furthermore, Vpr inhibits Cdc25
phosphatase102,103 and activates Wee1 kinase102,104 to
promote phosphorylation of Cdc2/Cdk1 during induction
of G2 arrest. Consistent with the roles of Wee1 and
Cdc25 in Vpr-induced G2 arrest, proteins that are
involved in regulation of Cdc25 or Wee1 have also been
identified to either augment or alleviate Vpr-induced
G2 arrest. Fission yeast Wos2, which is a human p23
homologue and aWee1 inhibitor105, has been shown to
be a multicopy Vpr suppressor102. A Cdc25 inhibitor
rad25 85 , which is the human 14-3-3 homologue
enhances Vpr-induced G2 arrest when overproduced
in fission yeast102. Recent studies further showed that
Vpr binds to CDC25C and 14-3-3 in human cells106,107.
Given that the DNA checkpoints and Vpr both
induce G2 arrest through inhibitory phosphorylation
of Cdc2 which is regulated by Wee1 and Cdc25, Vpr
might induce G2 arrest through a checkpoint pathway.
This possibility has been evaluated in fission yeast by
expressing vpr in mutant fission yeast strains defective
in early and late steps of the checkpoint pathways.
None of the early checkpoint-specific mutants (rad1,
rad3, rad9 and rad17) showed a significant effect
on the induction of G2 arrest by Vpr 101,102,108 .
Furthermore, mutations in both chk1 and cds1, which
are thought to be the last steps specific for the
checkpoint67,84,90, also do not block Vpr-induced G2
arrest 102,108. Therefore, Vpr does not appear to use
the DNA-damage or DNA-replication checkpoint
pathways to induce G2 arrest in fission yeast.
Early data in human cells tended to support the
conclusion that Vpr does not induce G2 arrest through
the DNA damage checkpoint pathways. Vpr still
induced G2 arrest in cells from patients with ataxia
telangiectasia (AT)103. These AT cells are mutant for
the ATM gene, which is a human homologue of fission
yeast Rad3, and they do not arrest in G2 in response
to DNA damage109-111. However, recent reports show
that Vpr activates ATR and a second human
homologue of fission yeast Rad3, and other steps in
this checkpoint pathway such as Rad17, Hus1,
BRCA1 and Y -H2AX 112,113. These studies suggest
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that Vpr induces G2 arrest through either a cellular
response to DNA replication stress or to a signal that
“mimics” DNA damage. Expression of vpr does not
increase gene mutation frequency114 and or changes
radiosensitivity of the checkpoint defective mutant102,
which argues against the possibility that Vpr actually
causes DNA damage. It is thus reasonable to think
that other signals other than actual DNA damage
triggers DNA damage-like cellular responses. These
cellular responses could include the nuclear herniation
caused by Vpr115 or cellular stress responses to vpr
gene expression 27-29 . Since ATR and CHK1 are
primarily responsive to changes in DNA replication,
an alternative possibility is that Vpr may interfere with
DNA replication. This possibility is certainly supported
by a number of reports showing that Vpr induces
genomic instability, formation of micronuclei and
aneuploidy 116,117 . All of these changes in DNA
structures could be perceived as replication stresses,
which would trigger cell cycle arrest.
Considering that G2/M DNA checkpoints are
highly conserved between mammalian and fission
yeast cells (Table), it is unclear at the moment why
human ATR and CHK1 are activated by Vpr but rad3
(the fission yeast homologue of ATR/ATM) or chk1/
cds1 (CHK1/CHK2) double deletion in fission yeast
does not block Vpr-induced G2 arrest 101,102 . One
factor possibly contributing to the observed activation
of ATR in mammalian cells is that retroviral integration
appears to activate ATR 118 , and the experiments
showing activation of ATR by Vpr were done with
lentiviral vectors which might therefore activate ATR
to some extent independently of Vpr. In addition, it
was noticed that activation of ATR and CHK1 only
accounts for only part of the G2 arrest induced by
Vpr 112 . Other as yet unidentified molecular
mechanism(s) may explain at least half of the G2 cell
population induced by Vpr. Interestingly, Roshal et
al 119 showed that treatment of Vpr-producing
mammalian cells with caffeine completely blocks
Vpr-induced G2 arrest. Caffeine is part of the
methylxanthine family, and similar to the caffeine
effect, another methylxanthine pentoxifylline (PTX)
also inhibits Vpr-induced G2 arrest in mammalian
cells 34. Similarly, both PTX and caffeine suppress
Vpr-induced G2 arrest in fission yeast 117,120. Since
PTX or caffeine inhibits Vpr-induced G2 arrest in

fission yeast where the classic DNA checkpoints
apparently play no role, these observations suggest
molecular mechanism other than the classic DNA
checkpoints may be involved in activation of ATR and
regulation of Cdc25 and Wee1.
The additional molecular mechanism might involve
protein phosphatase 2A (PP2A). Although this protein
phosphatase has no known role in the DNA
checkpoints, it has an important role in Vpr-induced
G2 arrest. Okadaic acid is a specific inhibitor of
PP2A, and okadaic acid was shown to inhibit Vprinduced G2 arrest both in human100 and fission yeast
cells 56. Further evidence for an important role of
PP2A comes from PP2A mutant strains. PP2A is
composed of three subunits, one catalytic (C) and
two regulatory (A and B) subunits. When vpr was
expressed in a strain with a deletion for a catalytic
subunit (ppa2) or a regulatory subunit (pab1) of
PP2A, Vpr-induced G2 arrest was reduced 108,121 .
Other evidence supporting involvement of PP2A in
Vpr-induced G2 arrest comes from other viral proteins
with effects on cell cycle G2/M controls. PP2A
appears to be a common viral target since other
viruses such as simian virus 40 (SV40), polyoma virus,
human T lymphotrophic retrovirus and adenovirus
affect the enzymatic activity of at least a subset of
PP2A proteins122. Even though these viruses are not
otherwise related, they all seem to have adapted a
similar strategy to affect cellular processes by direct
interaction with PP2A. Similar to the Vpr effects,
both adenoviral E4orf4123-125 and HTLV Tax protein
induce cell cycle G2 arrest 118 . These two viral
proteins both bind to PP2A and affect its enzymatic
activity 123,126 . Interestingly, similar to Vpr, Taxinduced G2 arrest is reversible by caffeine 118. Further
examinations indicated that Tax binds to CHK2 in
Jurkat T-cells 118 but it complexes with CHK1 in other
T-cells 127 . Taken together, it is possible that a
concerted cellular mechanism interlinks PP2A and
ATR/CHK1 in the cellular response to vpr gene
expression during the induction of G2 arrest.
Nuclear transport of viral preintegration
complex
Ability to replicate in non-dividing cells (terminally
differentiated macrophages and incompletely
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activated CD4+ T lymphocytes) is the characteristic
feature of HIV-1 which determines to a large extent
its high replicative capacity and pathogenesis. To
replicate in non-dividing cells, HIV-1 needs to
transport its genomic DNA [in the context of the viral
pre-integration complex (PIC)] from the cytoplasm
into the nucleus of a target cell. Vpr is believed to be
among the main regulators of HIV-1 nuclear
import 17,128.
Proteins engaging in nuclear transport typically
contain a classical nuclear localization sequence
(cNLS)129,130, which is a short amino acid region rich
in basic amino acids (lysines and arginines) and binds
to the adaptor protein importin α. The complex of
cNLS-importin α then binds to the receptor importin
β through the importin β-binding region on importin
α. Importin β interacts with components of the nuclear
pore complex (NPC) as an essential part of the
nuclear translocation process. The NPC is a large
structure composed of 50 to 100 proteins called
nucleoporins, which contains a central 10 nm aqueous
channel through which proteins are actively
transported. Directionality of this translocation
process is ensured by Ran. A high concentration of
RanGTP inside the nucleus stimulates binding of
RanGTP to cNLS-importin α-importin β complex and
disassembles it to release the protein carrying the
cNLS into the nucleoplasm. Importin α and importin
β-RanGTP are then exported out of the nucleus to be
reused in another round of nuclear transport. This
model for cNLS translocation is partially based on
work done in budding yeast, and the high degree of
conservation is demonstrated by functional
complementation of many budding yeast mutants in
nuclear transport proteins by human homologues131.
Most studies have reported that Vpr expressed
without other viral proteins localizes predominantly
to the nuclear envelope in human, fission yeast and
budding yeast 20,132,133 . Two hypotheses (not
necessarily mutually exclusive) for the mode of action
of Vpr in HIV-1 nuclear import have been proposed:
(i) that Vpr targets the HIV-1 PIC to the nucleus via
a distinct, importin-independent pathway134,135; or (ii)
that Vpr modifies cellular importin-dependent import
machinery 136,137. The first model was based on the
observation that in the in vitro nuclear import assay

277

Vpr can enter nuclei in the absence of soluble import
factors 135. Consistent with this concept, Vpr was
shown to induce dynamic disruptions in the nuclear
envelope 115 which may serve as entry points for
isolated Vpr and for the PICs.
However, based on our results and reports from
several other laboratories, we favour a hypothesis that
Vpr uses a modification of the importin α pathway to
enter the nucleus 138,139. Vpr was shown to bind to
importin α both from human and budding yeast, but
the binding site is different from the binding site for
cNLS133,136,137. Vpr also binds to nucleoporins, thus
performing activity normally attributed to importin
β133,140,141, suggesting that Vpr might mediate binding
of the PIC to the nuclear pore. However, another
study showed that importin β was necessary for
nuclear localization of Vpr and that importin α,
importin β, cNLS and Vpr form a ternary complex136.
Thus, Vpr appears to bind to a previously unknown
site on importin α 142, and this complex in turn binds
to importin β which mediates transport through the
nuclear pore. The effect of Ran-GTP binding to
importin β on the ternary complex has not been
reported and it is not understood why Vpr is frequently
observed to localize at the nuclear envelope, although
this may be related to described above binding of Vpr
to nucleoporins. One study found Vpr to be at the
inside of the nuclear envelope suggesting that Vpr is
transported through the pore but then stops at the
inside of the nuclear pore rather than being released
into the nucleoplasm133.
In the nuclear transport of the viral PIC, Vpr
appears to cooperate with cNLSs present on other
HIV-1 proteins, in particular matrix protein (MA).
There has been disagreement over the role and
identity of cNLS in the nuclear transport of PIC, and
at least one reason for this disagreement is the
presence of two cNLS in MA143. Deletion of either
MA cNLS does not prevent nuclear translocation of
PIC in macrophage cells 144,145, but when both are
deleted, nuclear transport of the PIC no longer occurs
even when Vpr is present 143. Thus, Vpr does not
function as an independent nuclear transport factor.
However, when one or both MA cNLS are present
in the PIC, nuclear transport occurs efficiently only
in the presence of Vpr133,136,137,146, suggesting Vpr is
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an important player in the nuclear transport of PIC.
Vpr increases the binding of the MA cNLSs to
importin α137, and this increased affinity may at least
in part account for Vpr’s activity in HIV-1 nuclear
transport. In general, the major role of Vpr may be
to stimulate the nuclear import of unusually large
complexes carrying relatively weak NLSs, as the
effect of Vpr on nuclear import of the model substrate,
serum albumin coupled to cNLS, decreased with an
increase in the number of coupled cNLS copies 136.
One interesting implication of a conserved Vprbinding site present both on human and budding yeast
importin α is that this binding site plays some important
cellular function in nuclear transport and that a cellular
protein may bind to this site. Agostini et al142 have
identified this cellular protein as Hsp70, a highly
conserved heat shock protein, which competes with
Vpr for binding to importin α. Hsp70 can in fact
replace Vpr in the nuclear transport of PIC and similar
to Vpr also strengthens the binding of MA cNLS to
importin α142. One cellular role of this Vpr/Hsp70
binding site thus appears to be in strengthening the
interaction of a weak cNLS with importin α.
Therefore, one possible role for Hsp70 may be to
stimulate efficient translocation of large complexes
through the nuclear pore, similar to the role of Vpr in
the nuclear import of the HIV-1 PIC.
Induction of apoptosis
A major pathway for the induction of apoptosis by
Vpr is through the mitochondria. This intrinsic
pathway for apoptosis is initiated by mitochondrial
outer membrane permeabilization (MOMP)147. The
release of proteins from the space between the inner
and outer mitochondrial membranes ultimately leads
to apoptosis. Cytochrome c is particularly important
in this process since it combines in the cytoplasm with
Apaf-1 to activate procaspase 9, the initiating caspase
for the intrinsic pathway. Activated caspase 9 in turn
activates the downstream caspases such as caspase
3 which carry out many of the apoptotic events147.
Vpr is thought to lead to MOMP by virtue of
binding to ANT (adenine nucleotide transporter)
protein of the inner mitochondrial membrane148-150.
After crossing the outer mitochondrial membrane,

possibly through VDA (the Voltage Dependent Anion
Channel), binding of Vpr to ANT leads to
depolarization of the inner mitochrondrial membrane,
swelling of the inner mitochondria and ultimately
MOMP with release of the apoptosis factors. Among
the considerable evidence supporting this model are
depolarization of the inner mitochondrial membrane
by Vpr in intact cells, depolarization of isolated
mitoZHAO et al: HIV-1 VPRchondria by purified
Vpr, strong binding between Vpr and ANT shown by
several methods, reduced cell killing when ANT levels
are decreased 148-150 and activation of caspase 9 by
Vpr 151,152 .
While there is considerable evidence supporting the
idea that Vpr induces apoptosis through MOMP, there
are other reports that do not readily fit into this model
and which raise the possibility that Vpr kills cells
through other redundant pathways. The localization of
Vpr raises one question about the MOMP model since
Vpr has been consistently reported to be in the nucleus
or at the nuclear membrane20,53,132,133,153,154 rather than
in the mitochondria150. It may be that only a small
fraction of Vpr molecules localizes to the mitochondria,
which is sufficient to induce apoptosis and methods
used to visualize Vpr may have overlooked this small
amount. However, the predominant nuclear localization
of Vpr and the association of nuclear localization with
cell killing in Vpr mutants20,154 suggest that Vpr located
in the nucleus may sometimes play a role in initiating
cell killing.
Other observations seemingly inconsistent with the
MOMP model concern the activation of caspases by
Vpr. While activation of caspase-9 with no activation
of caspase-8 supports the role of MOMP in the
induction of apoptosis by Vpr 151, there have been
other conflicting reports that Vpr does activate
capase-864,155. Caspase-8 activation is thought to be
a hallmark of the extrinsic pathway for apoptosis
induction by death receptors such as FAS and TNF156.
It has also been reported that a fragment of Vpr is
able to induce cell death without caspase activation157,
and even that Vpr induces a necrotic type of cell death
in neurons158. The observation that Vpr is able to kill
fission yeast cells56, where caspases play at most a
minor role in cell death159, also suggests that there
may be a caspase- and mitochondria- independent
pathway for cell killing by Vpr.
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A prospective role of HIV-1 in future antiviral
therapy
Evidence described in this review suggests that
Vpr plays a pivotal role in viral pathogenesis and
disease progression. Specifically Vpr activities are
linked to promotion of viral infection in non-dividing
macrophages and monocytes, activation of viral
transcription and replication, and depletion of CD4
T-lymphocytes. Therefore, strategies that can be used
to inhibit these adverse Vpr effects could potentially
alleviate the impact of the virus and benefit infected
patients. It is desirable then to identify Vpr-specific
inhibitors for the design of future anti-Vpr regimens.
A number of hexameric peptides with a di-tryptophan
motif were found by genetic selection in budding yeast
to suppress G2 arrest and apoptosis in T-cells160. So
far a fission yeast small heat shock protein 16 (Hsp16)
is the only protein known to specifically block all Vpr
activities27. However, its utility in suppressing Vprmediated viral infection in macrophages/monocytes
or its potential beneficial effect for HIV-infected
patients has yet to be determined.
Vpr is a virion-associated protein that is packaged
in the viral particle in quantities similar to those of
the major structural proteins132. This unique property
of Vpr could potentially be used to target antiviral
proteins to the virus. A proposed strategy is to create
a chimeric protein that fuses Vpr with a functional
protein capable of interfering with the progeny virion
production161,162. Various Vpr fusion proteins have thus
far been created. In all case, Vpr fusion proteins are
efficiently incorporated into the viral particles,
confirming feasibility of Vpr-mediated virion
incorporation. Since HIV-1 protease is required for
the processing of HIV-1 viral precursor proteins in
order to generate infectious viral particles, (Gag and
Gag-Pol), one approach is to inhibit viral maturation
by sequestering protease162, i.e., to use a Vpr fusion
protein containing the HIV-1 protease cleavage sites.
A chimeric Vpr containing the cleavage sequences
from the junction of p24 and p2 completely abolished
viral infectivity162. A similar approach was used in
targeting dimerization of the protease163. A four amino
acid peptide from the C-terminal end of the protease,
which is the dimmer interface region, was fused to
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Vpr. Incorporation of this chimeric protein results in
reduced viral infectivity163. The HIV-1 integrase was
targeted by fusing Vpr with a single-chain antibody
(scAb) or a single-chain variable antibody fragments
(SFvs) against the integrase 164,165. Suppression of
progeny virion production was observed with both Vpr
fusions 164,165 . These results indicate that the
inactivation of progeny virions by the use of chimeric
Vpr fusion proteins represents a promising strategy
in developing future antiviral therapies.
The unique properties of Vpr could also be used
for other therapeutic purposes. The ability of Vpr to
arrest the cell cycle in G2 provides an opportunity to
explore its potential as a cell cycle ”G2 blocker” to
inhibit growth of the cancerous cells. Furthermore,
since mammalian cells residing in the G2 phase of
the cell cycle are most sensitive to radiation, Vprinduced G2 arrest could conceivably sensitize tumour
cells to radiation. The combination of gene and
radiotherapies based on Vpr and the radiosensitivity
of G2 cells may lead to the development of new
methods to treat cancer. Several earlier studies have
shown that expression of vpr can effectively suppress
tumour growth in vitro and in vivo 166-169. Vpr also
induces apoptosis in various tumour cells regardless
of p53 status 166,168. Interestingly, one report shows
that Vpr not only reduces tumor growth in a mouse
but also triggers sufficient immune responses that the
mouse is protected against a second oncogenic
challenge 170.
Because Vpr is capable of suppressing various
host inflammatory responses, it also could potentially
be used as a therapeutic tool for treating diseases
with hyperinflammatory conditions such as rheumatoid
arthritis, sepsis and Crohn’s disease35. This strategy
may have advantages over other conventional antiinflammatory drugs since Vpr specifically inhibits proinflammatory cytokines such as TNFα and IL-12.
Moreover, it limits chemokine production and
suppresses NFκB-mediated transcription 36,37 . In
addition, Vpr was shown to be more effective in
reducing inflammatory cytokines than some of the
commonly prescribed anti-inflammatory drugs 35
indicating that the use of Vpr as an anti-inflammatory
agent merits further investigation.
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HIV-1 strains have diversified extensively through mutation and recombination since their
initial transmission to human beings many decades ago in central Africa. The high error rate of
HIV reverse transcriptase combined with the estimated in vivo HIV-1 replication rate of ten
billion new virions each day leads to extraordinary genetic diversity of HIV. Twenty seven
circulating genetic forms of the HIV-1 group M are presently recognized, including 11 subtypes
and sub-subtypes, and 16 circulating recombinant forms (CRF). Genotypic analyses have provided
a better understanding of the molecular diversity of HIV-1, enabling the detection of emerging
HIV-1 variants and improving the tracking of the epidemic worldwide. The rapid evolution of
HIV within infected hosts contributes significantly to the elusiveness of this pathogen from host
antiviral responses. The complex nature of HIV envelope glycoprotein that is inherently resistant
to neutralization, the selective infection, progressive destruction and impaired regeneration of
CD4+ T helper cells, generation of cytotoxic T lymphocyte (CTL) escape mutants, together with
high genetic diversity with continually evolving HIV variants worldwide, makes design of an
effective vaccine a formidable task. Given the rapidity and unpredictability with which HIV-1
genetic forms may propagate in future, a vaccine protective against all major HIV-1 circulating
genetic forms is desirable, which could require multivalent formulations. Understanding the
kinetics and directions of this continuing adaptation and its impact on viral fitness,
immunogenicity and pathogenicity are crucial to the successful design of effective HIV vaccines.
In this review, we focus on extensive diversity of HIV-1, emergence of recombinant forms and
their impact on diagnosis, antiretroviral therapy, disease progression, transmission, and vaccine
development.

Human immunodeficiency viruses (HIV-1 and
HIV-2) are the etiologic agents for AIDS in
humans 1-3. HIV-1 has spread to most parts of the
world, while HIV-2 has remained largely restricted
to West Africa1,3. AIDS was first recognized in the
1980s2, and is the leading cause of death in many

developing countries. UNAIDS estimates that 37.8
million individuals are infected with HIV, of which
about 70 per cent live in sub-Saharan Africa and
Asia 4. Despite extensive preventive programmes
worldwide, 4.8 million new infections occurred in
20034. Genetic variation is inherent to all RNA viruses
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Services, the Public Health Service, or the Centers for Disease Control and Prevention.
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but has been best characterized for HIV-1. The
extensive heterogeneity observed in the worldwide
epidemic of HIV-1 originates from the rapid viral
turnover (1010 viral particles/day) in an HIV infected
individual, and the high rate of incorrect nucleotide
substitutions during HIV reverse transcription (10-4/
nt) in the absence of proof-reading mechanisms5,6. It
is clear that zoonotic transmission of lentiviruses plays
an important role in the emergence of human
retroviruses 7,8.
HIV-1 continually evolves and migrates through
individual hosts, overcoming barriers to transmission,
avoiding different immune responses, and resisting
various antiretroviral regimens9-13. While a vaccine
(preventive or therapeutic) is the only hope to curtail
the epidemic, the diversity of HIV-114-16 provides an
extraordinary challenge in drug and vaccine
development. In the present review, we will focus on
extensive diversity of HIV-1, emergence of
recombinant forms and their impact on diagnosis,
antiretroviral therapy, disease progression,
transmission, and vaccine development.
Zoonotic transmission of the lentiviruses
HIV-1 and HIV-2 and the closely related simian
immunodeficiency viruses (SIV) belong to the
lentivirus subfamily of retroviruses17 (Fig.1). Humans
are exposed to a plethora of primate lentiviruses
through hunting and handling of primate bushmeat in
central Africa8,18,19. Both HIV-1 and HIV-2 are the
result of zoonotic transmission of SIVcpz in
chimpanzees (Pan troglodytes troglodytes) from
West central Africa20 and SIVsm in sooty mangabeys
(Cercocebus atys) from West Africa21, respectively.
Further, it is believed that at least two to three separate
zoonotic jumps from chimpanzees into humans led to
the disproportionate spread of HIV-1 groups M, O,
and N22-24. In addition, human have apparently picked
up as many as seven lineages of viruses from sooty
mangabeys resulting in HIV-2 subtypes A through G2527
. The possibility of additional zoonotic transfers of
primate lentiviruses from species other than
chimpanzees and sooty mangabeys and the
extraordinary impact that can result from such primate
lentiviral zoonotic transmission events remains a
continuim public health challenge7, 8,18,19.

Attempts to estimate the time of origin of HIV-1
using different methods of molecular clock analysis
showed that the origin of HIV-1 group M radiation
was in the 1930s. Korber et al28 have estimated that
the HIV-1 M group viruses last shared a common
ancestor between 1915 and 1941. Salemi et al29 used
a different method and arrived at a similar date for
the origin of the HIV-1 M group. They further
calculated that the common ancestor of the HIV-1
M group and the SIVcpz isolated from Pan
troglodytes troglodytes dated to the late 17th century
with a 99 per cent confidence interval for a date
between 1591 and 176122,29. The epidemic apparently
went unnoticed in central sub-Saharan Africa for
several decades22. The initial diversification of group
M may have occurred within or near the Democratic
Republic of Congo22, where the highest diversity of
group M strains has been observed30-33 and the earliest
known case of HIV-1 infection, dating from 1959,
has been documented34.
Genetic variants of HIV
One of the major characteristics of lentiviruses is
their extensive genetic variability, which is the result
of the high error rate, the recombinogenic properties
of the reverse transcriptase enzyme and the fast
turnover of virions in HIV infected individuals5,6,12,13.
HIV-1 has been divided into three groups, M, O and
N22-24,35. Within HIV-1 group M, which accounts for
the majority of infections worldwide, most sequences
fall into a limited number of discrete clades, allowing
the classification of HIV-1 group M strains into
subtypes and sub-subtypes (Fig.1). On the basis of
phylogenetic analysis of numerous isolates obtained
from diverse geographic origins, HIV is divided into
types, groups, subtypes, sub-subtypes, circulating
recombinant forms (CRFs) and unique recombinant
forms (URFs, Figs1, 2A, 2B)16,36-38. Currently nine
subtypes of HIV-1 group M exist: A-D, F-H, J and
K. Subtypes form clusters roughly equidistant from
each other in phylogenetic trees 12-15,39,40. Based on
such definition, it is clear that subtypes B and D would
be better considered as sub-subtypes of a single
subtype, however, it is difficult to change the
nomenclature now39,40. Within the subtypes A and F,
separate sub-clusters are distinguished, designated
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Fig.1. Phylogenetic relationship of primate lentivirus. The pol gene of primate lentivirus was used to generate the unrooted tree.
Two of the viruses presented in the tree (HIV-1 group N and SIVagm SAB have mosaic genomes. The small arrows in the tree
indicate where the sequences would branch in an env gene tree (data from Human Retroviruses and AIDS, 1999, edited by KuikenC,
Foley B, Hahn BH, Marx P, McCutchan F, Mellor,JH, Mullins J, Wolinsky, Korber B. Los Alamos National Laboratory, NM).
Source: http/www.hiv.lanl.gov (accessed on November 2004).

sub-subtypes (or sub-clusters) A1 and A2, and F1 and
F2, each pair of sub-subtypes being more closely
related to each other than with other subtypes41,42.
Some subtypes share a geographic localization,
whereas others appear to have a similar ancestry,
examples include subtype G viruses from Spain and
Portugal, and subtype C viruses from areas as
geographically diverse as India, Ethiopia and South
Africa 40,43 .
HIV-1 groups O and N, which are genetically very
divergent from group M, represent less than 5 per
cent of infections worldwide and have almost
exclusively been detected in West Central

Africa 23,24,35,44 . Elsewhere in the world, group O
viruses have been identified mainly from persons with
epidemiological links to West Central Africa, mainly
Cameroon and some neighboring countries 44,45 .
Further, HIV-1 group N infection has only been
identified in Cameroon24,36,46, a country endemic for
HIV-1, with all the major groups in
cocirculation 14,15,47 . Given that the conditions
favouring human exposure to chimpanzees have
increased in Cameroon and other parts of Africa
because of commercial logging and hunting practices,
it is possible that additional new transmissions of this
virus may have occurred7,8,19.
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Fig.2. Complex mosaic genomic structures of 16 circulating recombinant forms (CRFs). Letters and colours represent the different
subtypes of HIV-1 that comprise the CRFs. Data downloaded from HIV Sequence Database, Los Alamos, NM
Source: http//www/hiv/anl.gov/content/hiv-db/CRFs/CRFs.html (accessed on November 2004).
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HIV-1 intersubtype recombinants
In addition to the rapid accumulation of minor
genotypic changes, different HIV-1 strains can also
recombine at a high rate, generating large genetic
alterations 12,13,36,37 . Recombination requires the
simultaneous infection of a cell with two different
proviruses, allowing the encapsulation of one RNA
transcript from each provirus into a heterozygous
virion. After the subsequent infection of a new cell,
the reverse transcriptase generates a newly
synthesized retroviral DNA sequence that is
recombinant between the two parental genomes16,36.
These mosaic viruses display discrete breakpoints
between the genomic regions with different
phylogenetic associations 16,36. The fact that large
numbers of recombinant viruses exist clearly implies
that co-infection with divergent HIV-1 strains is more
frequent than previously thought 12-15. Indeed, dual
infections with different subtypes have been reported
in regions where multiple strains co-circulate 48.
Recent studies have documented cases of
superinfection with a virus from another subtype49,50
and provided evidence of recombination following
superinfection51,52. Dual infections with HIV-1 and
HIV-2 have frequently been reported in regions where
both viruses circulate, however, no recombinants
between these two viruses have yet been described16.
There are at least 16 different circulating
recombinant forms (CRFs) identified to date 16
(http://www.hiv.lanl.gov/content/hiv-db/CRFs/
CRFs.html). By definition, CRFs should resemble
each other over the entire genome, with similar
breakpoints reflecting common ancestry from the
same recombination event(s) (Fig.2A, 2B) 39 .
Presently, 16 CRFs of HIV-1 group M exits, each is
designated by an identifying number, with letters
indicating the subtypes involved, the letters are
replaced by “cpx”, denoting “complex” if more than
2 subtypes are involved16,39. A vast majority of the
CRF genomes are highly complex intersubtype
recombinants, with some being extremely stable and
others having a patchy appearance due to multiple
crossover points 16. For instance, CRF01_AE is
clearly E in env, U/A/E in the regulatory region, and
A in gag and pol, while the CRF04_cpx has an
extremely complex mosaic genome structure including

291

subtypes A, G, H, K and U16. To date, CRFs have
been identified in nearly every region of the world
where two or more subtypes co-circulate and may
account for over 10 per cent of new HIV-1
infections 12-16.
CRF01_AE viruses are responsible for the
explosive epidemic in Southeast Asia, especially in
Thailand from where they have further spread to
surrounding countries like Vietnam, Cambodia,
Myanmar and China5 (Fig.3). The CRF01_AE have
been documented at low frequencies in several
Central African countries, like Central African
Republic, Cameroon and the Democratic republic of
Congo16. CRF02_AG, complex mosaic of alternating
subtype A and subtype G sequences, is the
predominant HIV-1 strain in West and West Central
Africa. These viruses have now also been introduced
in Europe, the US and South America 14,15,53-56 .
CRF03_AB is the predominant CRF among
intraveneous drug users (IDUs) in Kaliningrad,
Russia57,58. CRF04_cpx, found in Cyprus, is a complex
mosaic comprising subtypes A, G, H, K and unknown
fragments with multiple breakpoints 59,60 . All
CRF05_DF identified to date are linked to the
Democratic Republic of Congo, suggesting that the
original recombination event took place in central
Africa61. CRF06_cpx is a complex mosaic composed
of successive fragments of subtypes A, G, K and J62.
CRF06_cpx circulates in Senegal, Mali, Burkina Faso,
Ivory Coast, Niger and Nigeria62,63. Importantly, this
new variant is also present in other continents, Europe
(France) and Australia16.
CRF07_BC and CRF08_BC are two different BC
recombinants have been detected in IDUs in China64.
CRF07_BC is present in the northwestern part of
China 16,64-66 , whereas CRF08_BC is present in
Guangxi, southern China neighboring Myanmar 66.
CRF08_BC strains are mostly subtype C with
portions of the capsid and reverse transcriptase genes
from subtype B. Whereas the breakpoint in p24/p17
and the RT gene overlap with CRF08, CRF07_BC
strains have additional breakpoints in the p7/p6 genes,
the vpr/vpu, and in the 3' portion of nef16. The two
parental Thai-B and C subtypes have been reported
earlier to co-circulate among IDUs in southwestern
China, therefore clearly representing a potential

292

INDIAN J MED RES, APRIL 2005

Fig.3. Geographical distribution of HIV-1 subtypes, and circulating recombinant forms (CRFs) in different parts of the world.
Ten different epidemic patterns have been observed, as shown in different colours. (Data adopted from www.iavireport.org).
Source: IAVI Report online (http://www.iavireport.org) accessed on November 2003.

reservoir for recombination16,64. CRF09_cpx has been
described in Senegal and a US military seroconvertor 67. CRF10_CD was recently identified in
Dar-es-Salaam, Tanzania68. In this country, subtypes
A, C and D co-circulate in equal proportions and many
samples with discordant subtype designations
between 2 or more genomic regions have already
been documented68,69. CRF11_cpx, involving subtypes
A, G, J and E is observed in Republic of Congo,
Cameroon and the Central African Republic
(CAR) 70,71 . CRF12_BF has been identified in

Argentina and Uruguay with most of the genome
sequence originated from subtype F and with small
patches from subtype B72.
CRF13_cpx is a complex recombinants comprising
subtypes A, G, J, and CRF01_AE and was identified
in Cameroon 73. Likewise, CRF14_BG has been
identified in Spain where the most prevalent subtype
is B74. It is interesting to note that some of the CRFs
have recombined with other subtypes and given rise
to new CRFs like CRF15_01B found in Thailand75.

LAL et al: IMPLICATIONS OF HIV GENETIC DIVERSITY

The newest CRF, CRF16_A2D was identified in
Kenya, South Korea and Argentina76.
The pattern of mosaic recombinant viruses is
becoming even more complex, since recombination
involving viruses that are recombinant is already
occurring16. In some cases, unique recombinant form
(URF) viruses seem to have originated by secondary
recombination of a CRF 73,77,78. Mosaics involving
CFR02_AG have been observed in various African
countries, and some of the established CRFs, like
CRF11 and CRF13, contain sequences that are
derived from CRF01_AE77. Recombinations between
two CRFs have been described in studies from China77
and Niger78, in the latter case, three full-length genome
sequences revealed the presence of complex and
diverse CRF02/CRF06 recombinants. Various other
complex recombinants including even small or large
fragments from unclassified sequences have been
reported from Africa where all subtypes cocirculate16.
The majority of CRFs have only been documented
in local epidemics. This is the case for CRF03_AB,
CRF04_cpx, CRF05_DF, CRF07_BC, CRF08_BC,
and CRF10_CD. Some are spreading into different
countries, but actually their prevalence seems to be
low, like CRF06_cpx, CRF09_cpx and CRF11_cpx.
However, CRF01_AE and CRF02_AG account for
large numbers of HIV-1 infections worldwide, and
play a major role in the global epidemic, in southeast
Asia and Africa,4,38,40, respectively, and they are also
introduced to other continents 53,55,79. While the
emergence of these recombinant viruses has
important implications for both monitoring HIV-1
genetic diversity and developing effective vaccines,
predicting which recombinant strains will lead to future
expansion of the epidemic is difficult.
The subtypes of most HIV-1 strains can be
determined by sequence analysis of any of the major
regions of the genome. Intersubtype nucleotide
sequence divergence may exceed 20, 15 and 25 per
cent for gag, pol, and env, respectively80. Subtyping
from a single gene region should be done cautiously,
as recombinant strains comprising two or more
subtypes may be missed by this approach. In order
to define a new subtype, sub-subtype or CRF,
representative strains must be identified in at least
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three individuals with no direct epidemiological
linkage. Only full-length sequencing can determine
the exact pattern of mosaics within an isolate that is
recombinant 16,39 . A variety of complementary
approaches have been developed to identify
sequences that are recombinants, and to map the
positions of breakpoints within mosaic sequences. The
links to several websites in which different
programmes for sequence analyses are available:
http://hiv-web.lanl.gov/ at the Los Alamos HIV
database website, http://grinch.zoo.ox.ac.uk/
RAPlinks.html at David Robertson’s site, http://
sray.med.som.jhmi.edu/RaySoft/ at Stuart Ray’s
website and http://evolution.genetics.washington.edu/
at Joseph Felsenstein’s website.
HIV intergroup recombinants
Recombination between strains from distant
lineages may contribute substantially to new HIV-1
strains and could have important consequences.
Recombination between two highly divergent groups
M and O of HIV-1 have been reported from
Cameroon 81,82 . Group M/O mosaic viruses can
replicate well in vivo and in vitro, and can even
become the predominant variant within the patient’s
viral population81. If recombinant inter-group viruses
have a better fitness than the parental group O viruses,
their prevalence may increase rapidly with
consequences on serological and molecular diagnosis,
and treatment since differences among susceptibilities
to certain antiretroviral drugs have been observed in
vitro 83.
Likewise, detailed phylogenetic analysis of two
group N viruses have suggested that group N viruses
are the result of a recombination event between an
SIVcpz like and an HIV-1 like virus 84 . Using
sequences from the 5’end of the genome, group N
forms an independent lineage most closely related to,
but still distant from, group M, whereas sequences
from the 3’ end of the genome cluster more closely
with a chimpanzee virus (SIVcpzUS) 16,84 . This
observation offers further substantiation of a
chimpanzee-human zoonosis7-9. These observations
also open the hypothesis that distant SIVs and HIVs
can potentially recombine, particularly in individuals
who are exposed to SIV by cross-species
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transmission 18,19 . The HIV-1 group M pandemic
provides compelling evidence for the overwhelming
impact that can result from even a single event of
primate lentiviral zoonotic transmission7.

phylogenies of most non-African HIV-1 strains can
be traced to central African isolates 14,15,17,30 .
Increased fitness has likely played a key role in the
predominance and extreme variation of HIV-1 group
M over group O or N isolates9,10,90.

HIV-2 strains
Both the epidemiology and the molecular
phylogenies of HIV-2 viruses are less well understood
than those of the HIV-1 M group 12,17,26,85,86. The
diverse HIV-2 lineages are thought to have arisen in
sooty mangabeys, with several cross-species transfers
from sooty mangabeys into humans, one for each
subtype of HIV-2 17,27 (Fig.1). Thus far, seven
subtypes (A-G) of HIV-2 have been described, with
subtypes A and B being the predominant strains16,27.
The nucleotide and amino acid sequence diversity of
HIV-2 viruses is greater than the diversity of the HIV1 M group viruses, but roughly equivalent to the
diversity within the HIV-1/SIVcpz clade (Fig.1). The
subtypes of HIV-2 are thus analogous to the groups
(M, N and O) of HIV-1, both in terms of sequence
diversity and in terms of the cross-species transfer
events thought to have created them17,25-27.
Subtype A is most frequent in western part of
West Africa (Senegal and Guinea-Bissau) and subtype
B predominates in Ivory Coast3,26,27,86-88. The other
subtypes have been documented only in few
individuals, with subtypes C, D, E and F found in rural
areas in Sierra Leone and Liberia and subtype G from
Ivory Coast3,27,86. While dual infections with HIV-1
and HIV-2 have frequently been reported in regions
where both viruses circulate 16,85,86 , as yet no
recombinants between them have been described. In
this case, the level of genetic divergence may be too
high for successful recombination, although its
possibility cannot be entirely excluded.
Worldwide distribution of HIV-1 variants
Divergent inter-patient HIV-1 evolution coupled
with new introductions into susceptible human
populations has lead to the current HIV-1
diversification from the original zoonotic transmission
in central Africa 7-9,12,13. Although a founder effect
results in further HIV-1 spread and divergent
evolution in different regions in the world10,12,89, the

Genotypic analysis has provided a better
understanding of the molecular epidemiology of HIV1, enabling the detection of emerging HIV-1 variants
and improving the tracking of the epidemic
worldwide12-16. The predominant viral forms in the
global epidemic are subtypes A and C, followed by
subtype B and the recombinants CRF01_AE and
CRF02_AG38,40. The map (Fig.3) summarizes current
understanding of the global distribution of HIV-1
strains4. Ten different epidemic patterns have been
observed, as indicated by the different colours in the
map which gives an overview of HIV-1 subtypes and
recombinants in any given location. In the Americas,
Western Europe and Australia, subtype B
predominates, but in eastern South America, there is
a substantial proportion of BF recombinants in
addition to subtype B. In eastern Europe, subtypes
A, B, and AB recombinant strains dominate the
epidemic. Three different patterns have been
observed in Asia: subtype C (India), a mixture of B,
C, and BC Recombinants (China), and a mixture of
subtype B and CRF01_AE (Thailand). Africa shows
the greatest diversity. Subtype C dominates the South
and East Africa, except for significant foci of subtypes
A and D, as shown. West and West Central Africa
harbour mainly CRF02_AG, alongside a complex
array of other recombinants each present at low
frequency. The most complex epidemic is in Central
Africa, where rare subtypes and a wide variety of
recombinant forms circulate without any discernible
predominant strains30-33. There is paucity of subtype
information in Northern Africa, the Middle East, and
Central Asia (gray).
HIV subtypes in India
Molecular epidemiologic studies carried out in
different parts of India have indicated that HIV-1
subtype C is the most prevalent subtype in India91-101
(Fig.4). Few HIV-2 infections have been identified,
almost all of these represent infections with HIV-2
subtype A102,103. The distribution of the different HIV-

Fig.4. HIV-1 subtype distribution, with predominance of subtype C in India. Note emergence of Thai subtype B and dual
infections with subtype C and Thai subtype B.
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1 group M variants in India based on published studies,
which often used different molecular techniques
including the heteroduplex mobility assay (HMA), and
partial or full-length genome sequencing, are
summarized in Table I. Initial analysis of small
fragments of V3-V5 envelope region of subtype C
sequences from India, along with sequences from
other countries with predominance of subtype C, has
revealed that Indian C sequences form a
phylogenetically distinct lineage within subtype C,
designated as C3 (Indian). Additionally while majority
of subtype C infections reveal maximum homology
to the C3-Indian reference strain (IND868), almost
a third of the infections show homology to C2Zambian strain (ZM18) and a minor percentage
shows close resemblance to C1-Malawi strain
(MA959)91,97. Overall, C3 lineage sequences are more
closely related to each other (10% divergence) than
to subtype C sequences from Botswana, Burundi,
South Africa, Tanzania, and Zimbabwe (range, 1521%). The prevalence of three positions identified as
signature amino acid substitution sites for C3
subcluster sequences (K340E, K350A, and G429E)
are high among Indian sequences (56-87%) than nonIndian Cs (<22%)95,97,99. To further examine if Indian
sequences formed a geographic cluster within subtype
C, a larger envelope sequence analysis using neighborjoining method was carried out for several subtype C
sequences (Fig.5). The Indian sequences usually
clustered as separate groups, alongwith a single
sequence from Mynamar and China. A similar
observation of distinct cluster was observed for
sequences from South Americas (Brazil, Argentina,
Urguay). In contrast, sequences from south and east
Africa do not form discrete cluster (Fig.5), indicating
that African subtype C sequences are almost no
closer to each other than they are to all other subtype
C sequences. The distinct Indian cluster observed in
subgenomic envelope analysis has further been
substaintiated using full-length analysis. A recent
study which analysed 40 full-length sequences of
subtype C available in the data base in 2003, revealed
that Indian sequences form a distinct geographic
cluster supported by very high boot-strap
values104. These data further support the notion that
the Indian sequences are distinct from other subtype
C, possibly the result of a single introduction followed
by rapid spread 97,105. Because of such geographic

clustering, India’s current vaccine efforts have
focussed on developing vaccine comprising Indian
subtype C in hopes to minimize any impact of
diversity on vaccine efficacy. Indeed, clinical trends
on modified vaccinia Ankara (MVA) recombinant
using Indian subtype C are developed jointly by
ICMR and IAVI and Phase I clinical trials started in
February, 2005.
Limited studies have provided evidence for non-C
subtypes, including some unique recombinant forms,
in different parts of India (Table I). The first A/C
recombinant was detected in India after full length
genomes of 6 seroconverter from an STD cohort in
Pune92. Additional studies from various parts of the
country have identified infection with subtype A, Thai
B and CRF01_AE. More importantly, Thai B is
recognized as the second major subtype circulating
in northeastern regions95,99. The classification of HIV
strains is evolving and depends on the sensitivity of
techniques used in molecular epidemiology. Because
most of the studies in India were based on a single
gene region analysis, or used the techniques that are
not sensitive enough to discriminate CRFs from unique
recombinants, the role played by CRFs may be
underestimated in these studies. For example, many
studies used HMA, which needs less sophisticated
equipment but is not sensitive enough to discriminate
between pure subtypes and CRFs. Systematic studies
involving better sampling and uniform technologies
are needed to better understand the evolving HIV-1
epidemic in the country, especially in high risk groups
from northeastern region of India.
Dual infections with subtype C and Thai B have
recently been observed in Manipur, a region in
northeast India with very high prevalence of HIV-1
among IDUs93,99,106. In addition, recent unpublished
data have revealed discordant subtypes in gag and
env regions of 4 (14%) of the 28 IDU studied from
Manipur (Chakrabarty, unpublished), suggesting the
presence of potential C/Thai B recombinants. Studies
are in progress to ascertain if these infections resemble
the CRF07/08 BC recombinants identified in
China 64-66 or represent unique recombinant forms.
Overland heroin export routes have been associated
with dual epidemics of injecting drug use and HIV
infections in Asian countries 106 . Whether drug
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Fig.5. Phylogenetic analysis of envelope sequences of diverse HIV-1 subtype C. A neighbor-joining tree was generated the stability
of tree topography was tested by bootstrapping and only significant bootstrap values that define geographic clusters are shown. Two
geographic clusters with high bootstrap values include Asia (IN: India; CN: China; MM: Mynamar) and South America (BR: Brazil;
AR: Argentina; UR: Uraguay), whereas east and South African specimens did not form a cluster (ET: Ethiopia; ZA: South Africa;
TZ:Tanzania; BW: Botswana; KE: Kenya; BI: Burundi; DJ Dijoundi) are shown .
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Table I. Distribution of HIV-1/HIV-2 subtypes in India

City/State

Risk group

Pune 91

STD clinic
attendee

Pune 92

Recent
seroconverter

Pune, Delhi94

No.tested

Gene region

Subtype

Subcluster

V3V5 HMA 2

96% C
2% A
2%B

66% C3
34%C2

6

Full length
sequencing

83% C
17% A/C

1992-1996

28

LTR

100%C

New Mumbai 96

Heterosexual

21

V3/ Vpr

B and C

Mumbai 101

Drug naïve cases

128

Protease/RT

96% C
2% A/C
0.8% A
0.8% AE

Delhi 98

Seropositive
patients in
AIIMS, Delhi

125

V3V5

78% C
11% B’
2.4% A
2% E

Manipur 93

IDU

233

Peptide assay

71% C
29% B’

Kolkata 95

FSW

40

V3V5 HMA

95% C
5% Untypeable

Kolkata 97

FSW

21

V3V5

95% C
5% A

Kolkata 99

FSW

54

V3V4

92% C
8% untypable

Manipur 99

IDU

25

V3V4

68% C
20% ThaiB
12% dual
(ThaiB/C)

South India100

Seropositivefrom 256
Hospital/, Pvt.
Clinic

LTR

98.8% C
0.4% A
0.4% B
0.4% B/C

South India102

Seropositive

V3 region

HIV-2 subtype

Kolkata 103

Patients
attending
clinic

46

18

68% C3
29%C2
3%C1

50% C3
13% C2
2% C1
27% C-untypable

A

STD, Sexually transmitted disease; HMA, heteroduplex mobility assay; IDU, intraveneous drug user; FSW, female sex worker;
RT, reverse transcriptase.
Superscript numerals represent reference numbers
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trafficking across the Burma-India border to Manipur,
with predominant subtype C, B and CRF01_AE, will
result in new waves of recombinant infections in the
bordering cities needs to be analyzed extensively. The
recent findings of 40 per cent prevalence in high-risk
groups in Kolkata, together with an estimated annual
incidence of 7 per cent, provide a fertile enouncement
for any recombinants that have better replicative or
fitness advantage over the existing strains to emerge
as the predominant strain in this area107. Emerging
trends of unique recombinants in neighbouring
northeastern countries, including Bangladesh 108 ,
Mynamar 109 , Thailand 110 and China 64,66 , can
significantly impact the landscape of the epidemic,
including vaccine design strategies in India65,111,112.
Impact of HIV variability on diagnosis
HIV diversity has enormous impact on diagnostics,
as commercial assays must detect all known variants
of HIV-1 113,114 . Serologic assays are based on
detection of antibodies to structural proteins, p24gag
and gp41env, which are conserved among most HIV1 isolates80. Earlier studies had shown that persons
infected with highly divergent HIV-1 group O, failed
to be diagnosed accurately by some serologic tests
due to gp41 variation45,113. This problem was overcome
by addition of group O lysate/peptide in the standard
antigen mixture. Although most of current enzyme
immuno assays (EIA) and rapid tests are sensitive
and specific for diagnosing persons with chronically
established infections with HIV-1 group M
subtypes 113,116,117, some difficulties still remain in
diagnosing persons with recent infections with nonB subtypes primarily because antigens used for the
assays were based on HIV-1 subtype B strains 118.
Continued analysis of commercial assays is needed
to ensure that newly emerging variants do not escape
detection by these tests113,119.
While genetic variability has had minimal impact
on serologic detection of HIV-1 (due to amino acid
conservation of the immunodominant epitopes on
structural proteins), molecular diagnostic assays have
been more challenging113,114. Several generic primers
that can identify all subtypes of HIV-1, groups M, N
and O and SIVcpz have been developed as tools for
detection and confirmation of HIV/SIVcpz infections
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worldwide120. These primers provide a tool that not
only detects infection with divergent viruses, but also
allows subsequent phylogenetic analysis to identify
subtypes for molecular epidemiologic studies120,121.
The utility of molecular detection of plasma viremia
has increased considerably in clinical settings,
especially for monitoring patients on antiretroviral
(ARV) therapy. Four commercial viral-load assays
are available: Amplicor HIV-1 Monitor v1·5 (Roche
Molecular Diagnostics), nucleic-acid-sequence-based
amplification (NASBA, Organon Teknika), HIV-1
Quantiplex branched DNA (bDNA, Chiron
Diagnostics), and the LCx HIV-RNA quantitative
assay (LCx, Abbott). The ability of these assays to
quantify viral load from non-B subtype infections has
been examined in several studies 122-127. Although,
much progress has been made to improve the
sensitivity of nucleic acid-based assays to quantify
viral load across all subtypes of HIV-1, some RNA
viral load assays still produce erroneous
results 128-130 . Thus continued monitoring of viral
load assays against multiple subtypes of HIV-1
is needed to ensure accurate measurement of
viral load in diverse populations infected with various
subtypes of HIV-1.
Impact of HIV-1 subtypes on antiretroviral
therapy
Antiretroviral drug resistance is the major obstacle
for clinical management of ARV therapy 131-133 .
Current antiretroviral drugs comprise at least 16 drugs
targeted against two pol gene enzymes, the reverse
transcriptase (RT) and protease133. The development
of drug resistance to the nucleoside RT inhibitors
(NRTIs), non-nucleoside RT inhibitors (NNRTIs) and
protease inhibitors (PIs), is both a cause and a result
of virologic treatment failure with incomplete virus
suppression 133,134 . Our understanding of drug
resistance is largely limited to developed countries
with predominant HIV-1 subtype B infections132-136.
However, with introduction of ARV in other parts of
the world, emerging data indicate that viral subtype
may influence the effectiveness of antiretroviral
treatment and that pre-existing mutations could reduce
the effectiveness of ARV 137-139. In the absence of
any drug exposure, RT and protease sequences from
B and non-B HIV-1 are polymorphic among about
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40 per cent of the first 240 RT amino acids and 30
per cent of the 99 protease amino acids 138,139. The
genetic baseline diversity of protease and RT from
non-B subtype HIV-1 infected persons not exposed
to antiretroviral therapy is summarized in Table II.
Some of these amino acid substitutions occur at high
rates in non-subtype B viruses at positions associated
with drug resistance in subtype B140,141.
The HIV-1 protease is a dimeric and symmetric
molecule made up of two 99-residue polypeptide
chains. The substrate cleft of the protease is formed
by residues at positions 8, 23, 25-27, 28-30, 32, 47-52
and 53, 80, 82 and 84134,142. These predicted amino
acid residues appear to be highly conserved across
subtypes (with the exception of V82I mutation in
subtype G) in drug naïve persons136,139,143-147. There
are a number of amino acid substitutions that occur
at high rates in certain non-subtype B viruses at
positions associated with subtype B drug resistance
(Table II). The V82I mutation occurs in about 1 per
cent of untreated individuals infected with subtype
B, it has been identified at 6 per cent in subtype C,
9 per cent in subtype F, and is the consensus (>50%)
in subtype G isolates from untreated persons139. This
mutation alone confers minimal resistance to the
available PIs in subtype B, however amino acid
changes at V82 resulting in V82A, F, S or T are
associated with high level resistance to most PIs144,145.
In subtypes F and G, the M46L or I substitution, which
leads to resistance to most of the PIs in subtype B,
has been identified in 4 and 7 per cent of sequences
from untreated individuals, respectively139.
Sequence comparison from untreated and treated
persons, has identified mutations at protease positions
20, 36, 63, 71, 77 and 93 as “secondary protease
mutations” in subtype B. While mutations at these
positions do not cause high level drug resistance
themselves, they contribute to drug resistance when
present together with certain primary protease
mutations, or have been shown to compensate for
the decrease in catalytic efficiency caused by PIselected primary protease mutations134,136,138,144. The
higher frequency of protease polymorphism in non-B
isolates, including protease positions 20, 36, 63, 82
and 93, has raised concern that PI treatment of nonsubtype B infected persons could be less effective

than that of subtype B 132,137,138 . The enzymatic
efficiency of protease has a potential role in explaining
drug resistance differences among subtypes 142,144.
In vitro studies reporting susceptibility of clinical
HIV-1 isolates of different subtypes to PIs have
shown either a lack of or only small differences in
susceptibility between subtypes146-148. Although the
majority of phenotypic data point to similarities in
susceptibility between B and non-B subtypes, there
is increasing evidence that V82I and related
polymorphism in protease may play a role in subtype
specific susceptibility to some PIs133,136,138,139.
Analysis of RT region has indicates that none of
the residues involved in polymerase activity (43, 65,
72, 110, 113, 115, 116, 151, 160, 183, 184, 185, 186,
and 219) are polymorphic (in the absence of
antiretroviral drugs) in drug naïve persons131,133,134.
Comparison of non-B RT consensus sequences to the
subtype B RT consensus shows differences in overall
23 residues, of which 1 (position 179) is in a position
related to subtype B drug resistance (Table
II) 135,137,139. Polymorphism in non-B RT positions,
which are associated with subtype B NRTI
resistance137-139 include codons 69 (6% in subtype F),
75 (2% in CRF01_AE) and 118 (5, 2 and 6% in
subtypes A, B and D, respectively). Mutations at
position 69 (T69D/ N/S/A) have been reported with
exposure to all NRTIs, and contribute to NRTI
resistance. Polymorphism at positions associated with
subtype B non-nucleoside RT inhibitor (NNRTI)
resistance is seen at codons 98 (in subtypes B, C, G),
106 (in subtypes G, CRF01_AE and CRF02_AG) and
179 (polymorphic in subtypes B, C, D, F, G,
CRF02_AG, and is the consensus position in subtype
A) (Table II). A98G, V106A and V179D are residues
in the NNRTI binding region of the p66 subunit
associated with different levels of resistance to the
NNRTIs. There are accruing reports of K103N and
additional major NNRTI-related drug resistance
mutations in untreated persons132,148-151. In addition,
mutations at RT positions 98 and 179, which are
considered secondary NNRTI associated mutations
in subtype B, and specific adjacent polymorphisms
(RT positions 177 and 178), are frequently identified
among drug naive non-B infected persons137,139. The
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Table II. Comparison of consensus B sequences in protease (A) and Reverse Transcriptase (B) with non-B subtypes. Columns denote
subtypes and circulating recombinant forms (CRFs), and rows denote protein positions in respective protein. Sites with known drug
resistance in subtype B are in Bold. Open squares are similar amino acids to consensus B sequence and shaded boxes represent
polymorphism in the position compared to consensus subtype B sequence

impact of such primary and secondary mutations in
RT of non-B subtypes in the developing world for
clinical management of HIV-1 infection remains to
be determined.
Several web-accessible sites which review
antiretroviral drug resistance include the International
AIDS society (IAS), USA (http://www.iasusa.org);
Los Alamos Database (http://hiv-web.lanl.gov);
Stanford HIV Drug Resistance Database (http://
hivdb.stanford.edu); and HIV Resistance Web
(http://www.hivresistanceweb.com).

Impact of HIV-1 subtypes on HIV transmission
and disease progression
It has been postulated that viral sequence
variability may dictate biologic differences that
partially explain the different epidemic patterns seen
in different regions of the world. Indeed, several
reports have documented that HIV-1 subtypes may
differ with respect to viral load 152, chemokine coreceptor usage153, transcriptional activation levels154
and antiretroviral drug susceptibility137-139. While the
exact functional consequences of these subtype-
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related differences have not been delineated, there is
some evidence that such differences may result in
altered rates of disease progression 155 , sexual
transmission (unpublished data), and mother-to-child
transmission (MTCT) 156,157.
Limited studies on subtypes and transmissibility
have yielded conflicting results. A previous study in
Tanzania suggested that subtypes A, C and
recombinants are more likely to be perinatally
transmitted than subtype D 156. A study in Uganda
reported no difference in rates of perinatal
transmission for subtypes A and D, whereas a large
perinatal transmission study from Kenya provided a
strong evidence that women infected with subtype D
were more likely to transmit virus to their infants than
those infected with subtype A157. Additional studies
are needed to better understand the role of subtypes
in perinatal transmission.
HIV-1 subtype-specific differences in disease
progression have been studied in several natural
history cohorts. For instance, two studies based on
incident cases have found subtype-specific
differences in disease progression. A study in Senegal
with limited number of patients reported that women
infected with non-A subtypes were 8 times more likely
to develop AIDS than those infected with subtype
A155. A large cohort study in Uganda based on more
than 1000 patients demonstrated that subtype D was
associated with faster progression to death and with
a lower CD4 cell count during follow-up, compared
with subtype A158. However, no difference in disease

progression have been found between patients
infected with subtypes B and C in Israel159 , among
patients infected with subtypes A, B, C and D in
Sweden160, subtypes B and CRF01_AE in Thailand161
or subtypes CRF02_AG or other subtypes in
Cameroon162. Several studies suggest faster disease
progression among HIV-1 infected persons from
Africa than those infected in developed countries155,163
and may presumably be due to difference in
environmental factors or presence of other copathogens that may serve as cofactors for faster
disease progression among patients in the developing

world. Large cohort-based studies are needed to
further confirm role of subtypes in HIV-1 transmission
and disease progression.
Implications of HIV-1 variation on vaccine
design
The importance of immune responses relevant for
vaccines against the range of HIV-1 genetic variants
has been the subject of intense discussion38,164-167.
HIV-1 readily mutates to escape the immune
response, evolving in ways that allow it to persist in
the host 10,11,38,168-171. While correlates of immune
protection against HIV-1 are not clearly understood,
it is known that neutralizing antibodies (nAb)
correlates with protection from infection, cellmediated immune responses correlates with protection
from disease and that the effectiveness of antiviral
memory T cells is dependent upon both the quality
and the quantity of antigen-specific T cells11,172. It is
widely agreed that both cell-mediated (polyfunctional
CD4+ and CD8+ T cell) responses and humoral
responses (specifically induction of virus-neutralizing
antibodies (nAbs), conferring broad and long-lasting
protection against diverse HIV variants, are needed
for an efficient vaccine against HIV-111,166,172. An
ideal vaccine should include both a component to elicit
CMI (polyfunctional CD4 and CD8 responses with
ability to induce both gamma-interferon and
interleukin-2) and one to stimulate nAbs166,167,172. The
most likely design of such a vaccine could be the use
of DNA plasmid and/or a live, recombinant virus
vector to evoke the former response along with a
subunit protein for the latter167,173-175.
Given the enormous worldwide diversity of HIV
variants, the design and choice of antigen identities
for inclusion in candidate AIDS vaccines is a daunting
challenge 38,174,175. Reported preferential intraclade
over cross-clade cellular and humoral responses and
the existence of subtype-specific epitopes support the
use of vaccines based on immunogens that genetically
match the viruses circulating in the targeted
population in which it is tested 175 . Use of such
vaccines is recommended by a WHO-UNAIDS
Vaccine Advisory Committee and is being
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implemented in several current trials166,174. However,
given the rapidity and unpredictability with which
HIV-1 genetic forms may propagate in future, a
vaccine protective against all major HIV-1 circulating
genetic forms is desirable, which could require
multivalent formulations164,175. Indeed, emerging data
suggest that HIV-1 evolutionary relationships may be
more useful than regional considerations for vaccine
designs164,172. Thus, the use of consensus or ancestor
sequences for a specific-subtype has been proposed
in order to minimize the genetic differences between
vaccine strains and contemporary isolates112,176. This
strategy could potentially enhance cross-reactivity and
breadth of a vaccine response relative to any single
strain. In regions where several subtypes co-circulate,
inclusion of each prevalent subtype in the vaccine
may improve coverage 164,167,175.

The data on the link between genetic subtypes and
HIV-specific immune responses remains
controversial11,165,166. Various studies have identified
both subtype-specific 185-189 as well as cross-clade
epitopes in HIV-1 proteins 189-194. However, intrasubtype CTL responses are usually stronger and more
frequently
detected
than
inter-subtype
187,194,195
. This is more prominent for those
responses
responses targeted to the more variable env gene,
but also to gag, pol, and nef 195 . Cross-clade
recognition of various CTL epitopes have led to the
idea that a single subtype immunogen could elicit CTL
responses protecting against other subtypes165,166,196.
This may suggest that matching HIV vaccine
candidates to the prevalent HIV-1 strains might be
less important for vaccines targeted at induction of
T-cell responses to conserved proteins (for instance,
gag and pol) 164,176.

While the role of neutralizing antibodies in
sterilizing immunity against HIV-1 has clearly been
recognized 164,172, the induction of such response is
difficult due to the envelope’s conformational
complexity and sequence diversity169,172,177. Most of
the neutralization antibody sensitivity studies have
shown that neutralizing serotypes do not correlate with
HIV-1 genetic subtypes 178 . Few studies have
examined the elucidation of cross-clade neutralization
by HIV-1 vaccines, since antibody responses with
neutralizing capacity against primary isolates have not
usually been obtained 177,179-181 . While broadly
neutralizing activities have been detected frequently
only in long-term non-progressors, the cross-clade
recognition of neutralizing activities have shown
relatively restricted repertoire182. Given the relative
importance of neutralizing antibodies in protection
against HIV-1 166,169 , attempts are being made to
devise immunogen that can potentially induce
neutralizing immune responses 175,177. New findings
reveal that HIV-1 protects itself from antibodies by
putting up a shield of constantly shifting sugar
moieties169,183. This shield may be contributing to the
poor performance of candidate HIV-1 vaccines. A
recent study showing preferential heterosexual
transmission of unique monophyletic viral strains that
are sensitive to neutralization provides new hope for
vaccine design strategies184.

Further, there is evidence that the genetic identities
of circulating strains of HIV may continue to evolve
at the population level in response to HLA-restricted
immune pressures 10,197. CTL escape mutants also
need to be considered for successful vaccine
strategies11,170,171. It has been proposed that mutations
that ultimately result in diminished recognition of a
given epitope by a host’s CD8+ T cells via loss of
epitopes binding to MHC class I molecules, or
interference with antigenic processing, will increase
in prevalence as a result of HIV infection of
individuals that share common HLA alleles10,197-199.
Thus, HIV variants may evolve in such a way that
they are not recognized by the CTL responses
restricted by the HLA alleles that predominate in a
given human population199. The implication of cladespecific epitopes and their role in vaccine
development is presented elsewhere200.
Are there intersubtype HIV-1 variations in host
adaptation and viral fitness?
The proportions of subtypes in defined populations
are not stable but are in constant flux due to new
introductions of HIV-1 subtypes, changes in human
behaviour, therapeutic intervention, mode of
transmission, and possibly, subtype fitness12,89,90. Over
the past decade, there has been a considerable shift
in the epicenter of the HIV-1 epidemic from sub-
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Saharan Africa to Southern Africa, India, and
Southeast Asia4. Subtype C has now emerged as the
predominant clade in the world due to these regional
pandemics and accounts for at least half of all
infections worldwide 4. Although subtype B likely
preceded subtype C as a founder clade in India and
China, most of the new infections in these countries
are attributable to subtype C isolates or intersubtype
B/C recombinants 64,66. Similar trends have been
observed in Kenya, Tanzania, and South America
(e.g., Brazil and Argentina)38,40. This rapid insurgence
of subtype C may be due to a founder effect or to
intersubtype fitness differences.
Any difference in ex vivo fitness likely reflects
genotypic or phenotypic variations between
subtypes201,202. For example, most subtype C isolates
appear to have a third NF-kB element in the long
terminal repeat (LTR) as compared to the two sites
found in most subtypes, which augments transcription
in the presence of HIV-1 Tat protein94,203-205. Direct
binding of tat to NF-kB in TAR independent fashion
further suggests that extra NF-kB site in subtype C
may differentially regulate transcription206. Moreover,
a recent study indicated that subtype-specific LTRbased viral replication rates in vivo are strongly
influenced by the host environment207. Recently, the
tat protein of HIV-1 subtype C has been shown to be
defective in chemotactic activity 208, suggesting
possible biological differences in the subtype C viruses.
Studies on HIV-1 protease activity showed increased
cleavage of peptide substrates by HIV-1 subtype C
versus subtype B protease144,209,210. This phenotypic
data suggest that dominance of subtype C in the HIV1 epidemic could be due to increased replicative
capacity of subtype C isolates over other HIV-1
subtype isolates.
In addition to these phenotypic differences,
subtype C appears to have preferential usage of
CCR5 co-receptor and that subtype C isolates rarely
switch from a NSI/R5 phenotype to an SI/CXCR4
phenotype during late disease153,211. Analysis of coreceptor usage during disease progression has
delineated that SI/X4 HIV-1 isolates dominate late in
disease, whereas NSI/R5 variants are typically
present during the asymptomatic phase 212. Further,

in vivo findings suggest that NSI/R5 HIV-1 isolates
out-compete the SI/X4 variants at the site of primary
infection. The reasons for this are not completely
understood. Recent studies have provided evidence
that subtype C virus can use CXCR4213,214, whether
antiretroviral therapy is driving the emergence of
CXCR4 variants remains to be determined215.
The emerging data on viral fitness have indicated
that subtype C may have altered fitness, thus resulting
in their longer survival201,202. Recent studies analyzing
the relative fitness in a pair-wise competition indicate
that subtype C isolates are likely less fit than subtype
B isolates 201 . Decreased fitness together with
persistence of NSI/R5 HIV-1 isolates linked to slower
disease progression could result in increased
transmission time. It is evident that to survive, viruses
must continue to propagate in a living host and that a
low/attenuated level of pathogenesis represents a
tradeoff between virulence and transmissibility10,199.
In the case of HIV-1, the continual spread of this
virus is a consequence of long asymptomatic but
transmissible periods following initial infection.
Individuals infected with a more pathogenic (high
replication) strain will progress faster to HIV-1
disease, decreasing the probability of viral
transmission. In contrast, attenuated HIV-1 strains
(i.e., lower replicative capacity) would in theory delay
disease progression and increase the likelihood of
transmission. Thus, it is likely that the poor relative
fitness of subtype C isolates can fit into model for
subtype C dominance in the epidemic. Whether such
decreased fitness alone can account for such an
explosive subtype C epidemic around the globe
remains to be determined.
Conclusion and perspective
HIV-1 pandemic strains have diversified
extensively through mutation and recombination since
their initial zoonotic transmission to human beings
many decades ago in central Africa. The high error
rate of HIV reverse transcriptase combined with the
estimated in vivo HIV-1 replication rate of ten billion
new virions each day leads to extraordinary genetic
diversity of HIV. Twenty seven circulating genetic
forms of the HIV-1 group M are presently recognized,
including 11 subtypes and sub-subtypes, and 16
circulating recombinant forms. In addition, many
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unique recombinant forms (URFs) including
secondary recombinant mosaic patterns also have
been identified around the world. Over the past
decade, there is a shift in the epicenter of the HIV-1
epidemic from sub-Saharan Africa to Southern Africa,
India, Southeast Asia and China. Subtype C has now
emerged as the predominant subtype in the HIV
epidemic and accounts for at least half of all infections
worldwide. Genotypic analyses have provided a better
understanding of the molecular diversity of HIV-1,
enabling the detection of emerging HIV-1 variants
and improving the tracking of the epidemic worldwide.
New genetic forms, including recombinants, are
being introduced in different areas of the world,
changing the molecular epidemiology of the infection.
Viruses resulting from recombination may be more
virulent than nonrecombinant viruses due to altered
fitness or cellular tropism and may have different
antiretroviral drug susceptibilities. Additionally,
recombinant viruses could accelerate disease
progression and increase the likelihood of mother-tochild transmission and sexual transmission by
increasing viral load in the blood and genital tract;
however, epidemiologic evidence for such an
association has not yet been established.
The rapid replication rate of HIV and its inherent
genetic variation have led to the identification of many
HIV variants that exhibit altered drug susceptibility.
Maintaining low-to-undetectable plasma HIV RNA
levels prevents progression to AIDS and minimizes
the possible emergence of drug resistant HIV-1
variants. Although most clinical outcome and
phenotypic reports indicate similarity between B and
non-B isolates, a few studies point to potential
differences. As an increasing number of individuals
with non-subtype B infection access ARV therapy,
these genotypic differences in non-B consensus
(wild-type) sequences may result in new drug
resistant forms, as well as differences in the outcomes
of antiretroviral therapy. Genotypic and biochemical
studies provide an explanation for potential intersubtype differences in susceptibility; however, larger
and more rigorous prospective studies are required
to translate the observed inter-subtype differences in
resistance patterns to more effective, long-term drug
treatment strategies.
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The rapid evolution of HIV within infected hosts
contributes significantly to the elusiveness of this
pathogen from host antiviral responses. The complex
nature of HIV envelope glycoprotein that is
inherently resistant to neutralization, the selective
infection, progressive destruction and impaired
regeneration of CD4+ T helper cells, generation of
CTL escape mutants, together with high genetic
diversity with continually evolving HIV variants
worldwide, makes design of an effective vaccine a
formidable task. The diverse HIV subtypes, CRFs,
the inter-subtype mosaic genomes further
exacerbate the problem of designing of relevant
vaccine immunogens. Moreover, given the recent
observation that HIV may exhibit a frequency of
recombination diversification that is up to an order
of magnitude greater than previously appreciated,
the complexities of confronting HIV diversity with
effective vaccine design will remain an ongoing
challenge. Given the rapidity and unpredictability
with which HIV-1 genetic forms may propagate in
future, a vaccine protective against all major HIV-1
circulating genetic forms is desirable, which could
require multivalent formulations. Indeed emerging
data suggest that use of consensus or ancestor
sequences for a specific subtype could potentially
enhance cross-reactivity and breadth of a vaccine
response relative to any single strain.
High mutation rate of HIV-1 together with
selection and adaptation to most environmental
changes result in the generation of viral quasispecies.
HIV-1 quasispecies are evolutionary and clinically
relevant since this genetic variability can respond to
selective pressure (e.g., host immune system and
antiretroviral therapy), including those mediated by
virus specific cytotoxic T lymphocytes. Understanding
the kinetics and directions of this continuing adaptation
and its impact on viral fitness, immunogenicity and
pathogenicity will be crucial to the successful design
of effective HIV vaccines. Further, there is evidence
that circulating strains of HIV may continue to evolve
at the population level in response to HLA-restricted
immune pressures. Such global evolution of HIV
might potentially require periodic re-assessment of
the composition of the best immunogens for inclusion
in AIDS vaccines.
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The accessory Nef protein is expressed by all primate lentiviruses – HIV-1, HIV-2 and simian
immune deficiency virus (SIV). Its expression in the early stages of the viral life cycle ensures
two basic attributes of HIV infection. These are T-cell activation and the establishment of a
persistent state of infection. Nef has a positive effect on viral infection and replication by
promoting the survival of infected cells. Its role in HIV persistence is based largely on the
ability of Nef to downmodulate the surface levels of important molecules at the immune
synapse. These include major histocompatibility complex-I (MHC I) and (MHC II) present on
antigen-presenting cells (APCs) and target cells, and CD4 and CD28 present on helper T cells.
In this review we present these biological properties of Nef from a mechanistic point of view,
and relate them to the structural attributes and interactions of the Nef protein. A brief outline
of the limited studies on Nef from Indian subtype C HIV-1 isolates is also presented.
Key words Apoptosis - HIV-1 - immune synapse - Nef - signaling - T-cell activation

name ‘negative factor ’ or nef 2 - 4 . Since then,
extensive studies have shown this to be a misnomer
and have characterized multiple cellular pathways that
are regulated by expression of the Nef protein.

Besides the three prototypical retroviral proteins
(Gag, Pol and Env) and two regulatory proteins (Tat,
Rev) that are essential for viral replication, HIV (and
simian immunodeficiency virus, SIV) also encodes
four so-called accessory proteins called Nef, Vif, Vpr
and Vpu. While these accessory proteins are
dispensable for viral replication in vitro, they perform
essential functions during the viral life cycle in the
host. In vivo studies or those in primary cell types
susceptible to HIV infection have demonstrated that
the accessory gene products can dramatically alter
the course and severity of viral infection, replication
and disease progression. The nef gene is highly
conserved in all primate lentiviruses e.g. HIV-1,
HIV-2 and SIV and the encoded Nef protein appears
to be a virulence factor critical for the development
of AIDS 1. It was first identified as an open reading
frame (ORF) that partially overlaps with the 3’-long
terminal repeat of the HIV-1 and was reported to
have a negative effect on viral replication, hence the

Here we discuss the biology of Nef and its various
effects on the host cell in a bid to promote viral
replication and persistence.
Nef as a positive viral factor
Nef is expressed in abundance during the early
phase of HIV infection together with Tat and Rev.
Its mRNA is estimated to represent three quarters
of the early viral mRNA load of the cell 5, 6 . Nef
induces high viral titres both in cell culture and
in vivo. Studies in Rhesus monkeys have clearly
demonstrated that an intact nef gene is critical for
attaining high virus loads and development of an
acquired immunodeficiency syndrome (AIDS)-like
315
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illness in animals infected with the SIV 7, 8. A similar
requirement for the maintenance of high virus loads
has been demonstrated for HIV-1 in the SCID-Hu
model 9-12. In this system, viruses with an intact nef
ORF replicate faster, achieve higher titres, and deplete
thymocytes better than their nef-deleted
counterparts 13. Moreover, long-term survivors of HIV
infection who show lack of disease progression are
commonly associated with either a deletion in the nef
gene or defective nef alleles 14-19. In transgenic mouse
models, Nef expression in CD4 positive cells caused
an AIDS like disease 20-23. Of note, the Nef protein
of SIV and HIV are functionally interchangeable 24.
Enhanced virus replication and infectivity are
associated with nef expression upon propagation of
HIV-1 in peripheral blood mononuclear cells (PBMC)
cultures in vitro 25, 26. Increased inocula of nef-deleted
viruses can overcome the decreased infectivity of the
viral progeny but still does not induce illness in infected
animals, suggesting a role for Nef in HIV pathogenesis
as well. The importance of Nef has also been
demonstrated in the Rhesus monkey model of SIVinduced AIDS, where functional Nef expression is
required for greater infectivity, higher viral loads and
faster disease progression 28.
Nef was originally characterized as a negative
regulator of HIV infection and was thus named as
‘negative factor’ 2-4. In earlier studies, it was found
that nef-defective viruses replicate slightly faster than
the wild type viruses in CD4+ cell lines2. In addition,
it was shown that Nef could downregulate HIV-1
LTR activity 3. However, these initial findings were
later refuted by other groups 4. In most cases, Nef
either has no effect or a positive effect on viral
replication in vitro. Further, it has also been shown
that Nef does not inhibit transcription of the HIV-1
LTR in a variety of cell types.
The Nef-mediated enhancement of viral
replication is a system-dependent process. Nef
generally has no effect on viral replication in activated
peripheral blood mononuclear cells (PBMC),
activated CD4+ T cells and mature dendritic cell-T
cell co-cultures. On the other hand, a significant role
for Nef in viral replication has been found in postinfection-stimulated PBMCs or lymphoid cultures,
immature dendritic cell-T cell co-cultures and in the
ex vivo tonsil culture system.

Effect of Nef on virion infectivity and replication
The nef gene of HIV is critical for pathogenesis
and development of AIDS in humans as well as in
animal models. Using the Hela-CD4-LTR-βgalactosidase indicator cell line, nef+ HIV-1 was found
to productively infect 5 to 20-fold more cells than
equal amounts of nef-defective HIV-1 29 . The
infectivity of nef defective HIV-1 can be rescued by
expressing Nef in trans in the virus-producing cell.
The replication rates of nef+ and nef-defective
HIV-1 clones in activated primary blood lymphocytes
(PBL) indicated that Nef directly promotes HIV-1
replication by enhancing the infectivity of virions 30.
Viruses produced from proviral DNAs mutated in nef
are 4 to 40 times less infectious than the wild type
virus in single-round infection assays. The Nef effect
is dependent on the association of this protein with
the plasma membrane and is determined at the stage
of virus particle formation 31.
The inclusion of Nef in the virion may facilitate
the incorporation of Nef-associated cellular kinases
that phosphorylate various substrates, including the
viral matrix protein, important for the production of
fully infectious viral particles 32. Productive HIV-1
infection is also regulated by the ability of Nef to
induce the release of a lymphocyte-stimulating factor
by macrophages. This leads to an environment in
which Nef promotes viral replication in the host by
increasing the pool of substrate lymphocytes without
additional stimuli 33. The effects of Nef on lymphocyte
signaling also involve transcription factors that are
induced in response to signaling from the T cell
receptor (TCR). Manninen et al 34 described a novel
effect of Nef on lymphocyte signaling mediated
independently of the TCR, which results in induction
of nuclear factor of activated T cells (NFAT), a
transcription factor that plays a central role in
co-ordinating T cell activation 34. The effect of Nef
on T cells is mediated by activation of the calcium/
calcineurin pathway and was synergistic with the Ras
pathway in inducing NFAT-dependent gene
expression. Ectopic expression of NFAT in resting
CD4+ T lymphocytes induced a permissive state,
which despite the lack of evidence of T cell activating
effects of NFAT overexpression, supported HIV
replication in these cells in the absence of further
stimulation. HIV replication in these cells is supported
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by the overexpression of NFAT target genes IL-2 and
FasL, in the absence of further stimulation 35. The
NFAT protein has also been shown to activate
HIV-1 LTR-directed transcription by interacting with
an unusual binding site that overlaps with the NFκB- responsive element. The Nef-mediated
superinduction of IL-2 is a reflection of activation of
both NFAT and NF-κB sites; thus this mechanism
promotes viral replication and spread.
The replication of HIV-1 in vitro is restricted to
dividing (activated) T cells36, 37 and studies detailed
above explain how Nef enhances viral replication by
T cell activation. However, this first requires
expression of Nef in a resting T cell that is refractory
to infection. One mechanism put forth is the
expression of Nef from unintegrated viral DNA 37.
Swingler et al 38 recently proposed an alternative
pathway in which Nef intersects the CD40 ligandsignaling pathway in macrophages, the first cell type
to be infected by HIV. Physiological stimulation of
CD40 as also Nef expression in macrophages
promotes the release of soluble CD23 (sCD23) and
soluble intercelluler cell adhesion moleculer (sICAM).
These in turn upregulate the expression of costimulatory receptors CD22 and CD58 (by sCD23)
and CD80 (by sICAM) on B lymphocytes, leading to
increased interaction with their corresponding ligands
on T lymphocytes. This causes activation and
proliferation of T lymphocytes, making them
susceptible for HIV infection.
Cell surface expression of critical proteins
The HIV and SIV Nef proteins have been shown
to direct the downmodulation of several critical cell
surface proteins that are a part of the immune
synapse. This is a major viral strategy towards
creating a persistent state of infection. The effects
and their mechanisms are detailed below :
CD4 downmodulation: The CD4 protein is a 55 kDa
type I integral cell surface glycoprotein and a
component of the T cell receptor on MHC class
II-restricted cells such as helper/inducer
T-lymphocytes and cells of the macrophage/monocyte
lineage and serves as the primary cellular receptor
for HIV and SIV 39 . The most extensively studied
function of Nef is its ability to dramatically reduce
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the steady state levels of CD4 on the cell
surface 40-42. Almost all Nef isolates downmodulate
cell surface CD4 in all mammalian cell types tested,
and under almost all experimental conditions. In
transgenic mice expressing HIV-1 Nef, a significant
decrease in CD4 expression on the surface of
immature double-positive thymocytes is associated
with compromised positive selection of CD4+
lymphocytes 21. One of the major benefits of Nefinduced CD4 downregulation could be the
enhancement of viral particle release by preventing
the sequestration of viral envelope by the CD4
receptor or its influence on the assembly and entry
of viral particles 39. The downmodulation of surface
CD4 would also prevent superinfection, an event that
would lead to premature death of the host cell39.
The Env and Vpu proteins of HIV-1 also
downregulate the CD4 receptor 4 1 . However, in
contrast to these two proteins that function at
intracellular sites, Nef acts on CD4 molecules that
have already reached the cell surface. Nef-induced
CD4 downregulation involves accelerating
endocytosis of CD4 followed by its degradation
through the endo-lysosomal pathway 40 . It has no
detectable effect on either CD4 synthesis or transport
through the exocytotic machinery 43-45 . That Nef
reduces cell surface CD4 through the endo-lysosomal
pathway is supported by the observation that Nefexpressing cells have more numbers of CD4
containing clathrin–coated pits (CCPs) 46. Further,
lysosomotropic agents block Nef-mediated CD4
downregulation43.
For endocytosis, transmembrane receptors like
CD4 commonly contain specific motifs within their
cytoplasmic tails that serve as a recognition motif for
CCP and that in turn internalize the receptor 1, 47. The
CD4 protein has four hydrophobic amino acids
including two leucine residues in the membrane
proximal region of its cytoplasmic tail that are
necessary for its endocytosis 40, 48. This site is usually
masked by binding of the Src kinase family T-cellspecific protein kinase, p56 Lck that prevents CD4
internalization mediated by binding to the adaptor
proteins (AP) in the clathrin complex. Nef appears
to bypass the normal routes of CD4 downregulation,
which involves phosphorylation of Ser408 in its
cytoplasmic tail 49, by directly binding the dileucine
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motif in the CD4 cytoplasmic region 50. The residues
in Nef involved in contacting CD4 are WL (57-58)
clustered in a proximal flexible loop, and residues G95,
G96, L97, R106 and L110 present in the Nef core
domain 51, 52. The Asp204 residue in Nef is also critical
for CD4 binding as its mutation to lysine (D204K
mutant) completely abolishes binding to CD4 and its
rapid internalization 5 3 . Additionally, Nef itself
contains a dileucine motif, which recruits the clathrin
complex AP-2 subunits via its µ2 chain 54. Mutations
of the critical Tyr28 and Tyr39 residues in Nef prevent
this interaction, but the D204K mutant still binds to
µ2 55. Thus, Nef acts as a bridge between CD4 and
µ2 by displacing p56Lck and its phosphorylation
trigger.
There are four different classes of adaptor
proteins (AP) found in the cell. Of these, AP1 and
AP2 are components of clathrin coats associated with
the trans-golgi network (TGN)/endosomes and the
plasma membrane; AP-3 exists in both clathrin and
nonclathrin coats and is localized to endosomes, while
AP-4 is a part of the non-clathrin coat associated
with the TGN 56.
A recent report using the yeast three-hybrid
method showed that Nef interacts with AP-1 and
AP-3, but not AP-2 and AP-4 57. Stronger interactions
have also been observed between Nef and the
µ subunits of AP-1 and AP-3, which involves
trafficking between TGN and the endo-lysosomal
compartment 57, 58 . These interactions, including
results with CD4-Nef chimeras 59, suggest that Nef
might direct CD4 from the TGN directly to endosomes
without targeting it to the plasma membrane. The
adaptor AP-2 does not interact with Nef and is not a
direct target for regulation by HIV-1. However,
another protein such as the regulatory V1H subunit
of vacuolar ATPase may be responsible for the Nefinduced removal of CD4 from the cell surface 60-62.
V1H, also called NBP1 or Nef binding protein-1, is a
part of clathrin-coated vesicles and is required for
the acidification of endosomes and lysosomes. Yeast
two-hybrid analysis has identified a diacidic motif in
the C-terminal flexible loop of Nef to be responsible
for binding to V1H 63. The V1H protein binds to Nef
and the µ2 subunit of AP-2 and strengthens the weak
direct interaction between Nef and AP-2 (Fig. 1).

Another region of Nef, an acidic dipeptide motif,
EE155/156, which was earlier proposed to interact
with β-COP (a part of the COP1 coatamer), is
important for CD4 downmodulation 64-66 and was
proposed to target the Nef-CD4 complex from early
to late endosomes and lysosomes (Fig. 1). The
primary isolate Nef233 has an EK motif at this
position (instead of EE), but is fully functional in CD4
downmodulation 6 7 . Thus, Nef mediated β-COP
coatamer recruitment is most likely indirect and
depends on a critical cofactor 68 . In recent work,
Faure et al 69. have identified the ARF1 GTPase to
be this cofactor responsible for formation of the
transport machinery via Nef binding (Fig. 1).
Nef has also been shown to bind to the novel
human thioesterase II protein and this interaction is
important for CD4 downmodulation70. However, the
Nef protein of the HIV-1 SF2 isolate does not bind to
thioesterase but still downregulates CD4. One of the
Nef residues critical for thioesterase binding, D123,
was also critical for Nef dimerization and was found
to be critical for Nef mediated downregulation of CD4
and major histocompatibility complex I (MHC I)70.
Besides dimerization, N-terminal myristoylation of
Nef leading to its membrane localization is also critical
for Nef-mediated downmodulation of CD4 as well
as the other surface markers71, 72.
CD28 downmodulation: The functional outcome of
TCR engagement is normally decided by the presence
or absence of co-stimulatory signals delivered via
accessory molecules such as CD2873. Ligation of either
TCR or CD28 alone induces minimal levels of T cell
activation, which leads to a state of anergy73. In addition
to surface downmodulation of CD4, Nef also
accelerates internalization of the CD28 co-stimulatory
molecule, which is necessary for maximal T-cell
activation. Genetic and functional studies suggest that
Nef-mediated endocytosis of CD28 is AP-2 dependent
and is mediated by a direct interaction between Nef,
AP-2 and CD28. This activity of Nef is a conserved
phenomenon in multiple isolates of HIV-1 and SIV 74,75.
The LL165/166 and His194 residues of Nef are critical
for CD28 downmodulation74, 75.
The benefit of CD28 surface downmodulation to
the virus is not clear. It has been hypothesized that
by downmodulating CD28, the virus can block T-cell

DAS & JAMEEL : HIV NEF PROTEIN

319

Fig. 1. Nef-induced downmodulation of CD4 and MHC molecules. Models are presented based on available data on the downmodulation
of surface-expressed CD4, MHCI and MHCII. For CD4 downmodulation, Nef connects the cytoplasmic tail of CD4 with adaptor
protein 2 (AP2) and the V1H vacuolar ATPase, triggering rapid CD4 endocytosis (1). In the early endosome, Nef interacts with COP1
coatamers through the ADP ribosylation factor 1 (ARF1) and targets CD4 for lysosomal degradation (2). Nef is targeted to the transGolgi network (TGN) (3) where it acquires the ability to activate PI3K (4). The resulting formation of phosphatidylinositol-3,4,5triphosphate (PtdInsP) recruits the guanosine exchange factor ARNO to the plasma membrane leading to the activation of ARF6 (5).
This accelerates the endocytosis of MHC class I molecules into an ARF6-dependent compartment (6) and subsequently through a
PACS-1/AP1-dependent step into the TGN (7). The MHC class II molecules possibly bind Nef at the plasma membrane and are
relocated to the early endosome (8) enroute to their lysosomal degradation (9). The activation of PI3K and ARF6 are shown by a
change in color from light to dark. Steps for which mechanistic details are not fully available are shown as dash arrows. (concept of
figure adapted from Fig.5 of B.M. Peterlin and D. Trono. Nat Rev Immunol 2003; 3 : 97-107).

activation. The interactions between CD28 and B7
molecules and between TCR/CD4 and MHC II
molecules are thought to make critical contributions
to the stability and maintenance of a tight and
prolonged interaction between T cells and antigen
presenting cells (APCs). The Nef-mediated
downmodulation of CD28, in addition to CD4, probably
limits the strong interaction of Nef-expressing T-cells
with APCs. This would enhance subsequent
movement of infected T-cells into the circulation and
to other APCs to accelerate the spread of the virus.

Alternatively, by downmodulating CD28, Nef can
minimize signaling upon engagement of the infected
T-cell with an APC or interfere with normal TCRinitiated signaling. This effect may be necessary to
prevent activation-induced apoptosis of already
activated and infected cells by further stimulation
through CD3. As Nef activates certain downstream
effectors of signaling pathways such as NFAT-1 and
IL-2, it can replace the normal signaling cascades
that govern antigen-specific T-cell activation and
signaling. It is plausible that the infected cell can still
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remain activated yet protected from improper
signaling through CD28 downmodulation, thus
disconnecting T-cell activation from antigen
presentation 74, 75.
MHC class I downmodulation: Adaptive immune
responses require recognition of infected cells prior
to their elimination by cytotoxic T lymphocytes
(CTLs). This requires viral peptide presentation
on the surface of infected cells by MHC I
molecules 7 6 - 7 8 . To counteract this host defense
mechanism, several persistent viruses such as herpes
viruses, poxviruses and retroviruses, have developed
strategies that target the assembly and trafficking of
newly synthesized MHC I molecules in infected
cells 78. This alters the MHC I presentation of viral
peptides and promotes the escape of virus-infected
cells from CTL surveillance. Notably, the Nef protein
expressed in the early stages of HIV infection carries
out this function. Following infection by HIV/SIV, Nef
downmodulates surface MHC I and this function is
critical for the establishment of infection and
subsequent development of AIDS. The
downmodulation of MHC I protects HIV-infected
cells from CTL-mediated killing and provides a
selective advantage for viral persistence and
replication in vivo 76. Nef selectively downregulates
HLA-A and HLA-B, which present antigens to CTLs
but not HLA-C and HLA-E which helps protect cells
from lysis by natural killer (NK) cells 79-82 . A
cytoplasmic tyrosine residue unique to the HLA-A
and HLA-B proteins confers this specificity. However,
it should be noted that Nef does not protect
completely from immune surveillance, as there is a
strong CTL response to HIV infection.
Heterotrimeric functional MHC class I complexes
consists of the MHC I heavy chain noncovalently
attached with β2 microglobulin (β2m) and loaded with
an 8-11 amino acid peptide. The assembly of these
two components and the loading of antigenic peptides
that are generated by the proteosome occur in the
endoplasmic reticulum (ER). Many DNA viruses
such as adeno, herpes and poxviruses interfere with
peptide-MHC I presentation at the level of assembly
of this complex within the ER 83. Nef does not affect
these early processes, but speeds up the internalization
of cell surface MHCI molecules 83-85.

Mutagenesis studies reveal that Nef-mediated
downregulation of CD4 and MHC I molecules by
endocytic trafficking occurs via distinct pathways
(Fig. 1). In the presence of Nef, the synthesis of MHC
I molecule is unaltered and these molecules transport
normally through the ER/Golgi route. However, MHCI
molecules are rapidly internalized from the cell surface
through the endosomes, transported back to
accumulate in the TGN, and misdirected into postGolgi clathrin-containing vesicles in Nef expressing
cells 74, 75. Inhibitors of phosphatidylinositol 3-kinase
(PI3K) block this effect 86. The phosphofurin acidic
cluster-sorting signal 1 (PACS1) protein is required
for Nef-mediated downregulation of MHC I to the
TGN by binding to the Nef acidic cluster EEEE
(amino acids 62-65) 87. While PI3K is important for
TGN-derived clathrin-coated vesicles, PACS1 is
required for early endosome to Golgi trafficking, as
in the case of furin-mannose-6 phosphate receptor
(M6PR) transport 88 . The interaction of Nef with
MHC I is transient 89 and two additional Nef sorting
motifs are critically important for MHC I
downregulation. These include the Met20 residue
within the amphipathic helix and the PXXP motifcontaining SH3-domain binding site 51, 86, 90.
Dominant-negative proteins and chemical
inhibitors have been used to explain the sequential
roles of the three Nef sorting motifs 8 6 . MHC I
downregulation is initiated by the binding of the Nef
acidic cluster (EEEE; 62-65) to PACS-1/AP-1. This
is a crucial step to the subsequent PXXP (residues
72-75) mediated ADP ribosylation factor 6 (ARF6)
activation 86, 91. The ARF6 protein connects vesicles
trafficking with actin cytoskeletal rearrangement, and
this endocytosis and recycling of proteins through the
ARF6-dependent endosomal compartment is
regulated by the GTP/GDP bound state of ARF6. Nef
activates the ARF6 GTPase through PI3K and the
guanosine-exchange factor (GEF) ARNO, thereby
triggering the clathrin-independent transport of MHCI
molecule from the cell surface to the TGN through
an ARF6 compartment 86. It has also been proposed
that the apparent ARF6 dependence of Nef-mediated
MHC I downmodulation could be due to nonspecific
perturbations in membrane trafficking92, 93. The steps
in MHC I downmodulation by Nef are illustrated in
Fig.1.

DAS & JAMEEL : HIV NEF PROTEIN

MHC Class II downmodulation : The MHC II
protein is expressed in all APCs and present antigenic
peptides to CD4+ T cells94. Thus, it is present on all
cell types that are infected by HIV. Further, human
macrophages accumulate HIV-1 particles in MHC
II compartments95 and MHC II can be incorporated
in the virion 96. In chronically infected monocytes,
MHC II antigen presentation is hampered 97 , and
HIV-1 Nef is reported to affect the surface
localization of MHC II proteins, reducing presentation
of exogenous peptides to CD4+ cells98-100.
The presentation of antigenic peptides in the
context of MHC II is central to the adaptive immune
system whereby peptides generated from exogenous
sources are presented to T-helper cells.
The Nef protein disrupts MHC II antigen
presentation by two distinct mechanisms. These
include downregulating surface expression of mature
MHC II and upregulating surface expression of MHC
II associated invariant chain (li, CD74). Higher
amounts of Nef expression are required for mature
MHC II downmodulation compared to upregulation
of Ii. Nef-alleles from primary HIV-1 cause surface
upregulation of Ii, a function that is genetically
separable from MHC II surface downmodulation100.
For example, the acidic domain of Nef is involved in
downregulation of MHC II but is dispensable for Ii
upregulation. Mutations in the C-proximal flexible loop
consistently abolish the ability of Nef to modulate Ii
surface expression but had little effect on
downregulation of MHC II. The dileucine motif
LL165/166 and the acidic motif EDE174-176 are
critical for Nef-induced downregulation of CD4 and
upregulation of Ii. Mutations in Pro75 and Pro78 block
MHC I and MHC II downmodulation but have no
effect on Ii upregulation100, suggesting that an intact
SH3-binding PxxP motif is not required for Ii
upregulation but is required for MHC II modulation98100
. These results illustrate the mechanistic details of
MHC II downmodulation by Nef and emphasize the
importance of this function in viral immune evasion
through inhibition of virus-specific T cell help.
T-cell receptor and cellular signaling pathways
Stimulation of the TCR on mature T cells induces
a series of biochemical events, which eventually result

321

in the induction of gene expression in the activated
T cell. The initiating signals are activated protein
tyrosine kinases, including members of the Src, Syk/
Zap-70 and Tec families. These kinases phosphorylate
their target substrates resulting in the modification or
metabolism of membrane phospholipids mediated by
enzymes such as phosphatidylinositol 3-kinase
(PI3K), phopholipase C (PLC) and calcium
homeostasis. This leads to the production of second
messengers such as diacylglycerol and inositol
triphosphate, and the activation of small GTP-binding
proteins, such as p21Ras. The ultimate outcome of this
complex intracellular signaling is the activation of
transcription factors leading to gene expression101.
The culture of macaque peripheral blood
lymphocytes 7 and a herpes virus samiri-infected
macaque T cell line require the addition of IL-2.
Unlike lymphocytes, this cell line becomes IL-2
independent when infected by nef+ SIV but not by
nef-defective SIV102, suggesting that Nef can play a
direct and positive role in T cell activation. Microarray
analyses have also shown that the total expression
profiles of TCR-activated T cells and Nef expressing
cells are 97 per cent similar103. Nef might initiate the
activation process by myristoylation-dependent
translocation to the plasma membrane and its
interaction with a variety of signaling proteins 104.
Many of these signaling proteins, like Lck or linker
for activation of T cells (LAT), are at least partially
present in glycolipid-enriched microdomains (lipid
rafts) where Nef is also found105. Aggregation of lipid
rafts initiates T cell signaling, similar to the manner
of receptor stimulation by ligands. By binding to
molecules of different compartments, including rafts
and possibly by forming oligomers, Nef may function
as an intracellular cross-linker or adaptor.
The Nef protein lacks any catalytic activity and
acts by influencing kinases or other signaling
pathways within the host cell 106 . The strong
conservation of proline-rich motifs among various Nef
alleles and SH3-dependent activation of Src family
tyrosine kinases may be a general property of primate
lentiviruses. The interaction of Nef with the Hck SH3
domain has been shown to be the tightest SH3
domain-ligand interaction so far reported, with a
dissociation constant KD of 0.2 µM107. Stimulation of
the Hck tyrosine kinase activity by Nef depicts a
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particularly extreme phenotype resulting in malignant
transformation of Rat2 fibroblasts108. Hck is rapidly
induced following macrophage activation and has
been implicated in multiple signaling events including
phagocytosis, Fc receptor signal transduction, integrin
signaling, and tumour necrosis factor release109.
Two phosphoproteins with molecular weights of
62,000 and 72,000, called Nef-associated kinases
(NAKs), were found to co-immunoprecipitate with
Nef 110. One of these proteins is the p21-activated
kinase 2 (PAK2) 111 , that has direct effects on
cytoskeletal morphology and apoptotic signaling. Nef
may modulate the effects of PAK2 in mediating
signaling from the cytoplasm into the nucleus and/or
in inducing reorganization of the actin cytoskeleton,
both of which could facilitate steps such as
transcription, reverse transcription or budding.
The enzyme PI3K consists of a regulatory and a
catalytic subunit. Following the generation of
phosphatidylinositol (PtdIns)-3,4,5-Pi, a variety of
proteins are recruited to different membranes via their
lipid binding domains. Among them are the exchange
factors for small GTPases of the Rho, ARF family
and the PDK-1 families 112. The relocalization of
these proteins initiates a broad range of cellular
effects such as proliferation, membrane ruffling,
prevention of apoptosis, and certain vesicular transport
functions. Nef binds the regulatory p85α subunit of
PI3K. It is possible that Nef assembles PI3K, Vav,
and PAK into a signaling complex, which is required
for increased viral production in a Nef-dependent
manner 113 .
The Nef protein has also been reported to bind
the c-Raf 1 kinase, which plays an important role in
co-ordinating the Ras-Raf-MAPK pathway114. This
particular binding is dependent on a conserved
DDPxxE174 motif in Nef, which resembles an acidic
consensus Raf-binding motif previously characterized
in p21Ras. Nef is also reported to bind to the 80-kDa
theta isoform of protein kinase C (PKCθ); this
interaction is reported to modulate PKC activity, since
its normal relocation to the particulate cellular fraction
was inhibited in Jurkat cells expressing Nef115. Nef
also associates with the receptor for activated C
kinase 1 (Rac1), a known intracellular receptor for
PKCs116. Rac1 is in equilibrium between a cytosolic

and membrane bound state, partially colocalizes with
Nef, and enhances its in vitro phosphorylation by
PKCs 117 .
The expression of Nef in T cells unleashes a
series of signaling events that are similar to those
that occur following T-cell activation through the TCR
and co-stimulatory pathways. This results from the
ability of myristoylated Nef protein to localize at the
plasma membrane and assemble multiprotein signaling
complexes through its various interacting domains.
Nef and apoptosis
HIV induces apoptosis in both infected and
uninfected immune effector cells118. Nef induces the
expression of both Fas (CD95) and the Fas ligand
(CD95L) in infected cells119, 120, with CD95L aiding
immune evasion by inducing the apoptosis of HIVspecific cytotoxic T-cells (CTLs) 119. The apoptosis
signal regulating kinase 1 (ASK1) is a key signaling
intermediate in the Fas and TNF-α death signaling
pathways and was reported to bind Nef 121 . This
association is reported to result in the inhibition of
ASK1 kinase activity (Fig. 2) and the downstream
induction of c-Jun N-terminal kinase (JNK) and
apoptosis122. The binding of Nef to ASK1 is lost on
disruption of its N-terminal myristoylation site as well
as by a R106A mutation, which is implicated in the
binding of a p21–activated kinase (PAK) family
protein 123.
The association of Nef with ASK1 reveals a
mechanism by which HIV-1 Nef can alter the
intracellular milieu of virally infected host cells by
enhancing their resistance to Fas and TNFα mediated
apoptosis (Fig. 2). The Nef protein also represses
death signaling by Bad, a pro-apoptotic member of
the Bcl-2 protein family whose expression is induced
by HIV, and that triggers apoptosis at the level of
mitochondria 123 . The Nef-mediated activation of
PI3K and PAK results in the phosphorylation of Bad
resulting in release of the anti-apoptotic Bcl-X L
protein from a Bad/Bcl-XL complex and enhancement
of cell survival and virus production124. Through its
N-terminus (residues 1-57) Nef also interacts with
the p53 tumour suppressor protein. This interaction
results in the destabilization of p53, thereby decreasing
its pro-apoptotic, transcriptional and DNA-binding

DAS & JAMEEL : HIV NEF PROTEIN

activities, and protecting HIV-1 infected cells from
p53-mediated apoptosis 125. Thus Nef protects the
infected cell through two mechanisms. It blocks
external death signals coming from CTLs or autoreactive FasL through the inhibition of Ask1. Internal
death signals that are generated on account of
disturbed cellular homeostasis are inhibited through
the phosphorylation of Bad. The inhibition of p53
further enhances the anti-apoptotic effects of Nef in
the infected cell (Fig. 2).
Nef genes from Indian isolates of HIV-1
While most of the functions of Nef are conserved
across the different HIV-1 subtypes, studies on Nef
functions have largely been carried out with the
protein from subtype B isolates, mainly the NL4-3
isolate. We have earlier reported the cloning,
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sequencing and phylogenetic analysis of nef genes
from primary HIV-1 subtype C isolates from India126.
Our results also showed that in addition to env and
gag, nef sequences could also be used to reliably
subtype isolates belonging to the M group of HIV-1.
These results have recently been confirmed by
characterizing more nef sequences from Indian
seropositive cases 127.
Besides full-length nef genes, we also cloned
truncated forms with major in-frame deletions from
the primary Indian isolates 126. Recently, we have
studied the functional aspects of three of these nef
alleles, F2 expressing the full-length protein, and D1
and C2 expressing proteins with in-frame deletions
of critical motifs (Fig. 3A). While the F2-Nef protein
was competent in downregulating cell surface CD4,
MHC I and MHC II, the D1-Nef protein

Fig. 2. Nef and apoptosis. Nef stimulates the expression of Fas Ligand (FasL) on the surface of HIV-infected cells through an as yet
poorly characterized pathway (1). This leads to increased killing of bystander cells expressing the Fas receptor (Fas). When HIVspecific CTLs come into contact with their targets, the latter are killed through the Fas-FasL pathway. In infected cells Nef blocks this,
and the TNF receptor-mediated death pathway, by inhibiting the apoptosis-associated kinase 1 (Ask1) (2). Nef directly binds p53 and
prevents the induction of p53-mediated apoptosis in HIV-infected cells (3). It also unleashes the anti-apoptotic effects of Bcl-2 and
Bcl-XL by PAK-mediated phosphorylation of the pro-apoptotic molecule BAD (4) causing its release from a Bcl-2 or Bcl-XL
complex (5). The free Bcl-2 and Bcl-XL block cytochrome c release from the mitochondria (6). This pathway is similar to that initiated
by Akt-mediated phosphorylation of BAD following cytokine binding to its cognate receptor. Full and dotted lines indicate the direct
and indirect effects of Nef, respectively. (concept of figure adapted from Fig.6 of B.M. Peterlin and D. Trono. Nat Rev Immunol
2003; 3 : 97-107).

324

INDIAN J MED RES, APRIL 2005

downregulated MHC II, but not CD4 or MHC I (S.R.
Das; unpublished results). The C2-Nef protein has a
major deletion that encompasses the PACS-1, SH3
and PAK1/2 binding sites, and was unable to
downregulate any of these surface proteins (S.R. Das;
unpublished results). Surprisingly, the WL motif
required for binding to CD4 was preserved in C2Nef but it was still insufficient to downregulate cell
surface CD4, suggesting that flanking sequences
might also be critical. The C2-Nef protein is 121 amino
acids long and is missing a large part of the core
region. It is possible that this allele is non-functional
and is compensated by other functional alleles in the
same patient. However, its selection in a rapidly
evolving viral quasi-species population is intriguing.
Structure-function relationship of the Nef protein
The variety of functions carried out by Nef is
based on its ability to interact with multiple cellular
proteins. These proteins and their interacting sequence
motifs in Nef are shown in the Table. The HIV-2 and
SIV Nef proteins are 10-30 amino acids longer
compared to that of HIV-1104. While it has not been
possible to crystallize the full-length Nef protein,
structural information has been put together based
on the X-ray structure of its core domain and solution
nuclear magnetic resonance (NMR) structures of its
N- and C- terminal domains. The emerging picture
shows a flexible N-terminal of about 70 residues
followed by a well-conserved and folded core domain
of about 120 amino acids. The highly conserved
MGGxxS sequence at the N-terminus of Nef is
myristoylated at the G2 position; this modification is
critical for its attachment to the inner face of the
plasma membrane and is required for all the functions
associated with Nef. The G2A mutation has been
shown to abrogate the CD4, MHC I and MHC II
downmodulation properties of Nef. A G2A mutation
in the F2-Nef protein from Indian subtype C HIV-1
also showed similar effects (S.R. Das; unpublished
results).
The solution structure of Nef either alone or
bound to a peptide from the cytoplasmic tail of CD4
has been determined by NMR51. The NMR structure
of a peptide shows that the N-terminal domain of Nef
forms a well-ordered alpha helix from residues 6 to
22. The core domain is the only part of the Nef

protein, which has a stable tertiary structure. This
fragment has been resolved by NMR 51 and
crystallography 128, 129. It forms an α-β domain in
which a central anti-parallel β sheet of four strands
(βA-βD) is flanked N-terminally by two long antiparallel α helices (αA and αB) and C-terminally by
two short α helices (αC and αD). A proline-rich
sequence P69 to P78 forms a type II polyproline helix
(aa 70-77), which represents the main binding site
for Src family kinases through their SH3 domains.
This domain is followed by two α helices (aa 81-120),
a four-stranded anti-parallel β-sheet (aa 121-186), and
two additional α helices (aa 187-203) 104. Residues
60-71 and 149-180 form flexible solvent exposed
loops. The three proximal helices of the Nef core
domain (aa 70-120) could theoretically form a cavity
accessible to drugs, which could disrupt interactions
between Nef and Src family of kinases.
The motifs critical for Nef function and its binding
partner are summarized in the Table. Most of the
motifs that are critical for binding to different cellular
proteins are in the core domain and are exposed for
easy accessibility to their binding partners. A spacefill model of the core region of Nef (Fig. 3B) shows a
large binding surface on one side of the protein that
is responsible for MHC I downmodulation through
the binding of PACS-1 and SH3 domain-containing
proteins. The thioesterase-binding site or the
dimerization interface is exposed as seen in view 2
(Fig. 3B); the homodimerization of Nef is stabilized
by a salt-bridge between residues D123 (within the
FPD motif) and R105 that forms the PAK1/2 binding
site (view 1; Fig. 3B). As these residues appear to
be present on different surfaces of the Nef protein,
the homodimer is likely to be asymmetric. However,
dimerization per se is likely to increase the collection
of cellular proteins in a Nef-mediated complex. In
the absence of a clear biochemical function, for
example an enzymatic activity, associated with it, Nef
acts as an adaptor protein and may provide a surface
for bringing together critical signaling molecules within
the infected cell.
Conclusion
A state of persistence favours the life cycle of
HIV. Being a retrovirus, its genome is integrated into
the host genome; therefore, it makes sense for HIV
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Table. Cellular proteins interacting with Nef
Name

Region of Nef critical

Region of the cellular

for binding/function

partner critical for binding

N-myristoyl transferase

MGxxxS1

Unidentified 71,

HIV-1 protease

CAW↓LEA 55

Unidentified

71, 104

Hck

PxxPxR

SH3 domain

42, 107, 109

Lck

PxxPxR, N-terminal

SH3 domain

104, 128, 129

Fyn

PxxPxR

SH3 domain

104, 128, 129

Lyn

PxxPxR

SH3 domain

104, 128, 129

Vav

PxxPxR

SH3 domain

104, 128, 129

Src

PxxPxR

SH3 domain

104, 128, 129

PxxPxR, MGxxxS, RR105,

Unidentified

111, 113, 124

Protein modification:
72

Signalling:
Src family tyrosine kinases 42,71,104,128,129

Others
PAK1/2 (NAK)

Leu 112, FPD 121
MAPK (Erk1)

PxxPxR

SH3 domain

104, 128, 129

c-Raf1 kinase

DDPxxE 174

Unidentified

114

PI3K

N- and C-terminal of Nef

p85 subunit

42, 124

TcRζ

PxxPxR

Unidentified

42, 125

p53

N-terminal 1-57

Unidentified

121

Ask1

Unidentified

Unidentified

121

MGxxxS1, WL57, L110, FPD121

Cytoplasmic tail

Cell surface receptors:
CD4

39-71

D/ExxxLL165, EE154, DD174
73-75

CD28

MGxxxS1,

Unidentified

MHCI

MGxxxS1, M20, EEEE62, PxxPxR,

Cytoplasmic tail

71,76-93

FPD 121, EE 154
MHCII

MGxxxS1, D/ExxxLL165, EEEE62,

Unidentified

894-100

PxxPxR,
Trafficking:
PACS-1

EEEE62

Unidentified

86-88, 71

Human thioesterase (p35)

FPD121

Unidentified

70-71

β-COP

EE154

Unidentified

65, 66, 68, 71

Adaptor proteins AP-1/2/3

D/ExxxLL

µ subunit of
AP1/2/3

55, 57-59, 63, 71

β1 of AP-1

D/ExxxLL

β1 of AP1

V1H

DD174

Unidentified 60-62,

58, 59, 71
71

Fig. 3. Primary sequence and structure of the HIV-1 Nef protein. (A) The amino acid sequence of a prototype Nef protein from the HIV-1 subtype B NL4-3 isolate (Nef
NL) is shown and aligned to a subtype C Nef consensus sequence (Cons C), and sequences of full-length (Nef F2) and mutant (Nef D1, Nef C2) Nef proteins from Indian
HIV-1 subtype C isolates. Distinct functional regions of Nef are highlighted in different colors. (B) A space-fill model of the core region of Nef is shown with distinct
functional regions highlighted in different colors. View 1 shows a frontal representation of a majority of functional domains. View 2 shows a side representation
highlighting the dimerization motif. View 3 is a top-down view highlighting the surface required for MHCI downmodulation through PACS-1 and SH3 domain interactions.
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to promote the survival of infected cells. However,
continuous expression of viral proteins at high levels also
poses a risk for the infected cell to be recognized and
eliminated by virus-specific CTLs. In addition, antibodies
generated against HIV proteins, especially the surface
proteins, would target extracellular virions, further
limiting the spread of infection. The HIV counter-attack
to the host immune response is to downregulate those
host molecules that are critical for the development of
cellular and humoral immune responses.
In this strategy, the Nef protein plays a central
role by downmodulating the surface expression of
CD4, MHC I, MHC II and CD28 proteins critical for
the formation of an immune synapse. Lower surface
levels of CD28 in infected T cells ensure that these
cells cannot provide effective help following TCR
engagement. Correspondingly, in professional antigenpresenting cells such as macrophages and dendritic
cells that are the first cells to be infected by HIV,
downmodulation of surface MHC I and MHC II
ensures poor presentation of HIV peptides to TCRs
on helper or cytotoxic T cells. In addition, Nefmediated reduction in MHC I expression on the
surface of HIV-infected cells helps these cells escape
from virus-specific CTLs. The overall effect of this
strategy is to reduce T cell help for generating
effective virus-specific antibody and cytotoxic
responses, as well as reduce the engagement of
infected cells and virus-specific CTLs. The Nef
protein also promotes the survival of infected cells
by inhibiting “outside-in” as well as “inside-in” death
signals; in the latter case, p53-independent as well as
dependent pathways are invoked.
Besides an active role in promoting viral
persistence, Nef initiates a transcriptional programme
in T cells similar to that seen in TCR-activated T cells.
This has an overall effect of enhancing viral replication
and virion infectivity. The Nef protein interacts with
a wide range of cellular proteins, many known to
perform critical functions in signaling pathways.
Structure-function studies on the Nef protein have
identified a number of motifs involved in proteinprotein interactions and favour a model wherein Nef
acts as an adaptor to accumulate signaling complexes
in the infected cell. The downstream effects of these
signaling pathways position Nef as a critical “positive
factor” in HIV pathogenesis.
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The phylogenic analysis of the nucleotide sequences of the env gene has enabled classification
of HIV-1 into three groups. The group M of HIV-1 infection has been classified into 9 different
genetic subtypes A-K, with E and I being classified as circulating recombinants forms (CRFs).
The groups O and N are less frequently encountered in human infections. Presently group M of
HIV-1 globally causes 99.6 per cent of all human infections. The epidemiological trends suggest
that subtype C strains would dominate the HIV pandemic in the coming years. The geographic
spread of subtype C strains is also very diverse with prevalence in Africa, Latin America and
Asia. Data from India show a high prevalence of subtype C. In north and western India, 78.4 and
96 per cent of HIV-1 strains respecetively were shown to be subtype C. Among female sex
workers in Kolkata 95 per cent of the HIV-1 strains were subtype C. The south Indian subtype
data are very similar to the data from the rest of India. The HIV-2 groups (subtypes) recognized
are A-H. Unlike HIV-1, HIV-2 strains are predominantly found in Africa. The Indian HIV-2
strains identified till date are subtype A. This is also the predominant strain circulating in
western African countries. This group (subtype) is estimated to cause 0.11 per cent of all HIV
infections in humans.
Key words HIV-1 - HIV-2 - sequence diversity - subtypes

and is significantly prevalent in those regions, Portugal
and India with rare cases reported from western
countries, Korea and Philippines4-10.

The acquired immunodeficiency syndrome (AIDS)
continues to spread unchecked since its first
documentation in 1981. Two decades later, nearly 50
million individuals are living with HIV/AIDS world
wide, according to figures released by the Joint United
Nations Program on HIV/AIDS (UNAIDS) and the
World Health Organization (WHO)1. There are two
types of human immunodeficiency virus (HIV)
responsible for this infection/disease. A major
proportion of the infection worldwide is caused by
the HIV-1 virus, which was identified in 19832,3. The
type 2 (HIV-2) virus was first detected in West Africa

Since, the commencement of the AIDS epidemic
two decades ago, HIV-1 has evolved, differing from
one geographical location to another11. This variability
at the genomic level can be attributed to high
mismatch error rate of the HIV reverse transcriptase
(RT) enzyme coupled with the absence of proof
reading capacity, diploid genome, the rapid turnover
of the virus in vivo, viral fitness, immune response or

*Present address: Enteric, Respiratory and Neurological Virus Laboratory, Health Protection Agency, Colindale,
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therapeutic selection pressures and recombination
events that are taking place during replication. It has
been reported that HIV-1 RT has an average error
rate of 1/1700 per detectable nucleotide
incorporation 11-16 . Further, certain regions of the
genome are mutational hotspots with an error rate as
high as 1 per 70 nucleotides12. As a result when the
nucleotide sequence of HIV-1 is analyzed, a great deal
of heterogeneity is observed. The most notable
manifestation of HIV-1 genetic diversity is the
phylogenetic clustering of viral isolates worldwide
referred to as clades or subtypes based on the 20-50
per cent differences in envelope (env) nucleotide
sequences. The inherent diversity of HIV-1 is
compounded by three separate introduction of the virus
from chimpanzees to humans17,18. Due to this reasons,
there are now three groups of HIV-1: M (Major/Main),
N (Non-M, Non-O/New) and O (Outlier). The env
proteins of group M and O can show a variation as
much as 30-50 per cent. The N subtype appears to be
phylogenetically equidistant from M and O11.
The M group is the most prevalent among the three
groups. It now has nine subtypes (A-D, F-H, J, K),
all of which have originated from Central Africa. The
amino acid distances in the env gene between the
subtypes in the major group have reached 25-35 per
cent, while in the gag gene it is about 15 per cent18.19.
Within subtypes A and F, there are separate subclusters that are related closely to each other than to
other subtypes. They are designated A1, A2 and F1,
F2 respectively18. Within subtypes B, C and G there
are geographically localized sub-clusters that share a
common ancestry as suggested in phylogenetic trees:
subtype B from Thailand20, subtype C from India21
and Ethiopia22, and subtype G from Spain and Portugal
(Table I) 18.23.
Majority of the HIV-1 strains analyzed till date
are subtyped. However, there are a few HIV-1 strains
with genomes having regions represented from
different subtypes (recombinants) seen in geographic
areas where more than one type is circulating. This
recombinant status is reinforced by the finding that
irrespective of the regions of their genome analyzed
they fail the criteria of a single designated subtype.
These ‘hybrid strains’ are the products of recombinant
events taking place in the virus. If two different

subtypes of HIV-1 infect a single cell, following
replication the result can be a mosaic genome
comprising regions from each of the two subtypes.
This is due to the “template switching” ability of the
reverse transcriptase enzyme. Two types of
recombinant forms have been identified - circulating
recombinant forms (CRF) and the unique recombinant
forms (URF)18.
If the recombinant is identified in at least three
epidemiologically unlinked individuals characterized
by full-length genome sequencing, they are designated
CRFs. Three near full-length genomic sequences are
preferred, but two complete genomes in conjunction
with partial sequences of a third strain are sufficient
(for CRF, the partial sequences must also confirm
the CRFs mosaic structure) 24. There are currently
16 recognized CRFs 25 . Most of the CRFs are
described from Africa, though 5 have originated
outside of Africa18. The formerly designated subtypes
E and I are now reclassified as CRFs26. In addition
to CRF, several HIV-1 strains with unique mosaic
structures have been reported in epidemiologically
linked persons. These forms known as unique
recombinant forms (URF) have not show any
evidence of epidemic spread and are thought to arise
due to secondary recombination of a CRF18. Currently
there are about 30 of them27.
Though the sequence diversity within HIV-1 group
O is nearly as great as within group M, clades are not
clearly differentiated phylogenitically. Hence,
subtypes within the HIV-1 O group are not yet defined.
Since not many group N strains have been sequenced,
no subtype has been determined till date.
Because of the high degree of divergence, the
homologous recombination between group M and O
viruses were not expected. Contrary to this, there
are recent reports of the intergroup recombinants
reported from Cameroon 24,28.
Like HIV-1, phylogenetic clusters have also been
described for HIV-2. Phylogenetic analyses have
shown high degree of closeness between HIV-2 and
simian immunodeficiency virus isolated from sooty
mangabeys (SIVsm)29-31. All the different subtypes
described are considered to have arisen by
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independent cross-species transmission from sooty
mangabey to human transmission events and belong
to different lineages 17. Hence these subtypes are
analogous to the groups described for HIV-1 17 .
Currently there are 8 subtypes (groups) identified and
designated as A to H32-35. Among these 8 groups, A
and B are circulating in the human population and
C-H represent only few unique infections. Hence,
there is a proposal to call A and B as groups and C-H
as putative-groups35.
The present drive in the area of HIV prevention
includes the attempts at vaccine development. The
most cost effective control measures would be social
intervention to prevent transmission and a
prophylactic vaccine. The development of a
therapeutic vaccine will have a modest impact if it
achieves increased longevity of infected individiuals
with reduced viral loads in infected individuals
reducing the risk of such individuals as transmitters.
There are certain issues confronting HIV vaccine
development drive. These include: agreement on
measure of vaccine elicited protective responses,
impact of subtype variations and emergence of
recombinants. More evidence for cross-clade
cytotoxic lymphocytic responses is to be obtained as
this has implications for attempts at custom designed
region specific vaccines.
Significance of genotype determination
Impact on biological properties: The possibility that
HIV subtype may influence viral transmissibility and
pathogenicity has been suggested. However, results
of various studies have shown it extremely difficult
to find consistent associations between HIV-1
subtypes and correlates of transmission and
pathogenesis. Also, it seems unlikely that a single
characteristic such as subtype can account for
significant differences in transmission and disease
progression.
Data available from a study done in South Africa36
shows subtype B to be associated with male
homosexual transmission and subtype C with
heterosexual transmission.
In the context of disease progression subtypes A
and G have been associated with longer AIDS-free
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survival period37. There are some striking differences
in the pathogenesis of HIV-1 between areas where
B subtype and non-B subtypes are prevalent. In
contrast to areas where subtype B is prevalent, rapid
progression to AIDS is seen in areas where non-B
subtypes are predominant 15,38,39. However, Kaleebu
et al40 has shown the lack of association of subtypes
with disease progression in Uganda. In Uganda, an
area where HIV-1 subtypes A and D circulate, no
increase has been shown in the prevalence of one
subtype over the other for over a decade41.
Several reports have shown that viruses with
subtypes A, C or inter subtype recombinant long
terminal repeats (LTRs) are more likely to be
transmitted from mother to infant compared to viruses
with subtype D LTRs. The transmission rates was
3.2 times more for subtype A, 4.8 times more for
inter subtypes and 6.1 times more likely to be for
subtype C43.
Impact on HIV testing: It is necessary for
commercially available assays to be able to diagnose
infections of all HIV-positive individuals including
those infected with less prevalent, more diverse
subtypes. Kits for diagnosis and monitoring HIV
infections were first developed for HIV-1 clade B
and initially not optimized for use with others.
Current assays used for detection of HIV-1 antibodies
can detect all subtypes of groups M and O as also
HIV-2 44 .
The initial HIV amplification assays have
encountered problems during estimation of HIV-1
RNA for some non- B subtypes 45 . The newer
versions of these assays, which are in use today, have
been shown to reliably quantify HIV-1 RNA from
subtype A-G infections. However, variations in results
were seen during quantitation of group O. Primer
mismatch has been linked to the failure to quantify
viral load from group O infections by the AMPLICOR
HIV-1 Monitor version 1.5, which were however
detected by LCx HIV RNA Quantitative46.
Impact on antiviral resistance: A major obstacle to
the long-term efficacy of antiretroviral therapy is the
emergence of HIV-1 variants with reduced
susceptibility to antiretroviral agents 47. Genotypic
analyses of viruses of different clades have shown
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nucleotide change (silent mutations), polymorphisms
and secondary mutations within reverse transcriptase
and protease regions implicated in the emergence of
resistance to nucleoside reverse transcriptase
inhibitors (NRTIs), non- nucleoside reverse
transcriptase inhibitors (NNRTIs) and protease
inhibitors (PIs) used in HIV-1 treatment. In treatmentnaïve patients, many of these changes are not
predicted to confer resistance to drugs among the
different clades. They may however facilitate the
development of resistance11. It is believed that some
of these pre-existing genetic polymorphisms may
accelerate the emergence of a few NNRTI resistance
mutations in certain HIV-1 non-B subtypes11.
In the absence of any drug exposure, protease
sequences from B and non-B HIV-1 are polymorphic
among 30 per cent of the protease gene coded amino
acids48. Some of these amino acid substitutions may
occur at high rates in non-subtype B viruses at
positions associated with drug resistance in subtype B.
Unlike HIV-1 group M, HIV-1 group O and HIV-2
are inherently resistant to NNRTI because of a base
substitution in the RT gene49,50.
Methodologies for genotype determination
There are a number of methods, to understand the
genetic heterogeneity of HIV-1 subtypes, the
reference method being sequencing and phylogenetic
analysis. This method not only determines the subtype
but also examines the relationship between a set of
sequences18. However, there are other methods that
are economically feasible and more accessible in the
developing world.
Heteroduplex mobility assay (HMA) makes use
of the difference in electrophoretic mobility of a
heteroduplex formed between the amplified PCR
product of a sample and a reference strain to identify
genotypes 51 . HMA can employ different target
sequences with the gag and the env region (gp120)
being the preferred region. The env gp41 based HMA
is considered to be an useful tool to monitor subtypes
in countries with divergent strains of HIV-1. It
circumvents problems arising due to variation in
sequences as it targets a relatively conserved region52.

Hyendrickx et al53 have used a combination of gag/
env primers to detect recombinant strains of HIV-1
group M isolates.
Another well described and simple laboratory
method for the differentiation of HIV-1 subtypes is
the V3 serological sub-typing 54-56. This method is
based on the binding of antibody to peptides from the
V3 loop of the envelope from different subtypes57.
Genotyping and serotyping have shown a good
correlation in areas where a single subtype
circulates58. Serotyping with the V3 peptide depends
on an immune response to an antigen coded by a very
small antigenic domain and thus a single amino acid
substitution can affect serotyping. By contrast,
genotypic methods are based on the analysis of a
much larger domain and are hence more specific.
Though simple, it is however not very practical in
areas where multiple subtypes co-circulate. Further,
it is not reliable in differentiating subtype C and A59.
The V3 serological sub-typing results with HIV-2 are
of limited value, as these are inconsistent with the
genotyping result, especially since V3-A and V3-D
peptides, display poor discrimination. This also
reaffirmed the high level similarity between the V3
sequences of different HIV-2 subtypes60. The V3 loop
of the HIV-2 appears to be highly conserved whereas
the V2 region appears to be a highly variable region5.
Both heteroduplex mobility assay and serotyping
are useful techniques in areas where a single subtype
predominates. In areas where multiple subtypes cocirculate, more than one genomic region will need to
be analyzed to rule out recombination. In such
circumstances the best technique is the sequencing
of whole genome. This technique is however labourintensive, time consuming and expensive.
Global scenario
HIV-1: All groups of HIV-1 are found in Africa.
While group M is prevalent all over the continent,
groups N and O are geographically restricted to
Central Africa15,61-63. Subtypes A and D are prevalent
in East Africa, subtype A in West Africa, and subtype
C in south Africa. In West and Central Africa, the
most prevalent genetic form is however a
recombinant virus CRF02_AG 18. Subtype B is the
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Table I. Geographic distribution of HIV-1 groups and non-recombinant subtypes
Groups

Non- recombinant subtypes

Geographic/country distribution

M

A

East Africa, West Africa and Central Africa
Eastern Europe and Central Asia

B

North America, South America, East Africa, Central Africa,
North Africa/ Middle East, Europe, Australia, New Zealand,
Japan, China, Korea, Philippines and Malay Peninsula

C

India, Brazil, South Africa, East Africa, Nepal and China

D

East Africa, Central Africa, West Africa, Eastern
Europe and Central Asia

F

Central Africa, West Africa, Latin America, Caribbean
and North America

G

West Africa, Central Africa, North Africa, Middle East,
Eastern Europe, Taiwan and Korea

H

Central Africa, Eastern Europe and Central Asia

J

Central Africa, West Africa

K

Cameroon, DR Congo

O

Nil

West Africa (Cameroon, Gabon, Niger, Nigeria, Senegal,
and Togo), France and Norway

N

Nil

Cameroon

Source: References 19,27

most prevalent form in western and central Europe,
the Americas and Australia. Subtype C is most
prevalent in the Indian subcontinent and recombinants
CRF01_AE and subtype B in South East Asia 18 .
Globally subtype C is the most predominant subtype
causing 47.2 per cent of infections26. Even in areas
that were traditionally non-C in nature, it is becoming
more predominant. Subtype A and CRF02_AG was
estimated to be the second leading cause of the
pandemic (27%), followed by subtype B strains
(12.3%)26. To date, 16 CRFs of HIV subtypes have
been identified from different parts of the globe25
(Table II) and are spreading sub-epidemics in areas
where these strains have emerged.
Apart from these CRFs, unique recombinants have
also been described. Many AC and AD recombinants
are reported from Eastern African countries like
Tanzania, Zambia, Uganda and Kenya, where subtype

A, C and D circulate27,64. The AC recombinant was
also reported from India, where subtype C and A cocirculate, though C is predominant65. The other URFs
reported are the B’01, a recombination of subtype B
and CRF01_AE from Thailand, USA and Myanmar
and recombinant B’C from Myanmar.
HIV-2: Unlike HIV-1, HIV-2 does not show any
difference in geographical distribution as all subtypes/
groups are found in West Africa. The two most
prevalent HIV-2 subtypes are A and B. Majority
of the HIV-2 characterized till date appears to be
group A reported from West African countries66-68.
Group B viruses seem to be more geographically
limited (Fig. 1). It has been reported from Abidjan,
Ivory Coast, France and Portugal 5,7,69,70. Groups C,
D, E and F are designated based on the analysis of
partial sequences of viral genomes. Groups C and
D were identified from Liberia and groups E and F
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Table II. The overview on currently existing circulating recombinant forms (CRF) of HIV-1
Name

Reference strain

Subtypes

CRF01_AE

CM240

A, E

CRF02_AG

IbNG

A, G

Country / Region
Mekong region and the Malay peninsula,
Central Africa, USA
West and Central Africa

CRF03_AB

Kal153

A, B

Russia, Ukraine

CRF04_cpx

94CY032

A, G, H, K, Unclassified

Cyprus and Greece

CRF05_DF

VI1310

D, F

Belgian, DR Congo

CRF06_cpx

BFP90

A, G, J, K

Burkina Faso, Mali

CRF07_BC

CN54

B’, C

China

CRF08_BC

GX-6F

B’, C

Southern China

CRF09_cpx

96GH2911

Not published yet

West Africa, USA

CRF10_CD

TZBF061

C, D

Tanzania

CRF11_cpx

GR17

A,
CRF01_AE,
G, J

Cameroon, Central African Republic,
Gabon, DR Congo

CRF12_BF

ARMA159

B, F

Argentina, Uruguay

CRF13_cpx

96CM-1849

A,
CRF01_AE,
G, J,
Unclassified

Cameroon

Western Europe

CRF14_BG

X397

B, G

CRF15_01B

99TH.MU2079

CRF01_AE, B

Thailand

CRF16_A2D

KISII5009

A2, D

Kenya, South Korea and Argentina

Adapted and modified from HIV Sequence Database (http://www.hiv-web.lanl.gov/content/hiv-db/
CRFs /CRFs.html)25

were reported from Sierra Leone 30,32. Group G is
represented by the phylogenetic analysis of fullstrength genomic sequences of a strain collected
from an asymptomatic blood donor from Ivory
Coast 34 .
The latest group, H was identified from a male
patient originating from Ivory Coast 35.
Indian scenario
India has about 4.6 million people living with
HIV next only to South Africa. The national HIV
prevalence is between 0.4 and 1.3 per cent 71.
HIV-1: The data from three centres in India show a
high prevalence of subtype C. In north India 78.4 per
cent of the strains were subtype C. The strain analysis
also found 68 per cent of the circulating subtype to

be C372. Another HIV-1 subtype study carried out in
western India demonstrated 96 per cent of the tested
samples to be subtype C with majority (66%) of them
being C373. A study undertaken among female sex
workers in Kolkata showed 95 per cent of strains to
be subtype C74. Among these subtype C strains, 68
per cent showed maximum homology to the C3-Indian
reference strain (NIH, HMA panel). A study from
south India also showed very similar findings to that
observed in the north, west and eastern parts of
India75. Ninety five percent of the 83 strains analyzed
showed homology with subtype C. Among the subtype
C strains that were further characterized, 90.38 per
cent had maximum homology with subtype C3.
Subtype A was detected in 3.7 per cent of the
individuals tested (Fig. 2) 75 . The other subtypes
reported in small proportion are subtypes A, B and a
report of unique recombinant variant AC65,75,76.

Fig.1. Global geographic distribution of HIV-2 subtypes/groups.
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Fig.2. Genomic diversity of HIV-1 in four different regions of India.

As the disease progresses to AIDS, compared to
the HIV-1 subtype B, lower frequency of shift from
non-syncytium inducing strains (NSI) to syncytium
inducing strains (SI) is observed in subtype C infected
individuals38. One of the reasons for this lack of shift
to SI from NSI may be the increased level of
expression of CCR5 in CD4+ T cells or the presence
of increased number of CD4 T cells expressing
CCR5. Compared to the West, a higher proportion
of CD4+ T cells express CCR5 among the Indian
healthy controls and HIV infected individuals42. This
possibly gives the R5 HIV strain a replication
advantage over X4 HIV strains.

HIV-2: Grez et al77 documented a decade earlier that
the HIV-2 strains circulating in India were subtype
A strains. This was based on characterizing five strains
on sequencing, V1-V4 region of the envelope. The
percentage divergence of sequences in HIV-2 strains
from south India is minimal when compared with the
sequence from west India. It indicates that during
the period of 10 yr, HIV-2 strains circulating in India
have not undergone any significant divergence in the
envelope V3 region. The HIV-2 subtype A
predominant in western African countries is the one
mainly found to be circulating in the Indian
subcontinent as well. Subtype A of HIV-2 is seen

KANDATHIL et al : MOLECULAR EPIDEMIOLOGY OF HIV

341

both in monotypic and dual infections with HIV-178.
In this study78, the mean pair-wise genetic distances
among the south Indian strains were 7.8 per cent
(range 4.3-13.1%). This was similar to the distance
among the five strains isolated from western India in
1991 (mean 7.7%, range 5.6-10.5%). The mean
distances of the south Indian strains from the western
Indian subtype A strains were only 8.8 per cent (range
4.5-15.5%) for the V3 region. However, this was
12.9% (mean 5.9-19.4%) with reference to nonIndian subtype A strains. The polygenetic tree
analysis also showed subtype A and non A strains
clustered as two separate groups. Among the subtype
A strains all the Indian strains were clustered together
in the tree.

Africa. The Indian HIV-2 strains are identified as
subtype A. This is also the predominant strain
circulating in western African countries.

Bhanja et al 79 reported a HIV-2 strain, which
exhibited a mean genetic variation of 13.5 per cent
from the other four reference strains of HIV-2 from
India. Phylogenetic analysis of this strain has revealed
a close relatedness to the HIV-2 Rod sequence
isolated in offshore Senegal.
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The standard methods to monitor HIV infection are flow cytometry-based for CD4+ T lymphocyte
count and molecular assays to quantify plasma viral load of HIV. Few laboratories in resourcelimited countries can run these tests as a majority of the HIV infected individuals are poor. A
number of currently available low-cost assays which require less expensive equipment and
reagents, may be well-suited to such countries. These include manual and ELISA based CD4 cell
assays, and ultrasensitive reverse transcriptase quantitation (Cavidi) and p24 (ELAST) assays
to monitor virus load. But better internal quality assurance and quality control (QA/QC)
programmes are essential. This review discusses the low-cost assays and their role in clinical
monitoring of HIV infected individuals in resource-limited countries like as India.
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counts(TLC), CD4+ T lymphocyte counts (CD4+ T
cell), HIV plasma viral load (PVL), and other
surrogate markers, such as β2-microglobulin levels8.
Ideally, a surrogate marker should be biologically
plausible, predictive of disease progression and
measurable by standardized assays. Historically, a
number of candidate markers have been explored for
monitoring the course of HIV infection and response
to treatment. While the level of absolute numbers of
peripheral CD4+ T cells and the PVL have eventually
become the reference markers in clinical practice for
monitoring HIV infected subjects, several additional
parameters are still being evaluated. These indicators
are used to determine disease stage and progression,
assist in decisions regarding when to start or change
antiretroviral therapy, and assess treatment responses9.
In addition, access to HIV genotypic or phenotypic

The cost of ART (antiretroviral therapy) has
reduced dramatically due to the production by generic
manufactures and this has led to the increased usage
of highly active antiretroviral therapy (HAART) in
developing countries1-5. But the cost of monitoring is
prohibitively high. As antiretroviral therapy is
becoming more affordable and accessible, inexpensive
laboratory tests are also needed to monitor the
progression of disease in HIV infected individuals,
living in resource-limited environments most heavily
impacted by the epidemic6.
Though clinical assessment remains the most
essential basis for monitoring HIV infection, it lacks
sensitivity in determining both disease stage and
progression and, is thus used in conjunction with
laboratory measures7. These include total lymphocyte
345
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analysis is increasingly available and used to guide
the choice of antiretroviral treatment. The recent
reduction in cost and thus availability of generic
antiretroviral drugs within many resource-limited
countries has focused attention on the lack of
infrastructure for effective monitoring of HIV infection
in these countries. It is unlikely that the cost of
laboratory assays to monitor HIV infection will be
swayed to the same extent by similar pressure brought
to bear on manufacturers of antiretroviral drugs.
The reference standard for CD4+ T cell testing is
flow cytometric enumeration of T cell subsets. For
PVL, a number of molecularly based assays that use
reverse transcriptase-polymerase chain reaction (RTPCR), branched DNA (b-DNA), and nucleic acid
sequence based amplification (NASBA) technology
are approved in many countries. Such reference
assays are expensive, require sophisticated equipment
as well as trained personnel, and are not widely
available in resource-limited countries. Geographic
difficulties, such as lack of ready access to technical
support and quality control and quality assurance (QA/
QC) programmes, also limit their potential use in such
settings.
Over the past decade, low-cost, less technically
demanding assays, that quantify CD4+ T cell and PVL
have been developed and assessed but have not
become generally established in resource-poor settings
due to several reasons (Tables I, II). There is now a
resurgence of interest in implementing these tests in
regions in which flow cytometric and molecular
facilities are not affordable or practical. The possibility
of extending potent antiretroviral therapies to
developing countries has raised the need of simple,
reliable and cost-effective tests to measure prognostic
markers for disease evolution and assessment of
therapy efficacy. This review summarizes the
benefits and limits of reference and candidate
surrogate markers and their integration for optimal
antiretroviral therapy.
The reference standard and low-cost monitoring
of CD4+ T-lymphocyte
CD4+ T cell monitoring in conjunction with clinical
status will be of benefit in terms of assessing

prognosis, guiding the treatment, and subsequently
monitoring the response. Also, CD4+ T cell count
allows timely institution of primary prophylaxis
against specific opportunistic pathogens and an
associated reduction in hospital admissions, with use
of affordable drugs such as trimethoprimsulphamethoxazole 10,11 . The precise CD4+ T cell
count at which the risk of specific opportunistic
infections justifies prophylaxis has been well
established in the United States and Europe 12. At
the population level, CD4+ T cell monitoring is
necessary for regional studies of the natural history
of HIV infection and assessing interactions of HIV
with locally prevalent infectious diseases.
The reference standard for CD4+ T lymphocyte
count: Multiparameter flow cytometric quantification
of CD4+ T cells with microprocessor -assisted
analysis is the reference standard. A wide range of
instruments is available commercially from different
companies, including Becton Dickinson, Coulter
Corporation and Partec as well as newer instruments
such as FlowCare (PointCare Technologies). The
high initial cost of equipment and problems associated
with equipment routine preventive maintenance, lack
of technical support, and lack of access to QA/QC
programmes have prevented widespread use of flow
cytometric monitoring of CD4+ T cell counts in
resource-limited countries. The cost of reagents to
perform full lymphocyte subset multiplatform
analysis, in which CD45+ T cells are identified by
staining with 8 monoclonal antibodies(MAbs) by
means of 3-colour fluorescence to identify CD3+/
CD4+ and CD3+/CD8+ T cells, is also prohibitive in
many countries. However, new approaches include
primary gating, in which CD4+ T cells are defined
by an autogate in a single histogram of CD4+ T cell
fluorescence intensity versus light scatter by use of
a single-platform volumetric flow cytometer. This is
considered relatively economical compared with use
of the full test panel of MAbs 13. Among the Flow
cytometers available, the FACSCount (Becton
Dickinson) instrument is a simpler, relatively less
expensive and automated for clinical laboratories that
quantifies CD4+/CD8+ T cell counts by
simultaneous fluorescent MAb staining of CD3, CD4,
and CD8 surface molecules by use of different
fluorochromes attached to each MAb.
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Table I. Standard and low-cost assays to enumerate CD4+ T cells
Assay

Key features

Advantages

Disadvantages

FACSCount (Becton
Dickinson): 2 color
Flow cytometer *

Dedicated (single bead
platform) flow cytometry
instrument for CD4, CD8

Fully automated, no red
cell lysis, no flow
cytometric experience

No CD4 % , closed
system, specific reagents,
long processing time, require

and CD3 absolute counts
and CD4/CD8 ratio

required

accurate reverse pipetting skill,
high cost per test

Manual CD4 kit,

Latex bead-based kit

Absolute CD4 result,

No CD4 % value, low

Cytosphere assay
(Beckman Coulter)

for light microscope,

simple, low cost microscope,
pipette and haemocytometer,
can be performed at
remote sites

throughput, high cost
per test, labour intensive.
The samples should be
processed within 6 h

Manual count of
rosetted cells
Dynabeads CD4/CD8
kit (Dynal, Biotech)

Cost/test in INR
(Approximate)

Kit based

Absolute CD4 result,
No CD4 % value, low
simple, low-cost microscope, throughput, high cost
Magnetic bead cell isolation, pipette, can be performed
per test, labour intensive,
requires fluorescent
microscopy or ordinary
microscope

at remote sites

1200.00

600.00

700.00

long process time, specific
magnet and mixer required
from the company. The
samples should be processed
within 24 h

Capcellia (BioRad)

ELISA based using CD2
magnetic bead isolation,

CD4/CD8 absolute from
standard curve calculation,

Labour intensive, requires
microplate reader, magnet,

color reaction detection for
CD4/CD8

40 tests/ELISA plate, 15
samples/h

multichannel pipette, calculation
based on standard curve with
controls, Batch analysis required.
The samples should be processed

400.00

within 6 h
Easy CD4/CD8
(Guava Technologies)

Partec CyFlow

Micro-capillary flow
cytometry (single platform
volumetric), absolute

Additional applications,
require small volume of
blood, minimal waste

No CD4%, daily bead
calibration, computer literacy,
requires red cell lysis and

CD4/CD3 and/or
CD8/CD3,

disposal, require minimal
training for the operator.
Allows 48 h samples

specific antibody reagents,
~20 samples/day

Dedicated (single
volumetric platform)
flow cytometer. Absolute
CD4/CD8 depends on

No lyse system, no beads,
15 min turnaround, can
give percentage CD4

Volumetric counting
stability is questionable.
no independent validation
of performance, computer

choice of reagent
*Standard assay

software literacy

300.00

200.00
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Table II. Standard and low-cost assays to quantify HIV

Assay

Key features

Parameters
measured

Advantages

Disadvantages

Cost/test in INR
(Approximate)

Roche Amplicor
(version 1.5)*

Cut-off 50 copies/
ml with standard
assay and 400 copies/
ml with ultrasensitive
assay. Semi-automated
(manual) or automated
(COBAS)

HIV RNA
by RT-PCR

• Can be used for other
diseases such as HBV,
HCV and CMV.
• Can be used for
all clades
• High throughput

• Requires PCR set-up.
• COBAS for automated
and PCR thermocycler
for Manual.
• Contamination risk
• Skill.
• Higher cost.
• Infrastructure
• Need good technical
support

Perkin Elmer
Ultrasensitive
p24

Clinical cut-off
around 30,000
copies/ml

HIV P24
antigen

• Equipment can be
shared (ELISA:reader/
washer)
• Uses same consumables
as ELISA testing
• Easy training
• 1 day turn around time
• Easy to perform assay
• High throughput

• May not be effective
for all clades
• Batch analysis alone
reduce substantial cost

700.00

Cavidi ExaVir

Cut-off
approximately
5,000 copies/ml.

HIV reverse
transcriptase
activity

• Easy training
• Can be used for
all clades?
• Easy to perform
assay

• 32°C dedicated
incubator needed
• performance time
about 3 days
• Batch analysis alone
reduce substantial cost
• Needs more evaluation
• Positive and negative
control not supplied

900.00

4000.00

*Standard assay

Total lymphocyte count as a surrogate marker for
absolute CD4+ T cell count: In April 2002, World
Health Organization (WHO) released provisional
guidelines for implementation and scaling up of
antiretroviral treatment in resource-limited settings14.
Recognizing the urgent need for ART in developing
countries, where sophisticated and expensive
laboratory monitoring is not widely available, WHO
is advocating the use of simple and inexpensive
laboratory measures in determining response to
treatment. The total leucocyte count (TLC) is
available to most clinics worldwide at very little cost
and it requires just the leucocyte count plus the
differential i.e., the total leucocyte count is multiplied
by the percentage of lymphocytes to obtain the TLC.
Where CD4 count is unavailable, TLC use has already

been recommended for the timing of opportunistic
infection prophylaxis in Latin America, Africa, and
Asia15-18. For example, in a cohort of HIV-positive
south Indians, a TLC <1400 cells/µl is a good predictor
of CD4+ T count <200 cells/µl and thus, an
appropriate surrogate marker for initiating cotrimoxazole prophylaxis in resource-limited settings17.
In an analysis of patients initiating a triple
antiretroviral drug regimen, change in TLC had a
direct positive association with change in CD4+ T
cell count and an indirect association with change in
PVL18. Another study suggests that either the TLC
alone or in combination with the change in
haemoglobin19 may serve as adequate tools to monitor
antiretroviral treatment response. However, though
there is a positive correlation between CD4+ T cell
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and TLC, the latter is not sufficiently useful to predict
CD4 cell counts in many settings. In a study of 2777
HIV-seropositive persons in South Africa20, the overall
correlation between CD4 cell and total lymphocyte
count was only modest (R=0.70). This is supported by
a prospective study in the United Kingdom21, in which
the correlation between 1535 paired absolute
lymphocyte and CD4 cell counts was 0.64 for persons
with asymptomatic HIV infection, and a study of 32
Nigerian adults22 with HIV infection who commenced
treatment with antiretroviral drugs, in which there was
only a very weak correlation between total lymphocyte
and CD4 cell count (R=0.25). These studies indicate
that TLC is an imperfect predictor of CD4 cell count.
Therefore, the larger longitudinal studies involving
long term cohort follow up may answer the question.
Low-cost alternative assays for CD4+ T cell
count: Non-cytofluorographic methods are largely of
the ELISA format (Capcellia CD4/CD8 Whole Blood
Assay;BioRad and TRAx CD4 Test Kit assays;T Cell
Diagnostics, which is currently unavailable), or manual
methods, using magnetic beads (Dynabeads T4-T8
System; Dynal Biotech ASA) or cytospheres (Coulter
Manual CD4 Count kit). The assays with modified
flow cytometry technologies are EasyCD4/CD8
(Guava Technologies) and CyFlow (Partec).
Extensive evaluation studies have been carried out in
different countries on the efficiency of the each assay
in providing accurate and reproducible results.
The Capcellia CD4/CD8 whole blood assay is an
ELISA that uses MAb-coated paramagnetic
microparticles to identify T cells (by use of anti CD2
MAb) followed by anti-CD4 (or anti-CD8) MAbperoxidase conjugate. The sample should be collected
in EDTA anticoagulant and processed within 6 h. The
assay is in a 96-well format, and up to 43 samples can
be assayed in a single run per kit (plus standards). A
magnetic frame, plate reader, manual washing manifold,
and pipettes (including a multichannel pipette) are used
for the assay. The Capcellia assay provides an absolute
CD4+ T cell count calculated from a 4-point standard
curve. This measurement of CD4+ T cells has been
found to correlate well with flow cytometry in
European laboratories (R=0.81) 23 , although its
performance was lower in West Africa in an evaluation
of HIV infected and uninfected persons (R=0.61)24.
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The studies from India also reveal the significant
correlation with the standard methods25,26.
The Dynabeads T4-T8 system uses “dynabeads”,
which are magnetic particles coated with antibodies
to CD4 or CD8 molecules. The sample should be
collected in EDTA or acid-citrate-dextrose
anticoagulant and processed within 24 h. Only 250 µl
of blood is required for the assay. Monocytes are
removed by using additional beads coated with antiCD14, thus avoiding potential confusion when counting
cells under the microscope. CD4+ T cells are isolated
by use of the magnet and lysed, and nuclei are counted
after staining with Sternheimer-Malbin staining
solution (containing crystal violet, safranin O,
ammonium oxalate, and ethanol). Alternatively, nuclei
are stained with acridine orange and counted by
fluorescence microscopy. The absolute CD4 cell count
is obtained by counting all the cells in one side of a 0.1
mm haemocytometer and dividing the number by 0.9.
Because counts must be done within 1 h after addition
of lysis reagent, the batch size needs to be limited to
<6 samples. In addition to a microscope, a
haemocytometer, a manual counter, a rotating wheel
to mix samples, and a magnet are required. Several
investigators have reported good correlation with flow
cytometry (R= 0.9)27,28. Recently the study from West
Africa has shown that the implementation of this lowcost method was easy and successful in the West
African context29.
The Coulter Manual CD4 Count kit uses
“cytospheres” (latex beads coated with anti-CD4) that
bind to CD4+ T cells to form a cell sphere rosette,
detected by light microscopy. Monocytes (which also
express CD4 on their surface) are identified by binding
to smaller spheres coated with anti-CD14. Blood
should be processed within 6 h, according to the
manufacturer’s instructions. Only 100 µl of blood,
collected in EDTA anticoagulant, is required. Very
little equipment is needed for this assay: a microscope
with a 40X objective, haemocytometer, a manual
counter, test tubes, and calibrated pipettes.
Erythrocytes are lysed, and crystal violet stained
CD4+ T cells with beads attached are identified by
counting in a haemocytometer. Cells in all squares on
both sides of a 0.1mm haemocytometer are counted
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and the number multiplied by a dilution factor of 7.3 to
obtain the absolute CD4+ T cell count. The sample is
stable for only approximately 15 min after addition of
lysis/stain reagent, which limits the batch size to
approximately 2-4 samples. Several investigators have
found a good correlation between CD4+ T cell counts
measured by the cytospheres method and flow
cytometry (R > 0.91)30-32. The recent study from our
laboratory has shown excellent correlation with the
standard assay33. The correlation coefficient of the
cytosphere assay compared with that of flow
cytometry for CD4+ T cells was 0.97 (P< 0.0001),
with a confidence interval (CI) of 0.95 to 0.98. The
sensitivity, specificity, positive predictive value, and
negative predictive value of the cytosphere assay in
enumerating absolute CD4+ T cell counts of less than
200/µl were 94.9, 96.4, 92.5 and 97.6 per cent,
respectively. Overall this manual assay yielded CD4+
T cell counts greater than flow cytometry by a mean
of 10 cells/ml (95% CI, -152 to 132 cells/ml); as
assessed by Bland-Altman analysis. However, another
study27, which analyzed only 10 samples, has found
poor correlation with flow cytometry (R=0.45) and the
poor correlation could be due to sample bias. In
general, this is a simple inexpensive method and does
not require special equipment.
CyFlow is a portable flow cytometry system. The
machine is less expensive and more robust than
conventional FACS systems, uses less expensive
reagents, and is able to produce an absolute CD4+ T
cell count without additional instrumentation. A mobile
CD4+ T cell counting laboratory can be established
for the field level use. CyFlow is able to produce an
absolute CD4+ T-cell count using two monoclonal
reagents. Investigators from Cambodia, Thailand,
Malawi, Negeria and Rwanda have evaluated the
precision of the CyFlow system and observed good
correlation with the standard assay34.
Guava EasyCD4/CD8 assay is a micro-capillary
flow cytometry technology based system. The reagent
kit contains three direct immunofluorescence reagents
for enumeration of mature CD4+ and CD8+ T cells.
The kit consists of a murine monoclonal anti-human
CD3 antibody conjugated to the tandem dye
phycoerythrin (PE)-Cy5 (PECy5), a murine
monoclonal anti-human CD4 antibody conjugated to

PE and a murine monoclonal anti-human CD8
antibody conjugated to PE. The CD3 antibody
uniquely identifies T cells and recognizes an epitope
expressed on the epsilon chain of the CD3/T cell
antigen receptor (TcR) complex. This assay provides
a method for enumeration of CD4+ and CD8+ T cells.
Whole blood is stained with the antibodies from the
EasyCD4/CD8 Reagent Kit, which bind to antigens
on surface of lymphocytes; then erythrocytes are
removed by lysis by treating with Lysing Reagent to
lyse and finally analyzed on the Guava PCA
instrument to obtain the absolute CD4+ and CD8+ T
cell counts. This assay requires EDTA blood and
the sample should be processed within 48 h of
collection for optimal results. Our study (unpublished)
has shown that it is easy to perform, generate reliable
results (correlation coefficient 0.99) and the
technicians needs substantially less training than the
standard flow cytometry. This assay requires microvolume of specimen and generates very minimal
biowaste. Also the studies from America and South
Africa have shown the good correlation35,36.
Flow cytometry versus low-cost assays to
enumerate CD4+T cell count: There are advantages
and disadvantages of each system (Table I). Flow
cytometry is considered the reference standard.
However, disadvantages include the fact that, it is
expensive in terms of initial cost of equipment and
requires a haematologic analyzer to provide the
absolute CD4+ T cell count. The use of the equipment
is technically complicated, and highly trained personnel
are generally needed to run these instruments. There
are reports that lysis of RBCs during flow cytometric
analysis may be problematic 37; resistance to lysis
(possibly associated with elevated levels of nucleated
erythrocytes in blood) has been reported in African
patients28. Further, lysis may result in cell loss (up to
20%), with significant donor and lysing solution
variability38. The advantages of flow cytometry include
provision of percentage and absolute CD4+ T cell
count. Whereas most clinicians generally use the
absolute CD4+ T cell count in the clinic, the CD4+ T
cell percentage is very useful as a built-in control to
determine whether the CD4+ T cell count is changing
or stable, needed because of often large variation in
absolute CD4+ T cell counts despite clinical stability39.
Also biological variables, including diurnal variation,
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exercise or rest, and smoking, can significantly alter
CD4+ T cell count40.
For major cities in regions, where there is a high
incidence of HIV infection and a large number of
samples need to be analyzed per day, manual methods
are not practical. Provided there is access to company
technical support and QA/QC programmes,
automated evaluation of CD4+ T cells (perhaps by use
of an instrument such as the FACSCount) may be the
most economical method on a long-term basis. The
FACSCount is simple; the equipment, although still
costing significantly (approximately Rs.22 lakhs), it
still is less expensive than other standard flow
cytometry instruments. It does not require a highly
trained personnel and lysis of blood samples is also
not required. A disadvantage of the method is that only
the absolute CD4+ T cell count is provided and
haematology analyzer has been used for percentage
of CD4+ calculation.
The manual methods such as Dynal and Coulter
assays are suitable for smaller regional centres where
<10 samples are requested per day and where there
is no ready access, including convenient and reliable
transport, to laboratories with flow cytometry facilities.
Both of these methods are simple and inexpensive and
require very little investment for the equipment
(ordinary light microscope). Both provide only absolute
CD4+ T cell counts. Counting under the microscope
is both time consuming and laborious (approximately
10 min/sample). The studies show that higher cell
counts are more prone to inaccuracy compared with
values obtained by flow cytometry 8. The Capcellia
assay is also appealing because, it is an ELISA-based
assay and as such it is readily established in most small
laboratories and Voluntary Counselling and Testing
(VCT) centres 25,26.
Though the manufacturers of these manual assays
state that blood should be assayed within the storage
period (6 h for Coulter) after the collection, this is
not always possible in regions, where transport may
be delayed, and thus the robustness of these assays
for use in the field requires scrutiny. Analysis of
specimen transport condition and performance of these
assays with the aged samples require further studies
and currently the work is in progress in our laboratory.
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Low-cost monitoring of HIV load
Molecular assays, including the Amplicor HIV
Monitor RT-PCR assay (Roche Diagnostic Systems)
are now available in many countries (this can be done
manually or with fully automated using COBAS
equipment). Early version (1.0) of the Amplicor RTPCR assay was insensitive in detecting certain HIV
subtypes41,42. In an evaluation of the Amplicor assay,
detection of subtypes A and E was considerably
improved with version 1.5 compared with version 1.0.
The Quantiplex HIV RNA assay, which uses b-DNA
technology (Bayer Diagnostics), and NASBA
(Organon Teknika), are the other reference standards
for monitoring plasma HIV load. The NASBA assay
has also been reported to fail detection of or
inadequately quantify, HIV RNA in plasma of persons
infected with non-B subtypes43-45, whereas the b-DNA
assay has generally been reported to perform well with
non-B subtypes 41,44.
There are very few low-cost assays (with no need
to purchase any special equipments) that may provide
an alternative for virus load measurement. Although
several low-cost assays for plasma HIV load are at
the research level, there are two assays (Table II),
which have been evaluated in different countries.
These include a p24 Ultrasensitive Assay; ELAST
(Perkin Elmer Life Sciences) and an ultrasensitive
reverse-transcriptase (RT) assay (RT Viral Load Kit;
Cavidi Tech).
The HIV p24 Ultrasensitive Assay provided a 3-log
increase in sensitivity above the standard p24 assay by
means of a signal amplification-boosted ELISA method
(enzyme-linked amplified sorbent test; ELAST)
following heat denaturation of the plasma sample to
release immunecomplexed HIV p24 antigen. The assay
provides results comparable to those of RT-PCR, is in
a microplate ELISA format and is significantly
inexpensive than the standard 46-49. The plasma p24
levels appeared to be correlated significantly with the
plasma RNA viral loads (R=0.75, P<0.0001). The heatdenatured p24 antigen assay was capable of measuring
the plasma level of p24 derived from all the HIV-1
subtypes and recombinants selected for this study, in
contrast to the RNA viral load test which lacked
sensitivity towards HIV-1 group O48.
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Cavidi RT assay (ExaVir Load): The procedure
has only 2 major steps (purification of virions and
recovery of RT, including removal of potential
inhibitors, followed by quantification of RT activity in
a 96-well microtiter plate format). Very little equipment
is necessary (provided by the company as a start-up
kit at free of cost); mainly a vacuum pump, waste
bottle, some rubber tubing and an ELISA reader or a
fluorometer and some buckets for the wash procedure.
The company reports excellent correlations between
standard RT-PCR assay and the Cavidi RT assay
(R=0.9, P <0.0001)50. The fluorometer appears to be
more sensitive than the ELISA reader. The assay is
not affected by the presence of RT inhibitors (drugs)
in plasma of HIV infected persons. However, this
assay needs more evaluation with different subtypes
before using it for the ARV monitoring. Another
advantage of this low-cost viral load assay is that
samples can be stored and batch testing can be done.
Currently our centre is evaluating this assay for the
suitability of the kit in monitoring HIV infected
individuals, who are on generic HAART. These lowcost viral load assays have their greatest value in
smaller laboratories in resource-limited countries,
where the cost is a major issue and, where setting up
of RT-PCR or similar molecular assays is difficult and
these assays are unavailable.
Other surrogate markers for HIV monitoring
Extensive studies have been carried out to
evaluate whether B2-microglobulin and neopterin
could be used as markers of disease progression and
also as prognostic factors51-55. In general, these have
not been found to be reliable. These factors in
combination with CD4+ T cell counts, have been
shown to have good predictive value52,53. One potential
reason for lack of correlation may be the fact that a
number of other infectious agents may also increase
β2-microglobulin and neopterin levels. Thus, B2microglobulin and neopterin may be an unreliable
indicator of HIV infection or disease stage in those
co-infected with other pathogens.
HIV monitoring in resource-limited settings
The HIV/AIDS statistics are well known, with
resource-limited countries bearing more than 90 per

cent of the global disease burden56. Added to the cost
of ARV therapy are substantial costs associated with
laboratory monitoring 57, which also include liver
function tests (LFT) and CBC (complete blood count).
The inclusion of some important parameters of the
ART toxicity-related assays such as platelet,
haemoglobin, erythrocyte sedimentation rate (ESR),
bilirubin (direct and indirect) and serum glutamate
pyruvic transaminase (SGPT) could also be a costsaving strategy in the developing nations.
Although the introduction of antiretroviral therapy
to resource-limited countries should not be prevented
because of a lack of monitoring tests, every effort
should be made to introduce appropriate laboratory
monitoring assays. Sustainability of assays (recognizing
issues such as ongoing costs, delivery of reagents and
kits, kit shelf-life, access to instrument service, and
QA/QC programmes) must also be considered at the
time of technology transfer. As a minimum, a lowcost CD4+ T cell count should be monitored as an
adjunct to clinical examination. Establishing CD4+ T
cell monitoring facilities must include implementation
of QA/QC program. Since there are some CD4+
count difference between standard assay and
alternative technologies, the normal reference ranges
should be established with the local population for any
particular low-cost assay8. Implementation of lowcost viral load assays awaits rigorous evaluation of
their performance against standard assays.
The incidence of HIV infection and clinical
disease continue to increase rapidly in the developing
nations14. As antiretroviral therapy is becoming more
affordable and accessible in India, inexpensive
laboratory tests are very much needed to monitor
the disease progression and ART. Hence the
implementation of HIV monitoring by low-cost
assays would reduce the economic burdon of the
patients in this country.
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Since the first report of HIV infection in India in 1986, the virus has spread all over the country
although there is geographic variation. There are estimated 5.1 million people infected with
HIV with an overall estimated adult prevalence below 1 per cent. Surveys carried out in different
sub-populations have yielded prevalence estimates, but data on HIV incidence are limited. Both
HIV serotypes 1 and 2 exist in India and HIV-1 C is the commonest subtype reported. Sexual
transmission of HIV is most predominant. Spread of HIV in intravenous drug use settings is
localized mostly in the north eastern region and metropolitan cities and parent to child
transmission is on the rise. Dual epidemics of HIV and tuberculosis, increase in the number of
infected women, stigma and discrimination are the main concerns in the Indian HIV/AIDS
scenario. There is an increasing political will and commitment for HIV prevention and control
efforts in India. A multi-disciplinary approach combining targeted interventions like early
identification and treatment of STDs, condom promotion, blood safety, drug de-addiction programs
and expanding and strengthening VCTCs and long-term strategies like awareness oriented to
behavioural change especially among vulnerable populations, young people and women, steps
towards improvement of literacy, status of women and overall development, reduction in poverty
and development of primary prevention interventions like vaccines and microbicides will have
to be considered for effective prevention and control of AIDS in India.
Key words Control & prevention - HIV - risk factors - risk behaviours

Reacting to the global reports of HIV/AIDS, Indian
Council of Medical Research (ICMR) initiated
surveillance for HIV infection in India in 1985-1986
and the first evidence of HIV infection in sex workers
in Chennai, Madurai and Vellore was obtained in
1986-19871,2. Gradually centers were established in
the State Capitals of India. National AIDS Control
Organization (NACO) set up under the Ministry of
Health and Family Welfare mandated to implement
initiatives like establishing HIV testing centers,

strengthening blood-safety and controlling hospital
infection took over surveillance activity in 19923. The
epidemiologic data on HIV/AIDS in India has emerged
primarily from the network of sentinel surveillance,
ongoing testing in antenatal clinics and blood banks,
research studies, reporting of AIDS cases and
information generated from mortality statistics. The
geographic distribution of the HIV epidemic in India
is varied and based on the prevalence of HIV
infection in the low and high risk groups, various
356
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Box I. Some milestones of HIV/AIDS epidemic in India at a glance
1985-86

Indian Council of Medical Research (ICMR)initiated HIV surveillance at specified sites. First report of HIV infections
in sex workers in Chennai and first report of AIDS in Mumbai.

1989

HIV infection reported among intravenous drug users in Manipur State.

1990-91

National AIDS Control Organization (NACO) was established. Indian National AIDS Control Programme was launched.

1992

ICMR established National AIDS Research Institute (NARI) in Pune city.

1998-99

Majority of intravenous drug users investigated in Manipur were found to be HIV infected, sexual transmission to
partners of HIV infected drug users documented.

1999

The Supreme Court ruling made HIV testing of all blood bottles mandatory. NACO estimated 3.87 million HIV infections
in 1998 in India.

2000-01

Feasibility studies for prevention of parent-to-child transmission of HIV with zidovudine and nevirapine were initiated
by NACO.

2001

Indian pharmaceutical companies marketed antiretroviral (ARV) drugs with considerable price reduction.

2002-03

Tripartite agreement between NACO (Ministry of Health), ICMR and International AIDS Vaccine Initiative signed to
facilitate HIV vaccine development and testing in India.

2003

The central government announced the policy to provide highly active anti-retroviral therapy (HAART) to those who
suffer from AIDS.

2004

Programme implementation begins for phased scale-up programme of antiretroviral therapy by NACO. NACO estimates
5.1 million persons currently living with HIV in India by end of October 2003.

2005

First AIDS Vaccine Trial was initiated.

States have been categorized in high, medium and
low prevalence areas. Andhra Pradesh, Tamil Nadu,
Maharashtra, Karnataka, Goa and Manipur are
classified as high prevalence States with HIV
prevalence of over 1 per cent even in low-risk
populations4.
Urban and rural spread: Surveys carried out in
different sub-populations have yielded prevalence
estimates, but data on HIV incidence are limited.
Boxes 2 and 3 summarize the observed HIV
prevalence by risk categories in various geographic
areas in India. A large cohort study was initiated in
Pune in 1993 to estimate the prevalence and incidence
of HIV infection in persons with high risk behaviour.
Screening of 5321 sexually transmitted disease (STD)
patients during 1993-1995 provided a HIV-1
prevalence rate of 21.2 per cent5 and the first estimate
of HIV incidence of 10.2 per cent per year in a highrisk population in India6. Although most of the initial
research was focused on high risk populations, some
community-based studies attempted to identify the
extent of spread in the community. A cluster survey

in three randomly selected urban and rural districts
of Tamil Nadu State among 1157 women and 824 men
(age 15-45 yr) from 1114 households reported that
the overall community prevalence of STDs, HIV and
hepatitis B infection was 14.6, 1.8 and 5.3 per cent
respectively7. This indicated that the STD and HIV
epidemics in Tamil Nadu had become generalized and
were not restricted to high risk populations. In
northern States of India, the HIV prevalence is
comparatively low. Among persons reporting to
Voluntary Counselling and Testing Centre (VCTC)
for AIDS in Rohtak (Haryana) during 1986-2002, 0.64
per cent (1178/183912) were HIV sero-positive
indicating a low prevalence over nearly 14 yr 8 .
Studies have documented that the HIV epidemic has
reached rural areas of India. In a study on 1251
pregnant women in villages in three Primary Health
Centers in Pune district of Maharashtra, 15 (1.2%)
were detected to be HIV seropositive. The prevalence
was higher among the villages on the highways and
awareness about HIV/AIDS was found to be low9.
Increased mobility of individuals might be contributing
in dissemination of HIV infection from urban to rural
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areas. Screening of the 2063 individuals in rural and
urban areas in south India revealed the HIV
prevalence to be 7.7 per cent10. Men move to urban
areas for work leaving their spouses behind to look
after their farms, the children and elderly; remain
away from their families for a long time and might
indulge in high-risk behaviour. The infected men carry
the infection back to their spouses in the rural areas.
Living away from the family has been reported to be
an independent predictor of HIV acquisition in men6.
The HIV epidemic has reached the general population
as suggested by data from metropolitan cities with
rates of HIV infection crossing 2 per cent in Mumbai,
>1 per cent in Hyderabad, Bangalore, Chennai and
<1 per cent in Kolkata, Ahmedabad and Delhi. The
community-based studies done in Tamil Nadu have
documented community prevalence of HIV to be 1.8
per cent 11.
HIV - serotypes and subtypes: Both HIV serotypes
1 and 2 have been shown to exist in India. In western
India, HIV-2 and dual infections with HIV-1 and
HIV-2 have been reported since early nineties 12-14
and in South India in late nineties 10. However, in
Kolkata in eastern India, HIV-2 has been only recently
detected although HIV surveillance is being done since
198615. In addition to heteroduplex mobility assay
(HMA), peptide enzyme immunoassay (PEIA), and
DNA sequence analysis have been used for subtype
analysis 16 and HIV-1 C has been the commonest
reported subtype in India. Other subtypes like A and
B have been found and some recombinants have also
been reported 17-19.
Sexual transmission: Sexual behaviour as reflected
by more number of sexual partners, sex with sex
workers, being in sex work and receptive anal sex,
has been reported to be strongly associated with HIV
infection6,10,20. Risky sexual behaviour of mobile and
traveling populations has been linked to HIV infection.
A study among 263 truck drivers/assistants recruited
at a highway clinic in south India in 1999-2001
reported frequent female sex workers (FSW)
contacts, alcohol consumption, presence of various
STDs and high positivity rates of HIV, Venereal
Disease Research Laboratory (VDRL) reactivity and
HBsAg (15.9, 13.3 and 21.2% respectively)21. Poor
educational background has been often reported to

be linked to higher risk of STD and HIV
acquisition6,22. Low and inconsistent condom use and
genital ulcer disease or genital warts have been
associated with prevalent and incident HIV infection
in high risk populations like FSWs 12. Men tend to
have preferences in condom use as seen in a STD
patients’ cohort where condom usage by men with
sex workers increased over time, but over 70 per
cent of them continued to have sex with their
spouses without condoms even in presence of active
STDs 23 . Married women do not have adequate
understanding or perception of risk of STD/HIV
from their spouses 24.
Few studies have been done on men having sex
with men (MSM). In a cross-sectional populationbased random sample survey in 200125, 774 randomly
selected residents of 30 slums in Chennai were
interviewed for behavioural risk factors and 46
(5.9%) of them reported sex with other men. MSM
were 8 times more likely to be seropositive for HIV
and over twice more likely to have a history of STD
than non-MSM. Risk behaviour assessment of 10,785
men attending 3 STI clinics in Pune from 1993 to 2002
indicated that 708 (6.6%) were MSM. Hence specific
interventions targeting MSM should also be included
in the control of HIV and STDs26.
Certain biological factors like age, STDs and
circumcision have been reported to be significant in
sexual transmission of HIV. In a study of 1872 male
STD patients seen during 1998-200027, risky sexual
behaviour like early initiation of sex, premarital sex
and bisexual orientation was common in younger men.
Such evidence highlights the need for introducing
targeted interventions among adolescents27. Past high
risk behaviour (history of STDs or VDRL
reactivity)10,12 and present risk behaviour (presence
of active STD) have been associated with high HIV
prevalence as well as HIV transmission6. In a cohort
of HIV-1-seronegative patients attending STD clinics
in Pune28, the incidences of herpes simplex virus 2
(HSV-2) and HIV-1 were and 5.8 cases/100 personyears respectively. Recent incident HSV-2 infection
was found to be associated with the highest risk of
HIV-1 infection28. This suggests that prevention and
effective treatment of STDs including HSV-2
infection might reduce the risk of HIV-1 acquisition
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considerably6,28. Circumcision has been reported to
be protective against STDs and HIV 29,30 . In a
prospective study of 2298 HIV-uninfected STD
patients in Pune, India31, circumcision was found to
be strongly protective against HIV-1 infection but not
against herpes simplex virus type 2, syphilis or
gonorrhea. Thus, the protective effect of male
circumcision could be primarily due to biological rather
than behavioural reasons. With majority of the male
population being uncircumcised, it is important to
stress penile hygiene and condom use in the context
of prevention of sexual transmission of HIV in India.
Transmission in couples: In a study among women
attending STD clinics in Pune from 1993 to 199632,
prevalence of HIV infection was observed to be 49.9
per cent in FSWs and 13.6 per cent in those who
were not sex workers with majority reporting single
sexual partner. This was the first evidence of a high
HIV prevalence in married monogamous women in
India with a strong suggestion of risk from their
husbands32. Similarly sexual partners of intravenous
drug users (IDUs) in Manipur in north east India have
been shown to have a high risk of HIV infection33. A
study among STD patients in a district hospital in
Maharashtra state documented difficulties and
deficiencies in communication with regular sexual
partners on sexual matters34. Specific strategies need
to be considered for improving sexual communication
and negotiation of safe sex in couple settings. In the
first couples’ cohort study in India, 242 HIV serodiscordant couples were enrolled in 2002-2003 and
the incidence of HIV infection was observed to be
1.97 per cent per year 35, much lower compared to
that reported in Africa36,37.
Parent to child transmission: Consequent to spread
of HIV in women there is a potential for perinatal
HIV transmission resulting in paediatric HIV
epidemic. Studies from India38,39 documented motherto-infant HIV transmission rates between 36 and 48
per cent. It has been reported that 63 per cent of the
multi-transposed thalassaemic HIV infected children
became symptomatic in infancy with a 9 per cent
fatality rate within 14 months of age40. Another study
reported median survival of 8.5 months (range: 0.32 yr) in 26.3 per cent perinatally infected children41.
Hence, prevention of perinatal HIV infections is
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important. In Mumbai, in a non-randomized study, an
intervention involving administration of zidovudine
(AZT) for the last 6 wk of the pregnancy, delivery by
elective caesarian section, oral AZT administration
to the infant and avoidance of breast-feeding resulted
in 5.9 per cent transmission rate compared to 24 per
cent in the non-intervention arm42. NACO instituted
a multi-site study in 11 institutions selected from the
5 high prevalence States in India to assess the
feasibility of administration of AZT in pregnant women
to reduce mother-to-child transmission of HIV
infection43. Acceptability of AZT prophylaxis among
pregnant women in this study was 43.6 and 22 per
cent of the women opted for breast-feeding at birth.
Subsequently NACO also undertook feasibility study
of one dose nevirapine for the prevention of parentto-child transmission of HIV. The results of both these
studies would provide guidelines while deciding
strategies for scaling up efforts to prevent parentto-child spread of HIV.
Transmission of HIV in injecting drug users:
Although injecting drug use is known to be prevalent
in many major cities of India, the problem of HIV
has been investigated in the north-eastern States and
in cities like Chennai, Kolkata and Delhi. The
prevalence of HIV infection among injecting drug
users in Manipur State increased rapidly from
2-3 per cent in 1989 to over 50 per cent in 199144 and
has been estimated to be above 75 per cent at present.
Majority of the injecting drug users in Manipur;
primarily young males, using drugs for a median of
five years, in spite of high level of awareness about
the possibility of HIV transmission through sharing
of needles routinely share injecting equipment. A
study among women in Manipur45 in 1997 revealed a
high HIV prevalence of 57 per cent among drug users
compared to 20 per cent among non-injecting drug
users. Majority of them also had genital discharge
disease45. A study in Chennai also reported multiple
risk behaviours like exchanging money for sex or
having sex with men among men who used illicit
drugs25. Thus, in addition to prevention of parenteral
transmission through measures like reducing availability
of drugs, de-addiction programmes, education for safe
injecting practices and providing clean needles;
prevention of sexual transmission also needs to be
focused in the drug use settings.
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Transfusion associated AIDS: Various studies have
reported a gradual increase of HIV prevalence in
blood donors over the last two decades and this
observation generally reflects the trends seen in the
sentinel surveillance. In replacement donors in New
Delhi, HIV prevalence increased from 0 in 1991 to
0.06 per cent in 199746. A five year study (1994-1999)
among 46,957 donors in north-western India reported
overall HIV prevalence of 0.44 per cent, more in
replacement (0.461%) as compared to voluntary
(0.279%) donors47. Between 1993 and 1996, 1.81 per
cent of the 12,235 replacement blood donors in
Mumbai were found to be seropositive for antibodies
to HIV types 1 and 214. Prevalence of HIV infection
among non-professional blood donors at the Christian
Medical College and Hospital, Vellore increased from
1.6 per 1000 in 1988-1989 to 3.8 per 1000 in 1996199748. Majority of the blood donors are normally
healthy adult males and HIV prevalence of over 2-3
per cent in replacement blood donors could be
indicative of generalization of the epidemic in the
country. It is important to promote voluntary donor
movement to ensure that the donors are free from
transfusion transmissible infections like hepatitis B
and C, HIV-1 and HIV-2, syphilis and malarial
parasites. The first cases of paediatric AIDS in India
were reported in multitransfused thallasaemic
children, in two different studies from Delhi and
Manipur, showing the same HIV prevalence of 8.9
per cent40,49. Although transfusion associated AIDS
contributed significantly to the total HIV disease
burden in India in the late 1980s to early 1990s, this
proportion rapidly fell thereafter.
HIV disease burden in India: There has always been
some controversy around this issue in India. The
estimates of the Indian Government and the United
Nations agencies have always been at variance.
NACO has based its estimations on the sentinel
surveillance system in specific high and low risk
groups and generated point estimates of 3.50, 3.70
and 3.86 million for the years 1998, 1999 and 2000,
respectively. Considering that all risk groups were not
adequately represented in these estimations and that
AIDS cases were not included in this exercise, a
20 per cent range was applied and the upper bounds
were taken as working estimates for the country4,50.
Subsequently, exercises were employed for validating
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community based STD prevalence in rural and urban
areas. Additionally Behavioural Sentinel Surveillance
data of 200151 and HIV Sentinel Surveillance data
from urban and rural subsets were used for HIV
burden estimation in 2003. As of October 2003, an
estimate of 5.1 million was provided by NACO with
an overall adult prevalence below 1 per cent (59.9%
of all infections in the rural areas and 61.75% in the
high prevalent states)52. For the year 2004, annual
round of sentinel surveillance has been planned at
670 sites, inclusive of 124 rural sites in high prevalence
States and relocation of 18 STD sites in private sector
hospitals in order to ensure participation of private
sector STD clinics.
Some studies were done to estimate the actual
burden of HIV disease and economic impact on the
society. A study in Mumbai estimated 85,200
individuals to be HIV infected in 1997 and at least
4120 excess deaths due to AIDS53. A study in Pune54
used micro level estimates and documented that
district level disease burden estimates (in DALYs per
1000) based on locally generated data were higher
than the Global Burden of Disease estimates for India.
The community prevalence in Pune district for 2000
was estimated to be 1.28 per cent, with at least 5729
persons qualifying for antiretroviral therapy 54. A
simplistic model of two scenarios with and without
HIV/AIDS and steady state population demographics
and life table approach estimated life years lost per
case of HIV infection to be 44.4 yr with a total
economic loss of Rs.1014 billion in 1997 in India55. It
is important to have well-set surveillance network
with wide and uniform coverage, reliable communitybased incidence and prevalence data on HIV and
STDs and mortality data due to AIDS as well as HIV
related illnesses for realistic estimation of HIV
disease burden in the country.
Consolidating the national response for
prevention and control
When HIV infection was discovered in India in
1986, the health authorities set up the NACO which
prepared an outline for National AIDS Control
Programme (NACP)54 that was primarily funded by
the World Bank and technically supported by WHO.
NACP operates with a multi-directional approach
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and various strategies include blood safety, condom
distribution, control of STDs, surveillance
and
information-education-communication.
Nongovernmental and community based organizations
are also active in the area of HIV prevention.
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was noted 59. Similarly, with limited resources the
national programme for preventing mother-to-child
HIV transmission in Thailand was successful due to
focusing attention on counselling, communication,
training and focused monitoring in the programme60
and a behavioural intervention comprising of
consistent condom use, reducing alcohol consumption
and brothel patronage improving sexual negotiation
and condom skills among conscripts in the Royal Thai
Army for 15 months substantially reduced the risk of
incident STI and HIV61.

Improvements in programme management and
application of appropriate interventions have
documented successes. The Supreme Court of India
banned paid donations by the end of 1997 and
autonomous National Blood Transfusion Council and
the State Transfusion Councils were established.
Attempts are ongoing to improve the transfusion
service in India. There has been a considerable decline
in transfusion associated HIV transmission and
change over to voluntary donor service would further
reduce this number. National efforts are ongoing in
this direction57. Prevention of perinatal transmission
of HIV is one of the few success stories in HIV
prevention research. With the reduction in the cost of
ART drugs and demonstration of ability to introduce
HIV testing and chemotherapeutic intervention among
the pregnant women in the feasibility studies of AZT
and nevirapine by NACO 43 , it is likely that this
intervention will be made available for countrywide
application as a part of the national programme soon.
The programme to offer antenatal counselling, testing,
and antiretroviral treatment to prevent mother-to-child
transmission has already been expanded to 225
antenatal clinics, and is the largest national antenatal
screening programme in the world58. By enhancing
access to treatment and through interventions like
counselling, education, and provision of condoms for
prevention of STDs, especially genital ulcer disease,
among disadvantaged men, the disparity in rates of
HIV incidence could be lessened considerably 22 .
Interventions in MSM in Chennai slums suggested
that HIV prevention strategies aimed at changing
unsafe drug and sexual practices should target the
general population of men rather than giving specific
attention to areas with high rates of MSM25.

Meeting the challenge

During the beginning of the African epidemic,
Uganda faced a severe crisis, with almost 30 per cent
of the adult population infected with HIV/AIDS in
1980s and 1990s. Uganda responded through a mix
of rationalist and creative policy approaches and after
a decade of intervention a decline in HIV prevalence

Evidence indicates that trajectory of the HIV
epidemic in India is distinct from some African
countries 58. However, there is no justification for
complacency and the focus of HIV prevention in India
should be on evidence based intervention among
vulnerable communities, enhancing access to care and

There is an increasing political will and
commitment to HIV prevention and control efforts in
India. A recently constituted National Parliamentarian
Forum has stressed support for additional HIV
prevention programmes including a large school-based
adolescent education programme and a national
campaign to raise awareness about STDs and
treatments. The annual budget for the NACP has
doubled over the past 3 yr58. Antiretroviral drugs are
manufactured in the country and exported elsewhere,
but their affordability to a common man (despite a
drastic reduction in costs) and technical difficulties
in creating facilities for monitoring for adverse
reactions and resistance are in question. A recently
started programme of Government of India to provide
highly-active antiretroviral therapy (HAART) to
100,000 HIV infected patients in six high HIV
prevalent states in India indicates the commitment to
the cause of those who are living with HIV infection62.
The Government of India has strengthened the
collaboration between TB and AIDS control
programmes for better management of dual HIV-TB
epidemic and regions with higher prevalence of HIV
infection have been prioritized for the Revised
National TB Control Program (RNTCP) focusing on
directly observed therapy-short course (DOTS)
coverage 63 .
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treatment for people living with HIV/AIDS and
decentralization of the programme financially and
operationally by supporting States and districts to
develop critical capacities64,65. There appears to be a
need for an integrated and all-inclusive approach than
a compartmental AIDS prevention centered
approach. Close co-ordination between the
governmental, non governmental, international and
community-based organizations in implementation of
intervention programmes may prove to be costeffective and cost-efficient60.
The dual epidemic of HIV and tuberculosis is a
cause for concern in India where these two infections
are prevalent in epidemic proportions. The
seroprevalence of HIV among tuberculosis patients
in various parts of India has been increasing steadily66.
Among newly diagnosed tuberculosis patients in Pune,
the overall seroprevalence of HIV infection increased
from 3.2 per cent in 1991 to 20.1 per cent in 199667.
It is expected that HIV will increase the number of
TB cases in India by at least 10 per cent and by a
considerably higher percentage if HIV becomes much
more widespread. In India, TB is the indicator disease
for HIV infection and most often the first AIDSdefining disease. The risk of development of TB in
HIV infected patients in India has been estimated to
be nearly 7 per 100 person-years63. Though primary
and acquired multi-drug resistant tuberculosis in India
is a major likely threat, it is still not a major public
health concern 68,69 . There are challenges in the
management of dual infections due to HIV and TB
and clinicians will have to be trained adequately.
India’s experience shows that DOTS can achieve high
cure rates70, however, its effectiveness needs to be
critically evaluated on the background of ongoing HIV
epidemic.
Sexually transmitted infections play a significant
role in HIV transmission and acquisition. A significant
increase in the number of viral STDs and a decline in
the bacterial diseases have been observed in recent
years 71 . Whether the observed decline is a real
phenomenon due to higher awareness of HIV/AIDS,
success of control programme and syndromic
management of STDs 71 or this population has got
diverted to unqualified persons and self-treatment by
across-the-counter purchase of drugs to avoid HIV

testing needs to be investigated. So is the need to
capture qualified health care providers in the private
sector in the programme and address the issue of
unqualified workers' needs.
Estimating disease burden in a community is always
a challenge. In view of the limitations of the traditional
cohort method of estimating incidence which is
important for estimating disease burden, novel
approaches of incidence estimation such as using
mathematical models based on cross-sectional
surveys72 or a multi-stage pooling method to detect
RNA-positive pools and then re-analyzing smaller
pools73, or detuned ELISA tests may have to be tried.
Planning is currently underway to estimate the disease
burden of HIV infection in India because this is crucial
for strategic planning for programme implementation.
HIV infected persons have repeatedly voiced their
right to live with dignity. They experience
discrimination from the health care workers due to
inadequate knowledge and unduly high perception of
occupational risk. Training of health care workers
thus becomes a major priority. It is important to equip
us with adequate and appropriate facilities for
inpatient and outpatient care of HIV infected people
with a focus on providing access to primary care and
home-based care.
A large number of women in India are affected
with no risk behaviour of their own. Community
gender norms have a sanction for domestic violence
that interferes while adopting and negotiating HIVpreventive behaviours by women. Given the choice
between the immediate threat of violence and the
relatively hypothetical threat of HIV, women often
resign themselves to sexual demands and indiscretions
that may increase their risk of HIV acquisition74. It is
therefore important to be sensitive about genderrelated issues while designing strategies and
interventions for AIDS prevention. Young women are
often detected as HIV infected during their first
pregnancy, majority of them within the first two years
of marriage. Due to social and family pressures girls
agree to early and “timely” marriages, because
delayed wedding among girls carries social stigma
and young males often aware of their risk behaviour
and possibly also of their HIV status cannot remain
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single. In India, HIV-related counselling services are
still not readily available. Systematic efforts to
eliminate stigma should be continued and
establishments of voluntary counselling and testing
centers (VCTCs) at the district level are expected to
play a major role in this direction.
Though like many other developing countries, the
main barriers to effective control of AIDS are
reported to be insufficient resources, illiteracy, and
stigma, there is a need to assess if the prevention
and control efforts are directed to the right populations
and if appropriate programmes are in place and are
working optimally. AIDS is less of a medical problem,
but more of a social, cultural and developmental
problem. Thus, there is probably not going to be an
easy solution. Short-term strategies like aggressive
case detection and management of STDs, condom
promotion, blood safety and drug de-addiction
programmes might yield quick results. However, they
should be effectively complemented by a multidisciplinary approach and long-term strategies for
HIV prevention and control. These include steps
towards removing social injustice and inequity,
improving economy and achieving overall
development, efforts to increase the status of women
in the community and development of safe and
effective primary prevention interventions like
vaccine or vaginal microbicides.
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Among various factors associated with the sexual transmission of HIV, sexually transmitted
diseases (STDs) seem to contribute significantly. Hence, the efforts for prevention and control
of HIV have to rely largely on STD control measures. In the developing countries, both prevalence
and incidence of STDs are very high. STDs impact women’s health adversely for a variety of
reasons such as more susceptibility than men, asymptomatic nature of infection, etc. Enormous
evidence is available indicating that both ulcerative and inflammatory STDs increase the risk
of HIV infection. STDs promote HIV transmission by facilitating HIV shedding in the genital
tract, causing disruption of normal epithelial barrier and by deploying and activating HIV
susceptible cells at the site. The effect of STD treatment intervention was studied in three
controlled clinical trials conducted in Africa. Though the STD treatment intervention was
shown to reduce the STD incidence in all the three studies, the decline in HIV incidence was
noticed in only one of them, which, might be attributed to the differences in the study designs.
To obtain reliable epidemiological data on various STDs in different communities and regions,
countrywide development of adequate laboratory infrastructure for accurate diagnosis of STDs,
increased outreach of awareness programmes to communities in the rural areas are some of the
key issues in the fight against HIV epidemic in India.
Key words Gonorrhoea - herpes simplex virus - human immunodeficiency virus - sexually transmitted diseases

Since the detection of the first case of HIV
infection during 1981 in USA, this epidemic has
been the most devastating. After Africa, the South
East Asia region happens to be the most affected.
Many developing nations, including India, have
borne the brunt of HIV/AIDS pandemic. Among
the various factors associated with the sexual
transmission of HIV, sexually transmitted diseases
(STDs) seem to contribute significantly. Though,
several advances have been made in the
management of HIV disease, development of safe
and potent vaccine to prevent HIV infection still

remains a big challenge. Thus, the efforts for
prevention and control of HIV largely rely on STD
control measures.
STD burden
World Health Organization (WHO) estimated that
there were 333 million new cases of the four curable
STDs1, worldwide in 1995 among adults (15-49 yr
age). In developing countries, both prevalence and
incidence of STDs are very high. Conjecture, in the
early years of HIV epidemic, of high rates of STDs
369
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as the reason for rapid spread of HIV, has now been
perceived as a reality.
As a result, newer pathogens were identified
expanding the list to more than 25 members. Several
research studies carried out globally have provided
ample evidence that the STDs remain as the single
largest factor tremendously enhancing the spread of
HIV. In the developing countries, STDs have been
documented to be the second leading cause of healthy
life lost in women of the reproductive age group2.
The AIDS Prevention and Control (APAC) Project
jointly undertaken by Voluntary Health Services
(VHS) and US Agency for International Development
(USAID) 3 in a community of urban, rural adult
population of Tamil Nadu State revealed that the HIV
prevalence in the study community was 1.8 per cent
and that of any STD was 15.8 per cent with the
classical STDs being 9.7 per cent. Genital discharge
was the most common STD syndrome (41.5%) in
women and trichomoniasis (5.1%), Chalamydia
(3.9%), and gonorrhoea (3.7%) were the most
common etiologies. The age group of 30-39 yr was
at the highest risk for any STD3.

while, an approximately two-fold increase in the
prevalence of genital herpes was seen in the recent
years (11.4% vs 20.5%).
STDs in women
STDs impact women’s health adversely for a
variety of reasons. Biologically, women are more
susceptible to STDs than men. STDs are often silent
in women and even when symptoms of STD occur,
they may not arouse suspicion of a STD. It is also
often more difficult to diagnose STDs in women.
Complications of STDs are greater and more frequent
among women than in men, and are a significant cause
of reproductive health morbidity in women5. Several
studies in sub-Saharan African region have reported
that HIV prevalence in young women is higher than
in young men. A sentinel surveillance Kenyan study
among a large number of STD patients6 revealed that
HIV infection was associated with female gender and
this association persisted after controlling for age
groups, marital status, place of residence, level of
education, and presence of STD syndromes. Further,
this pattern had been consistent over 12 yr6.
Drug resistance in Neisseria gonorrhoeae

A survey carried out in over 600 men in the three
large slum communities in Mumbai, under project
RISHTA of International Institute for Population
Sciences (IIPS), revealed that the burden of active STI
in the communities was found to be 5.53 per cent,
with gonorrhoea identified in 3.58 per cent men and
Chlamydia infection in only two men. Prevalence
of active syphilis was found to be 1.01 per cent and
the past history of syphilis was identified in 4.4 per
cent. The lifetime herpes simplex virus exposure was
seen in 8.96 per cent and active infection was
identified in one out of every hundred men
(unpublished data).
Though, not much published data are available, the
general consensus is that the bacterial STDs are
declining all over the world and may also be in India.
A retrospective analysis of data from an STD clinic
in northern India4 revealed that the bacterial STDs
such as chancroid, donovanosis, and gonorrhoea
showed a declining trend in recent years (1993-2000)
compared to that in the earlier years (1970-1985)

Antibiotic resistance in etiologic pathogens could
pose an important obstacle in prevention and control
of STDs. For example, over the past decade, strains
of N. gonorrhoea have been reported to develop high
levels of resistance against several antimicrobial
agents, previously used for the treatment of
gonorrhoea 7 . Indian studies have also reported
increase in the spectrum and level of antibiotic
resistance of N. gonorrhoea isolates in the recent
year compared to that seen previously 8. Minimum
inhibitory concentrations (MICs) of ciprofloxacin and
penicillin against the isolates studied in the years 1996
to 1999 and 2000 to 2001 showed increase in resistant
isolates from 21.8 to 67.3 per cent, and from 10.9 to
35.3 per cent, respectively.
Antibiotic susceptibility tests by disc diffusion on
277 N. gonorrhoea isolates obtained in Pune during
1996-2002 revealed that the per cent resistant isolates
showed an increasing trend over the years, for all
antibiotics. Penicillin resistant isolates increased from
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11 per cent in the year 1996 to 33 per cent in 2002.
Similarly, ciprofloxacin resistant isolates increased
from 74 to 100 per cent and tetracycline resistant
from 28 to 80 per cent during the same period. Isolates
showing lower susceptibility to ceftriaxone appeared
from 1999 onwards with one in 1999 and two each in
the years 2000, 2001 and 2002, respectively (NARI,
unpublished data).
HIV STD link/interaction
Enormous evidence indicating that both ulcerative
and inflammatory STDs increase the risk of HIV
infection has become available in the last two decades.
Initially, in Africa9 and subsequently in other places10,
it was reported that the individuals with recent genital
ulcerative disease were at a significant risk of
acquiring HIV infection from an infected partner.
Studies on the role of STDs in HIV transmission were
reviewed by Wasserheit11 and she concluded that both
ulcerative and non ulcerative STDs increase the risk
of HIV transmission by 3 to 5 fold and due to higher
frequency of non ulcerative STDs, these infections
may be responsible for more HIV transmission
compared to genital ulcers. Prevalence of genital ulcer
disease is reported to be associated with an increased
relative risk of HIV infection, ranging from 1.5 to 7.0
and gonorrhoea, Chlamydia and Trichomonas
infections are associated with a relative increase of
60 to 340 per cent in the prevalence of HIV infection
in both men and women 12. In 1999, Fleming and
Wasserheit13, after reviewing multiple studies with
different study designs, reported that both ulcerative
and non ulcerative STDs promote HIV transmission
via a variety of biological mechanisms. Various
biological mechanisms were suggested and studied
which could explain higher probability of HIV
transmission in presence of other STDs. STDs
facilitate HIV shedding in the genital tract. Detection
of HIV-1 virus or viral DNA from genital ulcer
exudates was also reported14-16. Similarly, an evidence
of HIV-1 virus was also found in HIV infected
individuals suffering from urethritis/cervicitis due to
gonococcal/clamydial etiology. These infections were
shown to increase the viral load in genital secretions
and that the treatment of these infections resulted in
reduction of HIV viral load in the genital
secretions17,18. In a study conducted among female
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sex workers, Ghys et al19 concluded that the genital
HIV virus shedding was associated with STDs such
as gonorrhoea, Chlamydia infection and cervical or
vaginal ulcer and no independent association was
found between cervicovaginal HIV-1 shedding and
serum viral load when data were controlled for levels
of immunosuppression.
Genital ulcers facilitate acquisition of HIV
infection, by causing disruption of normal epithelial
barrier, which provides a portal of entry to HIV virus
and also may be by recruiting and activating HIV
susceptible cells at the site. Genital discharge due to
non-ulcerative STDs contains cells expressing
molecules to which HIV can attach, such as CD4 and
chemokine receptor CCR5 making these patients more
susceptible to HIV infection. The median
concentration of endocervical CD4 T-lymphocytes
was shown to be higher in patients with gonorrhoea,
Chlamydia infection or trichomoniasis compared to
patients without these diseases, which indicates that
the non ulcerative STDs may facilitate HIV acquisition
by recruiting HIV target cells to the endocervix 20.
Gonococcal infection was associated with a
significantly increased risk of HIV seroconversion in
the cohort studies of female sex workers in Nairobi21
and in Kinshasa22. The Kinshasa study also reported
significant association of Chlamydia infection and
Trichomonas vaginalis with the risk of HIV
seroconversion.
Herpes simplex virus type 2 (HSV-2)
HSV-2 infection deserves a special mention for
being unique among the STDs and for posing a major
hurdle in the prevention and control strategies
worldwide. HSV-2 infection is characterized by its
high prevalence worldwide, especially in the
developing countries 1 , and its chronicity and
infectiousness during both symptomatic and
asymptomatic phases, and its synergistic relationship
with HIV infection. It is now gaining special
recognition as a very significant risk factor for
acquisition of HIV and is emerging as an area of focus
for HIV preventive interventions. A study in Pune,
India23 revealed that HSV-2 was the most common
single etiology of genital ulcer with 26 per cent ulcer
swab specimen being HSV-2 positive in multiplex
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PCR. A meta-analysis of studies on HSV-2 revealed
that prior infection with HSV-2 doubled the risk of
HIV acquisition through the sexual route24. A study
in Africa reported a strong association between HSV2 status and HIV seroconversion and that the risk of
HIV incidence was higher for the male subjects who
seroconverted to HSV-2 during the two-year follow
up period than for those who were HSV-2 seropositive
at baseline 25 . Similarly, a study in Pune, India 26
revealed that the individuals with newly acquired
HSV-2 during the study period were as much as 3.2
times likely to acquire HIV infection. Moreover, HSV2 re-activation can also increase the risk of HIV
transmission. In dually (HSV-2 and HIV) infected
men, HIV-1 RNA was detected in lesions in 25 out
of 26 episodes27. Finally, the HSV-2 prevalence has
been thought to be one of the factors that may explain
different outcomes in the STD intervention community
trials. Taking the lead from these observations, several
intervention trials have been initiated. Results of these
studies will be helpful in developing strategies to
control HSV-2 infection aided HIV transmission.
Effect of STD treatment on HIV spread
STD treatment reduces an individual’s ability to
transmit HIV by decreasing the amount and
frequency of HIV shedding13.
Community studies: Once the important role that
other STDs play in the transmission of HIV was
known, it was natural to expect that the provision of
early diagnosis and efficient treatment of STDs could
significantly impact the HIV spread. Though, this
expectation could be indirectly supported from the
results of some studies, effect of such an intervention
could not be viewed in depth until the results from
controlled clinical trials in the community became
available.
Of the three such trials undertaken in Africa to
date, the results of the first trial in Mwanza region of
Tanzania were very encouraging. Continued access
to improved treatment for symptomatic STDs was
provided to intervention communities whereas, the
control communities received the STD clinical
services that had existed previously. HIV incidence

in the intervention communities was seen to have
reduced by 38 per cent compared to the control
communities over a period of 24 months28. Prevalence
of syphilis was significantly reduced and reduction in
the incidence of syphilis and symptomatic urethritis
was also noted in the intervention communities.
In Rakai, Uganda the intervention community
received directly observed mass treatment for curable
STDs at 10-monthly intervals whereas, the control
community was provided with mass treatment for
helminthes infections. Though, the STD incidence
declined in the intervention community, the HIV
incidence was similar in the intervention and the
control communities29.
Among the multiple factors that might have
contributed to the divergent results, Fleming and
Wasserheit13 put forth four possible explanations for
the divergent results of the two trials. (i) Continued
access to improved STD treatment in Mwanza would
be more effective than intermittent mass treatment
provided in Rakai. (ii) Focusing on symptomatic STDs
as done in Mwanza may be a very effective way to
target STD treatment interventions. (iii) STDs may
play a greater role in HIV transmission in the earlier
phases of an HIV epidemic than in the later phase.
Hence, significant reduction in HIV transmission was
seen in Mwanza trial where prevalence of HIV was
4 per cent compared to 16 per cent in Rakai where
the intervention did not result in the reduction of HIV
incidence. (iv) The local STD incidence, prevalence
and etiological spectrum are critical determinants of
the impact of STD treatment intervention.
Results of a trial in Masaka, Uganda became
available in 200330. Villages were randomly allocated
to three arms. One group where general community
development was undertaken served as a control arm.
In the second group, information, education, and
communication services were instituted, while in the
third group; information, education and communication
(IEC) activities with enhanced STD services were
provided. Though the incidence of STDs declined in
the intervention groups, no effect was seen on HIV
incidence, which might have been due to the role
played by the factors enumerated above.
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Community intervention trials are extremely
difficult to conduct due to their demand for enormous
inputs. However, results of well designed trials could
be immensely useful for developing strategies, since
they present a real scenario in the community under
study. Since the results of these three trials were
divergent, it appears that we may have to wait further
for the results of additional studies to become
available based on which future STD treatment
interventions in the communities could be designed
and implemented.
Effect of HIV on other STDs
Impact of HIV infection on other STDs has not
been studied extensively. Some data available on
HIV-syphilis and HIV-HSV-2 co-infections indicate
that concurrent HIV infection may affect the natural
history and thereby the clinical presentation of these
STDs. It may affect the laboratory results or may
impact the response to treatment. However, contrary
to this some reports state that HIV does not impact
co-existing STDs. Musher et al 31 found that early
development of neurosyphilis, a complication, which
was exceedingly rare in the first three decades of
penicillin use, was commonly seen among HIV
infected syphilis patients. Additionally, preliminary
data suggested that skin lesions and VDRL antibody
in HIV infected patients with secondary syphilis
responded more slowly to conventional penicillin
therapy 31.
Similar findings were also noted by Johns et al32
that the concurrent HIV infection might alter the
natural history of syphilis by increasing the propensity
of the disease to progress to neurosyphilis, decreasing
the latency period before the onset of neurosyphilis,
increasing the severity of the manifestations, or
rendering standard therapy for primary and secondary
syphilis inadequate.
Contrary to this, a study during 1986-1988 and
1990-1992 on over thousand patients with genital ulcer
in Kigali, Rwanda 33 revealed that the clinical
presentation of ulcers as well as laboratory diagnosis
were similar in the HIV-1 seropositive and
seronegative groups. The relative frequency of all
laboratory diagnoses remained unchanged over time.
HIV-1 seropositivity had no impact on ulcer healing.
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In order to compare clinical presentations of
patients with early syphilis who did or did not have
HIV infection, patients attending Baltimore City Health
Department’s STD clinics during 1990-1991 were
studied34. The rate of decline in the rapid plasma reagin
titres during a 12-month period after treatment did
not differ between patients with and without HIV
infection. The study concluded that the clinical
presentation of syphilis in patients with HIV infection
differs from that of patients without HIV infection in
that patients with HIV infection present more often
in the secondary stage and those with secondary
syphilis are more likely to have chancres34.
HSV-2 infection in HIV-seropositive patients can
be more severe, prolonged, and sometimes less
responsive to antiviral therapy when compared with
HIV-seronegative patients 35. HSV-2 ulcers in HIV
infected patients often present as chronic non-healing
ulcer and hence, HSV-2 lesions with duration above
one month are considered an AIDS-defining illness
by the CDC36. HSV-2 reactivation and duration of
recurrences are significantly increased in HIV
infected individuals. The frequency and severity of
recurrences increases as CD4 T-lymphocyte counts
decrease 36, 37 .
Key issues and strategies for future
Major Key issues in the Indian context are: (i)
Accurate epidemiological data on prevalence and
spectrum of various STDs in the different geographic
regions in India are not available; (ii) Most of the
available data are from clinic-based studies. Very
limited data are available from community-based
studies; (iii) Laboratory infrastructure for accurate
diagnosis of STDs is limited to metropoliton cities;
(iv) Efforts to reach awareness programmes to the
communities in the rural areas is a challenging task
and needs to be accomplished; (v) There is a need
for continuous monitoring of antimicrobial resistance
in STD pathogens, especially in N. gonorrhoea.
Some suggested steps to address these include:
(i) Integration of STD prevention programmes with
the ongoing public health services: STD prevention
and control efforts should form a part of
comprehensive package for ongoing public health
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services such as family planning or the National AIDS
Control and Prevention Programme. The National
AIDS Control Organization (NACO) perceived the
need and has taken steps in that direction.
Establishment of STD cells at district headquarters
level is one such move. However, it is important to
ensure continued strengthening, uninterrupted drug
and reagent supply to all these centers.
(ii) Targeting population subgroups at risk: In
India, female and male sex workers, long distance
truck drivers and migrant workers have been identified
as core groups. Efforts to reach prevention education
with or without clinical services to these core groups
were undertaken by numerous governmental and non
governmental agencies in the last decade. Now, the
time has come to move in the communities and to
identify the population subgroups that are at risk of
HIV/STDs due to their behaviours. Targeting these
subgroups for education, coupled with provision of
STD diagnostic and treatment services would be an
important step towards future prevention efforts. The
clinical care services are important to reduce the
disease burden and to decrease number of incident
cases. (Targeted intervention programme
implemented in Sonagachi area of Calcutta was
proved successful).
(iii) Involvement of private sector: As in the case
of HIV, to achieve prevention and control of STDs, it
is essential to include private sector as partners.
Development and manufacture of cheap, reliable and
easy to perform assays for STD diagnosis can be
achieved by active participation of these partners.
(iv) Training of health care workers: It is important
to make provision for adequate training and refresher
training for health care workers in both governmental
and private sectors. It is estimated that a majority of
patients seek care from the private practitioners and
hence in order to ensure success in the prevention
programme it is essential that private health care
givers are also included.
(v) Epidemiological studies: Intervention strategies
are based on the information obtained through
epidemiological studies. There is an urgent need to
have information on prevalence and trends of different
STDs in different geographic areas of the country.
Annual HIV sentinel surveillance among STD patients
instituted by NACO has been useful to provide limited

information. In a country like India, such data can be
collected by networking of laboratories in different
regions. NACO has successfully developed network
of HIV laboratories for implementing external quality
assessment programme for HIV diagnosis. Network
of STD laboratories on the similar lines will help to
obtain reliable STD data in the country. Linking of
STD surveillance including surveillance for drug
resistance, to existing HIV surveillance programme,
expansion of this programme to rural and low
prevalence areas needs to be undertaken.
(vi) Focus on young adolescents: Educating
adolescents on reproductive and sexual health is of
paramount importance. A large school based
adolescent education programme and national
campaign to raise awareness about STDs and
treatments are important steps from NACO in this
direction. It is essential that these efforts are
expanded and continued on long- term basis.
(vii) STD services for women: Due to differential
impact of STDs on women’s health, a special attention
is needed for the prevention and control of STDs in
women. Reproductive health services should be
strengthened to address STD diagnosis and treatment
services. Women should be adequately educated to
prevent/recognize STD infections. Importance of
early diagnosis of STDs including asymptomatic
infections and treatment needs to be emphasized.
To sum up, enormous data are available to indicate
that STDs play a major and decisive role in the spread
of HIV. It may be possible that a high prevalence of
STDs, mostly unknown, has resulted in a rapid spread
of HIV in India. In the absence of potent HIV vaccine,
prevention and control of STDs remains the only
attainable tool at hand for the HIV preventive efforts.
On a population level, prevention of STDs is a
challenging task. In addition to the factors discussed
above, social issues have tremendous influence on
transmission of STDs. Some fundamental societal
problems such as poverty, lack of education, and social
inequity indirectly increase the prevalence of STDs
in certain populations. To address these issues is even
more challenging. While an attempt is made to
address these issues, other direct STD control efforts
need to be undertaken as fast as possible to achieve
a significant dent in the HIV epidemic in India.
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The clinical course of human immunodeficiency virus (HIV) disease and pattern of opportunistic
infections varies from patient to patient and from country to country. The clinical profile of HIV
disease in India includes a wide range of conditions like tuberculosis, cryptococcal meningitis,
popular pruritic eruptions, and cytomegalovirus retinitis, among others. Tuberculosis is the
most common opportunistic infection in Indian patients with HIV. Occurrence of various AIDSassociated illnesses determines disease progression. Mean survival time of Indian patients after
diagnosis of HIV is 92 months. In this review, we discuss the clinical profile of HIV disease
through an organ system-based approach. With the availability of antiretroviral therapy at
lower cost, the clinical profile of HIV disease in India is now changing to include drug-related
toxicities and immune reconstitution syndrome.
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The prolonged course of human immunodeficiency
virus (HIV) infection is marked by a decrease in the
number of circulating CD4+ T helper cells and
persistent viral replication, resulting in immunologic
decline and death from opportunistic infections and
neoplasms1,2. Acute HIV infection is characterized
by a rapid rise in plasma viraemia with a concomitant
drop in CD4 count within 3-6 wk of exposure (Fig.1).
Associated symptoms with this initial stage of
infection occur to varying degrees of severity and
may include fever, sore throat, skin rash,
lymphadenopathy, splenomegaly, myalgia, arthritis,
and, less often, meningitis 3 . The acute phase is
followed by a clinically latent period with low level
viral replication and a gradual fall in CD4 count where
the patient can remain asymptomatic for several

months to years. Mean duration of survival after
diagnosis with HIV in India is 92 months4.
Median time for progression from HIV infection
to acquired immunodeficiency syndrome (AIDS) was
7.9 yr in one study of patients from Mumbai5. This
number is subject to a reporting bias given that fewer
than 10 per cent of AIDS cases in India have been
reported. With CD4 counts less than 200 cells/µl,
patients are at high risk for developing opportunistic
infections (OIs) like tuberculosis (TB), Pneumocystis
carinii pneumonia (PCP), toxoplasmosis, and
cryptococcal meningitis (Fig.2). Before the availability
of antiretroviral therapy, median survival after
diagnosis of AIDS was 12 to 18 months6. This has
changed dramatically since the advent of highly active
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antiretroviral therapy (HAART) in the developed
world and generic HAART in the developing world
(Kumarasamy N, unpublished observation).
Specific AIDS-defining illnesses, CD4 counts, and
HIV RNA levels predict survival of patients with HIV
infection 7,8 . Disease progression correlates with
clinical features such as chronic fever, persistent
cough for >1 month, chronic diarrhoea, oral
candidiasis, severe chronic herpes simplex virus
(HSV) infection, >10 per cent loss of body weight
within 1 month, and incident tuberculosis 5 .
Generalized lymphadenopathy and herpes zoster
(shingles) can occur early in the course of illness and
do not correlate with more rapid progression. Patients
with CD4 counts less that 200 cells/µl are 19 times
more likely to die than those with CD4 counts greater
than 350 cells/µl4.
Clinical course and pattern of opportunistic
infections varies from patient to patient and from
country to country,9,10. For example, TB is the most
common OI in HIV patients in India4 (Fig.3), whereas
OIs like Mycobacterium avium complex (MAC) and
Kaposi’s sarcoma, frequently reported in the
developed world, are not as commonly reported in
India 11-14 . The progression and outcome of HIV/
AIDS is influenced by factors such as baseline health
and nutritional status, environment, endemic diseases,
and access to therapy. It is important to understand
the presentation of HIV disease in the local context.
In this review the clinical profile of HIV disease in
India is discussed through an organ-system based
approach.
Pulmonary manifestations of HIV
Pulmonary diseases associated with HIV are
among the most common and some of the most
serious presenting illnesses in HIV-infected
individuals. This section addresses some common
pulmonary disease such as TB, PCP, and bacterial
pneumonia.
Tuberculosis: HIV-TB co-infection is a serious
problem worldwide, but especially of concern in India
where background rates of TB are the highest in the
world 19 . Prevalence of HIV among patients with

radiologic or bacteriologic confirmation of TB in India
ranges from 2.8 to 9.4 per cent20-24. These numbers
reflect a rise in co-infection rates over the last
decade. In India, the most common opportunistic
infection among people with HIV infection is
pulmonary tuberculosis4,15-18. Understanding HIV-TB
co-infection is of great importance because of
increasing prevalence of co-infection, severity of
clinical presentation of TB in HIV-positive patients,
rapid progression of HIV disease in TB patients, and
challenges in treatment of co-infected patients given
possibility of drug interactions and immune
reconstitution syndrome.
The risk of developing TB after an infectious
contact is 5-10 per cent per year among HIV infected
individuals compared to 5-10 per cent during the
lifetime of HIV-negative individuals 25 . Unlike
cryptococcal meningitis or toxoplasmosis, which occur
at very low CD4 counts, TB is unique in that it can
occur over a wide range of CD4 counts, although it
is more frequent at CD4 counts <300 cells/µl.
The clinical and radiological presentation of TB in
HIV patients differs according to the degree of
immunosuppression. The typical presentation of
cough, sputum, dyspnoea, fever, and weight loss with
apical lobe infiltrates or cavitary lesions on chest
radiograph might only be seen in patients with very
high CD4 counts whose immune systems are more
comparable to HIV-uninfected individuals. TB in HIV
patients with CD4 counts less than 300 cells/µl can
present in an atypical pattern. Radiographic studies
may show middle and lower lobe infiltrates, miliary
TB, tubercular pneumonia, and hilar or mediastinal
lymphadenopathy20,26. Chest radiographs can also be
normal in immunocompromised patients despite
presence of Mycobacterium tuberculosis in sputum.
Extra-pulmonary tubercular manifestations occur
in 46 to 79 per cent of patients with pulmonary TB
and HIV 27,28 , and is more frequent in severely
immunocompromised patients29. Extra-pulmonary TB
has been reported in many organs: lymph nodes (most
common), spleen, liver, bone, bone marrow, heart,
central nervous system, gastrointestinal tract, kidneys,
adrenals, thyroid, and prostate28. The resulting clinical
conditions include persistent fever, pleural and
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Fig. 1. Natural history of HIV Infection. Adapted from: Favci AS, Pantaleo G, Stanley S,
Weissman D. Immunopathogenic mechanisms of HIV infection. Ann Intern Med 1996; 124 :
654.

pericardial effusions, ascites, pancreatitis, back pain,
anaemia, mental status abnormalities, and renal
failure, among others. In one study in India, extrapulmonary TB was the cause of 69 per cent of
previously unexplained prolonged fever in 100 HIVpositive patients30. In another study, severe weight
loss in HIV patients, defined as loss of greater than
10 per cent of body weight in one month, significantly
correlated with diagnoses of pulmonary and extrapulmonary tuberculosis (relative risk: 17.7)31.
Mantoux skin testing for TB in HIV patients is
challenging because results depend on the patient’s
immune status. Tuberculin positivity is less prevalent
among HIV seropositive patients as compared to HIV
seronegative patients (22.6% vs 76.4%; P < 0.001)20
due to anergy resulting from immunosuppression.
Therefore, results of skin testing in HIV patients
should be interpreted with caution. Sputum smear
positivity among HIV/TB co-infected patients has
been reported in 21 to 83 per cent of patients 21,27;
there was no statistically significant difference in
these rates between HIV-positive and -negative
patients 17,18.
Just as HIV infection can contribute to the severity
of TB, there is increasing evidence that TB can affect

HIV disease progression. Patients with active TB
were found to have higher HIV plasma viral loads
(PVLs) than asymptomatic patients with HIV and
those with OIs other than TB 32. Pro-inflammatory
cytokine production, particularly TNF-α, by
tuberculous granulomas is thought to contribute to
HIV viral replication. The risk of death in a cohort of
Indian HIV-infected patients with TB was 3.5 times
greater than the risk in HIV infected patients without
TB with matched CD4 counts4. Most of these deaths
were caused by disease progression rather that TB
itself.
Given the mortality and morbidity caused by TB,
it is extremely crucial to treat TB appropriately in
HIV-infected patients. HIV-infected patients
respond as well as HIV-negative patients and can be
similarly treated. If the patient does not respond to
standard regimens, it is important to consider multidrug resistant TB. Liver function and inflammation
should be carefully monitored.
Physicians should also be aware of immune
reconstitution syndrome (IRS), which is described as
a paradoxical worsening of clinical status after
initiation of HAART in a patient with an active
opportunistic infection such as TB33. The incidence
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of IRS among HIV/TB co-infected southern Indian
patients was 7.3 per cent 34 . It is important to
continue TB treatment and give supportive therapy
to patients with IRS. Current World Health
Organization (WHO) guidelines recommend starting
HAART between two weeks and two months after
initiating TB treatment in patients with a CD4 count
less than 200cells/µl35. For patients with CD4 counts
between 200 cells/µl and 350 cells/µl, HAART can
be started after the initiation phase of TB treatment
because of the utilization of rifampicin. HIV
treatment can be deferred if CD4 count is greater
than 350 cells/µl.
Preventive therapy for TB using isoniazid with and
without other drugs among HIV-positive patients in
Africa, where TB burden is also high, has been shown
to be cost effective, safe, and successful at
decreasing mortality 36,37 . No guidelines for TB
prophylaxis exist in India due to lack of data in this
setting. The safety, tolerability, and efficacy of TB
prophylaxis among Indian HIV-positive patients
needs to be studied.
Atypical mycobacteria like M. avium, which is the
organism responsible for causing MAC, has only been
reported by a few studies from India 11,38,39 . The
reason for the low incidence of MAC in India might
have to do with low background prevalence or lack
of diagnostic capabilities.
Pneumocystis jerovecii pneumonia (PCP):
Pneumocystis jerovecii causes severe pneumonia in
patients with AIDS. Occurrance of PCP establishes
the diagnosis of AIDS40 and it is the most common
AIDS-defining illness in the developed world41. In
India, however, very low rates (0.7 to 7%)4,22,28,30 of
PCP have been reported. Some reasons for this could
be the predominance of other pulmonary diseases like
TB, and due to underdiagnosis of incident cases. PCP
occurs in patients with CD4 counts under 200 cells/
µl; studies from Delhi and Chennai reported median
CD4 counts of patients with PCP of 142 and 87 cells/
µl respectively4,29. According to a large natural history
study, Indian patients with PCP were 4.5 times more
likely to die than patients without PCP 4. Median
survival after diagnosis of PCP in this study was 24
months4.

In the Indian context, PCP can simultaneously
occur with other pulmonary infections, including TB,
cryptococcosis, and cytomegalovirus42. A case report
from Pondicherry describes a patient who presented
with clinical and radiologic evidence that suggested
TB, was treated without response, and was found to
have PCP on autopsy 43. Therefore, a diagnosis of
PCP must be considered in patients with a diverse
array of pulmonary, clinical and radiological
presentations. Induced sputum, with 28-55 per cent
sensitivity for PCP can be used as an alternative to
invasive and expensive bronchoalveolar lavage (BAL)
to diagnose PCP44-45. PCP responds to high dose cotrimaxazole. Adjuvant use of steroids in patients with
hypoxaemia is important and results in decreased
mortality and morbidity.
Efficacy of co-trimaxazole against PCP,
toxoplasmosis, salmonellosis, Haemophilus infection,
and staphylococcal infection in patients with HIV has
been well documented46. The National Institutes of
Health (NIH) treatment guidelines recommend the
use of co-trimaxazole prophylaxis when CD4 counts
are less that 200 cells/µl47. Indian patients whose CD4
counts are less than 200 cells/µl have a 3-fold
increased risk of death if they are not on
cotrimaxazole prophylaxis 4 . WHO/UNAIDS
recommends use of cotrimaxazole prophylaxis in
HIV-positive adults with CD4 counts less than
500 cells/µl in Africa 48 but prospective trials in
Indian patients are needed to help develop guidelines
for clinical practice in our setting. Given its efficacy
and affordability, co-trimaxazole prophylaxis is an
important consideration in the management of HIV.
Physicians should be aware of the possibility of
hypersensitivity reaction (usually rash and fever) to
cotrimaxazole.
Bacterial pneumonia: Bacterial pneumonia was
reported as an opportunistic infection in 1.8 per cent
of a large southern Indian cohort of HIV-positive
patients. Similar to HIV4 negative individuals, the most
common causes of acute community acquired
pneumonia, are encapsulated bacteria, Streptococcus
pneumonia and Haemophilus influenzae 49 . Rates
of bacterial pneumonia can be up to 25-fold higher
among HIV infected adults than in the general
community50, with the most significant predictor of
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Opportunistic Infections
Fig. 2. Mean CD4 count for patients presenting with opportunistic infections at YRG Care, Chennai, India.
TB, Tuberculosis; PCP, Pneumocystis Carinii pneumonia; OHL, Oral hairy leukoplakia; CMV, cytomegalo
virus; Rec Bact Respirato, recurrent bacterial respiratory infection.

risk being level of immunosuppression. Although
bacterial pneumonias can occur relatively early in the
course of HIV, frequency of occurrence is inversely
proportional to CD4 count. Incidence of serious
disseminated pneumococcal infections is 100-fold
more frequent in individuals with very low CD4
counts 50. Among others, smoking and a history of
pneumonia are additional risk factors for bacterial
pneumonia. Interestingly, resulting mortality in HIVinfected individuals is not significantly higher than in
the general population.
Several strategies that include long-term
prophylaxis with cotrimaxazole, vaccinations, and
smoking cessation have been suggested to lower the
risk from bacterial pneumonias. Pneumococcal
vaccination prevents morbidity due to
pneumococcus47. Studies are needed to evaluate the
potential benefit of this vaccine in Indian HIV-positive
patients.
If the clinical picture and radiological evidence do
not fit TB, PCP, or bacterial pneumonia, or the patient
does not improve on therapy targeted at these
infections, it is important to consider the possibility of
cytomegalovirus (CMV) infection, cryptococcosis,

aspergillosis, toxoplasmosis, Penicillium marnefeii,
Kaposi’s sarcoma, and squamous cell carcinoma, as
all of them have been reported in Indian patients with
HIV and severe immunosuppression28,51.
Oral lesions in HIV
Ear, nose, and throat specialists, as well as dentists,
can play an important role in identifying individuals
infected with HIV because oral manifestations of HIV
disease are common and are among the first signs of
HIV infection and immunosuppression. Oral lesions
are important not only in early diagnosis but also in
monitoring the progress of disease. Studies show that
oral lesions often co-occur with other diseases,
especially pulmonary infections. For example, one
study showed that 39 per cent of those with oral
lesions had concurrent pulmonary TB 52 . This
underlines the importance of examination of the oral
cavity for clues about the level of immunity and the
overall health status of the patient.
Oral candidiasis: Oral candidiasis occurs frequently
in individuals with HIV infection; it has been reported
as the most common HIV-associated condition,
occurring in up to 70 per cent of cases 4,15,16,18,52,53.
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The psuedomembaranous “white patches” variant of
candidiasis is associated with more severe
immunosuppression than the erythmetous,
hyperplastic or angular chelitis types54. Median CD4
counts of patients with candida ranged between 107
and 189 cells/µl in different studies4,29. The positive
predictive value of oral candidiasis for low CD4 count
is greater than 75 per cent18. The presence of oral
candidiasis indicates the need to start PCP
prophylaxis.
Periodontal disease: HIV infection is associated with
three characteristic presentation of periodontal
disease: necrotizing periodontal disease, linear gingival
erythema (LGE), and exacerbated attachment loss55.
LGE is described by rapid loss of bone and soft tissue
in clean mouths where there is very little plaque or
calculus to account for the gingivitis. However, it is
difficult to distinguish LGE from non HIV-related
periodontal disease when background prevalence of
periodontal disease is high. Gingivitis of unspecified
kind has been reported in 24 to 47 per cent of
HIV positive cohorts 52 . LGE has a 70 per cent
positive predictive value for low CD4 count
(CD4 <200 cells/µl)56.
Oral hairy leukoplakia (OHL): Worldwide,
prevalence of OHL among HIV infected individual
ranges from 0 to 26 per cent54. One study in south
India reported OHL in 4 per cent of 594 HIV positive
individuals4. In this study, median CD4 count was 129
cells/µl, and median survival after diagnosis was 41
months. The positive predictive value of OHL for low
CD4 count has been reported at 66 per cent56.
Oral ulcers: Oral ulcers in HIV can be caused by a
number of infections, primarily, HSV. Background
prevalence of latent HSV-1 infection in India is 78
per cent57. Herpes simplex lesions are the third most
common mucocutaneous lesion in HIV-infected
individuals after candida and dermatophytosis58. In
one study, 5.7 per cent of HIV-positive individuals
had active HSV ulcers (median CD4 count=219
cells/µl)4. Recurrent oral and genital herpes is also
fairly common.
CMV can cause oral ulcers, as can tuberculosis,
histoplasmosis and Crypotococcus neoformans 52 .

Apthous ulcers caused by unknown immunologic and
virologic factors59, are also common in HIV-positive
individuals. It is important to distinguish infectious
causes of ulcers from apthous ulcers in order to target
treatment with antimicrobials as opposed to antiinflammatory agents.
Oral pigmentation: Oral pigmentation, patchy brown
to brownish-black asymmetrical lesions usually
greater than 1cm, which are distinctive from racial
oral pigmentation, have been reported in up to 23 per
cent of HIV positive individuals52. The etiology of
these lesions is unclear and needs investigation.
Dermatologic conditions associated with HIV
HIV infection is associated with several
dermatologic conditions, which can be the initial
presenting signs of HIV. Cutaneous manifestations
can occur in up to 90 per cent of HIV-infected
individuals61 and can be classified into five groups:
infectious, auto-immune, drug-induced, HIV-related,
and cutaneous malignancies. Often, these conditions
present atypically, are much more severe, and need
prolonged treatment in HIV infected patients than in
the general population. Most dermatologic conditions
are less frequent and less severe with the use of
HAART.
Infectious: Herpes zoster can occur early in the
course of HIV disease and generally precedes other
skin manifestations of HIV disease. In patients with
HIV, it can present with necrotizing ulcers in a multidermatomal pattern, can last longer than the usual
2-3 wk, and heal leaving prominent scars. A study
which showed increased prevalence of herpes zoster
among injection drug user in Manipur, attributed it to
the newly blossoming HIV epidemic in that
population61. Eight per cent of patients with HIV had
herpes zoster, at a median CD4 count of 250 cells/µl.
There was no associated increase in mortality4.
HSV-1 was described in the oral lesions. HSV 1/
2 can also be found in genital and anal areas.
Prevalence of HSV-2 in a high risk HIV-negative
cohort attending a STD clinic in Pune was reported
to be 43 per cent 62. This study showed that HSV
infection, especially recent incident infection can

KUMARASAMY et al: CLINICAL PROFILE OF HIV

383

Fig. 3. Spectrum of Opportunistic Infections among Patients at YRG CARE, Chennai, India (N= 6815).

increase chances of HIV acquisition. Control of
herpes in both the HIV-infected and uninfected
partner might reduce the risk of transmission and
acquisition of HIV.
Human papilloma virus (HPV), which causes oral,
genital, and anal warts has been reported in 29 per
cent of buccal mucosal cells and 63 per cent of
cervical cells in female sex workers in Kolkata63. As
CD4 counts drop below 200 cells/µl, warts can grow
rapidly and be difficult to control.
Molluscum contagiosum, characterized by pearly
pink papules with central umbilications, can be a
disfiguring skin infection when it occurs in a
disseminated fashion in severely immunocompromised
individuals. Molluscum contagiosum accounted for
14 per cent of cutaneous lesions in one histopathalogic
study of cutaneous lesions in Indian patients with
HIV 14 . Giant molluscum, and xerosis/acquired
ichthyosis were associated with advanced HIV
diseases 58 . Disseminated Penicillium marneffei
infection, which can be confused with molluscum
contagiosum has been reported in Manipur 51. This
report, along with earlier ones64 from the same area,
established the endemicity of this organism in eastern
India.
Staphylococal skin infection is the most common
cutaneous bacterial infection in HIV patients. It was

reported in 1.3 per cent of 833 HIV-positive Indian
patients, and occurred at a mean CD4 count of
410 cells/µl 65 . Histoplasmosis, cryptococcosus,
scabies and dermatophyte infections are also among
infectious dermatopathalogic conditions affecting
Indian patients with HIV13.
Systemic infections like syphilis and TB have
dermatologic manifestations that are seen in HIVpositive individuals. In a histopathalogic study of
cutaneous lesions, 13 of 195 patients had cutaneous
TB and 14 had syphilis 13. Syphilis afflicts up to
25 per cent of HIV-positive individuals66, and can
present in the primary stage as a chancre, in the
secondary stage with mucocutaneous features and
in the tertiary stage with neurologic and cardiac
involvement. Standard of care is to conduct a veneral
disease research laboratory (VDRL) or rapid plasma
reagin (RPR) test for all patients who are HIV
positive and treat if found to be reactive on a
confirmatory test.
Autoimmune: Papular pruritic eruption (PPE) is a
unique dermatosis associated with advanced HIV
infection, characterized by sterile papules, nodules,
or pustules with a hyperpigmented, urticarial
appearance, and pruritis67. When patients present with
intractable, unexplained itching, physicians must
consider a diagnosis of PPE and investigate for HIV
infection.
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Alopecia, vitiligo, psoriasis, eosinophillic folliculitis,
and seborrhoeic dermatitis are all examples of
autoimmune conditions associated with HIV. These
conditions occur with greater frequency and severity
in HIV-positive patients.
Drug-induced: With increasing affordability and
accessibility of generic HAART, dermatologic
conditions associated with HIV also include the
spectrum of toxicities resulting from HIV therapy.
While the safety, tolerability and efficacy of generic
HAART regimens has been established, there are
associated toxicities that can manifest cutaneously:
from generalized morbilliform exanthema to severe
Steven Johnson’s Syndrome (SJS). Of the 1286
patients who were on HAART at YRG CARE, 21
per cent complained of pruritis, and 11 per cent
had rash, 87 per cent of these rashes were
attributed to nevirapine. SJS occurred in 11
individuals, all on nevirapine 68 . In addition to
HAART, reaction to co-trimaxazole prophylaxis,
which is recommended for all patients with CD4
counts below 200 cells/µl, can also present as an
allergic rash.
Cutaneous malignancies: Cutaneous malignancies
reported in Indian literature include squamous cell
carcinoma, basal cell carcinoma, and Kaposi’s
sarcoma 13 . Kaposi’s sarcoma has been widely
reported in the developed world and parts of Africa.
However, there have been few reports of this
malignancy in India 12-14. This stark difference in
prevalence might be related to differences in
transmission of HIV that contribute to risk of
developing Kaposi’s sarcoma and low prevalence of
human herpes virus-8 in India69.
Neurologic manifestations of HIV
Neurological complications of HIV disease can
be seen in 20% of outpatients in HIV clinics and
almost half of HIV patients being treated as
inpatients 70 . Since many of them are caused by
treatable pathogens, it is important to understand the
spectrum of neurologic diseases in India. They can
be categorized into opportunistic infections,
malignancy, AIDS related dementia, and vasculitis/
stroke.

Opportunistic infections in central nervous system
(CNS): Cryptococcal meningitis (CM) has been
reported as the most common opportunistic infection
of the CNS of Indian patients with HIV 70-73 . It
accounted for 2-4.7 per cent of all opportunistic
infections in two large HIV-positive patient cohorts
in Mumbai and Chennai4,29. In another study of 100
HIV-positive patients evaluated for neurological
disorders, 37 patients had CM, 6 of them with
concurrent tuberculous meningitis 71 . In southern
Indian patients, diagnosis of CM was associated with
a 7-fold increase in risk of death4. The median CD4
count at presentation was 91 cells/µl, with a median
survival after diagnosis at 22 months. In a study that
included HIV-positive and negative patients with
cryptococcal infection, those with HIV infection were
found to have poorer cerebrospinal fluid (CSF) cell
response and higher mortality 74 . Poor prognostic
factors for CM include positive blood cultures, altered
mental status, CSF antigen titre above 1:1024, positive
CSF India ink smear, CSF white cell count below
20cells/µl3, and elevated CSF pressures75.
Gold standard diagnosis of CM requires
demonstration of organism in CSF. However, serum
cryptococcal antigen can be used as a reasonable
adjunct for diagnostic purposes. Treatment involves
intravenous (IV) administration of amphoterecin B
for 2 wk of induction therapy. Risk of renal toxicity
with amphoterecin treatment is high. Prospective
trials comparing efficacy of flucanazole and
amphoterecin therapy in Indian patients are needed.
Toxoplasmosis is also a common OI of the CNS76.
In a large south Indian cohort of HIV-positive
patients, median CD4 count at time of diagnosis was
135 cells/µl 4 . Diagnosis of toxoplasmosis was
associated with a 2.6 fold increased risk of mortality4.
CNS toxoplasmosis was significantly associated with
a complaint of headache, and accounted for 30 per
cent of HIV-positive patient presenting with
seizures77. Neurocystocercosis, reported in 8 patients
in a recent review 78 , along with CNS lymphoma
should be considered as differential diagnoses for
mass occupying lesions like toxoplasmosis.
Diagnosis of toxoplasmosis is challenging because
the gold standard for diagnosis involves brain biopsy.
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However, diagnosis is usually based on CNS imaging
studies demonstrating typical mass lesions. Serum
anti-toxoplasmosis antibodies have been used as
adjuncts but cannot rule in or rule out infection with
certainty because of an almost 20 per cent false
negative rate79, and high baseline seroprevalence of
antibodies without active encephalitis (30% in health
volunteers and 68% in HIV positive individuals in
Mumbai)80.
Despite the prevalence of pulmonary and extrapulmonary TB in Indian patients, TB meningitis is
less common than cryptococcal meningitis and
toxoplasmosis. It accounted for 18 per cent of patients
with meningitis in a large cohort of patients evaluated
for neurological complications70. The course of TB
meningitis in HIV patients is different from HIVnegative patients: cognitive dysfunction is more
common, and pathological features demonstrate
reduced and atypical inflammatory responses, and
extensive vasculopathy. There is absence of or
minimal meningeal enhancement and absence of
communicating hydrocephalus on computed
tomography (CT) scan in HIV-positive patients. As
expected, mortality is higher in the HIV positive
group 81.
Other CNS opportunistic infections reported in
India include herpes encephalitis, fulminant pyogenic
meningitis, meningococcal meningitis, acanthamoeba
infection, aspergillus infection, rhizopus infection, and
neurosyphillis 71,72 . There have also been a few
scattered cases of primary multifocal
leukoencephelopathy71,77,82. Acute Guillain-Barre-like
syndrome affecting the peripheral nervous system has
also been reported in India71.
Prevalence and incidence of all CNS infections
decreased after initiation of HAART in developed
countries83 and we might observe similar trends as
generic antiretroviral therapy becomes more widely
available in India.
Malignancy: In Western literature, non-Hodgkins
lymphoma (NHL) is the second most common HIVrelated malignancy after Kaposi’s sarcoma, occurring
in 2-5 per cent of AIDS patients75. However, reports
of CNS NHL in Indian patients with AIDS are few
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and far between. One study reported that CNS
lymphoma was found in 2 per cent of Indian patients
with HIV presenting with seizures84. An autopsy study
of 85 AIDS patients in Mumbai revealed no cases of
CNS lymphoma 76. CNS lymphoma should still be
considered as an alternative diagnosis to space
occupying lesions like toxoplasmosis and TB
meningitis.
AIDS dementia complex: Reports about AIDS
dementia complex (ADC) in India are minimal.
Review of literature revealed one study in Jaipur of
30 AIDS patients, 4 of whom were diagnosed with
ADC85. It is possible that ADC is under-recognized
and under-reported given that it is a chronic problem
without a simple diagnostic test. However, ADC is
important to recognize and manage because it impacts
the quality of life of patients and impinges on their
ability to function and perform their daily activities of
living. HAART remains the only option for
management of ADC.
Vasculitis/stroke: Stroke in patients with AIDS can
be secondary to a number of causes - haematogenous
fungal infection, herpes simplex encephalitis, cerebral
varicella zoster or neurosyphilis, among others. HIV
infection itself can cause vascular endothelial damage,
predisposing patients with advanced disease to stroke.
In an autopsy study of AIDS patients, infarcts/
haemorrhages were present in 15 per cent of cases76.
Psychiatric illnesses: HIV/AIDS is confounded by
psychiatric illnesses, both pre-existing, and ones that
develop after learning of diagnosis. Pre-existing
illnesses such as drug and alcohol dependence
predispose patients to behaviour that puts them at risk
for acquiring HIV infection. Patients with this history
must be carefully counseled regarding risks of alcohol
and drug use, especially in the context of HIV disease.
A study that assessed HIV patients 4-6 wk after they
learned of their positive status, found that 40 per cent
were depressed and 36 per cent had anxiety86. Serious
suicidal intent was seen in 14 per cent. Presence of
pain, concurrent alcohol abuse, poor family relations,
and presence of AIDS in the spouse were significant
factors associated with depression, anxiety, and suicidal
ideation 86. Supportive counselling accompanying
clinical care is crucial for these patients.
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Gastrointestinal manifestations of HIV
Esophagitis: Esophagitis, causing dysphagia or
odynophagia, is very common among patients with
advanced HIV disease. The majority of patients with
dysphagia or odynophagia have candidal esophagitis
alone or occasionally in association with other
infectious pathogens, such as CMV or HSV. It is
important to treat this condition effectively because
it could lead to malnutrition and further deterioration
of health in an already compromised patient. When
evaluating dysphagia and odynophagia, physicians
should also consider HIV-unrelated conditions like
gastroesophageal reflux disease and peptic ulcer
disease, which are common in the Indian population.
Diarrhoeal diseases: Chronic diarrhoea is a major
problem in HIV infected persons, affecting up to
76 per cent of those with AIDS 16. It is associated
with a 3.3 fold increased risk of disease progression5.
In reports from north, south and east India, Isospora
belli and Cryptosporidium parvum were the two
most common causes of chronic diarrhoeal disease
in HIV infected persons 87-90. Blastocystis hominis,
Strongyloides stercoralis, Entamoeba histolytica,
Giardia lamblia, enteropathogenic Escherichia coli,
Enterocytozoon bieneusi and Campylobacter jejuni
are other causative agents of diarrhoea in Indian
patients with HIV. There was no geographic pattern
to the frequency of organisms.
At YRG CARE, Chennai, stools of HIV-positive
patients with and without diarrhoea were tested.
Interestingly, Cryptosporidium parvum was present
in 70 per cent of stools of those with diarrhoea and
66 per cent of those without diarrhoea. Those without
diarrhoea had a mean CD4 count of 406 cells/µl
compared to 213 cells/µl of those with diarrhoea91.
Cryptosporidium is endemic in the water supply in
many parts of India92, and the prevalence of infections
and the associated morbidity point to the importance
of counseling patients regarding the importance of
boiling water before consumption.
Abdominal mass lesions: Abdominal mass lesions in
HIV patients can be caused by abdominal tuberculosis
and abdominal lymphoma. These diagnoses should
both be considered in patients presenting with

diarrhoea, pain, obstruction, bleeding, or perforation
(which occur with luminal involvement) or dull pain
in association with fevers and a rising alkaline
phosphatase (in case of hepatic involvement). In one
study, patients with abdominal tuberculosis had a
significantly higher risk of being HIV-positive
compared with those with pulmonary tuberculosis and
voluntary blood donors (16.6 vs 6.9 and 1.4%,
respectively) 95.
Hepatitis B and C: Hepatitis B and C have the same
risk factors for transmission as HIV. Concurrent
infection with HIV and hepatitis B and/or C is of great
concern in the developed world where co-infection
rates are as high as 89 per cent in some cohorts94. In
India, rates of co-infection with HIV and hepatitis B
are reported between six and 33 per cent 4,95. In a
study in the eastern state of Manipur, where
intravenous drug use is high, 92 per cent of HIVpositive intravenous drug users (IVDUs) were coinfected with hepatitis C96. In addition, in a study of
slum residents in Chennai, IVDUs were almost 28
times more likely to be HCV infected than those
denying injection drug use (IDU) 97 . In a
predominantly non-IVDU population, HIV-HCV coinfection rates have been reported between 4.8 and
21.4 per cent4,98.
End-stage liver disease caused by HCV is an
important cause of death among HIV patients in the
United States99. In India, co-infection with hepatitis
C has been found to be associated with almost an 8
fold increased risk of disease progression 4 .
Compounded by the prevalence of chronic alcoholism
in HIV infected persons, and hepatotoxic drugs used
in the treatment of HIV disease, co-infection with
hepatitis B and C are important considerations in the
management of patients with HIV.
A study in south India of high risk individuals
attending a HIV voluntary counselling and testing
centers found the prevalence of hepatitis B and C to
be 5 and 3 per cent, respectively 100. Because the
prevalence of hepatitis B and C in HIV infected
patients is generally low, routine baseline, testing for
these viruses is not recommended unless the patient
has a history of injection drug use, or has elevated
transaminase levels.
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Cost of HAART in US$*

New Patients on HAART

*US$ 1=INR 45
Fig. 4. Cost of HAART per year and number of patients who are initiating HAART at YRG Care, Chennai, India.
Adopted from: Ganesh AK, Kumarasamy N, Cecelia AJ, Mayer KH, Flanigan TP, Solomon S. Impact of falling
costs of antiretrovial therapy on VCT services: Experience from south India. XVth International AIDS Conference.
11-16th July 2004. Abstract:TuPeD 5122.

Ocular manifestations of HIV
A variety of ocular conditions associated with
AIDS in India have been reported: extensive
blepharitis and spontaneous lid ulcer 101, extensive
molluscum contagiosum102, frosted branch angiitis due
to CMV retinitis103, subretinal cysticercosis, herpes
simplex keratitis 104 , bilateral papilloedema with
cryptococcal meningitis, acute retinal necrosis
syndrome105, squamous cell carcinoma, and immune
recovery vitritis following treatment with protease
inhibitors106.
The most common ophthalmic opportunistic
infection in India is CMV retinitis, which almost
always occurs in patients with CD4 counts <50
cells/µl 107,108. Variable degrees of visual loss are
frequently associated with CMV retinitis and occur
due to retinal necrosis, macular oedema secondary
to retinitis, optic nerve involvement and retinal
detachment. Less common ocular infections are
Toxoplasma gondii, varicella-zoster virus, and
Pneumocystis carinii 109 .
The second most common ophthalmic
manifestation of HIV infection is non-infectious
retinopathy (HIV retinopathy), reported in 13-15 per
cent of HIV patients presenting to an
ophthalmologist107,108. This condition, characterized by

cotton wool spots, can be an early sign of HIV
infection, and must be differentiated from diabetic and
hypertensive retinopathy. Given the range of ocular
manifestations of HIV, routine ocular examinations
and screening for visual loss is recommended in
patients with CD4 counts < 50 cells/µl.
HIV-associated malignancies
Patients with AIDS are at increased risk for
developing NHL. In the first report of lymphoid
malignancies in India, 24 of 30 AIDS-related
malignancies were NHL110. The other patients were
reported to have Hodgkin’s disease, and
plasmacytoma 110 . There is also a report of
Promyelocytic leukemia (M3) in an AIDS patient from
Manipur, eastern India111. In addition to lymphomas,
Kaposi’s sarcoma, squamous cell carcinoma, and
cervical cancer are malignancies of concern in HIVinfected individuals.
Women
Among special concerns for women with HIV are
recurrent vaginal candidiasis, menstrual disorders,
anaemia, increased risk of cervical cancer, effects
of HIV on pregnancy, and mother-to-child
transmission of HIV. Cervical cancer is the most
important cause of cancer-related deaths among
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Fig. 5. Reduction in death rate following HAART at the YRG Care, Chennai, India

Children

A prospective study evaluating the efficacy of
clinically-directed selective screening for HIV among
the paediatric population found that the presence of
oral candidiasis was a significant independent risk
factor for predicting HIV infection; the presence of
multiple clinical conditions including severe
malnutrition, serious pyogenic infections, disseminated
tuberculosis, chronic diarrhoea were also associated
with increased risk of being HIV positive115.

Vertical transmission is responsible for between
67 and 87 per cent of paediatric HIV infection, with
the majority of the remaining infections occurring due
to blood transfusions113,114. The clinical features of
HIV infection in children are different from those in
adults. Perinatally infected children become
symptomatic by five years of age. Failure to thrive is
the most common clinical condition associated with
HIV infection in children113,114. Pulmonary and extrapulmonary tuberculosis was consistently the most
frequent opportunistic infection reported in two major
studies in Indian children with HIV113,114. Although
frequencies
differed,
oral
candidiasis,
hepatosplenomegaly, recurrent respiratory tract
infection, Pneumocystis carinii pneumonia, chronic
lung disease, persistent generalized lymphadenopathy,
chronic diarrhoea, pyrexia of unknown origin, chronic
hypertrophic parotitis, chronic ottorrhoea, bacterial
skin infection, and PPE have also been reported in
Indian children113,114.

Like children in the U.S. and Europe, systemic
and pulmonary findings are common in Indian children.
Lymphoid interstitial pneumonitis (LIP) is a distinctive
marker of paediatric HIV infection. This disease is
marked by chronic progressive cough, digital clubbing,
and fine reticular densities on chest X-ray without
fever. LIP affects children far more often than adults
and is associated with a good prognosis compared to
other opportunistic infection116. PCP however, was
seen much less commonly in Indian cohorts (3.43.9%)113,114 than Western cohorts where it is the most
common AIDS diagnosis in infancy 116. Recurrent
bacterial infection should raise suspicion for HIV
infection. In addition, like children with HIV in Africa,
Indian children are also afflicted by wasting,
malnutriton, and chronic diarrrhoeal disease, with
cryptosporidium being the major causative organism.
Appropriate immunizations, prophylaxis with cotrimaxazole, and preventative measures such as boiling
water must be taken in order to avoid morbidity and

women in India. In Indian women, HIV infection is
associated with a greater than a 2-fold risk of having
an abnormal pap smear112, which subsequently puts
them at increased risk for cervical cancer. There are
very few studies on HIV disease in Indian women;
more studies on the clinical spectrum of HIV disease
in women are needed in India.
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mortality in children. Little is known about the natural
history of HIV disease in Indian children, and further
research is needed.
Changing clinical presentation of HIV in the
context of HAART
Highly active anti-retroviral therapy (HAART) has
changed the face of HIV/AIDS by leading to a
dramatic decrease in HIV-related morbidity and
mortality among those with access to therapy117. Until
recently, HAART was not accessible to a vast
majority of the 5.1 million Indians living with HIV in
India 118 primarily due to its high cost. However,
production of anti-retroviral medications by Indian
generic manufacturers in the developing world has
drastically reduced the price of HAART to less than
one US$/day (Rs.800/month) 119, and significantly
increased access to treatment in resource-limited
settings120 (Fig. 4).
In India, generic HAART has been shown to be
safe, well tolerated and effective at increasing CD4
counts, and suppressing plasma viral load in patients
with advanced HIV, comparable to the experience
with proprietary HAART121,122. Similar to developed
countries, Indian patients on HAART are
experiencing a decrease in the number of
opportunistic infections, and HIV-related morbidity
and mortality. At YRG CARE, Chennai, after the
introduction of generic HAART, death rates fell from
25 per 100 person years in 1997 to 5 per 100 person
years in 2003 (unpublished observation) (Fig.5). There
was a significant decrease in the number of incident
opportunistic infections, especially tuberculosis, in
patients on HAART.
As data on HIV disease after the introduction of
HAART become more available, descriptions of
treated disease will include side effects and toxicities
of therapy. An analysis of patients on HAART at
YRG Care, Chennai, found that pruritis, nausea, and
rash were the most common adverse events
associated with HAART68. Others included vomiting,
anaemia, hepatitis, pancreatitis, peripheral neuropathy,
lipoatrophy, lipodystrophy, and SJS. These toxicities
were comparable to those reported with proprietary
HAART in the developed world. Lipodystrophy was
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noted primarily in patients on stavudine-based
HAART whereas hepatitis and SJS were associated
with use of nevirapine. Stavudine and nevirapinebased HAART is currently the cheapest and most
widely available triple drug regimen in resource limited
settings. The prevalence of adverse events related
to these drugs may rise as the use of antiretroviral
therapy increases.
Immune reconstitution is of increasing concern in
the developing world as HAART becomes more
available in settings where opportunistic infections,
especially TB, are abundant. The clinical presentation
of IRS is an apparent clinical deterioration of the
patient despite treatment. This could indicate a
successful, though undesirable, effect of HAART, or
instead, treatment failure and subsequent progression
of the opportunistic infection.
The emergence of drug resistance is becoming a
major concern as the use of generic HAART
increases. Recently, a genotypic analysis of the
sequences of HIV-1 from drug naïve patients in south
India showed that 6 and 14 per cent of patients had
mutations at nucleoside reverse transcriptase and/or
non- nucleoside reverse transcriptase (NNRTI)
resistance positions, respectively123. This is especially
significant because reverse transcriptase-based
regimens with an NNRTI are very commonly used,
and alternate protease inhibitor-based therapy remains
very expensive and unaffordable to most patients.
NNRTI resistance is important to consider because
resistance to one NNRTI signifies resistance to every
drug in that class, disqualifying the use of both
efavirenz and nevirapine, the two most commonly used
antiretrovirals in India.
Conclusion
HIV disease in India has a diverse range of
manifestations in multiple organ systems. As the HIV
epidemic grows, it is important for primary care
physicians as well as specialists to learn to suspect
and test for HIV infection. Early detection of HIV
optimizes chemoprophylaxis for opportunistic
infections and provides an opportunity for secondary
HIV prevention. In addition, with the availability of
HAART, treatment can vastly reduce morbidity and
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mortality in Indian patients. In the new era of generic
HAART, physicians must be trained to identify and
manage the toxicities associated with HAART as
well.
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The impact of HIV/AIDS is different in developed and developing countries including India.
Limited access to health care facilities, lack of infrastructure for diagnostic set up and cost of
anti retroviral therapy are some of the reasons. Early accurate diagnosis of opportunistic
infections (OIs), the common presenting symptom of the patients, is the key for success of
effective management. This review attempts an overview of few of the important OIs with
which majority of Indian patients present in the clinics. Emphasis has been on conventional
method of diagnostic approach, which is possible in most of the diagnostic laboratory set up in
India. Awareness of the disease and maintenance of high index of clinical suspicion are required.
An integrated approach to patient management with active interaction between clinicians and
microbiologists would be highly beneficial. Introduction of routine in vitro antimicrobial testing
system especially for Candida sp, Cryptococcus sp and Mycobacterium sp, is also important, in
order to obtain a baseline data on the susceptibility pattern, which not only have therapeutic
relevance, but also can predict in advance, any shift in these patterns in the Indian population.
Administrative support for the skill development of personnel, facility for data preservation
and telemedicine can extend the diagnostic expertise to the remote areas, without affecting
the patients mobility.
Key words Antifungal susceptibility test - Candidosis - Cryptococcosis - oppourtunistic infections - Penicillosis marnefii Pneumocystis carinii - tuberculosis

Definition of the problem: There is a striking
contrast in the awareness and impact of HIV /AIDS
between developed and developing countries. In USA
and Europe, about 75 per cent of infected people are
aware of their HIV serostatus, where as about 80-90
per cent of infected people in developing countries,
including in India, have never been tested for HIV
and remain unaware of their infection1-5. The reason
for this is multifactorial including: (i) limited mass
access to health care facilities and (ii) lack of basic
infrastructure for early diagnosis of primary HIV
infection (PHI) which includes expertise, equipment,
reagent/s, and insufficient funds to support
awareness/preventive campaigns and also specific

treatment like highly active antiretroviral therapy
(HAART). Thus the morbidity and mortality from this
infection continue to rise. Early accurate diagnosis
of opportunistic infections (OIs), the common
presenting symptoms of this group of patients, may
help in effective disease management. With careful
investigations on the present status of the prevailing
agent causing OI may also predict the individual’s
HIV sero-status 6, 7.
The infective organisms responsible for OIs differ
in characteristics from that of conventional
communicable disease, and are mainly low or non
virulent. Hence, these could be, nonpathogenic in an
395
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individuals with intact immune system (Candida
albicans) or known pathogens presenting in a
different way than usual in immunocompetent
individuals (Cryptococcus neoformans) or in the
form of increased virulence, recurrence, multi-drug
resistance (Mycobacterium tuberculosis) or atypical
presentation (dermatophytosis)7-9.
The clinical manifestations of HIV infection in India
(like other developing countries) are diverse. Spectrum
of OIs with which most of the patients present in the
clinics, reflects a wide variety of other endemic
diseases prevalent within each region. In contrast to
the developed world, a small number of opportunistic
pathogens cause a majority of the clinical infections in
India. Pneumocystis carnii (syn. P. jeroveci) 10 are
rarely documented in India 11-13 . Few reports are
available for Toxoplasma gondii infection 14,15 .
Penicillium marnefii, one of the emerging AIDS
defining infections, reported only from North Eastern
State (Manipur)16. While maximum number of reports
are available on important mucocutaneus lesions like
oropharyngeal candidosis (OPC) 9,13,17-27, status of
valvovaginal candidosis in HIV- positive women is not
known in India. The reasons could be few
environmental exposures, difference in host
susceptibility, earlier death owing to exposure to more
virulent organisms and diagnostic difficulties are some
of the factors. Other contributory factors may be the
prevalence of particular pathogens in an environment,
ecological factors that result in exposure to these
pathogens, and paucity of experienced and trained
personnel to look for these infections5,7,8.
In recent years the definition of conventional OI
is changing and the concept is developing purely on
basis of ‘host- parasite’ interaction28. In this review
we intend to focus mainly on the fungal OIs, as it is
one of the early manifestations with which Indian HIV
positive patients present in clinics9, and diagnostic
clinical mycology set up and expertise available only
in a few institutions7,8. Experiences at the All India
Institute of Medical Sciences (AIIMS), New Delhi,
one of the premier tertiary care centres in India, will
be highlighted.
Determining the spectrum of OIs and the changing
pattern over the years, in a given region requires

adequate surveillance and good diagnostic services
that are not available in many parts of the country.
OI that can be diagnosed with reasonable accuracy
by physical examination (oral candidosis) or by
inexpensive laboratory techniques (India ink), may be
documented more frequently than OI requiring more
cumbersome procedures of collection of specimen,
P. carinii (syn. P. jeroveci), or that requires more
expensive diagnostic technology (viruses). Besides
biases in diagnosing and reporting, OI may be
important among socially disadvantaged groups with
limited access to diagnostic and health care services
(women, elderly, and children). Further, difference in
clinical definitions may make comparison between
published reports difficult. Thus much less is known
about frequency of different OIs in India in the
backdrop of HIV/AIDS. In addition, a greater
exposure to a wide variety of relatively virulent
pathogens (M. tuberculosis) or lack of access to
medical care and treatment, rather than inherent
difference in the rate of decline of immunological
function1-5 may also be responsible of present state
of knowledge in India.
In India, quite often the diagnosis of OI is made
only on clinical signs and symptoms or when illness is
quite advanced, and by then it may be polymicrobial
in nature29, 30. There is paucity of reports about nature
of etiological agents causing various clinical
manifestations in HIV disease9, 25. Hence, integrated
investigative procedures are vital, specially in early
stages of HIV positivity.
Candidosis and Crypococcosis as co-infection in
HIV
Mucocutaneus candidosis is probably one of the
commonest manifestations of HIV- positive status
worldwide with oropharyngeal candidosis (OPC)
being most widely reported. In India, its incidence
has been reported from 50 to 100 per cent9,13,17-27.
Type of lesions may vary and some of the patients
may lack classical picture of oral thrush especially
when CD 4 count is quite high. In our recent study
on OPC in 125 HIV- positive patients27, we found
that patients can present with gingivitis, glossitis, while
the unusual manifestations like generalized cutaneous,
non healing ulcers, perineal cutaneous lesions or
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C albicans

C tropicalis

C krusei

TTC test

Fig 1. Microscopic morphology of different Candida sp in Gram stain smear
1a. Arrow indicates origin of pseudohyphae of C. albicans.
1b. Arrow indicates the thin hyphae and cluster of blastospores in intranodal region (C. tropicalis).
1c. Arrow indicates elongated budding blastospores of C. kruseii with different morphology of blastospores.
1d. TTC test: Culture on 2, 3, 5 Triphenyl tetrazolium chloride (TTC) medium for identification of Candida species
a: C. albicans (smooth, pale pink colony); t: C. tropicalis (smooth, maroon colony); k: C. kruseii (dry, cream colony).

disseminated candidosis were first reported in our initial
studies with agent isolated only C. albicans 17-19 .
Several studies since1992, with increased number
of patients with OPC, still show the prevalent isolate
as C. albicans, though emergence of non albicans
Candida species, in concordance with experience
of other Indian investigators, has also been
reported 20-27 . Surprisingly, C. dubliensis, one
important species of Candida reported in OPC
mainly from abroad 31 is still not seen in Indian HIVpositive population with infection; barring only one
report from a carrier 32 . The reason for this
discrepancy is difficult to explain, however, the type
of oral hygiene in different groups of patients along
with their flora before active infection may have
some role 27 . This study also revealed good
correlation of extent of lesion along with CD4 count.
It suggested that initiation of HAART treatment
may be indicated on physical assessment of OPC in
HIV-positive patient which indirectly can reduce the
cost of investigation for CD4 count 27 . Candida
oesophagitis, one of the AIDS defining infections,
scarcely reported in Indian HIV- positive patients,
is also seen in a non immune suppressed patient in
southern India 33. Same also applies on Candida
vulvovaginitis 33 . Probably it may be due to the
cumbersome procedure of collection of sample and
lack of enthusiastic investigator specifically looking
for this type of lesion. Gender bias for seeking

medical help, common in India, cannot be ruled out.
We have found different species of Candida (like
C. glabrata) causing majority of infection in
vulvovaginitis in Indian diabetic women34. Species
identification has therapeutic impact also, as
C. glabrata has inherent resistance to commonly
used fluconazole 27,34.
Inexpensive conventional diagnostic test can
differentiate majority of common pathogenic species
of Candida35, 36 (Fig. 1).
Cryptococcosis, one of the AIDS defining
infections, once considered as “sleeping disease",
became an “awakening giant” within a couple of
years, and has now been predicted as the “Mycosis
of the future” with a predilection that for every million
patients with AIDS, 50,000-100,000 will contract
cryptococcosis 37,38. Chronic meningitis is a main
manifestation of this infection. Reports of it, from
various states of India have increased more in the
AIDS era. However, a review in 20017, on the status
of cryptococcosis in India strangely reveals more
cases from the northern part, where the HIV
prevalence rate is low compared to high HIV
prevalent states in the southern or western India
(Fig. 2). Since then the overall scenario has not
changed much. This discrepancy probably is due to
under reporting and misdiagnosis of cases.
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Source: Ref No.7.
Source: Ref No.7.
Numbers in circle indicates the case reports
either single or in series from different states.

Source:NACO-Country Scenario 1997-98
Ministry of Health and Family Welfare,
Government of India

Fig. 2. Representing Indian Scenario of Cryptococcosis vis a vis HIV prevalent state.

Over the years, three successive studies 43,47
expanding a period of 12 yr (1992-2004), in our
laboratory, revealed that parallel to increase in number
of HIV-positive patients at AIIMS, HIV co-infection
with Cryptococcus, has also increased from 20 per
cent in 1992-1996 to 37 per cent in 1996-2000 to 49
per cent in 2000-2004 (Fig. 3).This is probably the
first study which observes the successive increase
of cryptococcosis in this group of patients.
Interestingly, the recent study (2000-2004) (Banerjee
and Jain-unpublished data), we also found that 23 per
cent of HIV positive patients presented with nonmeningitis manifestations especially with pyrexia of
unknown origin (Fig. 4).
Paediatric cryptococcosis which was rare in earlier
days, is now being increasingly reported from
India 7,39-42, and in HIV- positive children manifestation
may be both of chronic meningitis 3 9 and PUO
(cryptpococcaemia) 40, 41 . In case of cryptococcal
meningitis therapeutic management may improve the
condition. However, our experience reveals that once
cryptococcaemia establishes, patients hardly survives
even after proper dosage of specific antifungals41,42.
Hence, early detection is critical.

Biological amplification or positive culture is gold
standard for documented infection. In contrast to the
colony morphology of different Candida species,
which is quite homogenous, we have seen different
colonial variety in case of Cryptococcus. (Fig. 5).
There is no correlation between capsule size, (direct
microscopy) serotype / variety status and colony
morphology, in isolates from HIV-positive patients. Both
smooth and mucoid forms have been observed in these
isolates in addition to few dry irregular, sectored
colonies, first time recorded in Indian patients43.
Pathogenic role of the clinical isolates of
Cryptococcus needs to be tested for production of
melanin. Melanin negative albino isolate is considered
as non-pathogenic43. Surprisingly we have isolated
and identified melanin negative albino strains in two
patients and in one exceptional case of HIV-positive
patients with chronic meningitis there was a dual
infection by both melanin positive and negative strains
of C. neoformans (var grubii) (Fig. 6 ) Whether,
these isolates are with some genetic variation of the
same strain or two entirely different strains causing
infection is presently under investigation by molecular
characterization in our laboratory (Banerjee and
Mandal-unpublished data).
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Fig. 3. AIIMS experience of the increasing trend of Cryptococcus co-infection in HIV infection, over the years.
DM, diabetes mellitus; RT, renal transplant; TB, tuberculosis; HL, Hodgkin's lymphoma; SLE, systemic lupus erythematosus;
NHL, non-hodgkin's lymphoma; ALL, acute lymphatic lukemia; PSC, post-surgical complications; HIV, human immunodeficiency
virus; NS, nephrotic syndrome; NAPDF, no apparent pre disposing factor deceted

Fig. 4. Distribution of clinical presentation of Cryptococcosis in HIV positive and negative patients.

Identification of serotype/variety status of isolates
of Cryptococcus has significant relevance on the
therapeutic outcome. Majority of the isolates from
HIV-positive patients in India, are serotype A, var
grubii, consistent with the fact that this is the most
common serotype worldwide 42,44 . However, in
contrast to the conventional belief that var gatti
(serotype B) does not infect HIV-positive patients,
there are few reports, both from north and south India,
about the isolation of it in HIV infected patients42,45.
This indicates the widespread reservoir of this agent
in India, which is evidenced by a significant
epidemiological study from the north46. Identification
of this variety of the isolate is particularly important
as it is relatively refractory to the treatment and
prolonged course and /or increased dosage of

antifungals may be necessary. Besides, sequale of
cryptococcosis is much more in gatti variety.
Serology, detection of antibody and / or antigen
and / or metabolites, is one of the important adjuncts
for supportive evidence of any infection. For instance,
in case of cryptococcosis, polysaccharide antigen
detection is one of the important supportive evidences
of infection. Of the various available test systems,
latex agglutination (LA) is a popular test. This test,
though expensive is presently used in many diagnostic
laboratories in India. However its utility in diagnosis
of case of cryptococosis in HIV-positive patients is
superfluous, as in this group of patients with symptoms
of meningitis even a few cells in CSF can be
demonstrated by rapid and cheap method like India
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Fig. 5. Morphological variations in colony of C. neoformans
1. Smooth globose; 2. Highly mucoid; 3. Domed ridged; 4. Domed ridged umblicated;
5. Depressed center irregular edge.; 6 Flat, dry sectored, crenated margin.

ink/Nigrosin, antigen detection by expensive commercial
kit may not be always necessary. Once antigen is
detected in the system, it takes long time to get it cleared
even after, microbiological and clinical cure. Besides,
performance of different commercial kits varies47. In
an in vitro study48 using the isolate from HIV positive
patient it was observed that antigen can be detected in
the suspending extracellular fluid even when
Cryptococcus was not detected by direct microscopy
(by Gram stain/ India ink) or grown on culture. Detection
of only antigen does not always indicate active
infection48. Direct demonstration of capsulated budding
yeast cells followed by subsequent culture may be
enough to start specific antifungal therapy, which is vital
for this serious often fatal infection.

Fig 6. Simultaneous isolation of the melanin positive and negative
strain in L-Dopa medium, by glass bead method. White arrow
showing brown melanin positive strain; black arrow indicates
melanin negative strain.

Follow up and monitoring is necessary in this group
of patient, as relapse rate is quite high, even after
initial successful therapeutic outcome. It is believed
now, that like tuberculosis, relapse in cryptococcosis,
may also be due to re-activation.
In vitro antimicrobial test is one of the integral
part of a diagnostic set up in clinical microbiology. In
contrast to wide application of the in vitro antibacterial
susceptibility test, development and adoption of in
vitro antifungal test is still in infancy in India. This
test system is essential for therapeutic guidance in
fungal OI in HIV disease, particularly in case of
fluconazole, widely used triazole, which is being used
for prophylaxis of OPC and life long maintenance
therapy in patients who have been treated for chronic
meningitis with amphotericine B.
Few institutions have adopted the guidelines laid
down by the National Committee of Clinical
Laboratory Standards 49 while others are using
indigenously developed test. We have optimized
NCCLS macro- and micro-broth dilution and
conventional agar dilution techniques especially for
Candida species and Cryptococcus species. We
observed that in contrast to the worldwide report of
appearance of growing population of fluconazole
resistant C. albicans, only 6 per cent of our isolates
from OPC were resistant against fluconazole27. On
the other hand, isolates of Cryptococcus, though not
overly resistant, 16 per cent showed higher minimal
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Fig. 7. P. carinii direct demonstration by Calcoflor white and Silver methanamine stain.

inhibitory concentration (MIC) against fluconazole50.
Amphotericin B resistant C. neoformans infection
has been experienced in Tuberculosis Research
Centre, Chennai (TRC) in one of their HIV-positive
patient
(Soumya
Swaminathan-personal
communication). Situation though is not alarming at
this point, surveillance programmes need to continue,
to forecast the advent of a resistant population.
We feel, NCCLS M27A, test is quite cumbersome,
labor intensive, expensive and where reproducibility
is variable50. It is recommended for the use only in
referral laboratory, where specific skill and expertise
are available. Probably, NCCLS M44 and M44A51
disk diffusion technique will be more useful in routine
diagnostic service. This is currently being investigated
in our laboratory. Strains showing resistance by
NCCLS (M27A), must also be checked by
conventional agar dilution method, simultaneously, to
ascertain its true resistance nature, as also in vivo
clinical correlation with the patient on therapy. A team
of clinician and clinical microbiologist, should take care
of HIV patients/samples. Intra-laboratory network for
the exchange of strains can generate documented and
reproducible data for Indian isolates.
HIV co-infection with other fungi
Pneumocystis carinii (syn. P. jeroveci) 10 which
was one of the important OI with which patient first
reported and diagnosed as HIV disease, rarely
documented in Indian patients, except for few
occasional reports which varies from 6-10 Per

cent 11-13 . Why P. carinii is uncommon in Indian
HIV-positive patient is not known, however,
collection of appropriate sample before specific
treatment is a major hurdle. In an earlier prospective
study in our laboratory 12, sputum samples from 53
HIV-positive patients, clinically diagnosed as
interstitial pneumonia, were screened conventionally
for the presence of P. carinii (syn. P. jeroveci).
The organism could be detected only in 4 patients
(7.54%) 12. In an ongoing prospective study on more
than 100 bronchoalveolar lavage (BAL) fluid samples
of known HIV-positive patients, using calcoflour
white and silver methanamine staining as a tool for
direct demonstration, P. carinii could be
demonstrated in only one sample (Fig. 7) 52 This
confirms the rarity of the infection in India.
Penicilliosis marnefii, is a new emerging fungal
disease in HIV-positive patients. It is surprising that
earlier reports mainly confined to the patients from
North Eastern region of India (Manipur) 16, where
reservoir of this infection had been identified as
bamboo rat.
Mere isolation of Penicillium with red pigment
does not necessarily indicate the species P.
marnefii. Direct demonstration of the yeast with
characteristic septa in clinical specimen followed
by successful culture is a definitive diagnostic
criterion. However, once isolated, its thermal
dimorphism needs to be proved by growing the
isolates at two different temperatures and by
suitable animal pathogenecity.
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Tuberculosis as a co-infection with HIV
Tuberculosis is an important invasive OI, seen as
HIV co-infection. Amongst the large number of reports
available pulmonary tuberculosis is being reported more
than any other clinical forms 2-6,20,25,29,53-59. Detailed
information about HIV/TB co-infection is available
elsewhere 60 .
All forms of tuberculosis, in HIV-positive patient,
except when cavitation occurs, are paucibacillary in
nature8. Hence collection of appropriate sample and
extensive search of evidence for presence of bacilli,
on repeated specimens or any other supportive
evidence (like PCR) is essential to be sure of definitive
diagnosis. Microscopy of sputum is of great value in
detection of open or infectious cases of tuberculosis.
In developing countries including India, the
establishment of a good sputum microscopic service
is of prime importance for detection and treatment of
open cases 8.

was based on conventional techniques of smear/or
culture. NTM were detected on smear as well as
isolated on culture repeatedly, without any other known
respiratory pathogens including M. tuberculosis.
These were isolated from 2-3 consecutive sputum
samples, confirming the etiology. All patients in this
study had advanced stage of HIV disease with CD4
count < 200/µl. (Singh and Khatter – unpublished
observation). Of the 17 positive cultures of
Mycobacteria, 14 could be identified up to species
level depending upon the conventional biochemical
reactions. This study also revealed the distribution of
species amongst 8 NTM as MAC 3, M. fortuitum 2,
M. phlei 2 and M. vaccae 1.
Multi drug resistance (MDR) in M tuberculosis
infection is a major problem. In India, the prevalence
of MDR TB has increased from zero in 1982 to 10.7
per cent in 199562,63. However, its relation to isolates
from HIV-positive patient is hardly reported29.
Parasitic infection as co-infection with HIV

Smears are stained by Ziehl-Neelsen (ZN) or by
one of its various modifications. Grading of the positive
smears gives a broad indication of the severity of
disease and the response to therapy during treatment
of the patient8. Direct fluorescence has been used in
some laboratory for rapid detection of the agent
however, it needs fluorescent microscope and
specialized skilled personnel. Culture should be
attempted in all suspected cases. Modified Petroff’s
method 8 followed in most of the laboratories. At
AIIMS, New Delhi in addition, CDC, recommended
NALC-NaOH (N-acetyl L- cysteine) concentration
technique 61 is being followed for better chance of
isolation of bacilli.
There are very few reports of non tuberculus
mycobacteria (NTM), M. avium complex (MAC)
before the AIDS era, but the scenario has changed
during the present AIDS pandemic in the developed
world, but hardly reported in Indian patients. In a
prospective study at AIIMS, New Delhi 29, 97 clinical
samples investigated microbiologically (sputum 84,
CSF 11, pleural fluid 1, biopsy 1) collected from 94
HIV seropositive patients, revealed that the presence
of NTM (57.2%) was slightly higher than
M. tuberculosis (42.8%) in the study group. The test

Parasitic diseases like cryptosporidiosis,
microsporidiosis, isosporiosis and cyclosporiosis and
strongyloidiosis, either singly or in different
combinations, have been well documented in Indian
patients, pre- and post- mortem 22,64-70 . These are
diagnosed by direct demonstration of the agent in
concentrated stool samples, by modified acid fast stain
or saffranin methylene blue stain, modified trichrome
stain / Gram chromotrop stain / modified acid fast
stain. In a recent case report from our laboratory,
simultaneous co-infection with three coccidian
parasites, Cyclosporidium, Isospora and
Cyclospora has been demonstrated in a HIV positive
child70.
Toxoplasmosis, a zoonotic disease caused by
ubiquitous intracellular protozoan Toxoplasma gondii,
with worldwide distribution. It has emerged as an
important OI in HIV disease14,15 however; there is
paucity of reports from Indian patients14,15.
Other bacterial co-infection with HIV
Though conventionally infected by bacteria with
low virulence, at the same time HIV positive patients
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are not spared by classical virulent ones either.
Important OIs like Rodococcus equi or Nocardia
though reported from abroad 8, are hardly seen from
Indian patients. Spectrum of bacterial infection is
changing, towards the tilt of infection caused by
conventional pathogen30.
Other viral co-infection with HIV
Any virus can infect HIV infected patients.
Important OIs are herpes simple virus (HSV),
varicella–zoster virus (VZV) and cytomegalovirus
(CMV). Herpes simplex virus type 1 (HSV1) and type
2 (HSV2) cause primary and recurrent oral, genital
and rectal ulceration and occasionally disseminated
visceral, CNS disease and VZV lesions. In HIV
infected persons, re-activation of VZV causes
prolonged and severe manifestation of herpes zoster.
CMV is responsible for greater proportion of OI in
HIV-infected persons with advanced immune
deficiency. Retinities is most frequent clinical
manifestation of CMV though other manifestations
like gastrointestinal disease, encephalitis and
pneumonia may occur8,71,72.
The other viruses associated with HIV infected
persons include Epstein Barr virus (EBV) Kaposi’s
sarcoma-associated herpes virus (HHV8), human
papilloma viruses (HPV), molluscum contagiosum
virus, hepatitis B virus (HBV) and Hepatitis C virus
(HCV). Detailed information of HIV HBB/HCV coinfection is available elsewhere8,72.
Concluding remarks
Recent advances have improved our prophylactic,
diagnostic and therapeutic capabilities for a variety
of infections / diseases. Diagnostic capabilities of
various OI, specifically those commonly seen in HIV
disease, can be done with the tools now available in
India. Early effective diagnosis depends upon high
index of clinical suspicion followed by good laboratory
practice. Absence of pathognomonic signs and
symptoms suggestive of classical manifestations of
particular infection in this group of patients often
makes it difficult to recognize it, especially in its early
stage when it is relatively easy to manage the patient.
Taken as one instance is that in India majority of cases
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with PUO, with which a large number of HIV infected
patients present in the clinics quite often diagnosed
clinically as ‘tuberculosis’ and anti tubercular
treatment (ATT), in various combination is often
instituted empirically. Only in absence of clinical
response (the trial period varies according to choice
of physician) are the other possibilities considered.
This time lag is critical especially in
immunocompromised patients in particular in HIV
infection.
Diagnosis is still by and large based on conventional
method of direct demonstration, histopathology, as
well as culture, and on rare occasions special
confirmatory test such as animal pathogenecity are
used. For evidence of invasive disease organ-wise,
classical biopsy is preferred specially in early stage
of infection, as it can detect small number of agent in
the tissue as well also surrounding tissue reaction,
though some investigators prefer fine needle
aspiration cytology (FNAC) 73 . Conventional
diagnostic procedure may not always offer the
expected discriminatory power. It mainly depends upon
the stage of the disease, suitable collection of
appropriate specimen in adequate amount and proper
processing in the laboratory. For example, to
differentiate from colonization to the actual pathogenic
role of a particular microbe, multiple samples,
specifically from the site that is normally not sterile,
is advisable. For definitive diagnosis of OI, repeated
demonstration and / or isolation of the same microbe
from the same site of lesion or same microbe from
multiple sites (depending on clinical presentation) is
essential. Stringent adherence of protocol for
evidence of ‘documented’, ‘possible’, and ‘probable’
infections are needed when an unusual agent with
low virulence is seen in a clinical specimen. Quality
control needs to be maintained at each step, starting
from collection to the processing of samples in the
laboratory till the final identification. Knowledge about
proper collection and transportation should be
dessiminated amongst medical and paramedical staff.
A separate investigative procedure specifically for
OI may not always be possible in many institutions.
Only a few of the premier institutions have taken a
lead in this respect, for instance, at AIIMS, New Delhi
special laboratory facility for the investigations for
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infections in immunocompromised patient (ICP lab)
has been established in the department of
Microbiology. Telemedicine adapted in such
institutions, can extend the diagnostic expertise to the
remote area, without affecting the patients mobility.
Scenario of present status of OIs is expected to
change in highly active antiretoviral therapy (HAART)
era. Improvement, upgradation and networking of an
effective data preservation system specially that of
the laboratory documneted cases of unusual agents
causing OIs, is essential of the Indian institutions.
A high level of alertness is needed at both clinical
and laboratory level and routine surviellance studies
need to be undertaken. Institutions in India and other
developing countries need to be equipped to face the
emerging challenge, in the form of updating the
present knowledge, by way of education and training
of the personnel, acquisition of skills of improved
procedures, and their implementation in appropriate
settings with adequate administrative support.
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Leishmaniasis, a globally prevalent parasitic disease occurs in three forms viz., visceral,
cutaneous and mucocutaneous, transmitted by the bite of infected female Phlebotomus sandflies.
Visceral leishmaniasis (VL) has 100 per cent fatality rate, if left untreated. India has the largest
burden of this disease. HIV infection is also increasing worldwide and several reports indicate
rising trend of VL/ HIV co-infection, modifying the traditional anthroponotic pattern of VL
transmission. Both VL and HIV tend to lower the cell mediated immunity (CMI) resulting in
poor drug response and opportunistic infections involving gastrointestinal, cutaneous, respiratory
tract and central nervous system (CNS) may occur. Diagnosis of such co-infected cases is quite
difficult. However, newer tests like nested PCR, rk39 immunochromatographic test etc., can be
of help. Response to different antileishmanial drugs like sodium antimony gluconate (SAG),
amphotericin B is far from satisfactory. However, a new oral drug miltefosine has been found to
be promising. Highly active antiretroviral therapy (HAART) need to be given for management of
HIV infection along with treatment of other opportunistic infections.
Key words Co-infection - HIV - Leishmania - opportunistic infections

It is estimated that of the 600,000 new cases of
VL that occur annually, 90 per cent of these occur in
five countries, viz., Bangladesh, Brazil, India, Nepal
and Sudan (WHO Fact Sheet No. 116, Rev. May
2000)4. Three types of VL are recognized worldwide
namely African kala-azar, mediterranean or infantile
kala-azar and Indian kala-azar. African kala-azar,
generally affecting older children and young adults,
is found in eastern half of Africa from the Sahara in
the north to the equator. Mediterranean or infantile
kala-azar is found in mediterranean area, China and
Latin America for which dogs, jackals, foxes and rats
are the potential reservoirs. For Indian kala-azar,
humans are the only reservoir. Ninety per cent of CL
cases occur in seven countries namely Afghanistan,
Algeria, Brazil, Iran, Peru, Saudi Arabia and Syria
(WHO Fact Sheet No.116, Rev. May 2000)4.

The leishmaniases is a group of insecttransmitted parasitic diseases which are most
misunderstood and least studied of endemic
diseases. Three parasitic varieties are the primary
culprits: Leishmania donovani causing visceral
leishmaniasis (VL), Leishmania tropica causing
cutaneous leishmanisis (CL) and Leishmania
braziliensis causing mucocutaneous leishmaniasis
(ML). The disease is prevalent worldwide,
considered to be endemic in 88 countries: 72 of
which are developing countries and 13 are among
the least developed countries. It is believed that
350 million people are at risk, and 12 million people
are affected by leishmaniasis worldwide. Of this,
1.5 - 2 million new cases are estimated to occur
annually of which only 600,000 cases are officially
reported 1-3 .
407
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The global burden of leishmaniasis was 2-4 million
disability adjusted life years (DALYs) lost and 59000
deaths in 2001. India has the largest burden of this
disease in the world. The disease affects the poor
who cannot afford the expensive investigations and
treatment. It is estimated that 80 per cent of the
patients suffering from VL earn less than $2 a day5.
Because host defence against this intracellular
infection is T-cell dependent, VL has joined the list
of AIDS related opportunistic infection in endemic
areas 6 .
Though it is well known that the advent of HAART
(highly active anti retroviral therapy)) has modified
the natural history of HIV infection and related
opportunistic infections and neoplasms, the benefits
of HAART are only available to 5 per cent or less of
the HIV infected patients in the world at present.
There is no availab le data regarding HIV/VL coinfection in developing countries it may be increasing
worldwide7.
Although the geographical distribution of
Leishmania infection is restricted to the area of
distribution of Phlebotomus sandflies, HIV infection
may modify the traditional anthroponotic pattern of
VL transmission. Very rarely Leishmania
transmission has been described by alternative means
that are also shared by HIV transmission, including
blood transfusion8, congenital transmissions9-11 and
laboratory acquired12.
Worldwide, VL mainly occurs in HIV negative
individuals more so in paediatric patients 13 . The
association of Leishmania with HIV has lead to a
significant shift in the age of people at risk14-16. In
South West Europe, 75 per cent of HIV seronegative
and 80-83 per cent of HIV positive patients seen with
VL were men 17,18 . In general, overt clinical
leishmaniasis occurs in profoundly immunosuppressed
HIV infected patients. Mean CD4 counts were 200
cells/mm 3 in 62-90 per cent and 50 cells/mm 3 in
42 per cent of co-infected patients19,20. In a majority
of HIV positive individuals, L. donovani and
L. infantum cause VL. The co-infection by HIV and
Leishmania both causes enhanced immunological
disturbances. Both infections switch the predominantly
cellular immunological response from Th1 to Th2

through complex cytokine mediated mechanisms
leading to a predominantly humoral response22. There
is a defect in lytic capacity of macrophages, which
cannot eliminate intracellular Leishmania amastigotes
through the nitric oxide pathway21. HIV related CD4+
T cells depletion leads to a further decrease of T cells
and stimulates β-lymphocytes 23. This leads to an
oligoclonal β cell response, which explains the
elevated frequencies of false negative Leishmania
serology. HIV mediated inhibition of proliferative
response to Leishmania favours the dissemination of
leishmaniasis. Conversly, Leishmania infection
increases HIV replication mainly due to chronic
immune activation. There is also an increased
secretion of TNF-α, IL2, IL4, IL6 and IL1024,25. The
induction of HIV expression has been suggested by
the observation of progressive increase in HIV-1
RNA loads in co-infected patients in parallel to
increase in IL4, IL6 and IL10 levels26,27.
Clinical presentation
In cutaneous leishmaniasis, the systemic
symptoms are usually absent. Initially, the lesions are
small red papules up to 2 cm in size. The papule
ultimately ulcerates and there could be exudates
formation or it can become dry with a crusted scab.
Sources are usually found on the exposed areas of
the skin, especially the extremities and face. Regional
adenopathy, satellite lesions, and subcutaneous
nodules can be present. Untreated sores can leave
de-pigmented retracted scars. Lesions can be pruritic
and painful.
Mucocutaneous leishmaniasis presents as single
or multiple cutaneous lesions which become painful
gradually. Mucosal lesions often develop after the
primary lesion has healed. These lesions can progress
to involve the entire nasal mucosa which can lead to
nasal obstruction and bleeding. The palates can also
become deformed along with ulceration of the nasal
septum and lips. Other signs can include gingival
oedema, periodontitis and adenopathy. Secondary
infection plays a prominent role in the size and
persistence of ulcers.
Visceral leishmaniasis generally presents with
bouts of fever, of which double peak is characteristic.
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Hepatosplenomegaly with pancytopenia, wasting and
weakness, and darkening of the skin are among the
other prominent features.

Other opportunistic infections like mycobacterial
infection, cytomegalovirus (CMV), pneumonias and
AIDS related neoplasms may also occur35,36.

Leishmania/HIV co-infection is emerging as a
serious new disease pattern and is becoming
increasingly frequent. Of the 1700 cases of coinfection reported to the World Health Organization
from 33 countries worldwide up to 1998, 1440 cases
were from South-West Europe: Spain (835), Italy
(229), France (259) and Portugal (117). Of 965 cases
retrospectively analyzed, 83.2 per cent were males,
85.7 per cent were young adults (20-40 yr) and 71.1
per cent were intravenous drug users 28. Most coinfections in the Americas are reported from Brazil
where the incidence of HIV has risen from 0.8 cases
per 100,000 inhabitants in 1986 to 10.5 cases per
100,000 inhabitants in 1997 29. In India, the HIV/
Leishmania co-infection has not been extensively
studied. The risk of visceralization for HIV positive
person, infected with Leishmania species typically
associated with cutaneous disease, is not much of a
problem, since VL is several thousand times more
common than CL in India. However, this may be a
very serious issue in the mediterranean countries
where CL is very common.

Gastrointestinal (GI) symptoms are among the
most frequent complaints37-39. LD bodies have been
identified in up to 50 per cent of such patients. The
commonest site of involvement is the jejunum40,41.
Endoscopy and routine biopsy are important tools in
the diagnosis. The symptoms may include diarrhoea,
malabsorption, and hypoalbuminaemia and weight
loss. There may be erosive gastro-duodenitis, ulcers
and colonic lesions.

A majority of HIV/Leishmania co-infected cases,
show classical features of VL. These co-infected
patients may also have other features, viz., atypical
location due to decreased cell mediated immunity
(CMI)30,31, parasitic dissemination to skin, cutaneous
and reticulo-endothelial system (RES), a chronic and
a relapsing course, poor drug response and lack of
anti-lesishmanial antibodies.
The incubation period is variable and may be age
related 32,33 . Other concomitant opportunistic
infections are diagnosed in 42-68 per cent of
HIV-positive patients. Fever, pancytopenia,
hepatosplenolmegaly and hypergammaglobulinaemia
are common. Classically, splenomegaly may be less
in HIV positive patients34. Constitutional symptoms
(asthenia, anorexia, weight loss etc.) are seen in
50-70 per cent of patients and lymphadenopathy in
15-60 per cent of patients. VL with HIV infection
may present as pyrexia of unknown origin (PUO).

Cutaneous involvement42 may appear in the skin
with Karposi sarcoma, Herpes simplex or Zoster.
Leishmania may be associated with dermatofibroma,
psoriasis, Reiter’s syndrome, bacillary angiomatosis,
cryptococcosis and oral aphthous ulceration. It may
also present as dermatomyositis like eruption43,44.
Respiratory tract involvement occurs in alveoli and
pulmonary septa in 75 per cent of patients with VL45.
They could present with pulmonary tuberculosis and
pneumonia, more commonly Pneumocystis carinii
pneumonia (PCP). The symptoms could be cough,
breathlessness, haemoptysis and excessive sputum
production. Renal involvement can occur.
Glomerulonephritis with mild proteinuria, haematuria
and even acute renal failure have been reported.
Tubulointerstitial damage can also occur46.
Central nervous system (CNS) involvement is very
common in the late stages. Pandey et al47,48 reported
cases in which HIV-Leishmania co-infection was
associated with pulmonary tuberculosis and
tuberculoma in the brain neurocysticercosis and
tuberculous meningitis. AIDS dementia complex
occurs in the late stages and may lead to early death.
In such cases, CD4 count has been reported to be as
low as <50 cells/mm3.
Pancreatic, pulmonary, pleural, laryngeal, adrenal,
pericardial, myocardial and lingual leishmaniasis have
also been reported. Mucocutaneous leishmaniasis
appears in 2-3 per cent of VL-HIV co-infected
patients 49-55.

410

INDIAN J MED RES, APRIL 2005

Diagnosis
Diagnosis is quite difficult as only 40-50 per cent
of VL/HIV co-infected cases have a positive
leishmania serology56. This percentage is inversely
proportional to CD4 cell depletion. Anti-leishmania
antibodies in HIV-positive patients are 50 times less
than those in HIV-negative patients 57. Therefore,
there may be many false negative tests. Immuological
results may show a sensitivity of 70 per cent and
specificity of 73 per cent 58 . However, there is
substantial non-specific cross reactivity59. The direct
examination of amastigotes in the splenic and bone
marrow aspiration has been the gold standard.
Amastigotes in the peripheral blood occur in 50 per
cent of the co-infected patients and in the NovyMcNeal-Nicolle (NNN) medium culture the
sensitivity goes up to 70 per cent60,61. Detection of
Leishmania antigens by Western blot in the urine
samples as well as by rk39 strips in being tried. The
rk39 strips have a sensitivity and specificity of close
to 95 per cent62. PCR techniques requiring blood and
tissue samples are very time consuming 63,64. However,
when used in combination with ELISA and Direct
Agglutination Test (DAT) the results are very
encouraging. Nested PCR assay has a sensitivity of
95 per cent in the peripheral blood and 100 per cent
in bone marrow/ splenic aspirates65,66.
Treatment
Certain issues are significant in the management
of HIV/Leishmania co-infected patients. Firstly,
optimal duration of treatment is to be given. Secondly,
the dose has to be monitored and thirdly, there is
frequent relapse.
Sodium antimony gluconate (SAG) has developed
resistance and low cure rates of 30-50 per cent have
been reported67. In such patients, the treatment with
SAG has to be given for a longer period68. However,
the longer duration of therapy may lead to
cardiotoxicity. With SAG, there are frequent relapses
as seen often in Bihar 69. Amphotericin B has also
been tried and response rate of 60 per cent has been
observed but 25-60 per cent of the patients treated
with amphotercin B, are likely to have relapse during

the first year after completion of treatment70,71. HIV
infected individuals are more likely to suffer from drug
related adverse events. In almost all the patients,
depending on the CD 4 counts (<200/ml) HAART
should be given72. Amphotericin B can be given at a
dose of 1 mg/kg for 15 days. Although lipid
formulations are less toxic, they are very costly 73.
Pentamidine is usually not effective and should not
be used due to its toxic effects. Oral miltefosine74,75
is a promising alternative at a dose of 2.5 mg/kg for
28 days and has been tried by Thakur et al76 in six
co-infected patients with good results. Besides
treatment of VL and administration of HAART, other
secondary infections like tuberculosis of the chest,
oral cadidiasis, CMV infections, Pneumocystis
carinii pneumonia (PCP), toxoplasmosis, Karposi
sarcoma also need to be treated77.
Usually, when patients relapse, the management
of the case becomes very difficult. Relapses have
been treated with either antimonials or amphotericin
B in the standard dosages for a more prolonged
duration. Since there are no specific comparative
studies, the selection of regimen for treatment should
be determined by the toxicity profile of the drug as
well as the patient’s co-morbidity.
The drug-drug interactions between antiretrovirals
and antileishmanials have not been extensively
studied. However, in some of the co-infected patients
with tuberculous infection, antituberculosis therapy
has to be given. The antituberculosis drugs like
rifampicin and rifabutin can decrease the levels of
protease inhibitors like indinavir, siquinavir, ritonavir,
nelfinavir and non-nucleoside reverse-transcriptase
inhibitors like efavirenz by inducing cytochrome P450
drug metabolizing enzyme system in the liver78-80. The
best approach would be to avoid simultaneous use of
rifampicin or rifabutin together with protease inhibitors
and non-nucleoside reverse-transcriptase inhibitors.
Conclusion
Leishmaniasis per se is a mysterious disease as
far as its epidemiology is concerned. Nevertheless,
adequate information has been contributed for its
diagnosis and management. In India, visceral form
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of leishmaniasis is of prime concern. VL and HIV
infection both are attributed to the lowering of CMI
and hence this co-infection has aggravated the threat
to the VL endemic population.
Various indirect serological methods for
diagnosing VL cases include ELISA, dot ELISA,
DAT, rk39 but have not been satisfactorarily
validated. The clinicians have to eventually rely on
the gold standard method of directly visualizing
parasites in the bone marrow/ splenic aspirates. This
is not feasible in the field setting level i.e., at the
primary health centre (PHC) level in the current
scenario. Hence, there is an utmost need for
development of highly specific and sensitive
diagnostic tool for VL that can be in practiced at
the field level. Nested PCR can be of some help in
the diagnosis. However, it takes a longer duration,
is costly and difficult to perform under field
conditions.
For the treatment of VL, the first line of drug is
SAG, which has low response rate in several endemic
districts of Bihar. Pentamidine is another drug of
second line but due to its side effect in the form of
insulin dependent diabetes, it has not found favour
amongst the doctors. VL being the disease of
neglected people belonging to low socio-economic
strata of the population, the other antileishmanial drugs
like amphotericin B, amphotericin B lipid complex are
not cost effective. A new clinically tried oral drug,
miltefosine, is very promising for treating VL cases,
as it is very efficacious and easy to administer at the
field level.
HAART is to be administered in co-infected
patients for HIV infection along with management of
other opportunistic infections but it is very expensive
and beyond the means of poor patients. There is a
dire and urgent need to develop cheaper and effective
methods for diagnosis and management of both VL
and HIV infection.
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The increased risk of developing tuberculosis (TB) among those infected with HIV has prompted
a need to reconsider the institution of preventive therapy/chemoprophylaxis with one or more
antituberculosis drugs. Prior to the initiation of preventive therapy for tuberculosis, it is essential
to rule out active TB. The target population for chemoprophylaxis among HIV seropositives
includes all Mantoux (PPD) positive individuals who do not have active tuberculosis and could
include all PPD negative individuals living in high prevalence region for TB. The optimal
duration of preventive therapy with single drug isoniazid, daily or twice weekly, should be
greater than six months to provide the maximum degree of protection against tuberculosis. The
effectiveness of preventive therapy should be evaluated at regular intervals by monitoring patients
for drug adherence, drug toxicity and for the development of tuberculosis. Though the impact of
preventive therapy on an individual basis may be rather small, widespread implementation
would have substantial impact on morbidity due to tuberculosis and some impact on mortality.
Till the vast majority of HIV positive individuals in the world can access antiretroviral therapy,
preventive therapy for tuberculosis should be offered at voluntary counselling and testing centres,
as part of a package of care that includes prophylaxis and treatment of opportunistic infections,
nutritional support and counselling.
Key words Chemoprophylaxis - drug monitoring - drug toxicity - HIV - preventive therapy - tuberculosis

2003, 70.1 per cent are in sub-Saharan Africa and
16.1 per cent are in South East Asia 5. About one
third of those living with HIV worldwide are coinfected with M. tuberculosis6. Since 68 per cent of
those co-infected live in sub-Saharan Africa, this
region carries the overwhelming burden of global
epidemic of HIV associated tuberculosis. In sub
Saharan Africa 20 to 67 per cent of patients with
pulmonary tuberculosis have been reported to be HIV
seropositive 7. However, with 22 per cent of coinfected individuals, South East Asia also bears a
considerable burden of HIV associated TB. In other
regions with a high number of AIDS cases, an
increased HIV prevalence rate has been noted among
TB patients 8-10.

The HIV pandemic has had a major impact on the
epidemiological dynamics of tuberculosis (TB). In
countries with a severe HIV epidemic, there has been
a dramatic rise in the notification rates for TB. Various
studies1-3 have domonstrated that persons co infected
with Mycobacterium tuberculosis and HIV have a
5-8 per cent annual risk and a 30 per cent or greater
life time risk of developing active TB. The
mechanisms include reactivation of latent infection2,
rapid progression of primary infection3 or re-infection
with Mycobacterium tuberculosis 4.
The Joint United National Programme on HIV/
AIDS (UNAIDS) estimates that of the global total
of 37.8 million people living with HIV at the end of
415
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Over the last decade HIV has been the major cause
for the large increase in the incidence of tuberculosis
in populations with a high prevalence of HIV
infection. In south India, one of the early observations
in 1992 has shown that a significant proportion of
AIDS cases detected, had active tuberculosis11. The
increased risk of developing TB among those infected
with HIV has prompted a need to reconsider institution
of preventive measures to enable HIV seropositive
patients to avoid the risk of progression to clinical
TB. Four types of intervention are available for TB
control, namely, Case finding and Treatment,
Preventive therapy, Use of BCG vaccination, and
Environmental measures12. Emphasis in developing
countries has been on case finding and treatment and
on provision of BCG vaccination to infants. Preventive
therapy was not recommended except for infants
being breastfed by mothers with pulmonary
tuberculosis or other children under 5 yr of age living
with infectious persons13.
Preventive therapy (PT) or chemoprophylaxis
against TB is the use of one or more antituberculous
drugs (ATT) given to persons with latent infection
with M. tuberculosis in order to stop or prevent the
progression to active disease. Prior to the HIV
epidemic, its use in countries with a high prevalence
of tuberculosis was limited to childhood contacts of
active cases since these children have a higher risk
of progression to disseminated and severe forms of
disease. Evaluation of preventive therapy, before the
emergence of AIDS, involving over 100,000
participants in a placebo-controlled trial demonstrated
a reduction of 25-92 per cent in tuberculosis14. Several
studies have now demonstrated that PT is effective
in preventing progression of TB infection in individuals
dually infected with HIV and M. tuberculosis,
although the efficacy is not 100 per cent (ranges from
60-90%). In addition, there is a suggestion that
chemoprophylaxis may delay HIV disease progression
amongst asymptomatic HIV infected individuals15.
The increased risk of developing active disease
associated with HIV infection has provoked a number
of questions, like who should receive prophylactic
therapy, how long to continue, whether isoniazid alone
is the most effective agents, role of secondary
prophylaxis, etc. Clinical trials are ongoing in these
areas.

Ideal candidate for chemoprophylaxis: In a study
under a methadone maintenance programme in New
York the risk of developing active tuberculosis in HIV
infected persons with positive tuberculin (PPD) skin
test reactions was shown to be as high as 7.9 per
cent per year2. All these cases occurred in patients
who did not take prophylactic isoniazid and occurred
among those with a positive PPD. Swaminathan
et al16 reported an incidence rate of 7.1 per 100 person
years in PPD positive and 6.9 per 100 person years
in PPD negative HIV positive individuals, in south
India. A meta-analysis17 of 7 randomized controlled
clinical trials to determine the efficacy of isoniazid
(INH) for the prevention of TB in tuberculin skin test
positive and negative individuals with HIV infection
revealed that in groups of tuberculin skin test positive
and negative persons, the risk ratio of TB was 0.41
(95% CI, 0.24-0.71) and 0.94 (95% CI, 0.52-1.38),
respectively and the difference in the effectiveness
of INH versus placebo between these groups was
statistically significant; consistency of results was
found across trials for all comparisons. Another metaanalysis 18 , on the effectiveness of tuberculosis
preventive therapy in reducing the risk of active
tuberculosis and death in HIV infected persons,
analyzed 11 different preventive therapy trials with a
total of 8,130 randomized participants. The result
showed that the benefit was more in individuals with
a positive tuberculin skin test (RR 0.38, 95% CI 0.25
to 0.57) than in those with a negative test
(RR 0.83, 95% CI 0.58 to 1.18) (Table I). A positive
tuberculin skin test is defined as an induration of
>5 mm in HIV-1 seropositive persons. These
observations have led to the recommendation that all
HIV infected patients should undergo tuberculin skin
testing and persons with a positive test be offered
preventive therapy with INH, after ruling out active
tuberculosis.
A study among injecting drug users in Baltimore,
Maryland 19 found that there was a considerable
change in the delayed type hypersensitivity (DTH)
status over time, particularly among HIV infected
persons with lower CD4 cell counts. Another study20
suggested that establishing the likelihood of
M. tuberculosis infection on grounds other than skin
testing is a more useful means for determining who
should receive prophylactic therapy. Recently, the
detection of interferon-gamma (IFN-γ) production by
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peripheral blood mononuclear cells (PBMCs) in
response to TB antigens like ESAT-6 and Cfp 10 has
been suggested as a test for latent TB infection 21.
However, its utility in HIV infected persons has not
been established. At present, there is no surrogate
test for M. tuberculosis latent infection that is
consistently better than the tuberculin skin test.
Factors such as community rates of infection and
active disease, demographic information, history of
exposure and abnormalities on chest radiographs can
all be used to identify the HIV infected patients at
highest risk. These individuals may be considered for
prophylactic therapy regardless of skin test results.
The Centers for Disease Control and Prevention
(CDC) has recommended that preventive therapy for
anergic HIV infected persons be considered if the
patient has had known contact with an active TB case
or belongs to a group in which the prevalence of TB
infection is high22. In areas endemic for TB and HIV,
PPD or tuberculin test may not be helpful in identifying
persons who could benefit from INH prophylaxis.
Among TB patients with HIV infection, up to 40 per
cent could be anergic. This further complicates the
issue of tuberculosis preventive therapy among
individuals infected with HIV.
Chemoprophylaxis in tuberculin negative HIV
infected persons
Tuberculin skin test negative, HIV infected persons
from high risk groups or from areas with a high
prevalence of M. tuberculosis infection may be at
increased risk of primary or reactivation tuberculosis.
Some experts recommend preventive therapy for
persons in this category. The efficacy of preventive
therapy in Mantoux or PPD negative HIV positive
persons has not been clearly established, most studies
showing it to be of limited value. In a meta-analysis23
combining the various studies on efficacy of
preventive therapy in subjects with a negative PPD
test, INH was found to be significantly better than
placebo with a rate ratio of 0.82 (95% CI 0.50 to
1.36). Hence in HIV seropositive individuals, living
in a high prevalence TB region, with negative PPD
or in situations where tuberculin test cannot be
performed, chemoprophylaxis with INH will reduce
the risk of developing active TB in the short term to
around 60 per cent of what it would have been without
such treatment. Hence the target population for
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preventive therapy among HIV seropositives includes
all PPD positive HIV infected individuals who do not
have active tuberculosis and when PPD testing is not
feasible like those living in areas with a high
prevalence of TB infection (>30%), among health
care workers, household contacts of TB patients,
among prisoners and miners and other selected groups
at high risk of acquisition or transmission of TB.
Prerequisite to initiate preventive therapy
Prior to starting an individual on preventive
treatment for tuberculosis, it is essential to ensure
that he/she does not have active tuberculosis. This is
done by a complete clinical examination along with a
chest X-ray and sputum smear examination for acidfast bacilli (AFB). It is advisable that chest X-ray is
done for every individual before considering
preventive therapy. Any HIV infected patient with
fever, cough or abnormal chest X-ray should not be
given preventive treatment until a full evaluation is
done to confirm that active TB disease is not present.
At times, it is difficult to exclude TB even when the
chest radiograph is normal and three sputum smears
are negative for AFB. Where mycobacterial culture
facilities are available, sputum culture can be used to
definitively diagnose TB24. In general, it is safe to
presume that completely asymptomatic individuals are
unlikely to have TB.
Duration of preventive therapy
A multicentric trial conducted in the USA, Mexico,
Brazil and Haiti25 demonstrated that the magnitude
of protection obtained from a regimen of isoniazid
(H) administered daily for 12 months was similar to
that obtained from a regimen of rifampicin (R) and
pyrazinamide (Z) administered daily for 2 months.
Moreover, it was noted that persons taking R and Z
for 2 months were significantly more likely (80%) to
complete therapy than those taking H for 12 months
(69%). However, due to several cases of fatal
hepatoxicity reported among HIV-negative
individuals on the RZ regimen, it is no longer
recommended for preventive therapy. A study
amongst HIV infected persons in Uganda26 evaluated
a 6-month regimen with a placebo comparison group
and demonstrated a 70 per cent reduction in the
incidence of tuberculosis among persons in the
treatment group.
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Another trial by Halsey et al27 found similar overall
protection against tuberculosis in 2 groups of Mantoux
positive, HIV infected persons: those who took
partially supervised H twice weekly for 6 months and
those who took R and Z twice weekly for 2 months.
There was no significant difference in total mortality
rates at any time between both the groups (Table II).
Another trial in Ugandan adults infected with
HIV28 studied three regimens namely H daily for 6
months versus H with R daily for 3 months and H
with R and Z daily for 3 months along with a placebo
group; 80-89 per cent of different groups completed
treatment and the mean follow up duration was 15
months. This study 28 demonstrated a 83 per cent
reduction in the incidence of tuberculosis among
persons in the treatment groups as compared to the
placebo group. It was also noted that the advantage
of shorter regimens was better patient compliance
and earlier sterilization of any lesions; however, the
risk of drug toxicity was higher.
There is evidence to suggest that preventive
therapy is efficacious in HIV positive persons with
tuberculin reactions >5 mm, and that optimal duration
of isoniazid preventive therapy (using a single drug)
should be greater than six months to provide the
maximum degree of protection against TB. Although
the American Thoracic Society29 has recommended
that isoniazid therapy be continued for 12 months in
persons with HIV infection, there are only few
studies comparing the efficacy of this approach with
that of either shorter or longer courses. There has
been some suggestion that the effect of prophylaxis
tends to wane, as time passes30. A randomized clinical
trial is currently underway at the Tuberculosis
Research Centre, Chennai to investigate a 6-month
regimen of ethambutol and isoniazid compared to a
3-yr regimen of isoniazid alone (in lieu of lifelong
therapy). The results of this trial should provide
information on the need for long-term prophylaxis.
Rhythm of administration of preventive therapy
HIV seropositive patients in Haiti27, who received
either isoniazid twice weekly for six months or
rifampicin with pyrazinamide twice weekly for 2
months were studied, the rate of development of
active TB was similar in the two groups after 3 yr;

but in group receiving rifampicin and pyrazinamide
had significantly more cases of active TB during the
first 10 months.
In another study in which isoniazid was
administered twice a week (10-15 mg/kg, with a
maximum dose of 900 mg) to a cohort of injecting
drug users under directly observed preventive therapy
(DOPT), support the efficacy of twice weekly
isoniazid preventive therapy 31 . Twice weekly
regimens with DOPT were used in the study with
the hope that supervised delivery of therapy would
enhance adherence with preventive therapy regimen.
Thus, the available data suggest that the protection
obtained from isoniazid preventive therapy regimens
may be the same whether the drug is administered
daily or twice a week.
Drug monitoring
(i) Adherence: Patients on preventive therapy should
be monitored during routine visits and by means of
surprise checks for adherence to the preventive
therapy, for drug toxicity and signs and symptoms of
developing active TB. Pill counts, self-report and
estimation of urinary acetyl INH may be useful in
assessing adherence. Patients who interrupt therapy
should be counselled about reasons for stopping
treatment. Preventive therapy should only be restarted
if the obstacles to adherence have been removed.
The aim is to provide at least 6 months of INH therapy
during a one year period.
(ii) Drug toxicity: Patients with symptoms suggestive
of toxicity to medication should be evaluated
immediately. Patients should be educated about
symptoms of hepatitis and instructed to attend the
clinic/OPD promptly should these occur. No toxicity
from isoniazid was encountered in the Haitian study15.
In the study from Spain32, 9 of 86 (11%) patients who
started therapy had to discontinue it, in 6 cases
because of hepatotoxicity. In our experience at
Tuberculosis Research Centre preventive therapy with
isoniazid can be safely employed in HIV infected
patients, if baseline liver function tests are within
normal limits (unpublished observations). Another
study suggested an overall risk of death of 0.001 per
cent among subjects of all ages taking isoniazid for
preventive therapy33. Data on rates of adverse effects
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in HIV infected individuals are not available; although
experience suggests that toxicity from antituberculosis drugs in advanced HIV disease is
frequent 34 . In a community based programme in
Florida 35 , of the 135 HIV infected patients who
received R with Z for 2 months under DOT for latent
TB infection, five had to discontinue treatment due
to side effects and allergic skin reaction (n=4) and
hepatitis (n=1). In the Ugandan HIV infected adults
trial28, it was noted that side effects were higher in
the 3 drugs group. In a meta-analysis17, it was noted
that compared to INH monotherapy short course
multidrug regimens were much more likely to require
discontinuation of treatment due to adverse effects.

Chemoprophylaxis in developing countries: In
many of the developing countries with a high
prevalence of HIV and TB, many HIV infected
individuals are likely to develop active TB. The first
priority of National TB Control Programme in such
settings, is to treat all active cases of TB, render them
non infectious and achieve a high cure rate. Although
it could be accepted that preventive therapy should
be offered to individuals who are diagnosed to be
infected with both HIV and latent TB, such preventive
therapy programme should not compromise or
undermine the priority of the TB control programme
of diagnosing and curing patients with infectious
tuberculosis.

(iii) Development of TB: Preventive therapy should
not be continued if the patient develops signs or
symptoms of TB. The suspected cases must be
properly evaluated for active TB and referred for
treatment.

Secondary prophylaxis

Contraindication to preventive therapy
Preventive therapy is contraindicated in patients
with active tuberculosis and in patients with active
(chronic or acute) hepatitis. Isoniazid should be given
with caution to individuals who consume alcohol daily.
Active tuberculosis must be excluded before beginning
preventive therapy.
Chemoprophylaxis in special situations
Chemoprophylaxis in pregnancy: Chemoprophylaxis
for tuberculosis is recommended during pregnancy
for HIV infected women, who have a history of
exposure to active tuberculosis or after active TB
has been ruled out. INH with pyridoxine (to reduce
the risk of neurotoxcity) is the prophylactic agent of
choice 36. Some may choose to initiate prophylaxis
after the first trimester to avoid teratogenicity.
Chemoprophylaxis in children: Infants born to HIV
infected mothers should have a Mantoux test (5-TU
PPD or 1-TU PPD RT23 with tween 80) at or before
age of 9-12 months and should be retested at least
every 2-3 yr36. Children exposed to those with active
TB, should be administered preventive therapy after
active TB has been ruled out. However, there have
been no clinical trials of preventive therapy in HIV
positive children.

The rate of recurrent TB is higher in HIV-1
positive individuals than in HIV negative individuals
with both re-activation and new infections contributing
to recurrences37. A trial was conducted in Haiti38 to
determine whether post treatment INH prophylaxis
decreases the risk of recurrent TB. The rate of
recurrent TB among patients who had completed a
short course regimen was found to be 4.8 per 100
person years in HIV-1 infected individuals and 0.4
per 100 person years in uninfected individuals
(RR=10.7, 95% CI 1.4-81.6). Among HIV-1 positive
patients receiving INH for 6 months after TB
treatment, the TB recurrence rate was 1.4 per 100
person years and among HIV-1 positive patients
receiving placebo, it was 7.8 per 100 person years
(RR0.18, 95% CI 0.04-0.83). Another trial conducted
in South Africa 39 to determine the efficacy of
secondary preventive therapy against TB among gold
miners, concluded that the overall incidence of
recurrent TB was reduced by 55 per cent among men
who received preventive therapy compared with those
who did not (RR =0.45, 95% CI 0.26-0.78). It also
showed that the absolute impact of secondary
preventive therapy to reduce TB recurrence was
highest among individuals with low CD4 cell counts.
Cost efficacy
Studies are being conducted to consider not just
the efficacy but the feasibility and cost efficacy of
preventive therapy in HIV infected people in countries
with a high prevalence of TB. The unit cost to prevent
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future TB disease should be evaluated against the
cost of successful treatment of TB cases under
programme conditions. The need for and provision of
preventive therapy should therefore depend on the
HIV situation and local resources. The impact of
preventive therapy on the prevalence of tuberculosis
in HIV infected persons in contemporary sub-Saharan
Africa 40 showed that giving preventive therapy to
25 per cent of HIV-positive individuals with latent
tuberculosis infection leads to a 3.9 per cent reduction
in the prevalence of tuberculosis in 10 yr and a 5.1
per cent reduction in 20 yr. Doubling the preventive
therapy coverage to 50 per cent approximately
doubles the effect size, suggesting a linear relationship
within the 20-yr period. This model-based analysis
suggests that the impact of preventive therapy on
tuberculosis in the population is likely to be small
contrary to general belief.
Effect of preventive therapy on mortality
The combined estimate provided by a metaanalysis23 showed some reduction in death rates in
those subjects with a positive tuberculin skin test who
took INH rather than placebo (RR=0.73, 95% CI 0.570.95). In those with a negative tuberculin test, the
pooled relative risk for mortality was 1.02 (95% CI
0.89 to 1.17). The overall estimate for all subjects in
the trial did not differ significantly from unity,
confirming that no substantial protection was
conferred by interventions.
The Uganda efficacy study28 showed that survival
did not differ among the different groups but subjects
with anergy had a higher mortality rate than the PPD
positive subjects. Although the individual benefits may
be rather small, widespread implementation of
preventive therapy would have some impact on
mortality.
Evaluation of outcome of preventive therapy
Programmes or Centres that offer preventive
therapy should assess its effectiveness regularly. This
assessment should include attendance at scheduled
appointments, adherence (number of persons started
on preventive therapy and number completed), toxicity
and withdrawals from therapy due to toxicity, number
of suspected TB cases found by screening, and

monitoring of therapy. Individual records should be
maintained to document use of PT. Individual
information will be aggregated for regular reports,
which may be used in the TB programme to estimate
future drug requirements.
Current recommendations for preventive
therapy against TB in HIV infected persons
(i) WHO recommendation: Isoniazid is the
recommended drug (5 mg/kg - maximum 300 mg) as
daily, self-administered therapy for 6 months.
Individuals should be seen monthly and given only
one month’s supply of medication at each visit13.
(ii) CDC recommendation: Isoniazid is chosen for
prevention of tuberculosis in persons with HIV
infection, 9 months is recommended rather than
6 months 41. Rifampicin and pyrazinamide may be
offered daily for 2 months to contacts of patients with
INH resistant, rifampicin susceptible TB.
(iii) American Thoracic Society: Isoniazid is
recommended for 12 months as prophylaxis in person
infected with HIV infection29.
Implementation of preventive therapy in India
In order to make an impact on the incidence of
tuberculosis in India, preventive therapy has to be
administered to a large number of people. Delivery
of preventive therapy will be limited by the number
of sites where a sufficient number of people know
their HIV status, or where there is sufficient demand
for and capacity of voluntary counselling and testing
(VCT) services. Preventive therapy should therefore
be promoted as an intervention for those living with
HIV, rather than as a primary strategy to control
the public health burden of tuberculosis.
Before a developing country can implement a
preventive therapy programme, it should be able to
readily identify HIV infected persons through
counselling services and there should be good
collaboration between the TB and AIDS
programmes. Most importantly, preventive therapy
should be organized and integrated into health
services and the cost of prevention must be
affordable or fully supported by state/district health
service.
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Table I. Efficacy of isoniazid (INH) preventive therapy: results from three meta-analyses
Author

Country

Rate ratio (RR) or odds ratio (OR) for INH compared to no INH
(95% CI)
PPD positive
PPD negative
Total

Wilkinson et al23

Haiti, Kenya,
Uganda & U.S.

OR 0.32
(0.19 to 0.51)

OR 0.82
(0.50 to 1.36)

OR 0.57
(0.41 to 0.79)

Bucher et al17

Haiti, Mexico,
Zambia, USA,
Uganda, Kenya

RR 0.41
(0.24 to 0.71)

RR 0.94
(0.52 to 1.38)

RR 0.58
(0.39 to 0.87)

Woldehanna & Volmink18

11 trials

RR 0.38
(0.25-0.57)

RR 0.83
(0.58 to 1.18)

RR 0.64
(0.51 to 0.81)

PPD, Purified protein derivative
Superscript numerals represent reference numbers
Table II. Studies of rifampicin containing regimens for Preventive therapy in HIV seropositive persons
Study reference

Country

Regimen

Comments

Relative Risk

Whalen et al28

Uganda

3RH, 3RHZ,
6H, Placebo

Side effects
higher with 3 drugs

0.41, 0.51, 0.33. All
significantly lower compared
to placebo

Gordin 25

USA, Mexico
Haiti, Brazil

12H, 2RZ

Equivalent, better
adherence with 2RZ

Breakdown rate 3.3 vs 2.4%
at 37 months follow up

Mwinga et al30

Zambia

3RZ2, 6H2,
placebo

Equivalent, No protective
effect after 18 months, no
effect on mortality

0.58 and 0.62 compared
to placebo

Halsey 27

Haiti

6H 2, 2RZ 2

H better in earlier months
no difference later

Breakdown rate 3.8 vs 5.0%
at 4 years follow up

Narita et al35

Florida

2RZ, 12H

RZ higher adherence rate.
Side effects higher with
2 drugs

Superscript numerals represent reference numbers
R, Rifampicin; H, isoniazid; Z, pyrazinamide

In India, collaboration between the National AIDS
Control Programme (NACP) and Revised National
Tuberculosis Control Programme (RNTCP) is being
strengthened. All symptomatic persons diagnosed to
have HIV infection VCT centres are referred to the
nearest microscopy centre to rule out tuberculosis.
In this setting, it would be feasible to offer
preventive therapy to those individuals who are found
not to have TB. Both isoniazid and co-trimoxazole
prophylaxis can be given in the same clinic under
close monitoring. If symptoms of TB develop at any
time, patients can be promptly investigated and
treated.

Following issues need to be clarified through future
research: (i) Ideal duration of preventative therapy
in TB-endemic areas: need for life-long prevention?
(ii) Operational research to identify ideal setting,
method of delivery, monitoring for exclusion of active
TB and adherence; and (iii) Preventive therapy for
TB in the era of highly active antiretroviral therapy
(HAART).
Conclusion
The evidence to date indicates that preventive
therapy for TB in HIV infected persons reduces the
incidence of TB by 50-60 per cent. The efficacy is
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higher in those who are tuberculin test positive.
Challenges to implementation in resource-constrained
settings include the exclusion of active TB disease
and monitoring for adherence and toxicity.
Recommendations for duration of preventive
therapy range from 6-12 months of isoniazid daily to
short term (2 or 3 months) regimens. The efficacy of
long-term (>12 months) regimens is currently being
investigated. In India, preventive therapy can be
offered to HIV positive persons detected at VCT
centres, who are referred to the nearest TB clinic. It
should be included in the package of care for HIV
positive persons, which would include ongoing
counselling and provision of prophylaxis and treatment
for opportunistic infections. Till the vast majority of
HIV positive individuals in the world can access
antiretroviral therapy, preventive therapy for TB will
continue to play a role in reducing the incidence of
TB thereby decreasing mortality and morbidity in this
population.
References
1.

2.

3.

4.

Braun MM, Bradi N, Ryder RW, Baende E, Mukadi Y,
Nsuami M, et al. A retrospective cohort study of the risk of
tuberculosis among women of childbearing age with HIV
infection in Zaire. Am Rev Respir Dis 1991; 143 : 501-4.
Selwyn PA, Hartel D, Lewis VA, Schoenbaum EE,
Vermund SH, Klein RS, et al. A prospective study of the
risk of tuberculosis among intravenous drug users with
human immunodeficiency virus infection. N Engl J Med
1989; 320 : 545-50.
Edlin BR, Tokars JI, Grieco MH, Crawford JT, Williams J,
Sordillo EM, et al. An outbreak of multidrug resistant
tuberculosis among hospitalized patients with the
acquired immunodeficiency syndrome. N Engl J Med
1992; 326 : 1541-21.
Small PM, Shafer RW, Hopewell PC, Singh SP,
Murphy MJ, Desmond E, et al. Exogenous reinfection with
multidrug resistant Mycobacterium tuberculosis in
patients with advanced HIV infection. N Engl J Med
1993; 328 : 1137-44.

7.

DeCock KN, Soro B, Coulibaly IM, Lucas SB. Tuberculosis
and HIV infection in Sub-Saharan Africa. JAMA
1992; 268 : 1581-7.

8.

Handwerger S, Mildvan D, Senei R, McKinley FW.
Tuberculosis and the acquired immunodeficiency syndrome
at a New York City hospital: 1978-1985. Chest
1986; 90 : 542-5.

9.

Ramachandran R, Datta M, Subramani R, Baskaran G,
Paramasivan CN, Swaminathan S. Seroprevalence of
human immunodeficiency virus (HIV) infection among
tuberculosis patients in Tamil Nadu. Indian J Med Res
2003; 118 : 147-51.

10. Paranjape RS, Tripathy SP, Menon PA, Mehendale SM,
Khatavkar P, Joshi DR, et al. Increasing trend of HIV
seroprevalence among pulmonary tuberculosis patients in
Pune, India. Indian J Med Res 1997; 106 : 207-11.
11. Kaur A, Babu PG, Jacob M, Narasimhan C, Ganesh A,
Saraswathi NK, et al. Clinical and laboratory profile of AIDS
in India. JAIDS 1992; 5 : 883-9.
12. Rodeigues LC, Smith PG. Tuberculosis in developing
countries and methods for its control. Trans R Soc Trop
Med Hyg 1990; 84 :739-44.
13. World Health Organization. Managing tuberculosis at the
district level. Geneva: World Health Organization; 1992.
14. O’Brien RJ. Preventive therapy for tuberculosis. In: Porter
JDH, McAdam KPWJ, editors. Tuberculosis: back to future.
Chichester: Wiley; 1994 p. 151-66.
15. Pape JW, Jean SS, HoJL, Hafner A, Johnson WD Jr.
Effect of isoniazid prophylaxis on incidence of active
tuberculosis and progression of HIV infection. Lancet
1993; 342 : 268-72.
16. Swaminathan S, Ramachandran R, Baskaran G,
Paramasivan CN, Ramanathan U, Venkatesan P, et al.
Risk of development of tuberculosis in HIV infected patients.
Int J Tuberc Lung Dis 2000; 4 : 839-44.
17. Bucher HC, Griffith LE, Guyatt GH, Sudre P, Naef M,
Sendi P, et al. Isoniazid prophylaxis for tuberculosis in HIV
infection: a metaanalysis of randomized controlled trial. AIDS
1999; 13 : 501-7.
18. Woldehanna S, Volmink J. Treatment of latent tuberculosis
infection in HIV infected persons. Cochrane Database
Syst Rev 2004; 4 : CD000171.

5.

UNAIDS website. www.unaids.org/bangkok 2004/
report.pdf.html. Report on Global AIDS epidemic 2004.

19. Caiffa WT, Graham NM, Galai N, Rizzo RT, Nelson KE,
Vlahov D. Instability of delayed type hypersensitivity skin
test anergy in human immunodeficiency virus infection.
Arch Intern Med 1995; 155 : 2111-7.

6.

Dye C, Scheele S, Dolin P, Pathania V, Raviglione MC.
Global burden of tuberculosis. Estimated incidence,
prevalence and mortality by country. JAMA 1999;
282 : 677-86.

20. Jordan TJ, Lewit E, Montgomery RL, Reichman LB.
Isoniazid as preventive therapy in HIV infected intravenous
drug abusers: a decision analysis. JAMA 1991; 265 :
2987-91.

PADMAPRIYADARSINI & SWAMINATHAN: PREVENTIVE THERAPY FOR TB IN HIV SEROPOSITIVES
21. Pai M, Ruby LW, Colford JM Jr. Interferon-gamma assays
in the immunodiagnosis of tuberculosis: a systematic review.
Lancet Infect Dis 2004; 4 : 761-76.
22. Centers for Disease Control. Purified protein derivative
(PPD)- tuberculin anergy and HIV infection: Guidelines for
anergy testing and management of anergic persons at risk of
tuberculosis. MMWR Recomm Rep 1991; 40 : 27-32.
23. Wilkinson D, Squire SB, Garner P. Effect of preventive
treatment for treatment of tuberculosis in adults infected
with HIV: systematic review of randomized placebo
controlled trials. BMJ 1998; 317 : 625-9.
24. Swaminathan S, Paramasivan CN, Kumar SR, Mohan V,
Venkatesan P. Unrecognised tuberculosis in HIV infected
patients: sputum culture is a useful tool. Int J Tuberc
Lung Dis 2004; 8 : 896-8.
25. Gordin F, Chaisson RE, Matts JP, Miller C, de Lourdes
Garcia M, Hafner R, et al. Rifampicin and pyrazinamide
versus isoniazid for prevention of tuberculosis in HIV
infected persons: an international randomized trial. Terry
Beirn Community Programmes for Clinical Research on
AIDS, the Adult AIDS Clinical Trials Group, the Pan
American Health Organization and the Center for
Disease Control and Prevention Study Group. JAMA
2000; 283 : 1445-50.
26. Hawken MP, Meme HK, Elliot LC, Chakaya JM,
Morris JS, Githie WA, et al. Isoniazid preventive therapy
for tuberculosis in HIV-1 infected adults: results of a
randomized controlled trial. AIDS 1997; 11 : 875- 82.

423

31. Graham NMH, Galai N, Nelson KE, Astermborski J,
Bonds M, Rizzo RT, et al. Effect of isoniazid
chemoprophylaxis on HIV related mycobacterial disease.
Arch Intern Med 1996; 156 : 889-94.
32. Guelar A, Gatell JM, Verdejo J, Podzamerzer D, Lozano L,
Aznar E, et al. A prospective study of the risk of
tuberculosis among HIV infected patients. AIDS 1993;
7 : 1345-9.
33. Salpeter SR. Fatal isoniazid induced hepatitis, its risk during
chemo - prophylaxis. West J Med 1993; 159 : 560-4.
34. Small PM, Schecter GF, Goodman PC, Sande MA,
Chaisson RE, Hopewell PC. Treatment of tuberculosis in
patients with advanced human immunodeficiency virus
infection. N Engl J Med 1991; 324 : 289-94.
35. Narita M, Kellman M, Franchini DL, McMillan ME,
Hollender ES, Ashkin D. Short course rifampicin and
pyrazinamide treatment for latent tuberculosis infection in
patients with HIV infection; the 2 year experience of a
comprehensive community based programme in Broward
county, Florida. Chest 2002; 122 : 1292-8.
36. Tripathy S.P. Prophylaxis for tuberculosis in HIV infected
persons. AIDS Res Rev 1999; 2 : 105-10.
37. Swaminathan S, Rajasekaran S, Shibi Chakravarthy K,
Amerandran VA, Raja K, Hari L, et al. Multiple
recurrences of tuberculosis in an HIV infected individual.
JAPI 2004; 52 : 513-4.

27. Halsey NA, Coberly JS, Desormeaux J, Losikoff P,
Atkinson J, Moulton LH, et al. Randomized trial of isoniazid
versus rifampicin and pyrazinamide for prevention of
tuberculosis in HIV-1 infection. Lancet 1998; 351 : 786-92.

38. Fitzgerald DW, Desvarleux M, Severe P, Joseph P, John WD,
Pape WJ. Effect of post treatment isoniazid on prevention
of recurrent tuberculosis in HIV-1 infected individuals; a
randomized trial. Lancet 2000; 356 : 1470-4.

28. Whalen CC, Johnson JL, Okwera A, Hom DL, Heubner R,
Mugyeni P, et al. A trial of three regimens to prevent
tuberculosis in Ugandan adults infected with the human
immunodeficiency virus. N Engl J Med 1997; 337 : 801-8.

39. Churchyard GJ, Fielding K, Charalambous S, Day JH,
Corbett EL, Hayes RJ, et al. Efficacy of secondary isoniazid
preventive therapy among HIV infected Southern Africans:
time to change policy? AIDS 2003; 17 : 2063-70.

29. Bass JB, Farer LS, Hopewell, Brien RO, Jacobs RF, Ruben
F, et al. Treatment of tuberculosis and tuberculosis infection
in adults and children. American Thoracic Society and the
Centre for Disease Control and Prevention. Am J Respir
Crit Care Med 1994; 149 : 1359-74.

40. Guwatudde D, Debanne SM, Diaz M, King C, Whalen CC.
A re-examination of the potential impact of preventive
therapy on the public health problem of tuberculosis
in contemporary sub-Saharan Africa. Prev Med
2004; 39 : 1036-46.

30. Mwinga A, Hosp M, Faussett GP, Quigley M, Mwaba P,
Mugala BN, et al. Twice weekly tuberculosis preventive
therapy in HIV infection in Zambia. AIDS 1998; 12 : 2447-57.

41. Targeted tuberculin testing and treatment of latent
tuberculosis infection. American Thoracic Society. MMWR
Recomm Rep 2000; 49 : 1-51.

Reprint requests: Dr Soumya Swaminathan, Deputy Director (Sr. Grade), Tuberculosis Research Centre (ICMR)
Mayor V.R. Ramanathan Road, Chetput, Chennai 600031, India
e-mail: doctorsoumya@yahoo.com

Indian J Med Res 121, April 2005, pp 424-450

Hepatitis B & hepatitis C in HIV-infection
Shyam Kottilil, Julia O. Jackson & Michael A. Polis
Laboratory of Immunoregulation, National Institute of Allergy & Infectious Diseases
National Institutes of Health, Bethesda, MD 20892, USA
Accepted February 2, 2005

Human immunodeficiency virus (HIV), hepatitis B virus (HBV), and hepatitis C virus (HCV) are
the three most common chronic viral infections seen in the world. All three viruses share modes
of transmission and hence co-exist in the same host at significantly high rates. HIV-induced
immunosuppression has deleterious effects on the natural history, pathophysiology, diagnosis,
therapeutic responses to hepatitis viruses. Responses to HBV vaccination are impaired in persons
with HIV infection. Co-infection with the hepatitis viruses and HIV is likely to become a major
health care catastrophe in the coming years. This review discusses the current trends in the
understanding of the biology of co-infection and implications for treating these viruses effectively.
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Hepatitis B/HIV co-infection

experience more profound liver disease as a result of
chronic infection3.

Hepatitis B virus (HBV) infection is one of the
most common infections in the world with
approximately 2 billion people infected with it1. Of
these, approximately 5 per cent suffer from chronic
liver disease1. Also, over two-thirds of all cases of
liver cancers world wide are also caused by HBV2.
While chronic HBV infection in the setting of HIV
infection is not listed as an opportunistic infection by
the US Centers for Diseases Control, it is a common
co-existing infection seen in HIV infected individuals
because of the shared modes of transmission of HBV
and HIV. HIV positive individuals, particularly those
with suppressed immune systems, are less likely to
respond to vaccination against HBV and are more
likely to develop chronic disease after being exposed
to HBV. Moreover, individuals co-infected with HBV
and HIV more frequently present with atypical
serologies, have higher HBV DNA levels, and

Virology: HBV belongs to the family of DNA viruses
that preferentially infect hepatocytes and are referred
to as hepadnaviridae4. Each complete virion consists
of an inner core (nucleocapsid or hepatitis core
antigen, HBcAg) surrounded by an outer protein coat
or envelope (the hepatitis B surface antigen,
HBsAg)4. The HBV genome is a circular, partially
double-stranded DNA of approximately 3,000 base
pairs. There are four overlapping open reading frames
(ORF), which encode for the envelope, precore/core,
polymerase, and X proteins. The envelope ORF
encodes for the large middle and small surface
glycoproteins of HBsAg. The precore/core ORF is
translated into a precore polypeptide, which is
secreted as hepatitis B ‘e’ antigen, which is detectable
in the blood as HBeAg and HBcAg, which is only
detected in the liver. Upon entering the hepatocytes,
424
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the HBV genome is transported to the nucleus and is
converted into closed circuit circular DNA
(cccDNA). The HBV cccDNA serves as a template
for transcription of mRNA and the RNA pregenome4.
Once transferred to the cytoplasm, HBV polymerase
uses reverse transcription to convert the RNA
genome into new circular genomic DNA 4 . Most
virologists consider HBV as a non-cytopathic virus.
Replicative HBV, either during the acute or chronic
stages of infection, causes liver disease because of
vigorous cytotoxic T lymphocyte (CTL) and/or
cytokine-mediated elimination of HBV-infected
hepatocytes.
Epidemiology: Chronic hepatitis B infection causes
chronic liver disease and hepatocellular cancer.
World-wide, it is estimated that more than one million
people infected with HBV will die every year and
approximately 25 per cent of all patients with chronic
HBV infection will die of liver disease 5 . The
prevalence of chronic hepatitis B is higher in China
and sub-Saharan Africa (20%) than in North America,
Western Europe and in Australia (0.5%) 6 .
Transmission of HBV is predominantly via parenteral
means, even though this infection is also transmitted
by sexual contact and acupuncture. Mother-to-child
transmission and occupational transmission from
HBV infected patients to health care workers are
also major modes of transmission. One of the major
distinctive features of HBV infection is that risk of
developing chronic liver disease varies greatly with
age of acquiring the infection 7. For neonates and
infants who acquire HBV, the risk of chronicity is
almost 90 per cent, while it decreases to 30 per cent
for children 1-5 yr, and up to 2 per cent for older
children and adults7.
Natural history/clinical features
Acute HBV infection: HBV infection can manifest
as an asymptomatic infection, acute hepatitis and
rarely fulminant liver failure. Asymptomatic infection,
which is the most common presentation, begins with
active HBV replication within the hepatocytes 4 .
Detectable levels of HBV DNA in the peripheral
blood may be present even before elevations in the
levels of serum transaminases. HBsAg and HBeAg
become detectable in blood within two weeks before
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the core antigen can be detected and may persists
for up to 8 wk. IgM antibodies to HBcAg occur early
and decrease after six months; however, total antiHBc remains for life. Anti-HBs become positive after
loss of active replication, usually after six months.
Anicteric infection is typically associated with a flulike illness without jaundice. Icteric infection is
associated with symptoms ranging from mild jaundice
to non-fatal subacute hepatic necrosis to fatal
fulminant hepatitis in <1 per cent of symptomatic
cases. In those with acute hepatitis, HBV DNA levels
and serum transaminases are usually higher and
persist longer. Outcome of acute HBV infection is
largely determined by host factors, particularly age
and immune competence at the time of exposure.
Regardless of the clinical course, most HBVinfected adults are capable of mounting broad-based
CTL and antibody responses to the virus. With the
development of a protective immune response and
serological evidence of immunity, infection becomes
latent and usually remains so for the life of the patient.
If the patient with latent infection becomes
immunosuppressed at a later date such as after an
organ transplantation, HBV can reactivate, as intact
virions may be hidden from the immune system in the
nucleus of hepatocytes as cccDNA.
Chronic HBV-infection: Three phases of chronic
hepatitis B infection are widely recognized. Children
and adolescents may have a long period of immune
tolerance phase with near normal liver histology, high
concentrations of HBV DNA, and HBeAg positivity;
the immune clearance phase with seroconversion from
HBeAg to antibody against HBeAg accompanied by
active hepatic inflammatory response and fibrosis and
fluctuating serum alanine transaminase (ALT)
concentrations, and lastly, the residual phase with low
concentrations of HBV DNA and normal
concentrations of ALT6. For Caucasians who acquire
the disease during adolescence or adulthood, there is
no immune tolerance phase. Instead, the disease
progresses directly to the immune clearance phase
and is of short duration, which probably accounts for
the better response to immunomodulatory therapy in
Caucasian patients than in those from other ethnic
origins 6. By contrast, those who acquire infection
during the neonatal period and early childhood (mainly
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seen within Asians and African populations), the
response to immunotherapy is worse. The disease
continues to progress after HBeAg seroconversion.
Although Asian patients who are HBeAg negative,
have lower levels of HBV DNA than those who are
HBeAg positive, the course of their disease is marked
by frequent exacerbations 8. Severe exacerbations
occur with equal frequency in patients who are
HBeAg positive and in those who have antibodies to
HBeAg9. Also, precore mutations, those associated
with mutations in the core promoter region and
absence of HBeAg in serum with elevated HBV
DNA and ALT, can be detected in about 44 per cent
of patients who are HBeAg positive10. Furthermore,
disease activity after HBeAg seroconversion has no
relationship to the presence or absence of precore
and core promoter mutants11.

is triggered by a decrease in host tolerance to HBV
antigens with a concomitant increased expression of
class I HLA molecules, resulting in a decrease of
HBV DNA and an increase in ALT. The process of
liver fibrosis and cirrhosis continues with low level of
viremia even after HBeAg seroconversion. However,
the notion of non-cytolytic CD8 + T cell response
occurring in acute infection might also be true for
chronic infection18,19.

Hepatitis B genotypes: There are seven different
genotypes (A-G) of HBV recognized worldwide. Of
these, A is pandemic, B and C are seen predominantly
in Asia, D in Southern Europe, E in Africa, F in the
USA, and G in the USA and France 12 . A newly
discovered genotype H is seen predominantly in
Central America. B genotype is further divided into
Bj, seen in Japan, and Ba, seen in rest of Asia13. Unlike
HCV, HBV genotypes may affect disease profiles
but not treatment responses 12. Caucasians infected
with genotype A have a higher likelihood of clearance
of HBV DNA and HBeAg, sustained remission after
HBeAg seroconversion and a better histologic activity
index (HAI) compared with patients infected with
genotype D12. Asian patients with genotype B when
compared to those infected with genotype C, have
HBeAg seroconversion at an earlier age, less serious
liver disease, and a better response to interferon 8,14,15.

Diagnosis: Of all the viral hepatitides, HBV is the
most complicated infection with respect to
interpretation of serologic tests4. Co-infection with
HIV results in even more atypical serologies. Both
acute and chronic HBV infections are characterized
by the presence of hepatitis B surface antigen
(HBsAg) and the absence of antibodies to HBsAg
(anti-HBs) 4. Most often, antigen disappearance is
associated with a resolved infection. However,
transplanting a liver from someone with a resolved
infection into a HBV naïve individual, rarely, may
result in an acute HBV infection. This suggests that
HBV infection is most probably latent and not
resolved, and immunocompromised individuals are
unable to control re-activation of latent HBV DNA
in the liver. HBeAg in his serum reflects high levels
of HBV replication in the liver with elevated levels
of ALT 4. The presence of anti-HBe indicates either
that there is no viral replication and normal ALTs or
the presence of pre-core mutants with high levels of
HBV replication and elevated ALTs. Anti-HBV
treatment can be discontinued if HBeAg to an antiHBe seroconversion is maintained for over 6 months.
However, those with a precore mutant do not have
HBeAg from the beginning and anti-HBV therapy
should be continued indefinitely in these individuals4.

Pathophysiology: Recent studies using chimpanzees
and acute HBV infection in man have clearly
unraveled several mechanisms by which HBV is
eliminated during the acute phase of HBV infection.
These studies have clearly shown that the elimination
of virus is mainly through non-cytolytic mechanism
mediated through cytokines released by CD8+ T cells.
Tumor necrosis factor-α (TNF-α ) and interferon-γ
(INF-γ)are the major cytokines involved in the
clearance of HBV in chimpanzees. In the chronic
phase of HBV infection, the immune clearance phase

In HIV-positive individuals, the interpretation of
serologies is often complicated. Many of these
patients often present with anti-HBc alone20. During
a median of 31 months between the first and the last
samples collected, anti-HBc remained the sole marker
for HBV infection in over 98 per cent of patients20.
HBV DNA encoding for the surface and core
antigens was detected in 63 and 60 per cent
respectively of all 202 samples tested. Over time HBV
DNA was detectable in over 89 per cent of all patients.
Those patients who had HBVDNA and no anti-HBV
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antibodies (36%) had necroinflammatory liver disease
attributable to HBV infection20. These data indicate
that HIV positive patients with anti-HBc antibodies
are more likely to have active HBV infection than
their HIV negative counterparts with anti-HBc
antibodies.
HBV DNA: There are two commonly used commercial
qualitative assays for detecting HBV DNA in the
serum: one is a branched chain DNA assay and the
other is a hybrid capture test21. The lower limits of
detection in these two assays are 700,000 and 140,000
copies/ml respectively21. Another PCR-based assay6
allows for detection of 200 copies of HBV DNA/ml.
Recent studies have indicated that after six months
of lamivudine treatment, 64 per cent of patients with
HBV DNA concentrations of more than 103 copies/
ml will develop lamivudine resistance, compared with
13 per cent of persons with HBV DNA levels less
than 103 copies/ml6. Thus, quantitative PCR (qPCR)
is the preferred assay to monitor the progression of
disease and the effectiveness of treatment. Recently,
there has been new interest in following the levels of
cccDNA. The cccDNA is super-coiled DNA that
does not replicate, it is resistant to nucleoside analog
treatment and is considered as the probable source
for DNA rebound once therapy is stopped 9. One must
consider the cost of these assays and thereby the
applicability to developing countries. Commercial
HBV DNA assays are extremely expensive in the
$200 range per test. Use of serologies is still more
cost effective for following the clinical course of HBV
infection than HBV DNA assays.
Liver biopsy: Liver biopsy is indicated for
assessment of the severity of liver disease in chronic
HBV infection. However, biopsy is not essential for
determining whether treatment is needed, even though
it is preferable to have a baseline histological
assessment. Treatment decisions are made based on
the clinical information like elevations of ALTs more
than 1.5 times the normal limits and detection of HBV
DNA by sensitive assays.
Treatment
General principles: The primary goals of treatment
in chronic HBV infection are to arrest the progression
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of liver disease by suppressing HBV replication. Even
though HBV is not considered a cytopathic virus,
immune responses directed against HBV epitopes will
continue to cause hepatic damage in the presence of
viraemia. Once viral replication is shut off, surface
antigen
is
lost
and
there
will
be
no evidence of viral peptides on the surface of
hepatocytes. However, the cccDNA will still be
in the nucleus and potentially lead to relapse
of HBV infection in the presence of immune
suppression induced by chemotherapy, steroids or
immunosuppressive drugs associated with
transplantation.
Therapeutic end points that are used to assess
treatment response include normalization of ALT
levels, inability to detect HBV DNA in the peripheral
blood by qualitative assays, loss of HBeAg with or
without emergence of anti-HBe, and improvements
in liver histology 22,23 . Some of these assays are
expensive for many developing countries and following
ALT levels is probably the best single clinical
parameter that can be used to follow therapeutic
response. Baseline ALT levels are also good predictors
of therapeutic responses. High levels of ALT indicate
that there is an immune response directed against
HBV occurring in the liver and combined with antiviral
therapy may lead to clearance of virus-infected
hepatocytes. Baseline ALT levels higher than two
times the upper limit of normal carry a good prognostic
value in treating HBV with nucleoside analogs 24.
However, current consensus suggests that low levels
of viral replication can lead to continued progression
of liver disease therefore use of quantitative HBV
DNA assays are considered optimal as treatment end
points22.
There are two modes of anti-HBV treatment
available (Table I). One is immunomodulation using
INF-α and the other, viral suppression using
nucleoside/nucleotide analogs. Since chronic HBV is
unlikely to be eradicated, an adequate therapeutic
response to anti-HBV treatment is defined as
suppression of HBV re-application, normalization of
ALT levels and/or HBeAg and HBsAg
seroconversion. Liver transplantation is effective and
should be considered in patients with end-stage
disease not responding to treatment.
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Table I. Various modes of anti-HBV thearpy

A. Antiviral agents

B. Immunomodulators

Lamivudine

Interferon (Peg-IFN)

Adefovir dipivoxil

Thymosin-α 1

Tenofovir

Steroid withdrawal

Entecavir

Therapeutic vaccines

Clevudine (L-FMAU)

Interleukin-12

Emtricitabine (FTC)
Famciclovir

C. Liver Transplantation

Interferons: INF-α used at a dose of 5 million units
per day or 10 million units three times a week is
associated with HBeAg clearance in approximately
30 per cent and HBsAg clearance in 10 per
cent of immmunocompetent patients 25 . INF-α
monotherapy is also effective in reducing HBV DNA
levels and normalizing levels of ALT. However, it is
associated with a high degree of relapse 25. INF-α
monotherapy is less effective in patients with high
baseline HBV DNA levels and patients with normal
ALT levels prior to treatment, as is often seen with
HIV co-infected HBV patients. Interferon is also
associated with significant adverse events including
fever, myalgias, thyroid dysfunction, bone marrow
suppression, and psychiatric disturbances. When used
in persons with cirrhosis, interferon therapy may be
associated with immune enhancement in the liver that
may lead to decompensation. Unfortunately, several
studies have demonstrated that an effective response
to interferon therapy is seen only with those
HIV/HBV co-infected individuals with CD4+ T cell
counts greater than 350 cells/µl25,26.
Recent studies using pegylated interferons have
been promising. A recent study using pegylated
interferon α-2a vs conventional interferon α-2a
indicated superior therapeutic response rates for
pegylated interferon α-2a with greater HBV DNA
suppression, greater loss of HBeAg, and ALT
normalization (24 vs 12%)27. In summary, interferon
is an acceptable therapy for those HIV patients with
higher CD4+ T cell counts, normal synthetic function,
normal haematological profile, elevated
transaminases, and no clinical evidence of hepatic
decompensation.

Lamivudine: Lamivudine, first approved for treatment
of HIV infection, was approved for the treatment of
HBV infection in 1998. The treatment of HBV
infection is with 100mg of lamivudine once daily vs
300 mg once daily for HIV infection. HIV/HBV
co-infected patients should be treated with the
higher dose.
One year of lamivudine treatment of HBeAgpositive chronic HBV infection with persistent
ALT elevations resulted in HBeAg seroconversion
in about 16-18 per cent of patients compared with
4-6 per cent of untreated controls28-30. Improvement
is liver histology was seen with 49-56 per cent of
lamivudine treated patients and only in 23-25 per cent
of controls. HBeAg negative chronic HIV infected
individuals with elevated ALT levels treated with
lamivudine for 24 wk, resulted in a 63 per cent
virologic and biochemical response compared to 6 per
cent response in the control group31. Of those who
completed one year of treatment, 39 per cent had
no detectable HBV DNA by PCR assay, and
60 per cent had improvement in hepatic histology31.
Similar findings were seen with other studies as well32
indicating long term therapy with lamivudine
increases the possibility of HBeAg seroconversion.
Follow-up data of these clinical trials have
indicated that lamivudine resistance mutations
occurred in 15 to 32 per cent of patients treated with
lamivudine for 52 wk and as many as 67 per cent of
HBV-mono-infected patients 6. As many as 90 per
cent of HIV/HBV co-infected patients 33 treated
with lamivudine for over 4 yr develop lamivudine
resistance mutations. These resistance mutations
generally fall within the YMDD motif, a highly
conserved domain of HBV reverse transcriptase.
Interestingly, patients with lamivudine resistance
mutations continue to experience HBeAg
seroconversion, partial suppression of HBV DNA,
and biochemical and histologic parameters, probably
because of decreased fitness or replicative
capacity of the mutant strain 32 . However, HBV
can develop compensatory mutations in the
DNA polymerase genes (V173L and L180M)
that can restore the replicative capacity and can
cause HBV DNA levels to return to pre-treatment
levels.
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Adefovir dipivoxil: Adefovir was recently approved
in the US by the Food and Drug Administration (FDA)
for treatment of HBV infection at a dose of 10mg
once daily. Daily doses of 60mg and greater evaluated
for the treatment of HIV infection were associated
with unacceptable rates of renal toxicity (proximal
renal tubular necrosis). Adefovir has shown activity
against both the wild type and lamivudine resistant
HBV. Several phase I and II studies demonstrated
that adefovir is associated with a 4-log reduction in
HBV DNA as well as seroconversion rates from
HBeAg to anti-HBe antibodies in the range of 20 to
27 per cent 34-36.
A recent double-blind, placebo controlled phase
III clinical trial37 evaluating the safety and efficacy
of adefovir once daily versus placebo in patients with
HBeAg-positive chronic HBV infection established
the efficacy of adefovir in treatment of HBV
infection. After 48 wk of treatment of patients who
received 10 mg and 30 mg daily and placebo, there
was significant improvement in liver histology in 53,
59 and 25 per cent of patients respectively. There
was significant reduction in the levels of HBV DNA
in the treatment groups when compared with placebo
(3.52 log copies/ml for 10 mg; 4.76 log copies/ml for
30 mg; and 0.55 log copies/ml for placebo). At the
end of 48 wk, there were also significantly higher
number of patients with no detectable HBV DNA
(<400 copies/ml) in the adefovir groups (21 and 39%)
compared to placebo (0%); 48 per cent of patients
receiving 10mg of adefovir and 55 per cent of those
receiving 30mg of adefovir had normalization of ALT
when compared to the placebo (15%). HBeAg
seroconversion also occurred more frequently with
the treatment groups (12 and 14%) compared to the
placebo (6%). No adefovir-associated mutations were
identified during the 48 wk of therapy, and the safety
profile for the 10 mg dose group was similar to that
of the placebo37.
Another recent international, industry-sponsored,
multi-center double-blind placebo controlled phase III
clinical trial also reported favourable data for the use
of adefovir among HBeAg-negative chronic HBV
infected individuals without evidence of hepatic
decompensation 38. After 48 wk of treatment with
10 mg of adefovir, 64 per cent had significant histologic
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improvements compared to 33 per cent in the placebo
group; 51 per cent in the treatment arm had no
detectable HBV DNA levels at the end of 48 wk
compared to the placebo arm (0%); and 72 per cent
of all patients treated with adefovir had normalization
of ALT values compared to 29 per cent of those
receiving placebo.
A recent study reported efficacy of adefovir in
the treatment of lamivudine resistant HBV39. Patients
receiving lamivudine as part of their antiretroviral
regimen were started on 10mg of adefovir daily.
Significant reductions in median HBV DNA levels
3.97 log (48 wk), 4.80 log (96 wk), 5.55 log (144 wk)
and 5.62 log copies/ml (192 wk) were seen, indicating
a continued effect on HBV viraemia. Similar results
were also observed with regards to the percentage
of patients with undetectable levels of HBV DNA
(6% at 48 wk, 27% at 96 wk, 46% at 144 wk and
59% at 192 wk). Rates of ALT normalization were
also significant (19% after 48 wk, 37% after 96 wk,
64% after 144 wk, and 67% 192 wk). There were no
reports of adefovir-resistant mutations in this study.
Adefovir resistance can occur in vivo with a
N236T mutation in the D domain of HBV
polymerase 6. However, it does not seem to occur
nearly as frequently as HBV resistance to lamivudine.
Adefovir resistance is only seen with extended
therapy and even then, only in a small percentage of
patients, particularly in those with HBeAg negative,
precore mutant HBV infection.
Tenofovir: Tenofovir, a nucleotide analog recently
approved as a treatment for HIV infection, also has
activity against HBV. However no large, controlled
study addresses the efficacy of tenofovir in the
treatment of HBV infection. Some sub-studies have
evaluated the efficacy of tenofovir for HIV/HBV coinfection within the context of two, large, phase III
randomized controlled studies involving HIV infected
patients40. In a study involving therapy-experienced
HIV-infected patients, the mean decrease in HBV
DNA was 4.9 log copies/ml 24 wk after receiving
tenofovir (N=10) compared with a mean increase of
1.2 log copies/ml in the placebo group (N=2). In
another study41 involving ARV-naïve HIV infected
patients, the mean decrease in HBV DNA was 3 log
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copies/ml after 48 wk of therapy with lamivudine
(N=6) , compared with a mean decrease of 4.7 log
copies/ml among those who received both lamivudine
and tenofovir (N=5). A follow up of this study showed
that combined therapy with tenofovir and lamivudine
had greater sustained anti-HBV activity than
lamivudine alone and a greater number of subjects
who had normalization of ALT values without
evidence of emergence of resistance mutations to
tenofovir41.
When considering the use of tenofovir for the
treatment of HBV infection, it should be noted that
the safest and most effective anti-HBV dose has not
been established. Randomized controlled clinical trials
to address this question have not been performed.
Further, no clinical trials have been completed so far
to address the safety and efficacy among HIV
negative HBV positive individuals.
Cross resistance of anti-HBV agents: It is clear from
early clinical trials that lamivudine resistance is
associated with mutations in the YMDD motif and
adefovir resistance is associated with a N236T
mutation in the DNA polymerase6. However, there
has not been any evidence of cross resistance
between these two agents in clinical trials. Adefovir
is active against HBV strains with YMDD mutations
and lamivudine is active against mutants with N236T
mutations. However, it is not known whether either
lamivudine or adefovir resistance mutations can lead
to cross resistance to newer anti-HBV agents under
development like entecavir, emtricitabine and
telbivudine. In vitro, YMDD mutants are less sensitive
to entecavir, but remain sensitive to this drug
in vivo42. N236T mutants are also less sensitive to
entecavir in vitro42 but the in vivo results are not yet
available. Emtricitabine appears to be less active
against YMDD mutants but fully active against
strains with N236T mutants. In vivo data are not yet
available. Telbivudine is not active against YMDD
mutants both in vitro and in vivo, and there is no
data on the activity of this drug against HBV strains
with a N236T mutation.
Treatment of HIV/HBV infection: All HIV-infected
individuals should be screened for the presence of
HBV infection, given their shared routes of
transmission. The most appropriate time to initiate

anti-HBV therapy is always difficult to determine.
For co-infected individuals, most experts recommend
that when therapy for HIV infection is initiated, HBV
should also be treated. For those HIV/HBV coinfected patients who do not meet the guideline
requirements to initiate therapy for HIV infection,
treatment of HBV infection should still be considered.
Patients with active liver disease as indicated by
elevated ALT and necroinflammatory liver disease,
and those with high HBV DNA levels (over 100,000
copies/ml for HBeAg positive patients and over 10,000
copies for precore mutants) should initiate therapy.
This recommendation is mainly based on the fact that
those who are infected with the precore mutants tend
to have more aggressive and prolonged liver disease.
Liver biopsies are often helpful to assess the severity
of liver disease, but are used mainly for patients with
atypical clinical presentations such as individuals with
normal ALT levels, high HBV DNA levels, or those
with elevated ALTs and low HBV DNA levels. Unlike
immmunocompetent patients, it is not uncommon to
see significant necroinflammatory liver disease in
HIV/HBV co-infected individuals with normal ALTs
and HBV DNA levels.
The emergence of HBV resistant to lamivudine
or adefovir generally takes a much longer time than
does the emergence of resistant HIV. Hence, it is
general practice to continue these drugs in a HIV/
HBV co-infected patient even after genotypic and/
or phenotypic tests show resistance to HIV. In patients
with chronic HBV infection who were receiving
lamivudine, rebound in HBV replication leading to
severe liver disease has been seen, even in patients
with no detectable HBsAg prior to discontinuation of
therapy 43-45 . Such patients must be closely
monitored44-46. Due to its potent activity against HBV,
a similar approach should be followed when
discontinuing tenofovir. Continuing either lamivudine
or tenofovir as a single agent to prevent such a
rebound runs the risk of inducing resistance by HIV
to that agent, unless resistance by HIV has been
previously documented (e.g., presence of the M184V
mutation in a patient receiving lamivudine). Adefovir
at doses approved for HBV infection can potentially
be used to prevent or control such rebounds, since
the low dose used for treatment of HBV infection
does not have activity against HIV and does not
appear to select for virus resistant to tenofovir47. Thus,
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consensus is to treat HBV with one of the three drugs,
regardless of the HIV drug resistance profile.
HIV/HBV co-infected individuals are more likely
to develop severe hepatotoxicity due to antiretroviral
regimens. All agents used to treat HIV can cause
severe hepatotoxicity, however, among the nonnucleoside reverse transcriptase inhibitor analogs
(NNRTI) nevirapine is associated with severe
hepatotoxicity, as is ritonavir among the protease
inhibitors 48,49 . Hepatic steatosis, most commonly
associated with the nucleoside analogs (NRTI),
didanosine, stavudine and zalcitabine can lead to
severe hepatotoxicity in HIV/HBV co-infected
patients.
The goal of treatment should be suppression of
HBV for as long as possible and to stop progression
of liver fibrosis. Most HIV/HBV co-infected patients
require therapy indefinitely. However, if an HBeAgpositive patient undergoes rarely seen seroconversion
while on anti-HBV therapy, therapy can be stopped
after six months.
Unlike interferon, nucleoside analogs can be used
to treat both compensated and decompensated liver
disease. Combination therapy (e.g., lamivudine with
tenofovir), although most probably more efficient in
HBV suppression, has yet to be tested in larger
clinical trials to validate their use in the context of
treatment of HIV/HBV patient.
HBV vaccination: Vaccination against HBV is
strongly recommended for all HIV infected individuals
who have not been exposed to HBV. It should be
noted that the success rate of vaccination are much
lower in HIV infected individuals, particularly those
with lower CD4 + T cell counts 50. Brugera et al 49
showed that standard HBV vaccination schedules
induce anti-HBV protective immunity in 30 to 40 per
cent of HIV infected individuals. Patients with CD4+
T cell counts lower than 200 cells/µl have poor
response rates while those with higher CD4+ T cell
counts should expect a protective antibody response
in 70 per cent of cases. At least one study 51
subsequent to this has tested whether doubling the
dose of standard HBV vaccination would increase
the antibody response rates among HIV infected
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individuals. The overall response rates were 55 per
cent and those with lower CD4+ T cells (200-500
cells/µl) having a lower response rates of 33 per cent
and compared to 87.5 per cent in those individuals
with a CD4+ T cell counts > 500cells/µl. However,
one year after vaccination, only 58 per cent of these
patients had persistent protective antibody titres.
Hence, it is less likely that repeated vaccination can
induce persistent protective antibody titres in HIV
infected individuals. Currently, several strategies are
being employed to augment the efficacy of HBV
vaccine in HIV infected individuals by using cytokines
as adjuvants.
Relevance to India: Hepatitis B is a major public
health problem in India52,53. The average carrier rates
of HBV in the general population are considered to
be approximately 4 per cent 52 . Among these,
professional blood donors constitute a major risk
factor group with a prevalence rate of 14 per cent 52.
Thallassemic and renal dialysis patients also have a
high risk of acquiring HBV infection 52,54 . These
studies have indicated that HBV infection is
established in early childhood, probably associated
with crowded living conditions and poor hygiene.
However, HBV is also associated with acute and
sub acute liver failure in adults as well as with a
significant proportion of chronic hepatitis, cirrhosis,
and hepatocellular carcinoma 52,55. Community based
epidemiological studies have indicated a slightly
higher rates of chronic HBV infection in a south
Indian tribal population 53. Several tribal customs
including scarification, tribal treatment practices like
blood-letting and other practices like tattooing, ear
and body-piercing are all suggested to be contributing
to the high prevalence rates of HBV 53. However, it
should be noted that many of these studies have very
small sample sizes and may have selection biases
and may not accurately reflect the real prevalence
of HBV infection in India. Use of molecular
diagnostics have indicated a higher prevalence rate
of HBV infection among the general population in
India, surprisingly slightly higher among rural than
urban population 56 . In summary HBV infection
remains a significant public health hazard in India
and will probably remain so until nationwide
vaccination programs and other control measures
are fully implemented.
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Management of hepatitides is expensive, especially
when one needs lifelong treatment. Testing for
resistance mutations, assays to monitor disease
progression and treatment progress and the drugs that
are required to treat the infection are all expensive.
Availability of new generic drugs in India would
definitely be important in the management of HBV/
HIV co-infected individuals. There are several
obstacles one could envision in the management of
HBV infection in developing countries like India. One
major obstacle is the cost and availability of assays
that monitor HBV DNA levels in blood as well as of
anti-HBV therapy.
For those patients who are infected with HIV and
HBV, proper diagnosis of chronic HBV is important.
Measuring HBeAg is a more cost-effective assay than
HBV DNA assays in detecting HBV in chronic HIV
infected individuals. HBV DNA assays should be
restricted to those who are suspected of having
precore mutants. Following HBeAg and anti-HBe is
sufficient to monitor patients who undergo treatment.
Monitoring of ALT is also a very sensitive and costeffective assay to diagnose and monitor those patients
undergoing treatment. Normalization of ALT in
someone with elevations prior to initiation of therapy
is a good indication of adequate suppression of HBV
replication. Monitoring of ALT is probably sufficient
for monitoring of those with precore mutants with
elevated ALT prior to therapy. Liver biopsy and
evaluation of necroinflammatory scores in hepatic
histology would be useful in the management of these
individuals with precore mutants.
There have been recent reports from India of
successful treatment of HCV patients using interferon
á and ribavirin57-59. This is a promising trend and as
clinicians gather more experience in managing
patients for interferon associated toxicities and
managing the adverse events in a timely fashion,
interferons will also be used to treat HBV in India.
Lamivudine, which has already been widely used in
India, is easily the best option to treat HBV infection.
Adefovir and tenofovir are not yet available in India;
however, both could potentially add to the
armamentarium to treat HBV. Inclusion of lamivudine
in the initial HIV regimen of all those individuals
coinfected with HBV is the best therapeutic strategy

that can be recommended. Monitoring of these
patients with ALT and hepatitis serologies is important
to ensure adequate HBV suppression.
Vaccination of all individuals is probably the most
cost-effective way to control HBV infection in India.
Even though HBV is not a predominant cause of acute
liver failure in India 60, it could potentially lead to
chronic liver disease and decompensation over time,
particularly in HIV infected individuals. Immunization
of HIV infected individuals may not have great
success, as seen with the studies conducted in the
US 50 . However, it is recommended that all HIV
infected patients, particularly those with higher CD4+
T cell counts, should be offered immunizations.
Currently, there are no strong clinical data to routinely
recommend repeated immunization to achieve
protective immunity against HBV.
In conclusion, screening all HIV infected patients
for HBV, vaccination of all patients who have not
been exposed to HBV, and careful scrutiny of atypical
HBV serologies, and consideration of treatment with
a nucleoside analog against HBV are some of the
recommendations for management of HBV infection.
When newer medications are validated in clinical
trials, we will be able to treat HBV with combination
therapy and extend the duration of HBV suppression
in HIV infected individuals.
HCV and HIV co-infection
Over 170 million people worldwide are suffering
from chronic HCV infection61. Recent WHO reports
indicate that chronic liver disease is responsible for
over 1.4 million deaths due to cirrhosis and primary
liver malignancies 1 . It is estimated that HCV is
responsible for at least one-fifth of these deaths1,62.
HIV infection is found in approximately 40 million
individuals. Both HCV and HIV are transmitted by
blood and blood products, but HCV is ten times more
infectious than HIV. Co-infection with HCV is more
common in people with high exposure to contaminated
blood and both viruses infect approximately 60-90 per
cent of haemophiliacs and 50-70 per cent HIV positive
intravenous drug users (IDUs) in the US and
Europe 63,64.
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Epidemiology: Chronic HCV is a major cause of
chronic liver disease associated morbidity and
mortality around the world1,61,62. The eradication rates
with treatment of individuals infected with HCV alone
can approach 60 per cent; however, due to lack of
detection and the cost and difficulty of treatment,
mortality rates associated with HCV are on the rise
in most countries65,66. With the advent of routine blood
screening for HCV, transfusion-related transmission
has almost disappeared in most countries. By contrast
with HBV, sexual transmission of HCV is less
efficient, though patients with high risk sexual
behaviour still have a high risk of acquiring HCV
infection sexually66. HCV is detectable in 2-4 per cent
of infants born to HCV infected mothers. Co-infection
with HIV increases the rate of transmission of both
viruses and high HCV viral levels in mothers increase
the risk of perinatal transmission67. The perinatal risk
of HCV transmission can be significantly reduced to
<1 per cent in infants born to HIV/HCV co-infected
mothers if the mother is on ART and undergoing
caesarean section delivery 68 . Occupational
transmission of HCV among health care workers is
also a major mode of transmission.
Natural history
(i) Acute HCV infection: Acute HCV infection is
often asymptomatic with resolution in approximately
two-thirds to one-half of all patients69-71. Although
incidence of acute HCV has significantly declined in
many developed nations through routine screening of
blood and blood products, it does occur through shared
needles, sexual transmission and as a nosocomial
infection in health care professionals66. The incubation
period for acute HCV infection is 2 to 26 wk and the
most common clinical presentation is with jaundice
(in about 20-30%) 72. The symptoms resolve and a
significant proportion (30-80%), in contrast to HBV
infection, progress to chronicity73. A recent study has
provided overwhelming cure rates (98%) for treating
acute HCV infection within four months of
seroconversion 74. However, many acutely infected
individuals will go on to clear the virus and hence
may not require any intervention 75 . Spontaneous
resolution of acute HCV infection is more common
with children, women and those who are symptomatic
with jaundice during the acute stage of infection69,76.
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Several ongoing clinical trials treating acute HCV
infection will probably be able to answer whether and
when we need to treat acute HCV infection.
(ii) Chronic HCV infection: Chronic HCV infection
leads to cirrhosis, oesophageal varices, portal
hypertension, hepatic decompensation, and hepatic
malignancies. HCV is currently the major cause for
liver transplantation in Europe and the US. Recent
evidence suggests that the increase in the number of
deaths from hepatocellular carcinoma in most
countries is due to HCV infection62. Cirrhosis is the
end-stage of progressive liver fibrosis. Chronic HCV
infection leads to cirrhosis among HCV mono-infected
individuals in approximately 30 yr 72-79. There are
several factors that may affect the rate of liver
disease progression77,80,81 (Table II).
HCV infection can also present with extrahepatic
manifestations which usually manifest much earlier
than hepatic manifestations. Recent studies have
indicated that three-fourths of all HCV infected
individuals have at least one extra hepatic
manifestation82-84. These include rheumatic (mylagias,
arthralgias, paraesthesias), mucocutaneous (pruritus,
sicca syndrome, Raynaud’s phenomenon), vasculitic
(cryoglobulinemia) and psychiatric (depression and
anxiety) symptoms82-84. Extrahepatic manifestations
also include biochemical abnormalities like the
presence of anti-nuclear antibodies, cryoglobulins,
anti-Sm antibodies, and abnormal thyroid tests82-84.
Even though mixed cryoglobulinaemia is relatively
common in chronic HCV patients, associated
vasculitis is rare (2%). The clinical significance of
these biochemical abnormalities is not yet clearly
understood.
Natural history of HCV/HIV co-infection: Since the
advent of ART, the outcome of HIV infection has
been dramatically altered. Maximal suppression of
HIV replication has led to effective restoration of
immune function, resulting in a dramatic reduction in
mortality associated with HIV infection. Recently
causes other than opportunistic infections have been
implicated in affecting the morbidity and mortality of
HIV infected individuals. These include long-term
toxicities of antiretroviral therapy such as metabolic
abnormalities and cardiovascular events and

434

INDIAN J MED RES, APRIL 2005

hepatotoxicity and progressive liver disease due to
both ART and chronic hepatitides. In developed
countries, liver disease has already emerged as a
major cause of mortality85.

Table II. Factors that predict liver fibrosis progression among
HCV infected individuals

Effect of HCV on HIV: HCV does not appear to have
a direct effect on HIV viral levels. However, in
patients with progressive liver disease, portal
hypertension and splenomegaly, the peripheral CD4+
T cell counts may be lower, giving the clinical picture
of a more severe immunodeficiency state than is
actually present 86 . Large cohorts have provided
conflicting results regarding risk of progression of
HIV infected individuals to AIDS in the presence or
absence of HCV co-infection. In the Swiss cohort
study, patients who were co-infected with both HIV
and HCV had a more rapid progression to AIDS than
those who did not have HCV coinfection 87 .
Interestingly, this study also found that CD4+ T cell
count increased less in patients with HCV than those
without HCV after effective ART was instituted,
suggesting that HCV infection may blunt immune
recovery of HIV infected individuals on ART. Another
large study88 failed to show an increase in progression
of HIV infected individuals to AIDS among those
who were coinfected with HCV. It is reasonable to
believe that HIV/HCV coinfected patients differ in
many important aspects from those with monoinfection. It has been suggested that decreased
compliance with ART across the entire group could
dilute the ability to discern differences in progression
to AIDS. Understanding how HCV infection modifies
the outcome of HIV infection is also complicated by
the dramatic effects of ART on the natural history of
HIV infected individuals.
Effect of HIV on HCV: HIV-associated
immunosuppression has striking effects on several
aspects of the natural history of HCV. First, the
presence of HIV appears to be associated with higher
HCV viral loads in serum and in liver tissue 89,90.
Although one would assume that this is probably due
to the immunosuppression associated with HIV
infection, clinical trials have failed to demonstrate a
clear relationship between the CD4 + T cell counts
and HCV RNA levels. Moreover, HCV viral kinetic
modeling does not support the hypotheses of higher
viral production among HIV infected patients 91 .

1.

Stage of liver fibrosis

2.

Age at infection

3.

Duration of HCV infection

4.

Age at biopsy

5.

Consumption of alcohol >50 g per day

6.

HIV co-infection

7.

CD4 count <200/µl

8.

Male sex

9.

Necrosis seen in liver biopsy

10.

Body-mass index, diabetes, steatosis

11.

Absence of protease inhibitors in antiretroviral
therapy regimen

Source: References 77,80,81

However, higher HCV viral loads definitely will have
a negative impact on therapeutic response among
HIV/HCV patients to anti-HCV therapy. Second, coinfected patients are less likely to clear HCV virus
spontaneously73,92,93. Third, HIV infected individuals
are more likely to have false positive and false negative
tests for serologic assays to detect HCV 94. This is
more likely due to the presence of non-specific
hypergammaglobulinaemia seen in HIV infected
patients with lower CD4+ T cell counts. Finally, HIV/
HCV co-infection is associated with a more rapid
progression of liver disease to cirrhosis, liver failure
and hepatocellular carcinoma80,95-98. Benhamou et al80
estimated the annual rate of fibrotic progression by
dividing the METAVIR score by estimated duration
of infection. Multivariate analysis of this study
indicated that a low CD4+ T cells count (< 200 cells/
µl) and alcohol consumption in excess of 50 g/day
were highly associated with increased risk of disease
progression (Table II). A subsequent study comparing
patients on ART, a less effective ART, or no treatment,
clearly indicated that effective suppression of HIV
viral levels was associated with a decrease in liverassociated mortality 99. In a haemophiliac cohort 94,
there was a higher risk for mortality from hepatic
decompensation and hepatoma in persons with HIV
co-infection than in mono-infected individuals. The
overall risk of development of liver-related mortality
for those who were exposed to HCV alone was 1.4,
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compared with 6.5 among those who were infected
with both viruses over those individuals who were
negative for both viruses95. It is conceivable that as
survival of HIV infected individuals increases with
potent viral suppressive therapies and appropriate
prophylaxis of opportunistic pathogens, HCV-related
morbidity and mortality will be more prevalent100. In
many developed countries, HCV-related liver disease
is already among the predominant causes for death
among HIV infected individuals101.
Effect of HCV on ART: ART has been associated
with hepatotoxicity leading to multiple interruptions
causing significant morbidity and mortality 48,49,102.
Several studies have demonstrated that
hepatotoxicities associated with ART are more
common in people coinfected with HCV and HIV,
particularly those taking protease inhibitors 48,49 .
Several cohort studies have demonstrated a higher
proportion of elevated transaminase levels among
those with HCV infection48,49. Management of liver
toxicities in the presence of underlying liver disease
is often cumbersome. Severe hepatotoxicities are
more commonly associated with HBV and HCV
infection. A recent review on the manifestations and
current management trends of hepatotoxicity
associated with ART in HIV/HCV co-infection
covers the topic in greater depth103.
Effect of ART on HCV: Several studies have
suggested that initiation of ART leads to an increase
in HCV viral levels104-106. This increase is transient,
and the viral load returns to baseline levels within six
months of initiation of ART106. Chung et al 104 recently
showed that even though the viral loads increased in
all patients, it continued to increase only in those with
lower CD4+ T cell counts. Most studies used multiple
ART regimens that makes it difficult to conclude any
treatment-specific differences. Serum HCV RNA
level increases are associated with increases in ALT
and Aspartate transaminase (AST) increases as well.
The mechanism of HCV RNA level increase in
association with ART-associated immune
reconstitution is not clearly established. This may be
true in the case of HBV co-infection, where the
increases in ALT coincides with a decrease in HBV
DNA levels, suggesting an immune-mediated viral
clearance as a mechanism for this phenomenon.
However, the paradoxical increase in HCV RNA
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levels seen with HCV co-infection may reflect
increased replication in some extrahepatic reservoirs
or an altered immune-mediated HCV clearance in
these patients 107.
Pathogenesis: Both HCV and HIV are RNA viruses
whose genomes are transcribed frequently, producing
greater than 1010 virions in a day78. Since both viruses
replicate by means of a polymerase enzyme lacking
the ability to proofread error, the replication results
in the accumulation of a swarm of variants108,109. The
HIV genome is reverse transcribed and the
complementary DNA strand is integrated into the
DNA of latently infected CD4+ T cells contributing
to the persistence of a HIV reservoir 110 . HCV
infection, on the other hand, is maintained by ongoing
replication. In other words, since the HCV genome
does not integrate into the host cell genome, but rather
replicates in the cytoplasm, it is possible to eradicate
HCV infection with effective therapy.
HCV predominantly replicates in hepatocytes111.
HCV is not considered as a cytopathic virus
(Poynard), and chronic HCV is generally considered
to be the result of an intermediate immune response
that is large enough to induce hepatic cell destruction
and fibrosis but not enough for eradication of HCV112.
HCV-specific humoral and cellular responses are
weaker in the chronic phase than in the acute phase
of the infection113. Also, patients with poor immune
responses in the acute phase are often asymptomatic
and are more likely to become chronic carriers than
those with good immune responses against HCV. It
is arguable that one of the mechanisms by which
immunomodulatory therapy (interferons) eradicates
HCV infection is by restoration of a specific immune
response.
HCV genotypes: HCV consists of six genotypes:
genotypes 1a and 1b are prevalent in the US 114 ,
genotype 1, 2, and 3 are common in Europe115,116 and
Australia117, genotype 4 is common in the middle east
and North Africa118,119, genotypes 1b, 2a and 2b are
common in Japan120 genotypes 1b and 2a in China120,
genotype 6 in Hong Kong , Macau and Vietnam120
genotype 5 in Sub-Saharan Africa and genotype 3 in
Thailand, Malaysia and Singapore 121 . In India
genotype 1b is predominant in southern India53,122 and
3 and 2b are common in northern India123-126.

436

INDIAN J MED RES, APRIL 2005

Knowledge of genotypes is helpful for prediction
of therapeutic response and the choice of treatment
duration 127, 128 . Response rates to therapy for
genotypes 2 and 3 with pegylated interferon and
ribavirin is around 88 per cent, but only 48 per cent
for genotypes 1, 4, 5, and 678. Genotypes do not change
during the course of infection. Genotyping all HCV
patients for the purpose of management without
treatment is recommended. Interestingly, no studies
have shown any relationship between genotypes and
severity of liver disease129.
Diagnosis: There are currently two types of tests
available to detect HCV: one is a serologic assay for
the presence of antibodies and the other is a molecular
test for detection of viral particles. Initial screening
is done by detection of antibodies against HCV in the
serum. Antibodies against HCV are often detected
by using enzyme immunoassays (EIAs) that are very
sensitive and specific. The third generation EIA
currently used can detect both the core proteins and
the non-structural proteins enabling diagnosis of HCV
within 4 to 10 wk of infection. False positive results
can be expected for immunosuppressed individuals,
like those with HIV infection, chronic renal failure,
and essential cryoglobulinemia78.
Molecular assays for detection of HCV RNA are
of two types. One is the qualitative assay, based on a
PCR technique and has a lower limit of detection of
100 HCV RNA copies/ml. This test is particularly
useful when transaminase levels are normal, when
other causes of liver disease are present, in
immunosuppressed individuals and in the acute stage
of HCV infection. The second type of assay is the
quantitative type and there are two different assays
currently available. One is a qPCR assay and the other
a bDNA assay. The HCV RNA viral levels from
different assays are reported as standardized
international units in order to make it clinically relevant
for routine use in clinical practice130,131. Knowledge
of HCV viral load is important as a predictor of
therapeutic response and relapse. Patients with high
HCV viral loads prior to therapy will experience
higher rates of treatment relapses. Also, patients with
less than two-log reduction in baseline viral levels at
12 wk after initiation of therapy have been shown to
have a very low likelihood of achieving sustained
virologic response130,131. However, baseline HCV viral

loads have not been shown to correlate with the
severity of liver disease130,131.
All HIV infected individuals should be screened
for the presence of HCV infection132. Screening is
done with EIA followed by a confirmatory test or
qualitative RNA test for positive patients72. Detection
of HCV RNA along with a positive antibody test
indicates active HCV infection. It should be noted
that HCV antibody titres decrease to levels below
the level of detection in persons co-infected with HIV
and HCV, particularly in those with CD4+ T cell counts
< 200/ml94. Therefore, it is recommended that HCV
RNA tests be done in persons with negative anti-HCV
results and elevated ALT levels.
Liver biopsy: A liver biopsy for HCV patients is
usually recommended for evaluation of the severity
of liver disease. It is useful to stage the fibrosis and
grade the degree of inflammation133,134. Biopsy is also
helpful in diagnosing other causes for liver disease
like autoimmune hepatitis, non-alcoholic
steatohepatitis (NASH), alcoholic liver disease,
haemochromatosis and drug toxicities. One of the
major limitations of liver biopsy is sampling error. The
co-efficient of variation of the staging of 15 mm biopsy
sample is around 55 per cent135. Liver biopsy is also
associated with several serious adverse events and
carries a mortality rate of 0.3 per 1000136.
Recently, a number of studies have attempted to
validate the utility of non-invasive tests such as serum
biochemical markers to predict the extent of HCVinduced liver disease. These markers, which include
α2-macroglobulin, haptoglobin, γ-glutamyl
transpeptidase (GGT), total bilirubin and
apolipoprotein A1, have been shown to have high
predictive value for the diagnosis of significant fibrosis
when combined with ALT 137, 138. However, their utility
in detecting early hepatic fibrosis has not been proven.
Such markers, if validated, would be extremely helpful
in assessing and monitoring liver disease among
HCV/HIV coinfected patients.
Management of HCV infection
General principles: HCV does not integrate into the
host genome, but replicates in the cytoplasm. Hence,
it is conceivable that HCV can be eradicated with
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Table III. Factors associated with poor sustained virologic response to combination therapy
A. Viral factors

B. Host factors

HCV genotype 1

Age

HCV pre-treatment viral load > 2 million copies/ml

Male sex

Chronicity of infection

Race- African American
Alcohol consumption
Liver fibrosis > grade 3
HIV co-infection
CD4 T cell count <500 cells/µl
Prior treatment with interferon
Body mass index (BMI)
Ribavirin usage

Source: References 81,127,128

adequate suppressive therapy. However, to date we
do not have HCV-specific antiviral therapy available.
Current treatment regimens include interferon-á,
(standard or pegylated) and ribavirin. Although
interferon may have some direct effects on HCV
replication, the exact mechanism of action of both
these agents is not yet clearly understood. It is
believed that the antiviral effects of combination
therapy include suppression of HCV replication in
hepatocytes, enhancement of immune-mediated
elimination of HCV infected hepatocytes, and
prevention of new infection of hepatocytes. Some
genotypes of HCV confer resistance to interferon and
are less responsive to treatment (e.g., genotype 1, 4,
5 and 6). Until newer HCV-specific drugs are
available, treatment for HCV is recommended for
persons with chronic HCV who are at the greatest
risk of developing cirrhosis. The risk is estimated by
several biochemical, viral and histologic factors,
including portal or bridging fibrosis or moderate degree
of necroinflammatory response 139,140 . Since liver
fibrosis progression is more rapid in HIV/HCV coinfected patients, and the life expectancy of HIV
infected individuals has significantly improved, it is
recommended that these patients should be
considered for anti-HCV treatment 140. Factors that
are associated with a poor prognosis to achieve
sustained virologic response (SVR) are summarized
in Table III.

There are four potential benefits for treating HCV
in HIV/HCV co-infected patients (Table IV). First,
treatment of HCV could lead to viral eradication or
SVR, as defined as undetectable HCV RNA at the
end of treatment and 6 months later (See definitions
of treatment responses in Table V). SVR is
considered a cure in HCV mono-infected individuals,
as several studies with 3 to 13 yr of follow up have
shown that viral clearance is durable141,142. Second,
suppression of HCV can lead to a reduction in the
risk of liver failure and hepatoma143. Although only a
few available data link HCV treatment to long-term
clinical benefits, it is noteworthy that such benefits
are not restricted to those with SVR. These studies
have treated patients who are at the greatest risk of
developing liver failure and hepatoma, without regard
to SVR. Such approaches are relevant to HIV/HCV
infected individuals who have lower rates of achieving
a SVR, and limited access to liver transplantation
compared to monoinfected individuals. Third, the
treatment of HCV among HIV/HCV co-infected
individuals may allow these individuals to better
tolerate antiretroviral therapy for HIV. Many HIV/
HCV co-infected patients have multiple interruptions
of ART, due to higher rates of severe hepatotoxicity
following initiation of ART 48,49 . Treatment of
underlying HCV infection can lead to normalization
of transaminases and enable these patients to tolerate
ART without interruptions103. Finally, patients who
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Table IV. HIV/HCV co-infection: therapeutic objectives
Eradication of HCV infection
Delay histologic progression of HCV-related hepatic fibrosis
Delay clinical progression to ESLD, hepatocellular carcinoma,
and death
Reduce risk of ART-related hepatotoxicity and increase
tolerability to antiretroviral therapy

monotherapy are disappointing, although HCV monoinfected individuals fare better than HIV/HCV coinfected individuals. One study treated147 90 HIV/
HCV co-infected individuals with CD4+ T cell counts
> 200 cells/µl with interferon-α for 12 months. In an
intent to treat analysis, 20 per cent of these individuals
achieved SVR: better responses were associated with
a pretreatment CD4 + T cell count of >500 cells/
cmm 147,148 .

ESLD, end stage liver disease
Table V. HIV/HCV co-infection: definition of therapeutic
responses
Early virologic response (EVR): Decrease in HCV viral load in
plasma of >2 logs by week 12 on therapy
End of treatment response (ETR): Absence of detectable HCV in
plasma at the completion of therapy
Sustained virologic response (SVR): Absence of detectable HCV
in plasma 24 wk after the completion of therapy

show no decline in plasma HCV levels may derive
clinical benefit from therapy as evidenced by a
decrease in the elevated transaminase levels,
improved tolerance of antiretroviral therapy, and the
decreased inflammation on the repeat liver biopsies103
(Fig.). Whether this benefit will be durable following
discontinuation of therapy is uncertain. Long-term
follow up of co-infected patients in a clinical trial
setting to examine hepatic histologic response after
discontinuation of therapy is needed to determine the
durability of such benefit.
It should be noted that while no therapies have
been specifically approved by the US FDA for the
treatment of chronic HCV in HIV infected individuals,
there are several treatments approved for HCV
mono-infected individuals: monotherapy with
interferon-α 2b, interferon alfacon-1, pegylated
interferon-α 2b, and pegylated interferon-α 2a and
combination therapy with interferon-α 2b, pegylated
interferon-α 2b, or pegylated interferon-α 2a with
ribavirin.
monotherapy:
Interferon-α
Interferon- α
monotherapy has been used to treat both HCV
monoinfected and HIV/HCV co-infected
individuals 144-147 . The results of interferon-α

Addition of polyethylene glycol to the interferon-α
molecule allows once-weekly administration and
provides continuous exposure to interferon-α. Studies
have shown that in HCV mono-infected patients
pegylated interferon-α 2a, a branched 40 kDa PEG
and pegylated interferon α2b, a linear 12 kDa PEG
are more effective than standard interferon alone and
have a similar tolerability profiles149, 150.
Combination therapy with interferon- α and
ribavirin: Several randomized controlled trials have
shown that interferon-α with ribavirin is a more
effective therapy than interferon monotherapy in
HCV mono-infected individuals 151,152 . Many
studies153-156 have suggested that combination therapy
with interferon-α and ribavirin is well tolerated by
HIV/HCV co-infected patients and may eradicate
HCV in a small percentage of patients.
Two large multi-center international clinical drug
registration trials in HCV-monoinfected individuals
have clearly demonstrated that combination therapy
with pegylated interferons (both α 2a or α 2b) is
superior to that of combination therapy with standard
interferon plus ribavirin127,128, with SVR of 54 per cent
(pegylated interferon-α 2b) and 56 per cent (pegylated
interferon-α 2a). Given the ease of administration
(weekly vs three times a week for standard
interferons) and its superior efficacy, combination
therapy with pegylated interferons and ribavirin has
largely replaced the use of standard interferon-α with
ribavirin140. There are four major clinical trials which
have used pegylated interferon plus ribavirin for the
treatment of HIV/HCV infected individuals157-160. The
Spanish study was an open label study using pegylated
interferon-α and ribavirin to treat HIV/HCV coinfected patients 158. This study had a significantly
higher proportion of HCV genotype 3 patients (35%),
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Fig. Liver biopsy slides showing necroinflammatory and fibrotic process in liver of an HIV/HCV patient who underwent successful
treatment with pegylated interferon and ribavirin. (A) The necroinflammatory score (H & E staining) shows marked improvement
from baseline biopsy (i) at the end of one year of treatment (ii).
(B). On the other hand, the liver fibrosis scores (Masson staining) shows no significant change from baseline (i) after one year of
treatment (ii) despite eradication of HCV.
A. H & E staining, i. Baseline, ii. After treatment
B. Masson staining, i. Baseline, ii. After treatment
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who appear to respond better to the combination
therapy than individuals with genotype 1. Despite this
advantage, overall SVR rates were only 28 per cent,
which is much lower than rate seen with monoinfected
patients158. The second trial, ACTG 5071, a multicenter, randomized clinical trial, enrolled 134 patients
in the US. Patients were randomized to receive
pegylated interferon-α 2a in doses of 180 µg weekly
along with escalating doses of ribavirin (600 mg to
1000 mg/d),159 or standard interferon-α 2a using an
induction regimen (6 million units three times a week
to 3 million units three times a week) plus ribavirin
(as escalating doses). This study reported an SVR of
27 per cent for the pegylated interferon-α 2a with
ribavirin group, lower than the other that seen with
HCV monoinfected patients who underwent similar
treatment. The RIBAVIC study160, sponsored by the
French National Research Group, treated 412 patients
and compared responses in HIV/HCV co-infected
individuals receiving pegylated interferon-α 2b with
ribavirin or standard interferon-α 2b with ribavirin.
The SVR for this study was only 26 per cent
(pegylated interferon arm) vs 18 per cent (interferon
arm). The fourth study, the AIDS Pegasys Ribavirin
International Co-infection Trial (APRICOT) was a
multi-center, international, industry sponsored
randomized controlled study that used three arms157.
Patients received pegylated interferon-α 2a 180 µg/
wk with or without ribavirin (800mg daily) or
interferon-α 2a (3 million units three time s a week)
with ribavirin (800 mg/day). Of the 868 patients who
completed the trial, SVR was attained in 40 per cent
of the pegylated interferon-α 2a with ribavirin arm,
20 per cent of the pegylated interferon-α 2a alone
arm, and 12 per cent of the interferon-α 2a with
ribavirin arm.
Overall efficacy of pegylated interferon-α 2a with
ribavirin in HIV/HCV co-infected patients is modest
compared to HCV mono-infected individuals. Subtle
yet significant differences between these trials could
be key factors to why the response rates are different
between these trials. ACTG 5071 used a doseescalation regimen for ribavirin initiating at a lower
dose (600 mg) and then increased this to 1000mg
within the first twelve weeks159. On the other hand,
APRICOT study used a fixed dosing schedule for
ribavirin at 800 mg/day 157. This approach has led

investigators to speculate that higher SVR could have
been achieved in the ACTG trial, if higher doses of
ribavirin were used with initiation of treatment107. The
other key difference is the trial population, (US vs
other countries). Baseline weight of US participants
seems to be higher than those from other countries
who participated in these trials and obesity is
associated with decreased interferon response.
Moreover, African-Americans appear to have lower
response rates to interferon treatment than patients
from other races that were represented at a higher
proportion in ACTG 5071 than in APRICOT.
Furthermore, liver pathology was more advanced in
the ACTG study, which could have had a negative
effect on treatment response.
Special consideration should be given to those
patients with advanced liver disease. Persons with
hepatic decompensation are not optimal candidates
for interferon therapy. Hence, persons with advanced
liver disease need to be screened for evidence of
ascites, hepatoma, portal hypertension, and
encephalopathy. Liver transplantation for HIV/HCV
co-infected individuals is being explored as a feasible
option in many centers in the US 161 . Current
guidelines recommend treating patients who are coinfected with HIV and HCV prior to development of
severe liver disease81. Given the high rates of relapse
among HIV/HCV co-infected patients with genotype
2 and 3, current recommendations suggest these
patients should be treated for 48 wk instead of 24 wk
as with HCV mono-infected individuals81. Also, HIV/
HCV co-infected individuals have a higher relapse
rate after stopping treatment for 48 wk when
compared with that of HCV mono-infected
individuals81. Studies are currently addressing the need
for prolonged, 48 wk treatment regimens for HIV/
HCV co-infected patients in order to improve the rate
of SVR.
Adverse events associated with anti-HCV
treatment: Immunomodulatory therapy with
interferon-α has many adverse events 162 . Most
persons experience flu-like symptoms with initial
doses, such as fatigue and malaise and other side
effects such as anorexia, weight loss, hair loss, and
skin rash. Neuropsychiatric disturbances (depression,
irritability, insomnia, and cognitive changes) are

KOTTILIL et al: HEPATITIS B & C IN HIV INFECTION

reported in over 50 per cent of patients162. Depression
can be severe and suicides have been reported with
use of interferon for the treatment of HCV 162 .
Interferon can also lead to thyroid dysfunction in less
than 5 per cent of patients and can also cause dosedependent cytopenias, including leucopenia and
thrombocytopenia. Lymphopenia that follows is
usually associated with a decrease in absolute CD4+
T cell counts; however, the percentage of CD4+ T
cells remains unchanged, and there is no apparent
additional risk for opportunistic infection163.
Ribavirin is associated with haemolytic anaemia
and interferon also induces bone marrow suppression
leading to anaemia152,164. This may be a more serious
problem with HIV infected individuals because of the
high prevalence of anaemia and limited myeloid
reserves due to comorbid diseases and /or associated
drug toxicity165. Ribavirin can also cause birth defects
and hence should not be administered to pregnant
women. Both men and women should be advised to
use effective measures of contraception during
therapy and for six months after the drug is
discontinued.
Since combination therapy has been used for
treating HIV/HCV co-infected patients, newer
adverse events have been reported. A recent study166
reported loss of colour vision and other ophthalmologic
changes in patients undergoing therapy with
pegylated interferon-α 2b and ribavirin. These findings
suggest that all patients undergoing therapy for HCV
should undergo complete ophthalmologic examination
at baseline and at regular intervals while undergoing
treatment 166 . Another concern has been drug
interactions that may be involved with the use of
ribavirin with other nucleoside analogs. Several years
ago, it was shown that ribavirin, which is a guanosine
nucleoside analog has antagonistic activity in vitro
against the anti-HIV activity of pyrimidine nucleoside
analogs: zidovudine, stavudine and zalcitabine167,168.
However, many small clinical trials have failed to
detect any clinically significant antagonism when
ribavirin was used along with pyrimidine nucleoside
analogs156,169. In contrast, ribavirin inhibits inosine 5’
phosphate dehydrogenase, which facilitates the
intracellular conversion of didanosine to its inactive
metabolite. This enhances HIV activity in vitro but
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may also increase in vivo toxicity, including
mitochondrial effects 167,170. Further, symptomatic
hyperlactetaemia has been reported in some patients
co-infected with HIV and HCV and receiving
ribavirin and didanosine concomitantly. Therefore it
is not recommended that those two drugs be used
concomitantly.
Prevention: Compared to HCV mono-infection, coinfection with both HIV and HCV results in
accelerated liver fibrosis, hepatocellular carcinomas,
intolerability to ART, multiple interruptions in ART,
lack of adequate response to existing anti-HCV
treatment and problems associated with orthotopic
liver. Overall, the best strategy in fighting HCV among
HIV co-infected individuals is to prevent acquiring
HCV infection. Unlike HBV, we do not have an
effective HCV vaccine that prevents infection. All
these factors reiterate the significance of developing
efficient preventive strategies to thwart HIV infected
persons from acquiring HCV infection. First, persons
with HIV infection who are not yet infected with HCV
should undergo counselling to stop using injection
drugs; those unable to do so should pursue safe
injection practices 72 (Table VI). Second, use of
barrier methods of contraception must be employed
to adequately prevent sexual transmission of HCV.
Third, pregnant mothers who have risk factors to
acquire HCV infection must be screened for the
presence of HCV. It should be noted that interferonα and ribavirin are contraindicated in pregnancy.
Elective caesarian section prior to rupture of
membranes has shown to reduce maternal fetal
transmission rates of HCV (and HIV) significantly,
but is still not routinely recommended by the experts.
Finally, although post- exposure prophylaxis with ART
is recommended for all HIV infection, it is not
recommended to prevent HCV infection.
Relevance to India: There have been a few studies
in India that provided information on prevalence of
HCV infection. A community-based study using
serologic assays indicated a HCV prevalence rate of
0.87 per cent172. The prevalence increased from 0.31
per cent for children <10 yr to 1.85 per cent among
those who are older than 60 yr 172. Although these
percentages are far below what has been projected
world-wide, these represent a significant reservoir of
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Table VI. Who should we screen for HCV?

A. Based on increased risk for infection

B. Based on need for exposure management

Prior use of injected illegal drugs

Healthcare, emergency, public safety workers after needle stick/mucosal
exposures to HCV-positive blood

Received clotting factors made before 1987

Children born to HCV-positive women

Received blood/organs before July 1992
Previously on chronic haemodialysis
Evidence of liver disease
Source : Reference 72
Table VII. Methods to reduce risk of acquiring HCV infection

infection calling for public health measures to address
the magnitude of this problem. Another study from a
tertiary care hospital173 in southern India demonstrated
an overall 6 per cent prevalence of HCV infection
and a 21 per cent seroprevalence of HCV among
HIV infected individuals. These numbers probably do
not represent that in the general population, but are
of concern. Surprisingly, a study evaluating the
knowledge of HCV among family physicians in one
of the provinces in northern India indicated that there
were deficiencies in the awareness about HCV, its
detection and transmission174. However, this study had
a low physician response rate and probably does not
represent the practice of family physicians over the
entire country. These results reiterate the need for
health education for health care providers regarding
all aspects of health care (Table VII).
Several studies 52,122-126 have evaluated the
prevalence of HCV genotypes in India. HCV
genotype 3 is more common in northern and western
parts of India123,125,126 whereas, genotype 1 is more
common in the southern region 53,122 . Genotype 3
infections have a greater response to treatment and
HIV-negative individuals require 24 wk of therapy,
compared to 48 wk for genotype 1127,128,151,152. Unlike
HBV treatment, several studies reported treatment
of HCV patients with interferon with or without
ribavirin57-59. These studies have been done in cohorts
which are predominantly genotype 3 and have
reported excellent SVR rates57,59. These data indicate
that it is conceivable to diagnose and treat HCV
patients and obtain cure rates similar to that seen with

Screen and test donors for blood, blood products and organs
Virus inactivation of plasma-derived products
Risk-reduction counseling and services:
Obtain history of high-risk drug and sex behaviours
Provide information on minimizing risky behaviour,
including referral to other supportive services
Vaccinate against hepatitis A and/or hepatitis B
Safe injection and infection control practices
Identify persons at risk for HCV and test to determine infection
status:
Routinely identify at risk persons through history, record
review
Provide HCV-positive persons:
Medical evaluation and management
Counselling
Prevent further liver damage
Prevent transmission to others
Source : Reference 72

larger clinical trials reported worldwide 127,128,149-152.
These clinical trials also demonstrated excellent
adherence and follow up of patients who underwent
48 wk of treatment. Overall, these data suggest it is
very possible to successfully manage HCV infection
in a resource-limited setting. However, it should be
noted that management of HCV patients in settings
with limited resources like community hospitals and
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clinics is going to be extremely challenging. AntiHCV therapy is not without severe adverse events
and has high drop out rates outside of clinical trials
settings. Monitoring these patients and managing
adverse events can be challenging. Also, the studies
mentioned above only represent a very small portion
of the total number of patients infected with HCV in
the Indian subcontinent, reiterating the need for
prioritizing limited resources. Further, the response
rates of the majority of patients with genotype 1 are
not going to be as high as those seen with genotype
3. Finally, HIV/HCV co-infected individuals are
unlikely to respond to treatment to the same degree
as HCV mono-infected individuals 157-160 .
Management of these individuals will obviously be
challenging. HIV infected individuals are susceptible
to opportunistic infections associated with a high
degree of morbidity and mortality. Management of
HIV infection should be prioritized for control of
ongoing HIV replication using ART, prophylaxis and
specific therapy for opportunistic infections. With
regards to HCV infection, prompt diagnosis and
counselling of these patients is the most effective
strategy (Tables VI & VII). Vaccination of these
patients against HBV and hepatitis A virus is
recommended 72 (CDC). Moreover, these patients
should be advised to avoid alcohol and other
hepatotoxic agents like acetaminophen, as these
agents can worsen the underlying liver disease.
In summary, HCV co-infection is an emerging
opportunistic infection that could have a catastrophic
effect on the morbidity and mortality of HIV infected
patients. Screening susceptible individuals and
offering counselling are the first steps in the
management of HCV infection. Treatment for HCV
in HIV infected individuals is expensive, associated
with severe side effects, and has only modest cure
rates. Availability of resources may require that
treatment be reserved for select patients until less
expensive and more effective therapies are available.
Conclusion
HCV and HIV co-exist in a large proportion of
patients due to their shared modes of transmission.
HIV accelerates HCV-associated liver fibrosis and
HCV leads to higher rates of discontinuation of
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HAART due to severe hepatotoxicity. HCV treatment
responses to the current standard of care are only
modest in HIV co-infected individuals. Moreover,
current treatments are associated with significant side
effects. HCV treatments that are more effective, less
expensive, associated with fewer side effects, and
preferably not immune-based are required to eradicate
HCV. Current research is focused on defining the
optimal management of chronic HCV patients
including the role of liver transplantation. Future
studies should focus on the pathogenesis of HCV in
HIV infected individuals, thereby enabling clinicians
to develop novel therapeutic approaches to impede
liver disease progression.
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HIV infection and psychiatric disorders have a complex relationship. Being HIV infected could
result in psychiatric disorders as a psychological consequence of the infection or because of the
effect of the HIV virus on the brain. Disorders may be as varied as depression, post-traumatic
stress disorders, AIDS phobias, grief and the whole gamut of cognitive disorders. In addition,
several psychiatric conditions may predispose individuals to acquiring HIV infection as a
consequence of their influence on behaviour. There is also strong evidence of the relationship of
substance use disorders and severe mental illnesses with HIV infection. HIV related psychiatric
disorders also offer a challenge to clinicians in issues of differential diagnosis and management.
Majority of the work in India has focused on substance use and HIV, and to a lesser extent on the
psychiatric effects of HIV infection. Given the magnitude of the problem in the country and the
multiple physical and psychological stressors that persons with HIV face in India, more research
is needed.
Key words AIDS - depression - HIV - mental illness - substance use

Psychological and psychiatric issues associated
with HIV infection have received considerable
attention in the last decade owing to the emotional
impact of the disease and its effect on an individual’s
personal, sexual, occupational and social life. Apart
from the more obvious impact of HIV on mental health,
there are several ways in which HIV infection and
psychiatric disorders are linked.

used in HAART (highly active antiretroviral therapy)
are known to be associated with psychiatric side
effects. (v) Persons with severe mental illness are
known to be vulnerable to HIV infection and there
are special management concerns in this population.
(vi) Substance abuse and HIV are linked in direct
ways (intravenous drug use: IVDU) and in indirect
ways by their influence on sexual behaviour. (vii)
Treatment adherence and course of illness have been
found to be influenced by emotional factors and
substance use.

(i) HIV infection owing to its malignant course and
the associated stigma often results in emotional
reactions of a serious nature among those infected.
(ii) The HIV has direct effects on the brain that may
lead to neurocognitive disturbances, psychosis or
behavioural changes. (iii) Opportunistic neurological
and systemic infections and their treatment may lead
to neuropsychiatric problems. (iv) Some of the drugs

The above description indicates the complexities
of the link between psychiatric syndromes and HIV
infection. In a given individual, more than one of these
factors might be involved thus leading to complex
clinical manifestations and requiring a multipronged
451
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approach in assessment and management of the
problem.
This review attempts at delineating each of these
links between HIV and psychiatric disorders; and also
reviews the available Indian literature and discusses
it in the context of research from other parts of the
world.
Psychiatric disorders as a reaction to HIV
infection
AIDS phobia: Phobias and fears related to HIV and
AIDS have been reported early in the history of HIV
infection 1. There have been reports from the late
eighties describing the problems of the “worried well”i.e., people with an overwhelming fear of having
contracted AIDS. The initial reports were
predominantly from homosexual men and users of IVD
who were particularly at risk for HIV infection 1,2.
Subsequently, there have been reports of a spectrum
of disorders such as anxiety disorders, panic,
hypochondriacal beliefs and obsessive-compulsive
disorders related to HIV infection1-3. These could be
primary disorders or manifested as psychopathology
in depression and/or psychotic disorders. Cases of
AIDS related phobia among heterosexuals with risky
sexual behaviour have been reported from India2. In
addition to distinct AIDS related fears, somatization
disorders have been reported among men with risky
behaviour who tested negative for HIV 3 but continue
to have concerns about the infection. AIDS related
fears and phobias have been associated with an
anxious temperament, are more among those with
health anxiety, and are often associated with
misinformation and inadequate knowledge, particularly
in countries like India.
Bereavement and grief: The severity of HIV and
AIDS, the loss of health, a decrease in functioning,
the deterioration of body integrity, and the anticipatory
loss of life may also result in bereavement.
Homosexual men with AIDS who have witnessed
multiple deaths during their illness experience
recurrent episodes of bereavement 4. The bereaved
person typically considers symptoms of sadness,
insomnia, poor appetite, and weight loss as being
normal reactions to their loss. Though these symptoms

share common characteristics with major depression,
these do differ in the presence and intensity of survivor
guilt, loss of warmth in relationships, emergence of
hostility, and the preoccupation with images of the
deceased. If bereavement persists for longer than two
months and is accompanied by increasing functional
impairment, morbid preoccupation with
worthlessness, and marked psychomotor retardation,
the diagnosis of major depressive episode can be
established. If bereavement remains unresolved with
persistent yearning, over identification with the
deceased, and an inability to express sadness or rage,
then grief resolution therapy should be offered. In
India, bereavement in the context of AIDS has not
been systematically studied. However, it has been
reported that because the deaths due to HIV infection
are shrouded in stigma and secrecy, and incomplete
funeral and death rituals, it acts as a risk factor for
unresolved family grief5,6. In addition in Africa and
India, HIV infection in a family is associated with
multiple losses as more than one person is usually
infected and anticipatory grief at the possible loss of
more than one person is often a feature 7,8. More
research in this area is needed to guide health workers
in managing this problem in a culturally sensitive
manner.
Anxiety disorders: Anxiety disorders may manifest
throughout the course of HIV infection, with a general
trend for increased prevalence of these disorders as
the illness progresses. Researchers have reported a
prevalence range of 2 9 to 38 per cent 10 depending
upon the stage of illness. A study demonstrated
elevated level of panic disorders in HIV positive men
with unresolved grief compared to those with resolved
grief11. Using Hospital Anxiety and Depression Scale,
a study conducted on a group of 51 seropositive
persons at a tertiary care centre in south India 12,
found 36 per cent of the patients to score above the
cut-off level for diagnosis of anxiety disorders. The
majority fulfilled the diagnostic criteria of generalized
anxiety disorder. Pain, concurrent alcohol abuse/
dependence, poor family support and presence of
AIDS in the spouse accounted for 57 per cent of the
total variance in the level of anxiety. In comparison
with the western studies, the number of individuals
diagnosed as having anxiety disorders in this study
was higher. It is notable that the sample in this study
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differed from that in the western studies in terms of
recruiting greater number of individuals symptomatic
(55% of the total sample) for HIV infection. Thus
physical suffering could account for the higher rate
of anxiety disorders. In addition, cultural factors like
stigma, relative lack of appropriate treatment facilities,
poor access to the health care, and low educational
level could have significantly contributed. Since the
individuals were assessed for anxiety soon after
revelation of HIV status (within 2-3 months), it could
also account for the higher incidence of anxiety
disorders in this study.
Post-traumatic stress disorders and multiple loss
syndromes have been described in some persons who
have experienced AIDS related multiple losses. HIV
positive women have a higher prevalence of posttraumatic stress disorder symptoms13. Evaluation of
anxiety in HIV infected individuals should take into
account the variety of medical conditions, which can
present with anxiety symptoms. Many of the
medications used in treatment of HIV/AIDS have
been reported to cause anxiety as a possible side
effect. Psychoactive substances, both prescribed and
recreational, should also be considered in evaluation
of anxiety.
Depression in HIV infection: Depression is the
commonest psychiatric syndrome reported in studies
among HIV infected individuals. Major depression in
HIV-positive population is elevated about two fold
above those in healthy community sample. Rates of
depression have ranged from 5 to 25 per cent or even
higher10-12. The study conducted at the specialty HIV
clinic at a tertiary care centre of south India12 reported
that 40 per cent of the seropositive individuals studied
suffered from syndromal depression. Majority (90%)
of the patients who had depressive symptoms also
had prominent anxiety symptoms and fulfilled the ICD10 criteria for generalized anxiety disorder. Among
the depressed patients, 20 per cent expressed death
wishes, 12 per cent reported occasional suicidal
ideations, and 6 per cent reported persistent suicidal
ideations whereas 8 per cent had made attempts to
commit suicide. Notably all those, who had attempted
suicide, had a past history of psychiatric illness. All
the suicide attempts were made during the first week
after revelation of the seropositive status.
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A two-year follow up study 14 has revealed that
10-25 per cent of seropositive women report
depression during the course of the illness. Adjustment
disorders with depressed mood are more commonly
seen than major depressive disorders. Women with
HIV-positive status exhibit higher rates of major
depressive disorder and more symptoms of anxiety
and depression than HIV-negative women14.
Barriers to diagnosing depression: There are
several barriers to the diagnosis of depression in HIV
infected individuals. Firstly, patients often do not
discuss their mood or emotions with health care
professionals for fear of being stigmatized further.
Secondly, health care professionals may view the
depression as a normal reaction to the infection rather
than treating it as a condition that needs assessment,
referral and treatment. Finally, difficulties in
diagnosing depression because of somatic symptoms
such as fatigue, loss of appetite, poor concentration
may complicate the differential diagnosis in physically
ill HIV-infected individuals. To overcome this, the
cardinal psychological symptoms of depression should
be sought to confirm diagnosis. These include sad
mood, distinct loss of interest or pleasure,
worthlessness, suicidality, sense of failure or
sinfulness. Health care professionals should
encourage expression of emotions in clinics and need
training in the assessment of psychiatric syndromes.
High prevalence rates of depression have been
reported in India among HIV seropositive individuals
ranging from 10 to 40 per cent12,15,16. The difference
in rates of depression among studies is often a
reflection of the population studied, the tools used and
the setting in which the study was conducted. Rates
may differ because of the group being studied (gay
men, IVDUs, women, bereaved), the setting
(community vs. hospice or hospital), stage of illness
(later stages of illness reporting higher rates of
depression), symptoms such as pain and fatigue and
time after disclosure. Studies have revealed
conflicting results regarding the influence of stage of
illness on anxiety and depression. However, the study
conducted at a tertiary care centre of south India
found no relation between stage of illness and
depression12. Depressive symptoms were related to
the severity of physical pain (33% reported severe
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pain), abuse or dependence on alcohol (47%), and
poor social support (43%). Importantly, 43 per cent
of the study population had HIV seropositive spouses
and 24 per cent had their spouses already diagnosed
with AIDS. This was another factor related to the
depressive symptoms. The results of this study
indicated a higher rate of depression in persons living
with HIV/AIDS (PLWHA). However, it should be
noted that contrary to studies from west, the sample
in this study consisted of a greater proportion of
physically symptomatic individuals12,16. In addition,
several cultural factors like stigma, low education
level, lack of and access to treatment facilities could
well underlie the higher prevalence of depression in
this sample.
Effect of depression on natural course of HIV
infection: While some evidence points to lack of an
association between depression and medical
outcome 17 , other studies 12,16 have reported that
presence of depressive disorder could result in neglect
of physical health and poor compliance to treatment
regimen among individuals with HIV infection. Studies
have also demonstrated the association of
psychological distress and immune system function
in HIV spectrum disease. Psychological distress has
been associated with decreased number of helper
cells and B cells at low levels of viral burden18,19.
HIV status disclosure and depression: Disclosure
has several important connotations in HIV in India,
especially in the context of stigma and myths
surrounding the illness. Disclosure may impact mental
health in positive and negative ways. Discussion of
one’s HIV status with significant others may open
up the opportunities to receive support or may add to
stress by causing discrimination and withdrawal of
support. Concealing one’s status on the other hand,
may be equally stressful and may impact on mental
health. A study that examined the impact of disclosure
related variables on mental health investigated the
nature (voluntary or without consent), extent (number
of people to whom disclosure occurred) and the
outcome of disclosure among 68 subjects with HIV
infection 20. Voluntary disclosure was reported by
65 per cent while 35 per cent reported that disclosure
to their family and friends was made without
consulting them. A strong need to disclose was

reported by 42 per cent of the sample while 40 per
cent reported a moderate need to disclose. The
remaining 18 per cent felt no need to disclose at all.
The outcome of disclosure was reported to be
predominantly positive by 54 per cent whereas the
remaining 46 per cent reported a mixture of positive
and negative outcomes. Results indicated that it was
not the nature or extent of disclosure but the motivation
to disclose and the outcome of disclosure that had an
impact on mental health and quality of life variables20.
Positive outcomes and wanting to disclose one’s HIV
status were associated with better mental health and
better quality of life. It is not clear whether this is
related to cause or effect. Persons with better mental
health may have better social support and hence may
be more motivated to reveal their status or the other
way round. Further studies need to address these issues
and also look at gender and geographical (rural/urban)
differences in the relationship between illness disclosure
and mental health.
Gender and depression in HIV infection: Several
studies have assessed the role of gender in psychiatric
morbidity, particularly depression and anxiety. Majority
of studies in India have reported higher rates of
depression and anxiety among women compared to
men 21-23. Women with HIV infection in India face
higher caregiver burden, more stigma and poor health
care, which probably contribute to the higher
prevalence of depression.
Psychiatric problems in children with HIV
infection: Despite the growing numbers of children
with HIV infection in India, there are no studies
addressing the impact of HIV infection on the mental
health of children either affected or infected with HIV.
A recent prospective cohort study designed to examine
long-term outcome among HIV infected children and
HIV uninfected infants born to HIV infected parents
reported an incidence of 6.17 psychiatric cases per
1000 person-years. This was significantly higher than
the incidence of 1.70 cases per 1000 person-years in
the general paediatric population24. The majority of
patients were admitted because of depression or
behavioural disorders while 47 per cent underwent
multiple psychiatric hospitalizations. The median age
at the first psychiatric hospitalization was 11 yr
(range: 4-17 yr) when all patients had been perinatally
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infected. It was also seen that the knowledge of HIV
seropositivity status and having experienced a
significant life event were both significantly
associated with an increased risk of psychiatric
hospitalization. Studies are needed in the Indian
context as more and more children are being infected
and affected by HIV.
Psychosis in HIV infection
The presence of psychotic symptoms in patients
with HIV contributes to difficulties in medical care
and residential placement and may have other serious
consequences. Psychotic symptoms can appear as a
part of delirium, dementia or any other organic brain
syndrome. New onset psychotic symptoms are not
uncommon in HIV infection. One of the earliest
studies reviewed cases of new onset psychosis in
HIV infected patients and reported that patients with
psychotic symptoms and abnormal computed
tomography (CT) and electro encephalography (EEG)
findings at the time of presentation with psychosis
tended to have relatively rapid deterioration in
cognitive and medical status25. A subsequent study26
reviewed records of 20 HIV infected individuals with
psychosis without delirium, current substance abuse
or previous psychotic episodes. Subjects with
psychosis had higher rates of stimulant abuse and at
follow up higher mortality rate. They also showed
greater neuropsychological impairment.
Mania typically occurs as part of bipolar affective
disorder, but it may occur secondary to a variety of
medical and pharmacological antecedents in HIV
infection. The prevalence of mania is reported to be
significantly increased in patients with AIDS
compared to the general population27-29. Patients with
secondary mania did not differ in clinical
characteristics and response to treatment compared
to mania associated with bipolar affective disorder.
However, neuroradiological abnormalities and
cognitive dysfunction have been commonly reported.
Hence it is important to differentiate secondary or
organic mania from a pre existing or concurrent manic
syndrome. A few cases of AIDS related mania and
psychosis have been reported from India 30,31, but
systematic studies on the clinical manifestation and
course of illness are lacking.
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Cognitive dysfunction related to HIV infection
Cognitive disorders and subtle cognitive impairment
are seen throughout the spectrum of HIV infection.
Delirium occurs frequently among hospitalized HIV
infected patients with reported prevalence ranging
from 29-57 per cent32. The etiology of delirium is often
multifactorial in HIV infection and patients are
susceptible to the development of delirium in the
context of underlying HIV brain infection, common
use of polypharmacy and the frequency of multiple
medical complications. Evaluation and correction of
the underlying medical cause of delirium is of primary
importance. Prompt management of agitation due to
delirium is extremely important because of the distress
caused to the patient and family, potential for self
harm as well the potential for exposure of HIV to
others. Repeated mental status examinations, careful
review of medications, thorough physical and
neurological examinations, search for infections/
metabolic abnormalities, neuroradiologic examination,
CSF examination and EEG are essential in evaluation
of delirious patients.
Cognitive dysfunction in asymptomatic HIV
infection: Neuropsychological impairment among
asymptomatic HIV infected persons has been an
important area of study. Several studies in India
have reported neurocognitive disturbances in this
group33-36. Factors such as brain injury, malnutrition,
neurological infections, alcohol and depression are all
known to have a role in the causation of
neurocognitive problems. All the above studies found
significant deficits compared to controls, particularly
in the areas of fine motor speed and information
processing. One study that examined both central and
peripheral electrophysiological parameters, found
evidence of subtle abnormalities in clinical testing,
EEG and brain stem auditory evoked responses36.
AIDS dementia
The prevalence of HIV-1-associated dementia
(HAD) among otherwise asymptomatic subjects in
United States and Europe has been estimated at 15 to
30 per cent 37,38. In contrast, a study from India 38
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documented an unusually low incidence (about 1 to
2%) of HAD. It should be noted that the low levels of
HAD in economically developing societies like India
are often attributed to underdiagnosis, shorter life
expectancy, or other factors. In an extensive follow
up of earlier studies, however, six cases of HAD were
found among 427 HIV-infected asymptomatic
individuals (1.4%), indicating that the low incidence
of HAD was not an artifact38.
To explain this lower incidence of HIV dementia,
one of the causes hypothesized has been a
compromised chemotactic function of C-Tat protein
that is responsible for the monocytic chemotactic
activity which has an important role in HIV dementias.
It was found that the CS natural variant was defective
for monocyte chemotactic activity without a loss in
the transactivation property39. While the CC mutant
was functionally competent for both the functions, in
contrast, the SC mutant was defective in both.
Therefore, the loss of the C-Tat chemotactic property
may underlie the reduced incidence of HAD.
Although not presenting conclusive evidence, this
study provided the first evidence for a potential
epidemiologic phenomenon associated with biological
differences in the subtypes of viruses39. The scenario
may change in India with the early detection of HIV,
prompt treatment of opportunistic infections, and
HAART therapy. Better documentation and
assessment of patients presenting with cognitive
dysfunctions is needed to chart the occurrence,
comorbidity and course of HIV dementias.
Psychiatric side effects of anti retroviral drugs
Antiretroviral drugs although over the years have
provided hope, are associated with significant side
effects. Various reports have been published on the
psychiatric side effects, which range from anxiety to
psychosis. Multiple medications for other problems
in HIV may also add to the side effects of the
antiretrovirals. Foster et al 40 reported a case of
antiretroviral-induced psychosis, which remitted once
the drug was withdrawn. Other drugs that have been
reported to cause psychiatric side effects include
efavirenz and nevirapine 41,42 . With the onset of
HAART therapy in India, it is important to record
psychiatric side effects of antiretroviral drug

combinations. While negative effects of HAART have
got attention, benefits have also been recorded.
Psychological effects of HAART in terms of mood,
hope and life satisfaction studied among a cohort of
173 HIV-positive gay and bisexual men followed up
for two years on HAART indicated a definite overall
psychological improvement43.
Psychotropic drugs in HIV infection
Patients with HIV infection commonly receive
multiple medications, which include antibiotics,
antifungal agents along with antiretroviral medications.
Psychotropics used to treat the psychiatric conditions
may interact with the antiretroviral medications
complicating the picture. The most commonly used
drugs are antidepressants, mood stabilizers and
antipsychotics.
Treatment of depressive symptoms in patients with
HIV has a favourable impact on psychosocial
functioning. Antidepressants can alleviate depressive
symptoms and improve quality of life. Several
randomized controlled studies have demonstrated the
efficacy of tricyclic antidepressants but have reported
high drop out rate due to adverse effects44. Studies
have also been conducted to demonstrate the efficacy
of selective serotonin reuptake inhibitors (SSRIs) in
treatment of depression. Fluoxetine has been
evaluated in a double blind randomized controlled
study for depression in patients with HIV-AIDS and
has been found to be effective 45 . The effect of
imipramine and fluoxetine has also been studied on
the immune status in depressed patients with HIV
illness46 with no negative effects being noted. One
needs to be aware of the drug interactions of protease
inhibitors and reverse transcriptase inhibitors that
decrease the activity of cytochrome, interfering with
the metabolism of SSRIs. Newer antidepressants
have also been studied in the treatment of depression.
Venlafaxine has been found to be effective and also
has minimal potential for interaction with other drugs.
Nefazadone, bupropion and reboxetine have also been
found to be effective in open label studies47-49.
A significant number of HIV infected persons may
need treatment for mood disorders. Several factors
must be taken into account when using mood
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stabilizers in HIV infected patients. A study reported
that valproate increased the HIV-1 replication in vitro50.
However, clinical evidence indicates that valproic acid
therapy does not affect viral load in vivo in HIV
infected patients receiving adequate antiretroviral
therapy49,50. However, blood levels must be closely
monitored. In addition to treatment with valproic acid,
there is evidence of bi-directional interactions of
carbamazepine and antiretroviral agents at the level
of the CYP 450 enzymes. On the one hand,
carbamazepine is a potent inducer of the CYP 3A
enzyme system, increasing the metabolism of protease
inhibitors such as indinavir, and non-nucleoside reverse
transcriptase inhibitors. Ritonavir is a potent inhibitor
of the same enzyme that increases the risk of
carbamazepine toxicity 51. Parenti et al 52 treated a
group of 10 HIV positive men with lithium and seven
had to discontinue the treatment due to side effects.
However, no significant changes were noted in CD4
counts while there was a significant decrease in the
mixed lymphocytic reaction.
Treatment of psychotic conditions has been less
well studied compared to mood disorders. Special
precautions must be taken when treating psychosis
in HIV infected individuals. It has been noted in
several reports that they might be more sensitive to
the extrapyramidal side effects associated with
dopamine receptor antagonist. In a case series of 20
patients with psychotic symptoms, risperidone was
found to be efficacious and to possess fewer side
effects than conventional antipsychotics53. Literature
in this area is completely lacking from India.
Suicide and HIV
Suicide is a complex biopsychosocial outcome of
depression, hopelessness, isolation and lack of
support. HIV infection with all its negative
connotations and discrimination can be a harbinger
of future suicidal ideation or completed suicide.
Several factors have been associated with suicidal
ideation among persons infected with HIV.
Homosexual orientation, partner’s HIV status, loss
of an infected partner, past history of deliberate self
harm and presence of physical symptoms have been
reported as risk factors54,55. Some of the psychiatric
variables predicting suicidal ideation include
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concurrent substance abuse, past history of
depression and presence of hopelessness56.
Stigma has been considered as an important
variable in predicting suicide and has important
implications for India. There is sparse literature on
suicide and HIV infection from India, though Indian
newspapers have often carried reports of HIV
infected persons attempting suicide either due to
discrimination or a fear of it.
One study quoted earlier 12 , assessed suicidal
ideation and history of attempted suicides in addition
to depression among 51 HIV infected persons. The
findings revealed persistent suicidal ideations in 14
per cent, death wishes in 20 per cent and suicidal
attempts in 8 per cent. The study had a small sample
size and may not be representative of the larger HIV
infected population in India.
A recent study on suicidal ideation in Bangalore56,
assessed systematically among 100 HIV infected
persons admitted to a care center, reported a higher
prevalence of 41 per cent. Demographic risk factors
for suicidal ideation reported in this study included
female sex (56% of suicidal subjects were females
compared to 24% in non-suicidal subjects), lower
education level (mean education=5.68 yr in suicidal
subjects compared to 8.58 yr in non-suicidal subjects),
lower monthly income level (1938 rupees versus 3175
rupees) and presence of physical distress (mean score
15.83 versus 11.75). Psychiatric variables
significantly associated with suicidal ideation were
similar to those found in western studies and include
presence of depression (73% of suicidal patients),
hopelessness (mean score on Beck’s hopelessness
scale=11.07) and anxiety (29% of suicidal patients).
An important finding of this study that has implications
for policies and training was the finding that health
care related stigma was highly correlated with suicidal
ideation and its severity56.
Quality of life and HIV infection - Cross cultural
methods of assessment
Quality of life assessments are important for
evaluating treatment response, policies on
management and for developing services; however,
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these need to be relevant to the culture and context
in which these are being studied. The WHOQOL HIV
group has evolved a measure of assessing quality of
life, keeping cross-cultural relevance as its primary
objective and overcoming problems related to using
tools developed in western models of care. Items
important for quality of life were derived from focus
group discussions with different groups of HIV
infected individuals, their families and health care
providers. Two centres in India, Bangalore and New
Delhi, were involved in the development of the tool
and the WHOQOL HIV in long and brief forms is
currently available in Hindi and Kannada
languages 57,58.
Analysis of the WHOQOL HIV field test
instrument, which was given to 1,334 individuals
infected with HIV, from seven culturally diverse
centres (Australia, Brazil, Italy, Thailand, Ukraine and
two centres in India: Bangalore and New Delhi) 58
revealed good psychometric properties and good
discriminant validity of the instrument, with poorest
quality of life found for those who reported that they
were least well. Men reported poorer physical wellbeing and level of independence, while women
reported poorer environment, social support and
spirituality. The instrument provides a promising
means for quality of life assessment for patients with
HIV/AIDS in diverse cultural settings.
Severe mental illness and HIV - double jeopardy
The bidirectional nature of relationship between
severe mental illness and HIV has been well
documented. Psychiatric patients are at high risk for
acquiring HIV 59,60 . On the other hand, patients
infected with HIV are more susceptible to develop
psychiatric illnesses. A large amount of literature has
been published worldwide supporting the concept that
the psychiatric population as a whole is more
vulnerable to contract HIV infection. Several factors
such as sexual abuse, homelessness and impaired
judgment regarding sexual relationships make them
at high risk for HIV. Additionally, use of alcohol and
other drugs of abuse make them vulnerable to enter
casual or coercive sexual relationship. Studies
conducted in Europe and the USA have documented
the infection rate among patients with severe mental

illness ranging from 4 to 23 per cent, which is much
higher than that documented for the general
population61,62.
Among psychiatric inpatients having high risk
behaviour the seroprevalence rate was reported to
be 3.4 per cent 63. In a prospective study conducted
on psychiatric inpatients in India, the seroprevalence
rate was found to be 2.11 per cent in a sample of
2283 patients tested for HIV 64. Though this rate is
lower when compared to that in the west, more
alarming is the fact that the seroprevalence rate
showed an increase from 0.47 per cent in 1993 to
5.33 per cent in 1997, in keeping with increase in
HIV infection in general population. In the study 43
patients were found to be seropositive though none
of them were earlier documented to be so. Of these
43 patients, 14 per cent were women; 81.4 per cent
of these seropositive cases had a primary psychiatric
illness while 18.6 per cent were diagnosed to have
psychiatric illness secondary to HIV infection.
Further analysis found that the group with primary
psychiatric illness consisted of non-affective
psychosis (14%) (schizophrenia, unspecified
psychosis and drug induced psychosis), bipolar
affective disorder (9.3%), depression (14%) and
alcohol dependence syndrome (44%). Notably, 21
per cent of the total seropositive cases were also
diagnosed to have a co-morbid personality disorder
in the form of antisocial personality disorder or
anxious avoidant personality disorder. Though 44%
were diagnosed to have only alcohol dependence
syndrome, this percentage rose to 69.7 per cent
when patients with dual diagnosis (alcohol
dependence syndrome with any other psychiatric
diagnosis) were also included. Multiple sexual
contact was the commonest route of transmission
(65.2%). The impact of psychopathology was
evident in two women who reported high risk sexual
behaviour only during their psychotic or manic states,
whereas 44 per cent reported to have exhibited high
risk behaviour under the influence of alcohol. These
data indicate that the psychiatric patients are more
liable to contract HIV when they are under the
influence of alcohol, are actively psychotic or have
a combination of the two since these factors enhance
the chances of a person to engage in risky and
unprotected sexual behaviour 65.
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A recent study assessing HIV seroprevalence
among psychiatric outpatient population in a general
hospital setting in south India 66 found that the rate
was 1.03 per cent which was not very high when
compared to the national seroprevalence rate (0.7%)
and was less than the seroprevalence rate among
the regional community (1.8%) 66 . However this
result should be seen in the background of the nature
of study population. The study included all psychiatric
outpatients including minor and severely mentally ill.
The whole psychiatric population may not be at high
risk but patients diagnosed to have a mood disorder
or substance use disorder or both are more likely to
have high risk sexual behaviour for contracting
HIV 67 .
HIV risk among the mentally ill: Nature of risk
behaviour among psychiatric patients was investigated
among inpatients in a population of severely mentally
ill in India60. Though in this study, the sample size
was small, high risk behaviour was observed in
59 per cent of patients with schizophrenia, 48 per cent
of those with affective disorder and 50 per cent of
those with personality disorders. The most frequent
high risk behaviour among men was unprotected
heterosexual intercourse with a commercial sex
worker whereas women patients reported unprotected
sex with their known high risk partners. No relation
was observed between knowledge about HIV/AIDS
and high risk behaviour60. In order to replicate the
study a more systematic study was conducted in a
larger sample of psychiatric inpatients in south India68.
Using a ten item standardized questionnaire to assess
HIV risk (HIV-risk Screening Instrument69) the 618
inpatients with severe mental illness were
interviewed. The subjects were also assessed for
alcohol and other drugs of abuse with Alcohol Use
Disorders Identification Test and Drug Abuse
Screening Test respectively. The sample consisted
of 242 women and 376 men. The results showed that
women were more likely to have been sexually active
over lifetime (72% versus 57%), over past ten years
(66% versus 55%) and over past one year (50%
versus 36%) compared to men. Of the total study
population, 20 per cent reported high risk behaviour
in their lifetime. However, men with severe mental
illness were more likely to report high risk behaviour
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over their lifetime (26% versus 11%) and over last
ten years (20% versus 10%) compared to women.
Commonest types of risk behaviours reported
included having a risky sexual partner (a partner
having sexually transmitted disease, IV drug abuse,
having multiple sexual partners), having multiple
sexual partners and exchanging money for sex. The
risk behaviours differed between the two genders.
Women were more likely to have had sexually
transmitted infections or exchanging sex for money
whereas men were more likely to have exchanged
money for sex. A more significant finding was
reporting of more than two risk behaviours by 43 per
cent of the subjects having a history of risky sexual
behaviour. This study did not find IV drug abuse and
needle sharing to be among the common risk
behaviours, which might be a function of the low
prevalence of IV drug use in Bangalore (where this
study was conducted), compared to other areas of
India. Further analysis of these data revealed young
age, married status, diagnosis of mood and/or
personality disorder and drug abuse screening test
(DAST) score >2 as correlates of being sexually
active. Male sex, current use of tobacco, having
DAST score>2 (suggesting risk for a drugs abuse
problem) and having alcohol use disorders
identification test (AUDIT) score >8 (suggesting risk
for an alcohol use problem) were found to correlate
with risky sexual behaviours. The results of this study
reaffirmed the findings of the studies from the
west 70,71 . The association between risky sexual
behaviour and substance use remains a consistent
finding across the different studies. Evidence points
to the likely role of personality factors and situational
influences or their interaction72,73. There is also some
evidence that reducing substance use may reduce the
risky sexual behaviour74.
Coercive experiences among women with mental
illness and HIV risk: When HIV risk behaviour is
looked for especially among women, another aspect
that emerges is the occurrence of sexual coercion
and abuse of severely mentally ill. In an inpatient
sample of 146 female patients, a recent study75 found
that 30 per cent of the sample reported sexual
coercion. About 7 per cent reported child sexual
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abuse, 16 per cent reported adult sexual abuse
whereas 7 per cent reported having been abused
during childhood as well as adulthood. Importantly
abuse incidents for such women were not isolated
events as majority of the women reported to have
been abused at least four or more times. In addition,
some women reported having been abused by more
than one person. Comparison of women who reported
sexual coercion with those who did not indicated that
abused women were more likely to report high risk
sexual behaviours. When the abused subsample was
divided into severe versus milder coercion
experiences and compared, those who reported
severe coercion also had higher prevalence of HIVrelated risk behaviour over lifetime, over last ten
years and over last one year 75 . Indeed, it is
increasingly recognized that most women infected with
HIV became infected through heterosexual
intercourse with their primary partner76. The women
who reported more severe coercion were more likely
to be diagnosed with bipolar affective disorder.
Extrapolating from the findings of an earlier study
by Chandra et al 64 where high risk behaviour was
more common during the actively psychotic or manic
phase, it can be inferred that poor judgment, poor
negotiation skills and lack of control over sexuality
may underlie their high risk behaviours. This study
also reflects the importance of assessing
psychiatrically ill patients, especially women, for
history of sexual coercion during adult life as it tends
to demarcate the population at high risk for
contracting HIV infection. A surprising finding of this
study was that out of 40 women with history of abuse
whose clinical records were reviewed, only 5 records
mentioned that the patient had undergone sexual abuse
or coercion. This finding underlines the
underreporting of sexual abuse or coercion during
routine clinical interview and emphasizes on the need
for clinically sensitive and routine inquiry about it. The
other aspect of the interrelationship between HIV and
severe mental illness is the appearance of new
psychotic illnesses during the course of HIV infection
and its clinical manifestations. The emergence of new
psychotic/dementing illness in a seropositive person
can be due to a variety of reasons including the effect
of HIV infection, opportunistic infections,

complications of the treatment being given to the
patient and other complications of AIDS. Western
data indicate a variety of manifestations resulting from
psychiatric complications of HIV infection and AIDS.
Acute psychosis, mania and dementia frequently
occur in conjunction with HIV infection77-79. In the
study by Chandra et al 64 HIV related organic
psychiatric diagnoses were observed in 8 of the 43
seropositive psychiatric inpatients.
The studies cited above emphasize the need to
assess high risk behaviour in the psychiatric population
and to consider testing for possible HIV infection and
STDs for better treatment, rehabilitation and
counselling. The findings with respect to sexual abuse
of mentally ill women reemphasize the need for
clinically sensitive interviews for possible abuse and
its consequences in form of HIV infection as well as
mental health. Some of the issues that need further
study are the issue of informed consent in such
patients, handling dual stigma of mental illness and
HIV and occupational hazards of dealing with mentally
ill infected with HIV. In addition, dealing with HIV
testing in the mentally ill and the management of HIV
positive mentally ill requires special expertise. This
fact underlines the importance of manpower
development in this area.
Though we do not have a published Indian study
estimating the cost of treating a severely mentally ill
with a co-morbid HIV infection or AIDS, the western
data indicate that this may be considerably high80.
Given the high cost of treating persons with co-morbid
serious mental illness and HIV infection or AIDS, the
integration of HIV prevention programmes into
ongoing management for patients with serious mental
illness who are at risk of infection may prove to be a
cost-effective intervention strategy81.
Finally, certain elements of the relationship
between HIV and severe mental illness remain
untouched in Indian context. The impact of different
behavioural programmes to help patients prevent
themselves from contracting HIV remains to be
studied. Though the psychiatric risk factors for HIV
seem to be visible, the impact of psychiatric
treatment of severe mental illnesses on reduction of
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risk and factors such as their access to health care
facilities remains to be studied.
Substance use and HIV
It does not need to be reemphasized that substance
use especially IV drug abuse is strongly linked to HIV
infection. There has been large amount of research
in the area of drug abuse and HIV infection. In fact,
IV drug abuse using shared needles is the second
most common route of HIV infection. Though risky
sexual behaviour is the commonest reason behind HIV
transmission in India, substance use/dependence
cannot really be discarded as a minor player especially
in the north eastern states of India. One fourth (25%)
of India’s HIV positive cases come from the northeast
states of Manipur, Mizoram, and Nagaland, which
contribute only 3 per cent of the country’s total
population82. The ease of availability of opioids from
across the border along with prevailing psychosocial
factors have definite contribution towards high
prevalence of IV opioid dependence in these states83.
The situation has been made worse by the poor
availability of mental health services in these parts of
the country82. Though IV drug abusers contract HIV
mostly from shared needles; they pass the infection
sexually to their spouses. In a study of 161 couples,
about 45 per cent of the IV drug abusers infected
their spouses with HIV84. This horizontal transmission
is not limited to HIV but also involves hepatitis B and
C viruses 85 . The story does not end here as the
vertical transmission of these infections is bound to
affect the offspring of these couples. Thus
interventions to reduce the risk of HIV transmission
in such populations are direly required. The results
of an outreach intervention programme in north east
India targeting the community and IV drug abusers
has hinted at the efficacy of such interventions in
reducing the risk of HIV transmission among IV
drug users86.
Alcohol and HIV - Paths of linkage
The nation-wide behaviour surveillance survey
conducted by National AIDS Control Organization
(NACO) among clients of female sex workers, found
that nearly three-fourths of the respondents reported
ever having alcohol87. A recent study88 investigating
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HIV prevalence and risk behaviours in men who have
sex with men (MSM) found higher rates of
seroprevalence in MSM compared to non MSM
(6.5% versus 0.9%), and higher self report of ever
having suffered an STD. Use of alcohol and illicit
drugs was strong contributory factor even in this
population88.
Substance use can have a two-fold relationship
with HIV risk. Use of substances like alcohol, opioids,
cocaine etc., can lead to disinhibition and unprotected
sex with multiple partners 89. On the other hand, a
common risk factor in form of a personality attribute
may underlie both alcohol use and high risk sexual
behaviour65. There is limited Indian literature on the
association of substance use (other than IV drug use)
and high risk sexual behaviour. A study of IV drug
abusers in Chennai found a significant association
between daily alcohol intakes and risky sexual
behaviour90. Carey et al91 investigated the prevalence
and correlates of HIV risk among 352 men receiving
treatment for substance abuse in India. About 13 per
cent of this sample reported to have engaged in sexual
practices associated with greater risk. Engaging in
risky sexual practices was associated with the
presence of a co-occurring psychiatric disorder and
higher scores on DAST.
Risk taking personalities and alcohol use: Studies
on sensation seeking and high risk sexual behaviour
in the context of alcohol use have shown that higher
sensation seeking is associated with multiple sexual
partners and that alcohol use might be a marker for
individuals who tend to have risk taking personalities
rather than a direct cause of risk taking behaviour92,93.
Sensation seeking has been shown to have strong
relationship with substance use and risky sexual
behaviour in homosexual men. This indicates that
sensation seeking may be a personality variable, which
may predispose a person both for substance use as
well as high risk sexual practices72. In India, Chandra
et al94 investigated the patterns and level of sensation
seeking in alcohol dependent patients seeking
treatment at a mental hospital of south India. Of the
total 177 patients screened, 53 (30%) reported high
risk sexual behaviour in the last two years. This high
risk group was compared to a group of alcohol
dependent patients matched for age and diagnosis but
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without high risk sexual behaviour. In the high risk
group 57 per cent reported sex with commercial sex
workers, 97 per cent reported sexual contacts with
partners who were known for less than a day, while
90 per cent reported that their sexual partners had
other partners as well. All the high risk subjects
reported at least ten risky sexual encounters in the
last two years under the influence of alcohol. None
of the subjects in this group reported using condoms
during such sexual contacts and 47 per cent of them
reported being treated for STDs. The individuals in
this group had much higher total as well as individual
scores on different subscales of sensation seeking
compared to the low risk group. When the high risk
group was stratified into two subgroups based on their
risk scores, the subjects with higher risk scores had
higher disinhibition scores in the scale for sensation
seeking94. This finding emphasizes the relationship
between higher sexual risk taking and sensation
seeking as a personality attribute among the substance
using population.
Substance abuse among the HIV infected: The
impact of HIV infection on substance use has not
been studied in Indian context. Some interesting
findings have emerged from a study from the US95
examining the level of substance use and reduction
in seriousness of substance use in adults living with
HIV. In a sample of 3806 adults living with HIV with
alcohol being the most commonly used substance and
marijuana the most commonly used drug, 63 per cent
of participants had used hard drugs at some time in
their lives95. Almost half of patients living with HIV
(PLH) who had used hard drugs in their lifetime
continued to use hard drugs recently, suggesting the
pattern of substance use was habitual as opposed to
reflecting mere experimentation. Among those
continuing to use substances, 40 per cent reported
frequent use whereas 32 per cent reported occasional
and 28 per cent reported being abstinent. These
findings are troubling given the negative health
consequences to PLH themselves, and the increased
risks of transmission of HIV to others as a result of
unprotected sex. When factors distinguishing the
frequency of use were examined, health emerged as
a significant factor for those who abstained from
substance use. PLH who abstained from substances
reported better physical health. Abstainers were also

distinguished from occasional or frequent users by
their lower levels of depression and better mental
health functioning. In contrast, PLH who used
substances at frequent levels reported a constellation
of unhealthy behaviours. Besides frequent use of
substances, this group of PLH was more likely to be
diagnosed with hepatitis C or D and to have been
convicted of a crime. Further, in general, PLH who
used substances frequently were using drugs of high
seriousness, such as crack and heroin. These data
suggest that there are a significant number of PLH
that are in need of substance abuse treatment. When
the factors associated with the probability of reducing
seriousness in substance use were examined, the most
significant factor that emerged was time since HIV
diagnosis. The longer the PLH knew their HIV
positive status, the more likely they were to reduce
the seriousness of their substance use. Reduction in
the seriousness of substances used was most often
made by women. This probably reflects the greater
sensitivity of female gender for the therapeutic
intervention95.
Given the health risks posed by substance use
and its association with reduced medication
adherence, data suggest that substance abuse
treatment is essential in the care of PLH. Therefore,
screening and identification of substance misuse and
abuse, as well as referral for additional services,
should be included in all interventions aimed at
improving the physical functioning, mental health,
and quality of life of those living with HIV. It has
been reported that HIV infected persons with alcohol
problems who were engaged in stable substance
abuse treatment services, had reduced odds of
emergency department attendance. The authors
argue that such patients may have decreased intake
of alcohol which renders them less vulnerable to
develop acute complications. On the other hand,
homelessness was associated with more frequent
visits to the emergency department which probably
might result from poor adherence to substance
abuse treatment services and/or poor social support
systems 96. These findings do not prove a causal link,
but suggest that substance abuse treatment providers
and primary care providers should work to link HIV
infected persons with alcohol abuse problems to
substance abuse treatment.
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Conclusions
Despite the fact that the first report of psychiatric
disorders in HIV infection from India was published
more than a decade ago, it is only in the last few
years that systematic data have been collected and
published.
What we know- It is evident from the literature
reviewed that some aspects of psychiatric problems
and HIV infection are common to India and the rest
of the world, while there are certain factors that
acquire special importance. Rates of anxiety and
depression appear to be similar to the west. Suicide
appears to be a major mental health concern and so
do gender issues in psychiatric morbidity. Particularly
in the context of women, HIV risk seems to be high
in those with severe mental illness and places them
in a vulnerable position both in acquiring HIV and
provision of care. In addition, substance use and HIV
infection share links in the same manner as in the
West. In certain parts of the country, alcohol use
appears to be a major risk for HIV infection while
IVD use plays a major role in some parts of the country.
Factors that impact quality of life have been delineated
largely due to studies done by the World Health
Organisation and tools are available in local languages
to assess QOL. In addition, disclosure related issues
appear to link closely with psychiatric morbidity.
What we need to know- There are several gaps
and questions in the area that remain to be answered.
Some of the key culturally relevant areas needing
enquiry include the role of stigma and disclosure in
psychiatric morbidity, the role of spirituality as a
protective coping mechanism, access to and cost of
health care among those with HIV infection and coexisting psychiatric problems, and the utility of simple
pharmacological and psychological interventions in
management.
The next decade of research needs to build on
what we already have and answer more specific
questions related to interventions. The challenges that
HAART will bring among HIV infected in India, with
regard to treatment adherence and psychiatric side
effects is another area that will assume importance.
So far, behavioural research in India has not involved
the study of immunological parameters and this is
another area that needs attention.
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Neurological manifestations of HIV infection and AIDS are being recognized with a frequency
that parallels the increasing number of AIDS cases. Next to sub-Saharan Africa, India has the
second largest burden of HIV related pathology, essentially caused by HIV-1 clade C in both the
geographic locales, in contrast to USA and Europe. But the true prevalence of HIV related
neuroinfections and pathology is not available due to inadequate medical facilities, social stigma
and ignorance that lead to underdiagnosis. Neurotuberculosis, followed by cryptococcosis and
toxoplasmosis in various combinations are the major neuropathologies reflecting the endemicity
and manifesting clinically by reactivation of latent infection. Discordance in the clinical
prevalence of various infections, when compared to pathological studies highlight similarities
in clinical, radiological modalities of diagnosis and inherent problems in establishing definitive
diagnosis. Viral infections appear to be relatively rare. Inspite of heavy burden of HIV/AIDS,
HIV associated neoplasia is infrequent, including primary CNS lymphomas. HIV encephalitis
and HIV associated dementia are considered infrequent, though systematic studies have just
been initiated in various centres. Peripheral neuropathy characteristically manifests with
vasculitic neuropathy while diffuse infiltrative lymphocytosis syndrome (DILS) involving nerves
has not been reported from India. Spinal cord pathology including vacuolar myelopathy is rare,
even in asymptomatic cases. Till now the AIDS cases in India were drug naïve but a new cohort
of cases following initiation of HAART therapy as a national policy is soon emerging, altering
the biology and evolution of HIV/AIDS in India. Lacunae in the epidemiology, diagnosis and
study of biology of HIV/AIDS are outlined for future research.
Key words Clade C - cryptococcal meningitis - HIV/AIDS - neuropathics - neuroinfections - neuropathology toxoplasmosis - tuberculosis

The acquired immunodeficiency syndrome (AIDS)
caused by a retrovirus variously termed the human
immunodeficiency virus-1 (HIV-1), HTLV III or
Lymphadenopathy associated virus (LAV), is no
longer a rare or exotic disease. Since its first
description in June 1981 it is now a worldwide
pandemic. The World Health Organization (WHO)
estimates that there are 40 million people in the world
infected with HIV. Approximately 95 per cent of these

cases as well as deaths from AIDS occur in the
developing world. However, autopsies are rarely
performed in the developing countries on patients with
HIV infection, hence our current understanding of
the pathology and pathophysiology of HIV infection
largely stems from studies of populations infected with
HIV cladeB virus in North America and Western
Europe. Of the various subtypes of HIV, subtype C
is responsible for >50 per cent of all HIV-1 infections
468
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causing rapidly growing epidemics in India, China,
Brazil, and southern and eastern parts of Africa. HIVclade C therefore infects the largest populations in the
world. The subtype distribution in India was confirmed
to be predominantly clade C in a study that employed
a subtype-specific PCR1. Although important sequence
differences have been identified in functional domains
between the clades, whether these differences
translate into alteration in spectrum of pathological
manifestations remains unknown. Pathological
manifestations are also influenced by host genetic
factors and environmental factors unique to developing
countries. Hence a comparative analysis of the
pathological manifestations from different regions of
the world is necessary. Since antiretroviral drugs have
only recently been introduced in the developing
countries, and only in very select populations, we have
compared the neuropathological findings of patients in
India with the published literature from the pre-highly
active antiretroviral therapy (HAART) era.
In the early years of the epidemic, nervous system
involvement was not widely recognized. It is now
recognized that every level of the neuraxis can be
involved and at least one third of patients with
advanced HIV infection will develop neurological
complications during the course of their illness2,3, and
in 10 per cent of cases neurological problems may be
the first sign of development of AIDS. But at autopsy,
more than 80 per cent of patients show evidence of
cerebral pathology ranging from HIV encephalitis,
opportunistic infections or lymphomas and one half
will have some evidence of peripheral neuropathy4-6.
These figures hold true in countries with limited or
no access to antiretroviral drugs7,8 as well as in those
countries with full access to such drugs.
There is virological and clinical evidence to show
that the HIV is both lymphotropic and neurotropic.The
virus is both genetically and morphologically related to
visna, a retrovirus that affects sheep and is both
neurotropic and lymphotropic. Secondly the HIV viral
particles were recovered from cultures of cerebrospinal
fluid (CSF), brain and spinal cord9. The levels of HIV
specific IgG are higher in CSF than in serum implying
active CNS infection. Evidence of low grade infection
of the CNS can be demonstrated in asymptomatic
individuals within two years of seroconversion who
show pleocytosis, positive viral culture or a rise in IgG10.
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Autopsies of patients at this stage reveal abnormalities
in 90 per cent of which the commonest is an
encephalitis in the absence of any cause other than
the HIV virus itself. Clinical evidence for a direct role
of the virus in neurological involvement is seen in the
appearance of meningitis at the time of seroconversion.
Viral sequence studies from the brain now suggest that
it may evolve within the brain and it may thus act as a
reservoir for the virus11-13.
The immune deficiency produced by the virus
makes patients susceptible to a plethora of
opportunistic infections that range from viruses, fungi,
parasites and a host of other pathogens newly
recognized or previously never considered significant.
In addition, the impairment of humoral as well as cell
mediated immunity alters the normal inflammatory
response to pathogens which translates clinically as
minimal signs of inflammation such as fever or
meningism, minimal pleocytosis in CSF even in the
presence of infection and defective antibody
production making diagnostic tests (that employ
antibody testing) of little use in diagnosis of infections.
The tissue response too is muted which alters brain
imaging characteristics and contrast enhancement.
Multiple pathogens can simultaneously cause
infections further complicating diagnosis and
treatment. In the presence of immunosuppression,
relapse is common and hence antimicrobial
prophylaxis needs to be lifelong.
Opportunistic infections (OI) are the most
important and common cause of mortality in HIV
infected individuals. Direct HIV infection of the CNS
also causes important clinical syndromes like AIDS
dementia complex (ADC), HIV encephalitis and
encephalopathy with minor and major cognitive
abnormalities. The CD4 cell count is a good predictor
of the likelihood of the specific disorders and virtually
provides a “time of reference” for prediction.
Opportunistic infections complicate the late stages of
HIV infection. In the early stages, conditions in which
there is a prominent inflammatory response such as
acute inflammatory demyelinating polyneuropathy, and
polymyositis are more common.
Though AIDS is fundamentally the same disease
all over the world, the spectrum of opportunistic
infections that occur is governed to a large extent by
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the endemicity of microorganisms prevalent in the
environment. Numerous microbial infections occur
with increased efficiency of transmission in the
background of HIV that includes bacterial, fungal,
parasitic and viral infections. Of these, only the
common opportunistic infections prevalent in India are
discussed here.
Fungal infections
Fungal infections involving the brain in the vast
majority are secondary to a primary focus elsewhere,
most often in the lungs or intestine. But the primary
focus remains unrecognized in most of the cases, and
the only evidence of infection at the time of
presentation would be in the nervous system.
Cryptococcal meningitis (CM): Among the fungal
infections affecting the CNS, CM due to
Cryptococcus neoformans is the most common HIV
associated complication both in developed and
developing countries14-16. Signs and symptoms of CNS
cryptococcal infections are often subtle and
nonspecific, evolving over days or weeks with often
only a mild headache as the presenting manifestation.
Focal neurological deficits, signs of meningeal
irritation and papilledema may be lacking and
radiological investigations including computed
tomography (CT) and magnetic resonance imaging
(MRI) non-contributory. The importance of being alert
to this condition lies in the fact that it is easily
treatable and diagnosis requires only a simple
examination of CSF to demonstrate the budding yeast
forms of the fungus. But if the diagnosis is missed,
the patient can deteriorate rapidly within hours to
days. A clinical aphorism often stated is that headache
in advanced HIV disease is cryptococcal meningitis
until proved otherwise. Cryptococcal meningitis
complicates AIDS when the CD4 counts fall below
100 cells/ul. Sex, race and other opportunistic
infections do not significantly alter the risk of CM in
HIV patients 15.
Approximately 5-10 per cent of HIV infected
patients will develop CM as an AIDS defining illness17,
and in about 40 per cent patients, it may be the initial
manifestation of HIV infection18. There is however,
a wide geographic variation from 2 per cent in
Northern Europe to 20-30 per cent in Africa and South

East Asia19. In a preliminary analysis of 588 cases of
HIV infection (from 1990-2002) at the Neurological
services, National Institute of Mental Health and
Neurosciences (NIMHANS), Bangalore, south India,
cryptococcal infection was detected in 25 per cent
of cases, preceded by neurotuberculosis (30%), with
both cryptococcus and tuberculosis co-existing with
toxoplasmosis in 12 per cent of cases (Satishchandra
P, unpublished data). Another clinical series from
western India reported cryptococcal meningitis in 67.4
per cent of cases and tuberculous meningitis (TBM)
in 18.6 per cent of cases20.
On the other hand, in an autopsy series of
134 cases (between 1990-2004) from NIMHANS,
cryptococcal infection of nervous system topped the
list accounting for 31.3 per cent cases, followed by
toxoplasmosis (20.8%) and tuberculous meningitis in
20.1 per cent of cases as monomicrobial infections
(Shankar SK, unpublished data). The discrepancy
between the clinical and autopsy data could be
attributable to systemic cryptococcal infection
masquerading clinically and radiologically as
mycobacterial infection and the clinical bias because
of endemicity. Recognition of the entity of
‘cryptococcal primary complex’ similar to
Mycobacterium tuberculosis infection can provide
an insight into the biology of this infection. It is likely
that cryptococcal meningitis in cases of HIV could
be reactivation of the dormant lesion in the lung similar
to Ghon’s focus of pulmonary tuberculosis.
The fungus is a common soil contaminant being
excreted in feces of several birds particularly
pigeons. In HIV patients as well as in other
immunocompromised states, cryptococcal infection is
caused almost exclusively by the neoformans variant.
Infection occurs via inhalation and primary infection is
localized to the lung from where there is dissemination
to other organs including brain. The resulting lung
infection is usually asymptomatic. Spread to the brain
most often causes leptomeningitis very similar to
tuberculosis. The CSF facilitates establishment of
infection because it lacks complement and
immunoglobulins and thereby acts as a good culture
medium for the fungus. CNS involvement by the fungus
causes a leptomeningitis and uncommonly a
meningoencephalitis. Cryptococcomas (localized
granulomas) are extremely rare.
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In addition to nonspecific clinical complaints like
fever, altered mental status, nausea and vomiting, and
severe headache, elevated intracranial pressure (ICP)
is reported in excess of 50 per cent of HIV-1 infected
patients with CM 21 without accompanying
hydrocephalus or cerebral oedema. A retrospective
study of 119 cases of Cryptococcus with HIV from
NIMHANS, south India, the cranial CT scanning
revealed features of cerebral atrophy in 19 per cent
and hydrocephalus in 10 per cent of cases
(unpublished data). In the study from NIMHANS,
nearly 90 per cent of cases of cryptococcal meningitis
manifested with “unbearable headache” with or
without mild fever resembling acute subarachnoid
haemorrhage. The severe headache abated
spontaneously after two to three weeks of antifungal
therapy, but did not respond to mannitol and steroid
therapy suggesting pathogenetic mechanisms other
than cerebral oedema is responsible for the headache
(Satishchandra P, unpublished observations). Saag
et al21 emphasized that elevated intracranial pressure
has been reported in excess of 50 per cent of HIV-1
infected patients with CM but in the absence of
accompanying hydrocephalus or cerebral oedema. An
opening CSF pressure of 250-350 mmH2O has been
recorded 22 . Importantly, clinical signs of raised
intracranial pressure were absent even in those
patients with highest pressures. The pathophysiology
of this increased ICP in the absence of associated
clinical signs has not been fully elucidated 17 . A
preliminary pathological study of the brain and the
dural venous sinuses in our autopsied cases
(unpublished data) revealed plugging of the arachnoid
villi by masses of cryptococci, at places almost
occluding the venous sinuses. This could be
responsible for impendence to CSF circulation leading
to dynamic hydrocephalic attacks, not recognized in
cranial CT scan or MRI in majority of instances.
Pathological examination of the brain in
cryptococcal meningitis typically shows mucinous
exudates covering the superolateral aspect of the
brain, unlike the basal exudates of tuberculous
arachnoiditis. It also produces multiple cystic nongranulomatous parenchymal lesions in basal ganglia
and thalamus, and the cortical ribbon, which suggest
haematogenous spread of the fungus and entrapment
around the endarteries of the pial, lenticulostriate and
thalamostriate vessels especially with relatively long
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duration of illness. Inflammatory response to the
fungus is characteristically sparse as the capsule of
the cryptococci inhibit phagocytosis and impair
leukocyte migration 23 . Giant cell reaction to the
cryptococci or granulomatous reaction to produce
cryptococcomas are not often seen. Rarely large
plaque like demyelinating lesions resembling
progressive multifocal encephalopathy (PML) on
imaging and gross pathology are seen. This probably
represents dispersal of the organisms along the
medullary veins, following blockage of superior
sagittal sinus and venous impedence.
Of the diagnostic modalities available,
cryptococcal antigen in CSF and serum is virtually
always positive except in very early stages of the
disease or in cryptococcomas. Sensitivity of India ink
test on CSF is approximately 70 per cent24. Fungal
culture is useful only for speciation of the organism
and sensitivity to antifungal agents.
In a comparative study of cryptococcal meningitis
with and without associated HIV from our centre25,
it was noted that poor CSF inflammatory cell
response, positive culture of cryptococci from
extraneural sites and systemic dissemination are
common when associated with HIV infection and
connote a poor prognosis. Clinical indicators of poor
prognosis include depressed level of consciousness,
development of signs of raised intracranial tension,
markedly depressed CSF glucose, CSF white cell
count below 20/mm3, and cryptococcal antigen titre
greater than 102415.
Other mycoses: Other mycoses documented in HIV/
AIDS include aspergillosis which produce multiple
abscesses and rarely granulomas, candidiasis also
causing abscesses in brain from haematogenous
dissemination from primary focus in respiratory or
gastrointestinal tract, and coccidioidomycosis
presenting as a basal meningitis causing
hydrocephalus or cerebellar or brain stem abscesses.
These are however extremely rare and confined
to case reports. Even rarer is involvement by
Nocardia asteroides, Histoplasma capsulatum
causing meningoencephalitis, zygomycosis, and
Cladosporium bantianum. Narendra Singh from
Manipur reported 26 increased incidence of
Penicillium marneffei infection among patients with
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AIDS next to tuberculosis and Pneuomocystis
carninii pneumonia. Infection by this fungus is
commonly reported from Thailand where it is the third
commonest AIDS defining opportunistic infection. In
India, other than from Manipur, there are no reports
of this mycoses from anywhere else till date.
Protozoal infections
Cerebral toxoplasmosis: Cerebral toxoplasmosis is
the most common cause of cerebral mass lesion in
patients with AIDS. This is true even in the developing
world where tuberculosis is endemic and a frequent
cause of such lesions. The disease is eminently
treatable, most patients making a full recovery but is
fatal if untreated. In USA and Western Europe, nearly
10-30 per cent of HIV seropositive patients die of
toxoplasmosis 27 , although uncommon, cases of
toxoplasma encephalitis (TE) in patients who are
seronegative for HIV have also been reported27.
It is a protozoal parasitic disease prevalent
worldwide, its prevalence varying according to dietary
preferences in any country. For instance, in certain
parts of Europe, particularly France, very high
seroprevalence (70-90%) has been observed,
attributable to the habit of raw-meat eating, while in
the United States it is approximately 30 per cent28,29.
Little is known about the source of Toxoplasma
gondii infection for humans in India. Rawal from
western India30 reported almost equal seroprevalence
of 37.8 and 37.4 per cent in vegetarians and nonvegetarians. Limited data are available regarding
seroprevalence of toxoplasmosis antibodies from
India and ranges from 18 per cent in Uttar Pradesh31
to 57 per cent amongst women of child bearing age
and 30 per cent in children in age group of 10-12 yr
in Himachal Pradesh, both north Indian states32.
The coccidian parasite is an obligate intracellular
parasite and exists in three forms: the oocyst, tissue
cyst or bradyzoite (non replicating organism being
responsible for latent disease) and the tachyzoite
(replicating form of the organism causing active
disease). Development of toxoplasmosis is dependant
on host’s susceptibility and immune status. Of the two
types of immunity, humoral immunity with circulating
antibodies is the first to appear and limits extracellular
dissemination of the organism. Further protective

immunity is mediated by CD8+ cytotoxic T cells that
produce interferon-gamma and interleukin-2. The
organism can remain quiescent in the host lifelong
and clinical infections occur only when an
imunosuppressed state leads to parasitic activation.
The majority of the primary cases are
asymptomatic. Progressive loss of cellular immunity
as in HIV causes reactivation of the dormant lesion
in the macrophage system, similar to cryptococcosis
which reaches brain by haematogenous spread to
cause cerebral toxoplasmosis. Toxoplasmosis
develops when CD4 counts fall blow 100 cells/ul.
Predominant neuropathological features of cerebral
toxoplasmosis is multifocal necrotizing encephalitis.
Localization of multiple lesions with ring enhancement
on neuroimaging in basal ganglia, thalamus and frontoparietal cortex is similar to cryptococcal lesions, and
suggests haematogenous spread. The predilection of
toxoplasma for the basal ganglia can result in a variety
of movement disorders33. In contrast to cryptococcal
meningitis, the cerebral oedema, encephalitic process
and tissue destruction are significant and responsible
for majority of neurological morbidity in HIV positive
patients presenting with focal brain lesion34. Rupture
of tissue cysts in AIDS patients results in renewed
multiplication of bradyzoites into tachyzoites, which
elicits severe inflammatory reaction. Three
morphological patterns of lesions are produced based
on stage of infection and degree of tissue reaction:
(i) necrotizing abscesses or encephalitis found in acute
stage (less than few weeks duration) seen as poorly
circumscribed necrotic foci with variable
haemorrhage, perifocal oedema, acute and chronic
inflammation admixed with macrophage infiltration,
with numerous tachyzoites and encysted bradyzoites
along the periphery. Vascular thrombosis/fibrinoid
necrosis of vessel wall, with polymorph infiltration,
intimal hypertrophy and tachyzoites demonstrable in
the hypertrophic arterial wall are common, (ii)
organizing abscesses are found in cases treated for
two weeks or more representing chronic lesions
(weeks to months) and are seen as well circumscribed
foci of central necrosis with rim of congestion. In
contrast to the acute phase, the central foci of acellular
necrosis are surrounded by a granulomatous reaction,
tightly packed lipid and haemosiderin laden
macrophages, prominent hypertrophic occlusive
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arteritis with dense lymphocytic cuffing, and only a
few organisms, and (iii) chronic abscesses are seen
in patients treated for a month or more which appear
as small cystic cavities or linear orange-yellow scars
containing lipid and haemosiderin containing
macrophages surrounded by a dense gliotic reaction.
Calcification of vessels occurs and organisms are
rarely found. In addition to producing mass lesions,
CNS toxoplasmosis can present as a diffuse, non
necrotizing, rapidly progressive encephalitis
histologically seen as nodules of microglial cells with
encysted bradyzoites and dispersed tachyzoites within
the nodules. This form is unique AIDS patients.
The pathogenesis of necrosis in toxoplasma
encephalitis is unclear. A curious feature is the
vascular pathology of concentric adventitial thickening
and luminal compromise by endothelial cell
proliferation in small perforator arteries similar to
tuberculous vasculopathy, suggesting a pathogenetic
similarity in evolution of the lesions. The ‘organizing
abscess’ lesions of toxoplasma on gross and
microscopic feature resemble liquefying tuberculoma
and tuberculous abscess causing problems in
discrimination, when there is no prior history of AIDS
or serological evidence of toxoplasmosis.
CNS toxoplasmosis in autopsy series varies from
4-41 per cent. Most have no evidence of systemic
involvement suggesting reactivation of latent infection
in CNS. Striking geographic differences are seen in
incidence of toxoplasma encephalitis between Europe
(17-40.7%), North America (5-14.1%) and Latin
America (34.1%)35. At our Centre, from 1990 when
the first case of HIV was detected, of 113 patients
with focal brain lesions who came to autopsy,
toxoplasmosis was the single most common
aetiological agent (89%), followed by tuberculoma
seen in only 7 per cent and primary CNS lymphoma
(3.6%) (unpublished data). In a study from Mumbai
CNS toxoplasma lesions were seen in 20 per cent of
AIDS cases at autopsy 36. In a clinico-radiological
study of 1527 HIV seropositive subjects from Pune,
western India20, toxoplasmosis was the commonest
cause of mass lesions (66%). No case of primary
CNS lymphoma was recorded20.
Post HAART era has altered the picture to a variable
extent in the West, but no information is available as
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yet from India, as HAART has been introduced here
only recently. No case of adult CNS toxoplasmosis
was reported in India prior to the AIDS era, though
toxoplasmosis related congenital anomalies and high
level of antitoxoplasma antibodies in prenatal mothers
has been recognized, especially in northern India36.
Infection by other protozoans like Cryptosporidium
and Plasmodium does occur in AIDS patients. HIV-1
infection and malaria are common, widespread and
overlapping problems in India with HIV being endemic
in many parts of the country where malaria is also
prevalent making an interaction between them of great
public health importance. The association with HIV
does not appear to have significantly altered the
evolution of the disease. In a limited study of pathology
of cerebral malaria, in relation to HIV, the apparently
discernable difference was paucity of microglial
reaction (Durck granulomas) in white matter, but no
significant difference in parasite index (Shankar SK,
personal observation).
The association of opportunistic infections by other
protozoans (Acanthmoeba and Naegleria) in AIDS
have been reported. Pneuomocystis carninii
principally involves the lungs, and rarely retina, bone
marrow, skin, mastoid and small intestine37-39. Till date,
only a single case of CNS involvement in a drug
abuser is on record 40 who had co-existing
Toxoplasma and P. carninii cysts within cerebral
abscesses. At our Centre, we have detected only one
case of acanthameba meningoencephalitis41 .
Bacterial infections
Bacterial infections of the CNS are rare in AIDS
patients possibly due to unimpaired neutrophillic
response in AIDS. Mycobacterial infections are the
most common of the bacterial pathogens that cause
CNS involvement in AIDS.
Neurotuberculosis: TBM is the most serious
extrapulmonary manifestation of tuberculosis, and coinfection with HIV has probably altered the evolution
of the pathological lesion and clinical course. (Most
patients with TBM have a CD4 count <200 cells/µl.
Mycobacterium tuberculosis in association with HIV
is common in the developing world and in intravenous
(iv) drug abusers. The prevalence of CNS-TB varies
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with endemicity of TB in the population. The highest
rate in a developed country in autopsy series is 1.4
per cent, among whom 52 per cent were drug users42.
In developing countries such as India and Africa, it is
approximately 12 per cent of unselected autopsies
with tuberculoma and tuberculous abscesses
occurring in 6 per cent of cases8,43.
Although Berenguer et al44 from USA noted that
nearly 80 per cent of HIV-seropositive cases of TBM
were IV drug users, in Indian series, not a single case
of IV drug users is on record, and HIV was acquired
by heterosexual contact. Even from north-eastern part
of India, where IV drug abuse is common, no
documented cases of neurotuberculosis with IV drug
abuse and HIV are available. At our Institute
(unpublished data), among the HIV seropositive cases,
21.9 per cent were alcoholics compared to 5 per cent
in HIV negative group. Evidence of pulmonary
tuberculosis at the time of hospitalization was evident
in 48 per cent of HIV-positive group and 17 per cent
in HIV-negative group. Nearly half of the HIVpositive patients developed TBM, while already on
antituberculous therapy most often for pulmonary
tuberculosis. Generalized lymphadenopathy was found
in 34 per cent in HIV-positive group and 14 per cent
in HIV-negative group which is similar to western
literature 44,45. Mean CD 4+ cell count was 196/µl in
HIV-seropositive group and 587/µl in seronegative
group46 similar to Western studies47. On cranial CT
scan evidence of cerebral atrophy was observed in
18.8 per cent of HIV-positive cases and 3 per cent in
HIV-negative cases. Focal lesions suggestive of
tuberculomas were noted in 8 per cent of HIVseronegative group and 3 per cent of seropositive
group from Bangalore (unpublished data), compared
to higher frequency (15-24%) of tuberculomas
associated with TBM in HIV positive cases from
West44,48. Spinal epidural tuberculosis appears to be
relatively less frequent in India, when compared to
cranial tuberculosis, though this impression needs to
be further substantiated with actual data.
In reports from the West wherein TBM is rarely
encountered, the macro- and microscopic features of
TBM in HIV-seropositive cases are reported to be
no different from HIV-negative cases. In contrast,
in reports from Western India, distinct differences
were noted between TBM in seropositive and

seronegative cases49 with the basal exudates in HIVpositive cases being serous and relatively
inconspicuous, but yet teeming with acid-fast organisms
in the smear made from basal exudates. Without prior
knowledge of HIV seropositive status, some of the
brains in gross examination can be labelled ‘normal’.
It is difficult to label these as cases of primary infection
of meninges, as they had pre-existing pulmonary
lesions. Even at our Institute, from south India, similar
features were noted, though occasional cases in HIVpositive group had thick basal exudates (unpublished
data). This could reflect slow evolution of meningitic
process or acute exacerbation of pre-existing pathology
following immunosuppression and fall in CD4 cell count.
Tuberculous arteritis, phlebitis, abscess formation,
cerebral and brainstem infarcts were more frequent in
HIV-positive cases similar to the study from Mumbai49.
Whether these phenotypic differences in pathology of
TBM in West versus East is secondary to differences
in CD4 counts, immune status or the HIV-1 clade C
subtype needs to be probed. In many of the studies
from India, serial CD4 cell count and viral load is not
available due to technical reasons and this forms a
limitation in understanding the evolution of the disease.
Viral infections
Viral infections are frequent complications of AIDS.
The CNS is mainly involved by two groups of viruses:
the herpes family [primarily cytomegalovirus (CMV)
and less frequently varicella zoster (VZV) and herpes
simplex virus (HSV)] and papova virus.
Cytomegalovirus belongs to the Herpes family and
has been identified as a ubiquitous pathogen in several
mammals. The infection predominates in people living
in underprivileged countries and densely populated
areas50 and sexually promiscuous homosexuals51. It
is known to cause encephalitis, ventriculoencephalitis, polyradiculitis, radiculomyelitis and
peripheral neuropathies. CMV infection of the brain
has been documented in approximately 30 per cent
of patients with AIDS5, though CMV encephalitis is
a rare clinical diagnosis in patients with HIV 52 .
It occurs in patients with very low CD4 counts
of <50 cells/µl. Two distinct clinical and
neuropathological entities of CMV encephalitis has
been recognized53,54. The first is, encephalitis with
dementia, revealing microglial nodules in the grey
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matter of the cortex, basal ganglia and brain stem.
The second form is ventriculo-encephalitis, with
necrosis and leucomalacia in the periventricular zones.
From India no serological or pathological data are
available regarding the prevalence and pathological
spectrum. From NIMHANS, only one case of CMV
ventriculoencephalitis associated with HIV is
recorded during the past ten years41.
Although there is a strong association between
immunosuppression and herpes zoster, only a few
patients with AIDS develop neurological complications
associated with VZV. Patterns of VZV involvement
of CNS in AIDS include (i) multifocal
leukoencephalitis with and without an inflammatory
vasculopathy55,56 in which multiple partly demyelinating
lesions surrounded by inclusion-bearing
oligodendrocytes are seen in deep white matter
suggesting haematogenous spread of infection;
(ii) bulbar encephalitis or transverse myelitis
secondary to transsynaptic spread to brain or spinal
cord from VZV ophthalmicus, trigeminal, dermatomal
or myotomal infection; (iii) ependymitis/ventriculitis
mimicking CMV infection; and (iv) leptomeningeal
vasculitis or vasculopathy often associated with
haemorrhagic infarcts in brain or spinal cord. Large
arteries involved may show granulomatous vasculitis,
or vascular necrosis and thrombosis with little or no
inflammation. One case of vertebrobasilar thrombosis
causing infarcts in posterior circulation associated
with VZV infection was recorded at NIMHANS.
Another case of multifocal leukoencephalitis caused
by VZV was seen at autopsy in an AIDS patient who
succumbed to cerebral malaria (unpublished data).
Eosinophillic intranuclear inclusions of Cowdry type
A are found in oligodendrocyte, astrocytes, occasional
neurons, ependymal cells, endothelial cells, and
schwann cells. VZV infection can be confirmed by
immunocytochemical/in situ hybridization techniques.
Polymerase chain reaction (PCR) for detecting VZV
DNA in CSF has also been found useful in early
diagnosis of VZV associated neurological disease.
HSV encephalitis does not seem to occur more
frequently in AIDS than in immunocompetent
individuals. Atypical forms of HSV encephalitis are
reported in patients with AIDS with non-necrotizing
encephalitis occurring at sites other than temporal or
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frontal lobes, usually involving brain stem and more
slowly progressive than classical HSV encephalitis
with persistence of viral antigen and DNA57. A single
case of HSV encephalitis was observed at our centre
with no discernible haemorrhagic/necrotizing lesions
seen but viral antigen was demonstrable by
immunochemistry41.
Progressive multifocal encephalopathy (PML) is a
fatal, demyelinating disease caused by JC virus in
immunocompromised individuals. Though once
considered relatively uncommon, PML is now
diagnosed more frequently, mainly due to the
association with AIDS, greater awareness among
neurologists and fairly diagnostic imaging
characteristics. Though no definite therapy is available,
introduction of HAART has significantly altered the
course of the disease, enhancing the survival period.
The causative agent, Polyoma virus is considered
to be ubiquitous, the infection usually acquired during
childhood, by sewage contamination similar to
poliomyelitis. Serological studies have suggested that
70-90 per cent of adults have been infected58. The
primary infection has not been associated with clinical
symptoms, the virus remaining latent in kidney, brain,
and peripheral blood lymphocytes59,60. The means of
JC virus transmission is still speculative with most
frequent postulate being respiratory spread. The
prevalence of PML in patients of AIDS has ranged
from 1 to 10 per cent and has been reported as an
AIDS defining illness in 57 per cent of patients
presenting with PML61.
JC virus essentially infects oligodendroglia and
astrocytes and the hallmark is multifocality of the
lesions. Nearly all cases of PML involve the cerebral
white matter, but it may also involve white matter of
cerebellum, brainstem and spinal cord. Histology
reveals basophilic intranuclear inclusions in
oligodendroglia, reactive astrocytosis with ‘tumour
like’ bizarre nuclei in the demyelinating zones. The
lesions characteristically involve subcortical white
matter, extending to the lower layers of the cortical
ribbon. By immunocytochemistry JC viral antigen can
be demonstrated both in the oligodendroglial nuclei
and astrocytic cytoplasm, extending along the
processes. In view of its multifocal nature of pathology,
PML needs to be considered as a differential diagnosis
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in dealing with focal brain lesions. Ammassari et al34
in a series of 281 focal brain lesions, associated with
HIV, reported PML in 18.2 per cent of cases,
toxoplasma encephalitis and primary CNS lymphoma
preceding it. In India, with the advent of the HIV
era, neurologists, based on neuroimaging started
making a diagnosis of PML, though most are not
confirmed by histology or molecular biological
techniques. Recently, JCV was shown to infect
cerebellar neurons resulting in cerebellar degeneration
in some HIV infected patients62. Prior to 2000, at
NIMHANS, not a single case of PML was diagnosed.
Subsequently in 2 yr (2001-2002), histologically and
immunohistochemically confirmed cases of PML
were recognized in four steriotactic biopsies and five
autopsies63. Similarly from western India also based
on clinical and neuroimaging characteristics, cases
of PML, associated with HIV were diagnosed 20 .
Significant genomic diversity in JCV has been
identified, majority of strains in India and Africa being
essentially similar64. The prevalence of PML in India
and Africa is possibly related to altered modulatory
role of HIV-1 subtype C, in contrast to HIV-1 B in
Europe and USA. A sequence diversity in the
regulatory region and nuclear localization region of
Tat amongst HIV-1 clade B and C has been
recognized65. JCV contains sequences in the 5' end
of late RNA species with extensive homology to HIV1 TAR (transactivation response element), thus
facilitating Tat activation of JCV promoter. HIV-1
Tat protein can induce regulatory proteins like nuclear
factor Kappa B (NF-KB), NF-1 in microglial cells
which in turn can activate JCV, lying dormant in
oligodendroglia or astrocytes66,67.
The HIV and JCV interaction can be strain
dependent. HIV infection induces a wide variety of
cytokines, chemokines and adhesion molecules in the
brain 68,69 and several chemokine receptors in
astrocytes 70 . These increased expression of
inflammatory mediators, along with Tat induced
monocyte chemoattractant protein (MCP-1)
expression in astrocytes facilitate the migration of
monocytes and lymphocytes into the brain, a
pathogenetic mechanism for HIV associated
dementia. JCV associated dementia could also be
mediated by similar pathway, synergistically
commanding HIV associated cognitive deficits. HHV6, another benign oligodendrotropic beta-herpes virus

is found to be closely associated with JCV71,72. The
differential transactivation potential of various HIV1 subtypes on these viruses needs to be explored.
High prevalence of PML in white males in contrast
to African American males suggest racial/genetic
differences 73 . Whether similar phenomenon is
responsible for low prevalence of PML in India and
sub-Saharan Africa needs further probing.
CNS neoplasms
In the western literature, the incidence of primary
central nervous system lymphoma (PCNSL) in HIV
infected population is documented to be on the rise.
In HIV infected adult patients, the incidence of this
neoplasm is 1000-3000 times more common 74
occurring in 2-5 per cent of patients with AIDS75.
PCNSL associated with HIV-1 infection is virtually
multifocal76 and Epstein-Barr virus is almost always
found in the tumour77. Despite marked increase in
the number of AIDS cases in India and other Asian
countries, very few cases of HIV associated neoplasia
are recognized. During the past 10 yr in Bangalore,
south India among 29 cases of PCNSL tested for
HIV, three were positive. From north India among 80
cases of PCNSL, not a single case was positive for
HIV78. In Australia, the cumulative incidence of nonHodgkin’s lymphoma (NHL) among AIDS patients
is 10 per cent, one-fifth of them having primary CNS
lymphomas, manifesting with advanced
immunosuppression 79 . Recent studies recorded
malignant lymphomas in biopsy/necropsy specimens
in 4 per cent from Northern Thailand, 4.3 per cent
from Papua New Guinea and 5.6 per cent from Japan
and 2.3 per cent from Indonesia80. It is possible that
in developing Asian countries, lymphoma-related
lymphadenopathy may have been diagnosed as
infective lymphadenitis, because of high prevalence
of infections and clinical bias.
Kaposi’s sarcoma, a vascular neoplastic lesion that
has come to scrutiny following the association between
homosexuality and HIV infection, rarely involves
nervous system, that too as a metastasis from
extracranial site. Till date, only one case of cutaneous
Kaposi sarcoma, without CNS metastasis in a
heterosexual male has been reported from India 8.
Whether it is related to low prevalence of HHV-8
infection in Indian population needs to be studied.
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HIV-specific nervous system changes
In contrast to secondary injury to the brain
following HIV associated opportunistic infections,
widespread CNS injury is caused by HIV per se,
referred to as primary pathology. This primary
pathology includes a range of inflammatory disorders
as well as neuronal loss along with dendritic damage
and synaptic loss. During the early asymptomatic
phase, non specific changes like astrocytosis,
perivascular lymphocytic cuffing, diffuse and variable
degree of microglial proliferation are described81. At
this stage neuronal loss is not a feature82. This is a
stark contrast to significant frontal lobe neuronal loss
of 38 per cent in symptomatic HIV cases83. The HIV
specific pathology manifests in different phenotypic
forms, during the course of illness. This manifestation
appears to be controlled by trafficking of HIV virus,
within infected immune cells and as free virus from
the peripheral blood to the central nervous system
crossing the blood brain barrier. The process is
complex and dynamic involving many cell types (like
microglia/macrophages, astrocytes, vascular
endothelial cells and rarely neurons), cell surface
receptors (CXCR4, CCR5), the turn over kinetics and
migratory capacity of the cells84. Principal sites of
productive HIV infection of CNS are microglia/
macrophages, facilitated by surface receptors 85. In
the study from the West, the macrophages are found
to show shift of CXCR4 receptor to CCR5 during the
course of disease, correlating with the formation of
HIV-associated multinucleated giant cells. This
receptor shift has been described to be lacking in the
Indian HIV strains probably modifying the course of
the disease 86.
HIV encephalitis: HIV encephalitis occurs in 15-40
per cent of cases with AIDS 87 , microscopically
characterized by multiple foci of inflammatory cells,
including macrophages, microglia and multinucleated
giant cells. The multinucleated giant cells are the
histological hallmark of HIV encephalitis, harbouring
the virus. The prevalence of HIV encephalitis and
presence of multinucleated giant cells are considered
to be uncommon in India, though no systematic studies
are available.
HIV encephalopathy, characterized by diffuse,
symmetric white matter demyelination, astrocytosis
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and presence of microglia and multinucleated giant
cells could be a part of spectrum of HIV specific
brain pathology, overlapping with HIV
encephalitis 83 . Curiously in the autopsy material
from south India, multiple foci of demyelination in
the white matter was noted in cases of HIV
associated cryptococcal and toxoplasma infections,
especially close to vessels. It is not clear if this
feature is a reflection of HIV leucoencephalopathy
or related to vasculopathy associated with
opportunistic infections. Whenever ring enhancing
lesions are observed on imaging, empirically
antitoxoplasma drug regimen is initiated. In some
of the autopsied cases of toxoplasma encephalitis
and cryptococcal meningitis multiple burnt out scars
are seen. Similarly in the brains with these two
opportunistic infections large zones of
demyelination are seen similar to HIV
leucoencephalitis. How these white matter lesions
contribute to the cognitive dysfunction is not clear.
Vacuolar leucocephalopathy is occasionally found
in some of these cases. Similarly demyelination of
the posterior columns of the spinal cord was observed
in nearly half of the autopsied cases, while vacuolar
myelopathy was rare. However, none of the cases
had neurological deficits of myelopathy (S.K. Shankar,
unpublished data)..
HIV encephalitis is known to be accompanied by
depletion of specific population of neurons in
neocortex, limbic system and basal ganglia. The
selective damage to neuronal population in the frontal
cortex88 in association with dendritic abnormalities
may be the pathological basis for frontal lobe
neuropsychometric abnormalities and HIV associated
dementia. The mechanisms of neurotoxicity are
considered to involve vulnerability of specific neuronal
population to viral proteins, cytokines secreted by
activated macrophage/microglial population altered
calcium binding proteins and activation of glutamate
receptors in the neurons89,90. HIV-1 proteins gp120
and Tat block the response of cells to growth factors,
platelet derived growth factor (PDGF)91 and nerve
growth factor (NGF)92. In addition, Tat may be directly
toxic to neurons93, may activate glial cells to release
cytokines94 or alter release of fibroblast growth factor1 (FGF-1) causing deleterious effect on survival of
neuronal populations95.
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The prevalence of HIV associated dementia (HAD)
among otherwise asymptomatic subjects is estimated
to be 15-30 per cent in USA and Europe 96,97 . In
contrast, an unusually low incidence of HAD has been
reported in India98,20. Usually low prevalence of HAD
in underdeveloped and developing countries have been
attributed to underdiagnosis, short life expectancy and
short survival following HIV infection associated with
opportunistic infections. However from a tertiary care
neurological centre, six cases of HAD were found
among 427 HIV-infected individuals, suggesting that it
may not be an artifact (unpublished data). However, it
is important to point out that psychometry was not
carried out routinely in all the cases, thus necessitating
further prospective systematic studies. In an attempt
to identify the viral determinants for this low prevalence
of HAD in India caused by HIV-1 clade C in contrast
to HIV-1 clade B associated high prevalence in the
West, variation in Tat protein sequence and its influence
on monocyte chemotaxis were studied99. Conservation
of cystine at position 31 in non-subtype C viruses (CC)
was observed, while in subtype C, it was replaced by
serine (CS). The ‘CS’ variant was found to be
defective for monocyte chemotactic activity without
loss of transactivation property, while both functions
were preserved in non-C HIV-1 subtypes. Though the
evidence is not conclusive, this could be one of the
factors for the low incidence of HIV-1 encephalitis
and HAD in Indian subcontinent.
Till date, no neuropathological data are available in
literature related to HIV encephalitis and HAD in HIV1 clade C infected individuals. During the initial phases
of HIV/AIDS, the opportunistic infections due to
immunocompromised state took the centre stage,
accounting for the high mortality. Slowly specific HIV
induced neuropathology, never seen prior to the AIDS
epidemic and found only in HIV-infected individuals
without evidence of another cause was recognized100.
Productive infection of the CNS by HIV, monocyte/
macrophage/microglial cells taking the active role and
astrocytes a passive role in pathogenesis has been
demonstrated by various virological and morphological
techniques. Pathological basis of HIV dementia still
remains a subject of debate, while HIV
leukoencephalopathy, HIV encephalitis and diffuse
poliodystrophy have been well characterized 101. It
seems likely that HIV dementia represents a specific
neuronal dysfunction resulting from the compounding

effect of several mechanisms, some of them being
reversible.
Neuropathology of paediatric AIDS
Neurological manifestations in paediatric cases are
commonly secondary to immunodeficiency or direct effect
of HIV on the nervous system 102. Cerebrovascular
diseases and lymphomas are most common, and CNS
lymphomas are mostly associated with Epstein Barr virus
(EBV) infection. Opportunistic CNS infections are
uncommon, with monilial and cytomegaloviral infection
being the common ones. Unlike adults, cerebral
toxoplasmosis is rare in children and haemophiliacs.
Direct effects of HIV-1 on CNS in children manifest as
microcephaly, diffuse gliosis, basal ganglia mineralization
and HIV encephalitis. HIV related encephalopathy
affects >50 per cent of children with AIDS103 with
characteristic multinucleated giant cells. Progressive
encephalopathy in HIV-1 with its classical triad of
microcephaly with brain atrophy, delayed developmental
milestones and progressive motor dysfunction should be
discriminated from metabolic disorders with progressive
cerebral degeneration in developing countries. Certain
neuropathological features are unique to paediatric HIV
infection/AIDS. Mineralization of small penetrating
vessels in basal ganglia are the most common findings
seen in more than 90 per cent of cases at autopsy104.
Its pathogenesis is unknown but believed to be related
to transient alteration in blood- brain barrier. Other
vascular changes unique to paediatric AIDS include
inflammation of intraparenchymal vessels resembling
a vasculitis, intimal thickening of larger leptomeningeal
vessels and occasionally a granulomatous vasculitis
causing infarcts in brain.
The paediatric CNS appears to be unusually
susceptible to even low levels of HIV-1 infection.
No neuropathological studies on paediatric AIDS are
available from India. At our Centre, we have seen
one case each of cryptococcal meningitis and
toxoplasma encephalitis in two children who
succumbed to AIDS (unpublished data).
Highly active antietroviral therapy (HAART trior multi-therapies)
HAART has dramatically improved the course and
prognosis of HIV disease in many of the developed
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countries where this treatment is widely available.
Though the most dramatic benefit of HAART
restored functional immune system affording
protection against opportunistic infections, improved
neuropsychological performance, its effect on
cognitive disorders/dementia is less satisfactory105,106.
The antiretroviral treatment is found to reduce viral
load and enhance circulating T lymphocyte counts.
But viral mutations leading to viral resistance, side
effects of the drug and lack of compliance to therapy,
especially in developing countries remain major
problems. The restored immune function has reduced
the effect of opportunistic infection. In India,
antiretroviral therapy has been initiated around
1998 depending on the availability and affordability
of the drugs.
Post-HAART era
In the West because of significant improvement
in control of opportunistic infections and longer
survival of the patients, autopsies on AIDS cases have
decreased dramatically, resulting in non-systematic
studies 107-109 . There was an overall decrease of
cerebral toxoplasmosis, cytomegalovirus encephalitis
and HIV encephalitis, while the incidence of PML
and malignant non Hodgkin lymphoma (NHL) has
remained unchanged, though survival period is
enhanced. Severe leukoencephalopathy with intense
perivascular lymphocytic and histiocytic infiltration
is described following HAART, probably as a
response to immune reconstitution110.
In India, antiretroviral therapy was initiated in
1996, in a limited scale, both to adults and antenatal
mother to prevent mother-to-child transmission. No
neuropathological observation from the brains of
patients who received antiretroviral therapy is
available from India to compare with West, though
clinically follow up for maximum period of four to
five years is available. Clinicians consider immune
reconstitution syndrome whenever the patient on
antiretroviral therapy deteriorates after initial
response. Unfortunately, in many of these cases
sequential CD 4/CD 8 counts and viral load are not
available for objective evaluation. In near future with
the availability of facilities, the management and follow
up strategies are expected to improve for systematic
analysis.
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Neuromuscular disorders in HIV/AIDS
The demonstration of direct involvement of the
CNS by HIV led many workers to seek a similar role
for the virus in the peripheral nervous system.
In fact, peripheral neuropathies were among the first
neurological conditions to be described in AIDS2, and
is the most frequent complication of HIV infection.
The reported incidence varies in different series from
15 to 50 per cent111. However, subclinical evidence
based on electrophysiologic studies has been reported
in 50 to 90 per cent of patients with AIDS112 while
autopsy studies demonstrate pathological
abnormalities of the nervous system in general in over
95 per cent of patients dying of AIDS6,113. With the
introduction of HAART although CNS involvement
by opportunistic infections and HIV associated
dementia have declined significantly, incidence of
peripheral neuropathies is actually increasing owing
largely to the neurotoxic effect of antiretroviral drugs.
Classifications of HIV related peripheral
neuropathies have subsequently been evolved based
on the different clinical syndromes that occur at
different stages of HIV infection. During early stages
of HIV infection when there is no
immunosuppression, patients are more susceptible to
immunological disorders. In the later stages when
immunosuppression supervenes, opportunistic
infections and tumours cause various peripheral nerve
syndromes. Additionally, peripheral neuropathies can
also result from neurotoxic effects of drugs or
malnutrition.
The clinical presentations can encompass the entire
spectrum of peripheral nerve disorders. The spectrum
of neuropathies described include inflammatory
demyelinating neuropathy (IDP), distal symmetric
sensory polyneuropathy (DSPN) which is often
painful, progressive polyradiculopathy, mononeuritis
and mononeuritis multiplex and autonomic neuropathy.
The manifestation of neuropathy is related to the
stage of the disease with the inflammatory
demyelinating neuropathies occurring early at the time
of seroconversion, followed by DSPN, polyradiculitis
and autonomic neuropathy at the time of full blown
AIDS. Mononeuritis multiplex can occur at any stage
of the disease secondary to vasculitis, cytomegaloviral
infection, lymphoma or cryoglobulinaemia.
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Peripheral nerve syndromes reported to occur at
the time of seroconversion include acute inflammatory
polyradiculopathy (AIDP)114,115, lower motor neuron
facial palsy often associated with aseptic meningitis115
and bilateral brachial neuritis116. All these syndromes
are self limiting and no neuropathological studies are
available. These could be evidence of early
neurotropism of the HIV virus as it has been isolated
from CSF in some cases 114,115. Both acute (AIDP)
and chronic inflammatory demyelinating
polyradiculopathy (CIDP) have been described to
occur in HIV seropositive cases117-120. Except for the
presence of CSF pleocytosis (up to 300 cells/mm3 in
AIDP and up to 50 cells/mm3 in CIDP) the clinical
manifestations, course and response to treatment are
identical to that seen in HIV seronegative
individuals117. The pathogenesis too may be similar
as circulating autoantibodies reactive with peripheral
nerve components have been reported121,122 and the
patients respond to different modes of
immunomodulation such as plasmapheresis,
corticosteroids and intravenous immunoglobulins.
Neuropathological studies are limited to sural or
superficial peroneal nerves 117-120 , which show
variable inflammation, subperineurial oedema, de/
remyelination best seen on teased fibre studies and
axonal degeneration. Cornblath et al117 demonstrated
by immunohistochemistry that most of the
inflammatory infiltrate that surround endo/epineurial
vessels (<80 µm) are T cells. Attempts to localize
the HIV virus in the nerves by in situ hybridization
have been uniformly unsuccessful but immune
deposits have been seen in nerve biopsies. The virus
was cultured from one nerve but its significance is
unclear as it could be a circulating macrophage
containing the virus9,117. This makes a direct role for
HIV in the pathogenesis for AIDP or CIDP unlikely.
Inflammatory demyelinating neuropathies (IDP) can
also occur later on at the stage of AIDS related
complex (ARC) and AIDS. IDP when associated
with low CD4 counts is usually secondary to CMV
infection 123.
Vasculitic neuropathy: Of the various peripheral
nerve syndromes in HIV/AIDS, vasculitis of the
peripheral nerve occurs in up to 3 per cent of patients
with ARC or full blown AIDS 124. In HIV/AIDS,

vasculitis of the peripheral nerve may be the first sign
of HIV infection. Its occurrence has been noted even
in asymptomatic seropositive patients 118. In most
patients the vasculitis is not systemic. Pathologically,
there is marked involvement of the microcirculation
with inflammation and fibrinoid necrosis of arteries
smaller than those that are typically affected in
polyarteritis nodosa. Inflammatory cells have been
immunologically characterized as CD8+ T cells and
macrophages. Le Faucheur et al 125 studying 100
patients with HIV associated peripheral neuropathy
found that the CD4 counts in patients with
mononeuritis multiplex (125 cells/µl) were lower than
those with IDP (194 cells/µl) and higher than patients
with DSPN (108 cells/µl in mild and 66 cells/µl in
severe form of the disease).
Vasculitis associated with CMV is seen in the later
stages of HIV infection and is distinct both clinically
and histopathologically by its rapid progression and
involvement of endoneurial vessels, in the form of
necrotizing vasculitis with polymorph infiltration. The
CD4 counts are usually less than 50/µl. CMV
inclusions have been seen in the endothelial as well
as inflammatory cells. CMV antigen was not
demonstrable by immuno-histochemistry in any of the
cases studied at our Centre.
The pathogenesis of vasculitis in HIV infection is
largely speculative. The finding of immunoglobulin
deposits, complement as well as immune complexes
on the vessel wall in some studies suggests an immune
mediated disorder 126-128 . Circulating immune
complexes directed against the HIV virus itself or
induced by the opportunistic infections are commonly
observed in patients with AIDS. These complexes if
deposited on vascular walls could conceivably initiate
vascular injury as in polyarteritis nodosa. A direct
role by viral invasion of the peripheral nerve was also
considered following isolation of the virus from
peripheral nerve homogenates 9,129,130. But the viral
antigens have never been detected in the peripheral
nerve either by PCR131 or by immunohistochemistry
even in the nerve from which the virus was
isolated129,132,133. Gherardi et al134 reported evidence
of HIV viral replication in perivascular macrophages
in two patients with nacrotizing vasculitis and AIDS
by in situ hybridization.
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The other forms of peripheral nerve involvement in
HIV infection include DSPN which is the most common
form of peripheral neuropathy in AIDS. While clinical
and electrophysiological abnormalities are detected in
up to 35 per cent of patients135, pathological changes
have been found in all patients dying of AIDS 136.
Histologically, most workers describe axonal loss with
little inflammation. Simpson & Wolfe137 studying 165
cases noted that the frequency of DSPN varied
inversely with CD4 counts below 200/µl. Rance et al138
demonstrated degeneration of the gracile tract in the
spinal cord and proposed that DSPN is a dying back
neuropathy secondary to ganglionitis/gracile tract
degeneration. A direct effect by the virus was also
considered following isolation of the virus from the
peripheral nerve in a single case9 and demonstration of
virus like particles in the axoplasm of the nerve fibre
in another case139 by electron microscopy. Vital et al140
reported HIV viral replication in perivascular
macrophages in two patients with DSPN suggesting
that these could be local sites for replication of the
virus. Other factors implicated include the neurotoxic
effects of circulating gp120, local release of tumour
necrosis factor α and other T-cell and macrophage
related cytokines. In fact, tumour necrosis factor α is
known to enhance HIV replication in vitro and also
cause tissue damage in peripheral nerve 141 . The
pathogenesis of vasculitis in HIV/AIDS is therefore
possibly a complex interaction between immune
complexes, cytokines that induce the macrophages to
enhance HIV replication and initiate the pathway of
vascular injury resulting in vasculitis.
An uncommon form of HIV associated neuropathy
that is treatable (with zidovidine and corticosteroids)
and enters the differential diagnosis of DSPN is the
diffuse infiltrative lymphocytosis syndrome (DILS).
It is a multisystem disorder that mimics Sjogren’s
syndrome. Peripheral nerve manifestations include a
painful, sensorimotor axonal neuropathy 142. Nerve
biopsies show characteristic angiocentric infiltrates
of CD8 cells without necrotizing arteritis.
Interestingly, the HIV proviral load in whole nerve
extracts in DILS are more than 100,000 fold higher
than that in other HIV associated neuropathies. In
contrast, the viral load in plasma is low, suggesting
local viral replication. Gherardi et al 143 by PCR
techniques demonstrated that the CD8 cells are
polyclonal and hence not lymphomatous.
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Toxic neuropathies: Nucleoside analogues
Zalcitabine (ddC) and Didanosine (ddI) and Stavudine
(d4T) have been shown to cause a dose-dependant
neuropathy. Zidovidine also a nucleoside analogue
causes a myopathy but not a neuropathy.
At NIMHANS, Bangalore, we have studied 15
cases of peripheral neuropathy as the presenting
manifestation of HIV. CIDP was seen in five, which
included multifocal motor neuropathy with conduction
blocks in one case. Vasculitic neuropathy with
necrotizing large vessels vasculitis indistinguishable
from collagen vascular disease was seen in four144.
Three presented with painful distal symmetric
polyneuropathy without evidence of CMV infection.
Two of these cases had received antiretroviral
therapy. By electron microscopy, virus–like particles
were demonstrable within the schwann cell cytoplasm
and perivascular macrophages in one case of
necrotizing vasculitis. However, immunohistochemically HIV antigen was not detectable
probably due to the low viral density and antigen load,
which is in keeping with most studies in literature.
Diffuse infiltrative lymphocytosis syndrome has not
been described from India. Wadia et al20 from Pune
reported 128 cases of peripheral neuropathies
associated with HIV wherein herpes zoster
(63 cases) and predominantly sensory neuropathies
(51 cases) were the commonest forms.
Subclinical involvement of the peripheral as well
as central nervous system is being increasingly
documented by electrophysiological studies. At our
Institute, 20 asymptomatic HIV seropositive subjects
were evaluated with Mini Mental Status Examination
(MMSE), EEG, nerve conduction and multimodality
evoked potential studies145. Four subjects had MMSE
score of less than 23 suggesting cognitive impairment
though they were functioning normally. EEG was
mildly abnormal in eight cases. Brain stem auditory
evoked potentials (BAER) studies showed peripheral
auditory pathway involvement in 23.5 per cent of
subjects. Somatosensory evoked potentials (SSEP)
was abnormal in two with delay in N20 latency. Nerve
conduction studies showed significantly decreased
mean nerve conduction velocity (NCV) in median and
sural nerves compared to controls. Hence long term
follow-up studies are essential to understand
significance of these studies.
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Electrophysiological studies have also demonstrated
abnormalities in visual pathway even in the absence of
visual symptoms. From autopsy studies at our
Institute146 the pathological changes in the optic nerves
were studied in the subclinical cases. Axonal pathology
was the cardinal finding in addition to demyelination
that corresponded to the prolonged P100 latencies in
the visual evoked potentials recorded antemortem in
these patients. Additionally, cryptococcal parenchymal
infiltration causing sectoral destruction of optic nerve
was also found not commensurate with the degree of
electrophysiological abnormality146.

is speculated that damage to anterior horn cells could
be due to glutamate mediated excitotoxicity, or direct
neurotoxic effect of gp120 and Tat protein of HIV.
Immune mediated mechanisms has also been
suggested following detection of anti-asialo GM1
antibody in ALS-like disease associated with HIV153.

Myopathies: Myopathy is a well recognized
complication of AIDS and can occur in three main
forms; polymyositis, nemaline rod myopathy, and
zidovidine induced myopathy. Polymyositis is the most
common of the AIDS-associated myositis, and maybe
the presenting sign of HIV infection147. Inflammatory
cell infiltrates of lymphocytes, macrophages, atypical
histiocytes, and occasionally multinucleated giant
cells are reported. HIV virus has not been identified
in the myofibres but presence of viral antigens
within infiltrating CD4 cells was shown by
immunohistochemistry though in situ hybridization
studies were negative147.

Conclusions

The pathological features of the nemaline rod
myopathy occurring in patients with HIV infection are
identical to the adult onset nemaline myopathy111,148.
Zidovidine used in the treatment of AIDS can
cause myalgia in up to 8 per cent of patients139 which
resolves on discontinuation of the drug. Muscle
biopsies show ragged red fibres indicative of
mitochondrial damage, which disappear on
discontinuing the drug. Though clinicians do see cases
of myopathy and myositis associated with HIV/AIDS,
no systematic studies are available from India.
At NIMHANS, Bangalore, one case of
amyotrophic lateral sclerosis (ALS) - like disorder
with HIV clade-C was detected150. ALS-like disorder
in HIV is extremely rare, with only seven cases being
recorded in literature. Its importance lies in the
reversibility of the disorder following antiretroviral
therapy 151 . The cause for anterior horn cell
dysfunction remains unknown. As the HIV virus has
not been known to directly infect neuronal cells152, it

The neuromuscular junction has been considered to
be spared by the HIV virus. However at our Centre,
three cases of myasthenia gravis like syndrome
associated with HIV are noted. Sporadic reports of this
association have also been reported in Western literature.

The spectrum of HIV associated complications
reported from India - south India (Bangalore), western
India (Mumbai and Pune) appears to be different from
the West. The differences could relate to variations in
HIV clade subtype. Large, systematic autopsy studies
correlating with clinical aspects need to be documented
for comparison with Western data. Unfortunately
autopsy studies are dwindling due to phobia on part of
pathologists to carry out autopsies on HIV cases. With
the National policy of providing antiretroviral therapy
to antenatal mothers and adult patients with HIV/
AIDS, a new cohort of patients is emerging with altered
biology of infection confusing the clinical picture. With
passage of time, these patients need to be evaluated in
the light of new knowledge emerging following specific
therapy and compare with the cohort which did not
receive antiretroviral therapy. An intermediate cohort
of patients who received the HAART for sometime
and discontinued the therapy needs to be evaluated
separately.
The following are the researchable issues necessary
to understand the biology of neuroAIDS in India with
its unique spectrum of opportunistic infections, and
difference in clade subtype: (i) The spectrum of
opportunistic infections and their pathomorphological
features modulated by multiple infections in association
with clade subtype C; (ii) Pathology of HIV/AIDS in
paediatric age group to correlate with cognitive
dysfunction/scholastic performance in long term
survivors; (iii) Spectrum of neuropathological lesions
in IV drug abusers in India with special emphasis on
the influence of HIV subtype/recombinant strains on
the evolution; (iv) Neuropathology of HIV associated
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With the human immunodeficiency virus (HIV) epidemic showing a shift towards women and
young people, the increasing seroprevalence among women will result in an increase in the
mother-to-child transmission of HIV. The vast majority of HIV-positive children worldwide
acquire the infection through vertical transmission. The discovery of successful interventions
that interrupt this transmission has been one of the greatest successes in AIDS research. The
transmission of HIV from an infected mother to her child can be reduced to less than 2 peer
cent by intensive interventions in the antenatal, intranatal and postnatal periods. To achieve
this low rate, primary prevention of HIV infection in parents-to-be, early identification of
seropositivity in pregnant women, prevention of unwanted pregnancies, prevention of motherto-child transmission of HIV by appropriate antiretroviral therapy, special interventions in
maternal management during labour, appropriate care and follow up of the newborn, all play
an important role. However, these approaches are not always possible in developing countries
wherein currently 95 per cent of vertical transmission occurs. Several questions and challenges
remain. These include choice, availability, affordability, duration, long-term safety of optimal
antiretroviral agents to be used during pregnancy and early neonatal life and the issue of
transmission via breastfeeds in situations where alternatives to breastfeeding are not available.
The challenge is to find the most cost-effective and feasible intervention to achieve zero per
cent transmission of HIV from an infected mother to her child.

Key words Interventions - paediatric HIV - preventing mother-to-child transmission - vertical transmission

The HIV epidemic is showing a shift towards
women and young people. In India, 39 per cent of
adults living with HIV/AIDS are women 1 . The
increasing HIV prevalence among women will show
an increase in mother-to-child transmission of HIV.
Until 2002, over 4.3 million children have succumbed
to the AIDS epidemic worldwide and in 2003 an
estimated 7,00,000 children under the age of 15 yr
became infected with HIV 2 . The vast majority
(>90%) acquired the infection from their mother
through mother-to-child transmission (MTCT). In the
absence of any intervention, rates of MTCT of HIV
can vary from 15 to 30 per cent in the developed

countries and can reach as high as 30 to 45 per cent
in developing countries. This difference is mainly
attributable to infant feeding practices in the
developing world 3 . Transmission during the
peripartum period accounts for one to two-thirds of
the overall transmission rate, depending on whether
breastfeeding occurs or not. The peripartum and
breastfeeding period has thus become the focus for
efforts to prevent MTCT. The discovery of successful
interventions that interrupt this transmission has been
one of the greatest successes in AIDS research.
Currently 95 per cent of vertical transmission occurs
in the developing countries and the challenge in these
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settings is to find the most cost-effective and feasible
intervention to prevent MTCT. The transmission of HIV
from an infected mother to her child can be reduced to
less than 2 per cent by intensive interventions that
include combination therapy of potent antiretrovirals,
obstetrical interventions including elective caesarean
section at 38 wk and complete avoidance of
breastfeeding 4-7. Throughout this document, HIV
refers to HIV-1 since cases of mother-to-child
transmission of HIV-2 are extremely rare.

cent early in gestation, 3 per cent late in gestation, 15
per cent during labour, 5 per cent in early postpartum
period, and 5 per cent in late postpartum period 9. In
the absence of any intervention, rates of MTCT of
HIV-1 can vary from 15 to 30 per cent in developed
countries and can reach as high as 30 to 45 per cent in
developing countries. This difference can mainly be
attributed to infant feeding practices in the developing
world that comprise almost universally of breastfeeds
for prolonged duration3.

Vertical transmission

Factors affecting transmission : Maternal factors
like seroconversion during pregnancy, advanced stage
of the disease, concomitant malnutrition, micronutrient
deficiencies, sexually transmitted diseases in the
mother, poor adherence to antiretroviral therapy after
initiation, are some important factors which increase
the transmission in the antenatal period. In the
intranatal period, factors like vaginal delivery,
prolonged contact with maternal blood and cervicovaginal secretions, prolonged rupture of membranes,
chorioamnionitis, procedures that increase exposure
of infant to maternal blood like instrumentation during
delivery, episiotomy, foetal scalp electrode, are
associated with increased risk of transmission.
Prematurity is a risk factor for increased transmission
probable due to thin skin, susceptible mucous
membranes, immature immune functions and low
levels of maternal antibodies in the premature infant.
In the postnatal period breast feeding, feeding in the
presence of cracked nipples or mastitis, feeding by
both breast feeds and top feeds, continuation of
breastfeeds for prolonged periods of time,
seroconversion of the mother during postnatal period,
high viral load, low CD4 cell count, all increase the
risk of transmission of HIV. Prolonged breastfeeding
continues to expose the child to HIV, and estimates
of the additional risk of infection after three months
(known as late postnatal transmission) range from is
considerably high10.

Magnitude of the problem: In India, about 28 million
deliveries occur annually, of which 84,000 deliveries
would occur in HIV-positive women considering a
national average of 0.3 per cent prevalence of HIV
in pregnant women8. Without any intervention, about
30-45 per cent of these babies will become infected
with HIV. In the high prevalence states of
Maharashtra, Tamil Nadu, Andhra Pradesh,
Karnataka, Manipur and Nagaland, with more than
1 per cent HIV prevalence amongst pregnant
women, there could be a much higher number of
vertically infected babies being born annually 8. In
developing countries, WHO/UNICEF’s child survival
programmes on immunization, oral rehydration
therapy, and effective case management of acute
respiratory infections, promotion of breastfeeding,
good weaning practices, family planning and growth
monitoring achieved much. But the HIV/AIDS
pandemic has reversed these gains to a large extent.
Efficacy of transmission : MTCT is by far the most
significant route of transmission of HIV infection in
children below the age of 15 yr. This can occur during
pregnancy especially in the last trimester, during
delivery, and postnatally during breastfeeding. The
foetus can get infected in utero through maternal blood,
transplacental haemorrhage, and infection via umbilical
cord or via the gastrointestinal mucosa while
swallowing infected amniotic fluid. Contact with the
mother’s blood and/or secretions during labour and
delivery increases the risk of HIV transmission to the
infant. The efficiency of transmission through breast
milk ranges between 16-29 per cent. Of the 30% of
babies who get infected vertically, the relative frequency
of timing of transmission is said to be as follows : 2 per

Prevention: For the large scale implementation of
prevention of mother-to-child transmission, UNAIDS,
UNICEF and WHO have identified 5 phases11 (Fig.):
Phase 1: This phase of imparting information in the
antenatal period on voluntary counselling and testing,
family planning measures, option of medical
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Phase omega : This phase deals with support-careprotection package to the HIV infected mother, child
and the family. Issues like Pneumocystis jroveci
pneumonia (PCP) prophylaxis, early detection of
tuberculosis and management, weaning food
supplements, vitamin A supplementation, are considered.

Five Phases of PMTCT

FP
STIs
Life skills
Phase
alpha:
Prevent

ANC

ARV
AR
V

VCCT

Safe
Delivery

Phase1:
Inform

Phase2:
Prophylaxis

RF
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PCPP

EBF

Social
Support

Phase3:
Infant
Feeding

Phase
omega:
Support

Fig. Five Phases of prevention of mother-to-child transmission
(PMTCT). FP, Family planning; STI, Sexually transmitted
infections. ANC, Antenatal check-up; VCCT, Voluntary
confidential counseling & testing; ARV, Anti retro virals;
RF, Replacement feeds; EBF, Exclusive breastfeeds;
PCPP, Pneumoystis jeroveci pneumonia prophylaxis.
Source: http://www.dec.org/pdf docs/PNACN748.pdf.

termination of pregnancy, appropriate infant feeding
recommendations, goes a long way in the prevention
of unintended pregnancies in HIV-positive women and
all women at risk. This requires strengthening of
family planning services. Women considering
pregnancy should be encouraged to determine their
HIV status and the implications of pregnancy when
infected with HIV.
Phase 2 : This consists of antiretroviral prophylaxis
to the mother antenatally and intranatally and to the
baby postnatally. These antiretrovirals act by reducing
the viral load in the mother (a lesser quantity of virus
goes to the infant) and preventing the virus from
“fixating” itself in the child (post-exposure
prophylaxis).
Phase 3 : This phase deals with issues related to
replacement feeds versus breast feeds in the context
of maternal HIV. It supports the mother-infant pair
in conducting a successful method of feeding.
Phase alpha : This phase deals with the primary
prevention of HIV through sex education, family
planning education and avoidance of high risk
behaviour. The best way to prevent MTCT is by
preventing HIV infection in girls and women of
childbearing age and the society at large.

Main interventions for decreasing mother-tochild transmission:
(i) Antiretroviral therapy
Antiretroviral therapy (ART) recommendations for
HIV infected pregnant women are based on the
principle that therapies of known benefit to women
should not be withheld during pregnancy unless the
risk of adverse effects to the mother, foetus or infant
outweighs the expected benefit to the woman
concerned 12. Antiretroviral therapy to the mother
antenatally and intranatally, and to the baby postnatally
has been one of the interventional strategies studied
extensively in prevention of vertical transmission. The
largest body of experience relating to efficacy and
maternal and foetal safety has been gained with
zidovudine (ZDV/AZT). Consequently, first-line
treatment regimens in pregnant women should include
ZDV whenever possible. On World AIDS Day 2003,
WHO and UNAIDS released a detailed and concrete
plan to reach the “3 by 5” target of providing
antiretroviral treatment to three million people living
with AIDS in developing countries and those in
transition by the end of 2005. This is a vital step
towards the ultimate goal of providing universal access
to AIDS treatment to all those who need it. According
to the “3 by 5 initiative” of the WHO, the key
recommendations are13:
(i) Women who need ART for their own health should
receive it, following revised ART guidelines recently
posted by WHO14. The use of ART when indicated
during pregnancy will improve the health of the mother
and substantially decrease the risk of transmission of
the HIV to the infant.
(ii) Women who do not need treatment, or do not
have access to treatment, should be offered
antiretroviral prophylaxis to prevent MTCT using one
of the drug regimens known to be safe and effective.

ZDV + 3TC in 3
regimens vs
placebo

Open label, non
randomised
ZDV + 3TC

PETRA trial
South Africa,
Tanzania and
Uganda 18

French AZT + 3TC/
ANRS 075 trial
France 52

From 32 wk

Short (from 36wk)

Short
(from 36 wk)

Long (from 28wk),
Short (for 36 wk)

ZDV vs placebo

ZDV different
regimens, no
placebo

Thai Perinatal HIV
prevention trial
Thailand 50

Short
(from 36 wk),
oral intrapartum

DITRAME / ANRS
049a trial
Cote D’Ivoire,
Burkina Faso 22,51

ZDV vs placebo

Bangkok CDC
short-course ZDV
trial Thailand 16

Long (from 14
wks), intravenous
intrapartum

Short
(from 36 wk)

ZDV vs placebo

PACTG 076/
ANRS 024 trial
USA, France 15

Antenatal /
Intrapartum

Ivory Coast CDC
ZDV vs placebo
short-course ZDV trial
Cote D’Ivoire 23, 51

Principle

Study

3TC and ZDV for 6 wk

Short (7 days)
Mother and Infant

Short
(1 wk)
(mother only)

None

Long (for 6w),
Short (for 3 days)

None

Long (6 wk)

Post-partum infant

426

435,475

535,568

528,548

350,380

411,427

538,560

Formula
feeding

Breastfeeding

Breastfeeding

Breastfeeding

Formula
Feeding

Formula
feeding

Formula
feeding

Median
Mode of
maternal
infant
CD4+count feeding
/mm 3 by arm
at enrolment

Table. Prophylactic ARV regimens for MTCT prevention (summary of the evidence) (Ref. 21)

VTR 1.6% [437 infants]; 5-fold
lower than in controls receiving
ZDV only

VTR 14.9% at 18m for antenatal/
intrapartum/neonatal ZDV + 3TC,
18.1% for intrapartum/neonatal
ZDV + 3TC, 20.0% for intrapartum
ZDV + 3TC only and 22.2% for
placebo[1413 infants]

VTR 18.0% in ZDV arm, 27.5%
in placebo at 6 m (38% efficacy),
21.5% versus 30.6% (30% efficacy)
at 15 m; 22.5% versus 30.2%
(26% efficacy) in pooled analysis
with other Ivory Coast trial
at 24 m [276 infants]

VTR 15.7% in intervention arm
versus 24.9% in placebo arm at
3m (37% efficacy) [230 infants]

Short-Short arm was
stopped.VTR 6.5% in
long-short arm versus 4.7%
in short-long arm at 6 m
(statistical equivalence)
[1079 infants]

VTR 9.4% in intervention
arm versus 18.9% in
placebo arm at 6m (50.1% efficacy)
[392 infants]

VTR 7.6% in intervention
arm versus 22.6% in
placebo arm at 18m (68% efficacy)
[363 infants]

Vertical transmission
rate (VTR) and efficacy
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Principle

Open label,
non randomised
ZDV + 3TC

NVP vs placebo in
women already
receiving ZDV or
ZDV plus other
ART

NVP vs ZDV

NVP versus
ZDV + 3TC

Open label, ZDV
boosted by single
dose NVP

Open label, ZDV +
3TC boosted by
single dose NVP

NVP vs 3TC
postnatally in
nenonates exposed
antenatally to
ZDV + ddI

Neonatal NVP vs
NVP + ZDV

Study

Thai ZDV + 3TC trial
Thailand 24

PACTG 316 trial
(USA, Europe,
Brazil, Bahamas) 6

HIVNET 012 trial
Uganda 25,27

SAINT trial
South Africa 26

DITRAME Plus/
ANRS 1201.0 trial
Abidjan, Cote D’
Ivoire 28

DITRAME Plus/
ANRS 1201.1trial
Abidjan, Cote
D’Ivoire 30

SIMBA trial
Rwanda, Uganda 53

NVAZ trial
Malawi 31

None (late comers)

ZDV + ddI from 36
wk to 1 wk postpartum

ZDV + 3TC from 32 wk
(stopped at day 3 post
partum), NVP one dose
at onset of labour

ZDV from 36 wk,
NVP one dose at
onset of labour

No antenatal ART
Intrapartum: single
dose NVP 200 mg
versus ZDV + 3TC

No antenatal ART
Intrapartum : single dose
NVP 200 mg versus
oral ZDV

Non-study ART
antenatal
Intrapartum; single
NVP dose 200 mg
plus ZDC intravenously

Short (from 34wk)

Antenatal /
Intrapartum

274

426, 461

Single dose NVP
right after birth; ZDV
twice daily for one
week

NVP once then twice
daily versus 3TC twice
daily while breastfeeding

Infant single dose
NVP, plus one week
ZDV

Infant single dose
NVP, plus one
week ZDV

Breastfeeding
for 3-5
months

Breastfeeding
and formula
feeding

Breastfeeding
and formula
feeding

Breastfeeding
and formula
feeding

Breastfeeding

Not reported Breastfeeding

423, 432

439

370

Single NVP dose within
384,404
48 h of birth versus short
ZDV + 3TC (7 days)
(mother and infant)

Single dose NVP 2 mg/
kg within 72 h of birth
versus short ZDV
(7 days)

Formula
feeding

Formula
feeding

Median
Mode of
maternal
infant
CD4+count feeding
/mm 3 by arm
at enrolment

Single dose 2 mg/kg
423,441
within 72 h of birth plus
non-study ART
including ZDV

Long (ZDV 4 wk),

Post-partum infant

Overall VTR at 6-8 wk, 15.3%
in NVP + ZDV arm and 20.9%
with ZDV only. VTR at 6-8 wk
in infants who were negative at
birth 7.7% and 12.1%, respectively
(36% efficacy) [952 infants]

VTR at 6 months 7.8% (no
different between the two arms)
Postnatal (6 wk - 6 months)
transmission rate 0.9%
[397 infants]

VTR at 6 wk 4.6%
[99 infants]

VTR at 6 wk 6.4%
[331 infants]

VTR 12.3% in NVP arm versus
9.3% in ZDV + 3TC arm at
8 wk [1301 infants]

Placebo arm was stopped, VTR
15.7% in NVP arm versus 25.8%
in ZDV arm (41% efficacy), at
18 m [451 infants]

Trial stopped early due to very
low VTR in both arms. VTR 1.4%
in intervention arm versus 1.6% in
placebo arm [1248 infants]

VTR 2.8% at 18m
[106 infants]

Vertical transmission
rate (VTR) and efficacy
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(iii) The most efficacious regimen among those
recommended for prevention of MTCT for women
with HIV who do not need ART is zidovudine from
28 wk with single dose nevirapine (NVP) at onset of
labour for the mother and single dose NVP plus one
week ZDV for the infant.
(iv) Alternative but less efficacious regimens include
one based on ZDV alone (from 28 wk of pregnancy
and through labour for the mother and for one week
for the infant), one using the combination of ZDV
plus lamivudine (3TC) (from 36 wk of pregnancy,
through labour and one week postpartum for the
mother, and for one week for the infant), and a
regimen comprising a single dose of NVP to the
mother and to the infant (which does not need to be
initiated until labour).
(v) The selection of the ART regimen should be
made at the national level based on issues of
efficacy, safety, drug resistance, feasibility, and
acceptability.
In February 1994, the Pediatric AIDS Clinical
Trials Group (PACTG) Protocol 07615 demonstrated
that a three-part regimen of ZDV could reduce the
risk for mother-to-child HIV-1 transmission by nearly
70 per cent. Studies conducted in Thailand using short
course ZDV regimen for MTCT have indicated that
this regimen could prevent many HIV-1 infections
during late pregnancy and labour in less-developed
countries unable to implement the full 076 regimen
and can be successful if effectively implemented and
complemented with other preventive interventions16.
However, keeping in mind the practical difficulties of
offering HIV testing and counselling in overcrowded
antenatal clinics in Indian hospitals compounded by
the apprehension that this procedure may expose the
antenatal women to the risk of social discrimination
leading to poor acceptance of the intervention, the
National AIDS Control Organisation (NACO),
Ministry of Health and Family Welfare, Government
of India (GOI), initiated a feasibility study on
prevention of mother-to-child transmission using the
short course regimen of ZDV17. Between April 2000
and July 2001, intervention for PMTCT was initiated
among consecutive antenatal attendees at 11
institutions selected from the 5 high prevalence states

namely Maharashtra, Tamil Nadu, Karnataka, Andhra
Pradesh and Manipur. During 173 months (average
of 15.7 months at each institution) of the study, active
group education, counselling of women and their
husbands, HIV testing, cost-free ZDV for
seropositive women, intra- and post-partum services
were offered. Out of 103,681 women tested for HIV1/2, 1724 (1.7%) tested seropositive. Despite efforts
of project staff at these institutions only 43.6% of
seropositive women took ZDV prophylaxis, the major
reasons for lower recruitment for ZDV being:
intention of women to return to their parents’ town
during the third trimester as is the custom in most
communities, refusal of women/family to take ZDV,
etc. 82 per cent of seropositive women delivered a
full-term normal baby vaginally. Only 18 per cent
women had a lower segment caesarean section
(LSCS) delivery due to indications other than as a
mode of reducing MTCT. Informed choices were
offered at counselling sessions and only 22 per cent
opted for breast feeding at birth and the number
remained consistent even at 2 months of age. The
women who breastfed their babies for 2 months did
not encounter any infant mortality as compared with
those babies who were top fed. The predominant
cause of death among top fed babies was diarrhoeal
diseases. The study showed that the MTCT rate was
reduced to 8.4 per cent at birth or 10.1 per cent at
age two months. The cost effectiveness of the
programme, as measured by the number of HIV
infections averted in the babies born to seropositive
women, may not be high since the prevalence of HIV
in the community in most parts of the country is still
low, hence, the number of new born HIV infections
averted would also be very low. However, as seen in
this study, the programme becomes cost-effective
when primary prevention among 98.3 per cent HIV
seronegative antenatal women is considered as an
important outcome indicator. The cost of the
intervention was determined at Rs.175 per woman.
Since the feasibility study has established that PMTCT
is a cost-effective strategy for prevention and control
of the epidemic, it is recommended that NACO, GOI
should expand the strategy to a programme level
across the country17.
The only combination drug prophylaxis that has
been assessed to date for long-term efficacy at
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18 months is ZDV + 3TC in three different
regimens 18 . The antepartum + intrapartum +
postpartum ZDV + 3TC regimen was the only one to
show a sustained effect. NVP is the only nonnucleoside reverse transcriptase inhibitor (NNRTI)
that has been studied in pregnancy. In recent years,
the use of nevirapine has attracted considerable
attention because of its demonstrated efficacy in
clinical trials in reducing MTCT, its low cost and ease
of use as also for the fear of high rates of mutations
associated with resistance to NNRTIs following its
use in PMTCT protocols. Further, Boehringer
Ingelheim and FDA have notified healthcare
professionals of new safety information added to the
warnings for viramune (nevirapine) cautioning about
severe, life-threatening, and in some cases fatal
hepatotoxicity, including fulminant and cholestatic
hepatitis, hepatic necrosis and hepatic failure 19 .
Women with CD4 counts >250 cells/mm3, including
pregnant women receiving chronic treatment for HIV
infection, are at considerably higher risk of these
events19. Ritonovir (RTV), nelfinavir (NFV), indinavir
(IDV) and saquinavir (SQV) have been studied
pharmacokinetically in pregnant women and shown
to be well tolerated. NFV, followed by SQV, are the
most common protease inhibitors (PI) used to treat
HIV infected pregnant women in resource-rich
countries20. The design and efficacy of the various
short course ARV drug regimens evaluated to date
for the prevention of peripartum MTCT are presented
in Table21.
Short-term efficacy, as determined by infant
infection status at 6-8 wk of life, has been
demonstrated for short course prophylactic to ARV
drug regimens comprising: ZDV alone 16,22,23, ZDV
together with 3TC18,24-26, NVP alone in two singledose regimens to the mother and the infant25,27 , ZDV
boosted by single-dose NVP 28,29 , and ZDV+3TC
boosted by single-dose NVP30.
In a recent trial from Malawi evaluating postexposure prophylaxis (PEP) of either single-dose
NVP or single-dose NVP plus 1 wk ZDV given to
infants born to mothers who had not received
antenatal or peripartum ARV prophylaxis, showed
that the combination of NVP+ZDV was significantly
more effective as PEP than NVP alone31. With the
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exception of this trial, all other regimens evaluated to
date include an intrapartum component, and varying
durations of antepartum and/or neonatal and
sometimes maternal postpartum prophylaxis. There
are conflicting data as to whether receipt of
combination antiretroviral therapy during pregnancy
is associated with adverse pregnancy outcomes such
as preterm delivery. The potential harm to the foetus
from maternal ingestion of a specific drug depends
not only on the drug itself, but on the dose ingested,
the gestational age of the foetus at exposure, the
duration of exposure, the interaction with other agents
to which the foetus is exposed and to an unknown
extent, the genetic makeup of the mother and foetus.
Because the period of organogenesis (when the foetus
is most susceptible to potential teratogenic effects of
drugs) is during the first 10 wk of gestation and the
risks of antiretroviral therapy during this period are
unknown, it is advisable to delay initiation of therapy
until after the first trimester of pregnancy is over.
Until more information is available, HIV-1 infected
pregnant women who are receiving combination
therapy for their HIV-1 infection should continue their
provider-recommended regimen. They should receive
careful, regular monitoring for pregnancy complications
and for potential toxicities. Although mitochondrial
dysfunction has been found to be associated with
perinatal antiretroviral exposure in rare instances, it
should be compared against the clear benefit of
antiretroviral prophylaxis in reducing transmission of a
fatal infection by 70% or more 4,32,33. Mitochondrial
dysfunction should be suspected in HIV uninfected
children with perinatal antiretroviral exposure who
present with neurologic findings of undetermined
etiology. This emphasizes the importance of long-term
follow up for any child with in utero exposure to
antiretroviral drugs. The clinical significance of the
emergence of resistance in the context of MTCT
prevention programmes is as yet unknown, particularly
with regard to future treatment options for the mother
or the child, or to the outcome of prophylaxis during a
subsequent pregnancy if the same drug is used. The
WHO Technical Consultation in October 2000 carefully
reviewed the available information and concluded that
the benefit of decreasing mother-to-child HIV
transmission with these antiretroviral drug prophylaxis
regimens greatly outweighed concerns related to
development of drug resistance34.
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(ii) Elective lower segment caesarean section
(LSCS)
Labour and delivery management of HIV infected
pregnant women should focus on minimizing the risk
for both perinatal transmission and the potential for
maternal and neonatal complications. Caesarean
delivery (elective or scheduled) performed before onset
of labour and rupture of membranes has been found to
be associated with a significant decrease in perinatal
HIV-1 transmission. In a prospective study conducted
in the perinatal clinic of a university affiliated maternity
hospital in Mumbai35. which included a four-pronged
intervention consisting of the use of a shorter course
with a lower dose of ZDV (as compared to the original
ACTG 076 protocol15) 400mg/day for the last 6 wk of
antenatal period, coupled with elective caesarian
section before the rupture of membranes, oral ZDV
powder to the infant for 6 wk following delivery (due
to unavailability of oral suspension at the time of the
study) and complete omission of breast milk, a striking
success in reduction of perinatal transmission was
noted7,35. (Transmission rates of 5.8% as against 24%
in those who had not received any form of perinatal
intervention)35. However few centres in the developing
countries will have the capacity to perform safe
operative deliveries on a large scale and hence may
not be justifiable solely for the purpose of preventing
HIV transmission. Nonelective cesarean delivery
(performed after onset of labour or rupture of
membranes) is not associated with a significant
decrease in transmission compared with vaginal
delivery.
Further studies are needed to determine whether
elective cesarean delivery provides significant benefit
in infected women with a low or undetectable viral
load who are receiving combination antiretroviral
therapy. Any benefit must be weighed against the
known increased risks to the woman with cesarean
section compared with vaginal delivery, i.e., a several
fold increased risk of postpartum infections, including
uterine infections and pneumonia, anaesthesia risks,
and surgical complications. Although the risk for
perinatal transmission in women with HIV-1 viral
loads below the level of assay quantitation appears
to be extremely low, transmission from mother-toinfant has been reported among women with all levels

of maternal HIV-1 viral loads 36 . Results of
epidemiologic and clinical trials suggest that women
receiving ART regimens that effectively reduce HIV
RNA to <1,000 copies/ml or undetectable levels have
very low rates of perinatal transmission4,6,37. Given
the variability in quantification of HIV-1 RNA levels
at low copy numbers, the variety of lower limits of
quantification of the tests, and the similarly low levels
of perinatal transmission of HIV-1 at levels <1,000
copies/ml, the American College of Obstetricians &
Gynecologists (ACOG) has chosen 1,000 copies/ml
as the threshold above which to recommend
scheduled caesarean delivery as an adjunct for
prevention of transmission 38 . However, since
transmission can occur even at low or undetectable
HIV-1 RNA copy numbers, viral load levels should
not be a determining factor when deciding whether
to use ZDV for chemoprophylaxis.
(iii) Infant feeding
Breastfeeding is normally the best way to feed
infants with its benefits going far beyond sound
nutrition, unfortunately, both cell-associated and cellfree virus has been detected in breast milk from HIV
infected mothers. The efficiency of transmission
through breast milk ranges between 16-29 per cent.
Colostrum has shown to have a higher viral load as
also higher antibody levels. Some of the cellular and
humoral factors are found to be reduced in colostrum
samples obtained from HIV seropositive mothers as
compared to seronegative mothers39. Seroconversion
during lactation, advanced stage of the disease in the
mother, concomitant vitamin A deficiency, breast
conditions like cracked nipples and mastitis, have
shown to increase the risk of postnatal transmission
of HIV through breastfeeds 40 . Infant feeding
practices in the developing world that comprises
almost universally of prolonged duration of breastfeeds
contribute to the higher rates of 30-45 per cent of
MTCT as against 15-20 per cent in the developed
countries, in the absence of any intervention3. The
least common route of vertical transmission in
industrialized nations is breastfeeding. Current WHO/
UNAIDS/UNICEF guidelines recommend that
women with HIV infection should be fully informed
of both the risks and benefits of breastfeeding and be
supported in their decision about feeding practices41.
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If safe alternatives to breastfeeding are not available
in resource-limited settings, exclusive breastfeeding
for the first several months of life is recommended.
The overall objective is to prevent HIV transmission
through breastfeeding while continuing to protect,
promote and support breastfeeding for HIV-negative
women and those of unknown status. When children
born to women living with HIV can be ensured
uninterrupted access to nutritionally adequate breastmilk substitutes that are safely prepared and fed to
them, they are at less risk of illness and death if they
are not breastfed. However, when these conditions
are not fulfilled, in particular in an environment where
infectious diseases and malnutrition are the primary
causes of death during infancy, artificial feeding
substantially increases children’s risk of illness and
death 41 . Replacement-fed infants born to HIVinfected mothers in India have a high early postpartum
rate of hospitalization 42 . The risk of giving
replacement feeds must be less than the risk of HIV
transmission through breastfeeding in order to be
justified. Essential requirements include knowledge
and commitment on the part of caregivers, safe water,
assured supplies of affordable fuel, easy access to
quality health care for mothers and infants, and a good
level of support from counselors and/or social
workers. Women choosing not to breastfeed will need
extra support and counselling in order to avert mixed
feeding which can be more hazardous. The time
immediately after delivery was noted as critical for
recounselling about infant feeding and further support
of the woman’s decision, thus lowering the risk of
mixed feeding43. A policy recommendation that HIV
infected mothers be counseled about considering not
breastfeeding can have major implications for birth
spacing, as such women are deprived of protection
from lactational amenorrhoea. If they do not use an
appropriate form of family planning, they may have a
shorter interval between births with adverse
consequences for their own health. Ultimately, a
larger number of potentially HIV infected children
will be born and will need to be cared for. Family
planning information and services need to be made
readily available to mothers and their partners.
Further, ZDV, 3TC and NVP have all been
detected in the breast milk of HIV-infected women
on treatment44,45. This could probably lower the viral
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load in breast milk and be associated with a reduced
risk of HIV transmission. However, there is a
possibility of only some drugs penetrating the breast
milk, some only in sub-optimal concentrations that may
not be sufficient to decrease viral replication, probably
promoting the development of drug resistant virus in
the milk, which could be transmitted to the infant.
Moreover, the toxicity of chronic ARV exposure of
infants via breast milk is unknown.
(iv) Other interventions
Vitamin A prophylaxis : Vitamin A is an essential
micronutrient for normal immune function. Vitamin
A deficiency is found to be common among HIV
infected pregnant women and is associated with
higher mother-to-child transmission of HIV-1 and
increased infant mortality 46 . The biological
mechanisms by which vitamin A deficiency could
influence MTCT include impairment of immune
responses in both mother and infant, abnormal
placental and vaginal pathology and increased HIV
viral burden in breast milk and blood 47. However,
there is no conclusive evidence to say that vitamin A
supplementation can reduce MTCT.
Vaginal disinfection: Most HIV infections in children
occur during the time of delivery. Both free and cell
bound viruses have been found in cervical and vaginal
secretions. Theoretically, cleansing the vagina with an
antiseptic or viricidal agent such as chlorhexidine could
reduce this mode of transmission. Again, there is
scarcity of evidence to conclusively say that inexpensive
modalities like cleaning/disinfection of the birth canal
can reduce MTCT. However, the incidence of neonatal
sepsis is definitely cut down by these strategies.
Immunotherapy: Although ART has significantly
reduced the MTCT of HIV, it has its own drawbacks.
The antiretroviral medications have a relatively short
half-life and therefore have to be administered
throughout the course of breast-feeding, to both the
mother and the infant in order to optimally prevent
infection in the infant. Additionally, the cost, the
potential toxicities and the development of resistance
are likely to limit the long-term efficacy of
antiretroviral prophylaxis. Hence, a safe and effective
active/passive immunoprophylaxis regimen, begun at
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birth, and potentially overlapping with intrapartum or
neonatal chemo prophylaxis, would therefore pose a
more attractive strategy and might also provide the
basis for a lifetime protection against HIV-1
infection 48 . Various strategies for stimulating a
protective immune response against HIV infection are
being explored through basic research, animal models,
and clinical trials. Vaccines capable of stimulating the
mother’s and/or infant’s immune response or passive
immunity therapies may be capable of reducing
perinatal transmission49. Vaccines also may serve as
immunomodulators to improve immune function and
diminish disease progression in HIV infected
individuals and may potentially prevent transmission
from the mother to her foetus or from one infected
adult to another. Like Hepatitis B, the use of active,
passive, or active/passive strategies to reduce
transmission has the highest potential for reducing
mother-to-child transmission in developing countries.

antiretroviral prophylaxis such as HIV perinatal
vaccine, passive immunoprophylaxis, micronutrient
supplementation and vaginal-cervical disinfection by
means of microbicides should be actively continued
and encouraged. The challenge is to find the most
cost-effective and feasible intervention to achieve
zero per cent transmission of HIV from an infected
mother to her child.
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Vaginal microbicides are topical compounds that are expected to protect women against vaginal
transmission of HIV and other sexually transmitted pathogens. A large number of compounds
are being evaluated as possible microbicides. Considering the spread of the HIV epidemic among
women in India, clinical trials on microbicides starting from the Phase I safety and acceptability
studies to Phase III efficacy trials are important. Conducting efficacy trials is a major endeavour
and this review discusses challenges and issues and the preparatory steps to make such efficacy
trials possible in India.
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The human immunodeficiency virus (HIV)
epidemic continues to spread worldwide, mainly in
the developing countries in spite of two decades of
preventive efforts. According to the estimates of
UNAIDS, 42 million persons were living with HIV
infection by the end of 2003 and women accounted
for nearly 50 per cent of the total global HIV burden1.
Heterosexual transmission is the dominant route of
HIV spread in the developing world. Women are more
vulnerable to HIV infection than men because of
specific biological and socio-demographic factors2.
Many women experience difficulties in negotiating
the use of male condoms and trusting their partners’
fidelity. Women desperately need protection from
HIV through female controlled-options, such as
microbicides and female condoms. Microbicides are
topical compounds that could render protection
against vaginal or anal transmission of HIV and other
sexually transmitted pathogens3. Microbicides might
be available in the form of a cream, gel, foam, etc.
Preferably these should be undetectable by the partner

and ideally should not reduce the sexual pleasure.
Some microbicides might not have contraceptive
properties so that women and couples using such
products can protect themselves against sexually
transmitted infections (STIs) and still have children.
Essential early steps in development of vaginal
microbicides include the determination of antiviral
activity, cytotoxicity, mechanism of action, pathways
to resistance, cross-resistance to approved drugs,
effects on vaginal microflora and pathogens that cause
sexually transmitted diseases4. Inflammation of the
female reproductive tract increases susceptibility to
HIV infection and other viral infections. Proinflammatory cytokines can predict mucosal toxicity
and it becomes a serious liability to select out
candidate vaginal products that cause local
inflammation and may enhance HIV transmission5.
Table I describes various stages of clinical trials on
microbicides in humans that follow traditional drug
development phases.
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Nonoxynol-9 (N-9), available as a contraceptive
for the last 50 yr has been extensively evaluated as a
microbicide initially. However, four randomized
controlled trials have shown that the use of N-9 did
not protect against HIV infection6. This has prompted
the search for other products as possible microbicides
and currently 65 such products are being evaluated7.
A total of 18 candidate products are in various phases
of clinical trials (Table II) and six products (BufferGel,
PRO 2000 gel, Cellulose sulphate, Dextrin-2 Sulphate,
Carraguard TM and C31G) are entering large-scale
effectiveness trials in Africa and Asia, as well as in
the United States. It is unlikely that the first generation
of microbicides would be 100 per cent efficacious.
However, it is estimated that a partially effective
microbicide used by 20 per cent of women in half of
all the sex acts that do not involve a male
condom, would avert 2.5 million new HIV infections
over 3 yr8.
Indian scenario of HIV infection among women
and the role of microbicides
Heterosexual contact is the dominant route of HIV
transmission in India. Initially, the HIV epidemic in
Indian women was concentrated among commercial
sex workers9. However, studies have also reported
higher rates of HIV infection among married,
monogamous women reporting to sexually transmitted
infection (STI) clinics in Pune who have a high-risk
husband and do not have HIV risk behaviour of their
own10. Similarly in Chennai, India, among 134 HIV
positive women who sought care for HIV infection,
82 per cent were married, monogamous women
whose risk factor for HIV infection was sexual
intercourse with their HIV-infected spouses11. In a
study in Manipur, 45 per cent wives of HIV-infected
injection drug users were detected to be HIV positive,
despite not being injection drug users themselves12.
The incidence of HIV-1 infection among heterosexual
couples has been reported to range between 4.6 and
11.8 per 100 person-years world wide13,14 and a study
is currently underway for the incidence estimation
among HIV discordant couples in Pune. Married
women in India are getting infected with HIV mainly
from their infected male partners and microbicides
are expected to be useful to women in the discordant
couples’ setting when condom use cannot be
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negotiated. In spite of mass awareness programs for
population control and HIV prevention, male condom
use was as low as 3 per cent in India, as per the
National Family Health Survey-2 (NFHS-2),
conducted in 1998-99 15 . Therefore, microbicides
having contraceptive properties would provide female
controlled options for prevention of unwanted
pregnancy as well as HIV infection.
Although the HIV epidemic in India is more than
18 yr old, limited studies have been conducted on
microbicides so far. A Phase I safety and
acceptability study of a nonoxynol-9 vaginal pessary16
which acts by dissolving the lipid membrane of
microorganisms, was conducted in 1998, as was a
Phase I study of BufferGel17, a compound that acts
by maintaining an acidic vaginal pH, which renders
protection against HIV. Subsequently Phase I safety
studies of Praneem polyherbal tablet18 (unpublished
observation) (unclassified mechanism of action) and
cellulose sulphate 19 (a polyanion inhibitor of HIV
binding), have been done. A Phase I safety and
acceptability study of 0.5 per cent of PRO 2000
vaginal gel (another inhibitor of HIV binding) has been
recently completed (unpublished data) and a Phase
II study using Praneem polyherbal vaginal tablet is
currently ongoing in Pune. However, Phase III
efficacy trials have not been conducted so far in India.
Considering the spread of HIV infection among
women, field evaluation of microbicides for safety,
acceptability and efficacy among women is a priority.
Indian settings are important for conducting efficacy
trials because there is a clinical and laboratory
capacity and information and technology expertise
required for data management. Additionally there is
a large population of “at-risk” women and the cost of
conducting clinical trials is low. However, conducting
large-scale Phase III trials is a major endeavour
because this would require clinical, laboratory and
community environment at multiple sites that would
facilitate the conduct of microbicides clinical trials.
Indian Council of Medical Research (ICMR) and
National AIDS Control Organisation (NACO), New
Delhi, India are keen to pursue research on vaginal
microbicides and addressing likely challenges and
issues in their conduct might make such trials possible
in India in the immediate future.
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Table I. Stages of clinical trials on vaginal microbicides

Phase I

Phase II

Phase III

10-50 participants
Low-risk population
Measures safety:
Local toxicity,
Systemic absorption and
excretion

50-200 participants
High risk population

1000 + participants
High risk population

Expanded safety

Expanded safety,
determine efficacy

End pointsHIV seroconversion,
incident STDs
Scientists and statisticians are now considering Phase IIb trials known as “proof of concept” trials with intermediate sample size
to gather preliminary information on efficacy of potential candidate microbicides.
Phase IIb trial has the objective of determining whether a product has a level of promising anti-HIV activity warranting a Phase
III study.
Table II. Microbicides in clinical trials
Phase

Total no. microbicides

Microbicide Candidates

1

8

1/2
2

1
2

2/3
2/2B

1
2

3

4

Acidform™/Amphora™
Cellulose Acetate phthalate/CAP
Human monoclonal antibodies (C2F5, C2G12, C4E10)
Lactin-V capsule
Polystyrene sulphonate/PSS
Tenofovir/PMPA
UC-781
VivaGel/SPL7013™
Invisible Condom™
Lactobacillus crispatus suppository (CTV-05)
Protected lactobacillus in combination with BZK
Praneem polyherbal
BufferGel™
PRO2000/5
Carraguard™
Cellulose sulphate/CS
Emmelle™/dextrin-2-sulphate (PRO2000/5 will also be tested in an MRCsponsored Phase 3 trial with Emmelle™.)
Savvy™/C-31G

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

© March 2004 Alliance for Microbicide Development.
Source: www.microbicide.org

Finding resources and ensuring support
Developing candidate microbicides and then
conducting efficacy trials costs several hundred
million US dollars and warrants sustained allocation,
since the process of going from in vitro tests of
concepts to animal studies to human trials can take
more than a decade. Efficacy trials require large
resources in terms of finance, scientific contributions,
human resources and monitoring of the trial. The cost

of a large clinical trial is dependent upon the number
of study sites, sample size, accrual and retention
period and sensitive laboratory assays for incident
STIs and clinical management of incident HIV
infections.
Protocol development and partnership building
Developing a Phase III study protocol itself may
require more than a year since a lot of trial intricacies,
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ethical issues, statistical considerations, study
monitoring, safety issues and laboratory tests have to
be incorporated in the protocol. The primary endpoint
of such trials is HIV seroconversion and secondary
end points might include other incident STIs, as well
as ongoing safety and acceptability assessment.
Partnerships should be developed within and outside
India for developing a good study design as well as
efficient system of data management, quality control
and laboratory support for sophisticated laboratory
assays, etc., would eventually help in scientifically
sound conclusions. These may also help in
strengthening laboratory infrastructure, developing site
capacity and ensuring support. In case of products
developed outside India, intellectual property rights
need to be discussed between the international trial
partners and the site investigators.
Regulatory requirements in India
Before initiating any clinical trial, the study
protocol, the informed consent form, case report
forms and all study related information materials for
participants have to be approved by the Institutional
Ethics Committee (EC) / Institutional Review Board
(IRB). If the institute conducting the trial has a
Scientific Advisory Committee (SAC), it must
approve the study protocol. In case of trials
receiving foreign funding, ICMR approves the study
protocol for its scientific contents and ethical
considerations and forwards the same to the Health
Ministry Screening Committee (HMSC). Drug
Controller General of India governs the import and
availability of any investigational drug/ medicinal
products in India and provides permission to conduct
the clinical trial after reviewing the study protocol,
reports of previous in vitro, in vivo animal studies
and data from previous clinical trials. Usually all the
regulatory approvals require a minimum of eight to
twelve months.
Ethical guidelines for conducting clinical trials
The ICMR has published a set of guidelines for
biomedical research on human subjects that are at
par with other international guidelines 20 and are
applicable to microbicides trials. There are
international guidelines for ethical conduct of research
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and clinical trials. Although international trials are
sometimes reviewed by international ethics
committees, ethical review has to be done in the
country hosting the trial21.
Preparedness of researchers
The development and maintenance of adequate
clinical and laboratory infrastructure is necessary for
the conduct of clinical trials. Clinical research facilities
required include counselling facilities, facilities for
pelvic examination and colposcopy (generally for
Phase I and II trials only), as well as trained clinicians,
laboratory technicians, nurses and study co-ordinators.
The counselling staff involved in clinical trials need
to be trained to counsel participants about the study
objectives, informed consent issues about HIV testing,
specifics involved in study participation, ways to
optimize participant adherence and retention. In large
efficacy trials, the counselling staff may experience
“burn out” because of the repetitive nature of the
work. Therefore, the leadership of any large trial
should anticipate such problems and develop
comprehensive staffing plans and vary staff
responsibilities to enhance morale and avoid
monotony.
To conduct microbicide studies, the laboratory
infrastructure requires HIV testing facilities along
with the capacity to perform routine biochemistry and
haematology studies as part of product safety
monitoring. Laboratories also have to be proficient in
the diagnosis of STIs in order to screen women to
decide their eligibility as well as to diagnose incident
STIs during study participation. Ongoing quality
control and quality assurance in laboratory and clinical
procedures are important research components.
Appropriate data management and analysis
infrastructure is required to manage randomization
procedures, ongoing monitoring of safety and
assessment of primary and secondary end points in
addition to data entry, verification and periodic report
generation. Many randomized clinical trials include a
data and safety monitoring board (DSMB)22, that is
responsible for reviewing accruing data, monitoring
performance of the trial, assuring safety of the
participants in the trial, and assessing the efficacy of
treatment.
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Preparedness of the community in which
microbicide trials will be conducted
Women in India are still not aware of the risk of
HIV infection and that options could exist to protect
them against HIV and STDs. Therefore, large-scale
awareness and advocacy will help in sensitization of
the community. Phase III trials require enrollment of
a large number of participants at high risk of HIV
infection and this will not be possible unless the
community is well informed and prepared for the trial.
Hence education becomes a crucial issue in optimizing
active participation of the community.
Researchers have an obligation to protect
participants from any study-related harms and to
maximize their individual benefits. However, the actual
benefits of a specific research study will hopefully
help the society in future and not necessarily the
individuals who participated in the study. Therefore,
individual participation will be maximized when the
community understands the need of specific research
studies. Awareness programmes and advocacy help
in creating perception of this need among the
vulnerable populations.
The commitment for research on microbicides will
increase at the policy level when the recognition of
the vital need for female-controlled options comes
from the community. The involvement of nongovernmental organizations (NGOs) in research from
the outset can help the researchers gain confidence
of the community. A partnership between NGOs and
researchers can ensure and increase community
participation in the development and implementation
of research protocols.
One of the most important approaches to
community education is the development and
involvement of a Community Advisory Board (CAB).
CAB is an independent panel of representatives of
the stakeholders in community-based research and is
a new concept in India. In the context of microbicides
trials, CAB members may include women’s
organizations, sex workers, truckers, people living
with HIV, NGO representatives, grass root level
workers, lawyers, etc., all of whom are likely to be
interested in the development of microbicides and

might include prospective beneficiaries. The CAB is
expected to bridge the community on one side and
the researchers on the other side. The membership
of CAB can be specific, study-oriented and the CAB
can increase interaction with the community,
translation of the consents in the local language and
developing study specific information material for
creating awareness on microbicides.
Key scientific issues in conducting efficacy trials
Identifying sites and participants for conducting
clinical trials: Efficacy trials have to be conducted
in the population of women who are at risk of HIV
infection. Although a large number of Indian adults
are at potential risk for HIV infection, it might
represent a smaller percentage of the general
population 23 , therefore, finding such “at-risk”
population is a challenging task.
Conventional methods of incidence estimation are
cohort studies which are lengthy, difficult to coordinate and face the most important challenge of
retaining the enrolled participants to the study end
point. Newer methods are becoming available for HIV
incidence estimation such as BED-Capture EIA 24
(BED-CEIA), which can be an important tool for
identifying cohorts for prevention trials (microbicides,
vaccine) and for monitoring and evaluating
programmes. The BED-CEIA determines whether a
person who presents with HIV infection acquired his
infection recently, and so this test enables researchers
to identify the communities where the HIV incidence
is high and HIV is spreading rapidly.
The sample size requirement of effectiveness trials
is quite large in order to achieve adequate number of
primary study end points, that is incident HIV
infections. Hence such trials are possible with a
reasonable sample size only if the HIV incidence in
the population is high. For the effectiveness trials to
be conclusive, HIV uninfected women at high risk of
getting infected with HIV (women with STIs, with
multiple partners, with a partner who is having STI/
HIV infection/ multiple partners) need to be enrolled.
There is lack of understanding and many
misconceptions about STIs in the community, which
affect the health seeking behaviour of women and
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their risk perception. Because of the Indian sociocultural settings, women are often not willing to
disclose their partner’s risky behaviour or their own
sexual history and multi-partner relationships.
Facilities for laboratory diagnosis of STIs are lacking
in many health care settings and therefore it may be
a challenge to find women who could be at high risk
of getting infected with HIV and hence appropriate
to participate in efficacy trials.
Though sex workers are at the highest risk of HIV
infection, some of the recent microbicide trials are
not being planned among sex workers. Most of the
available data on failure of N-9 in protecting against
STIs and HIV have emerged from studies among sex
workers wherein the product was used more
frequently than it would be used by other women,
and frequent use of N-9 in these trials resulted in
increased micro-ulcerations and abrasions resulting
in increased risk of HIV transmission25.
A large number of women get HIV infected from
their husbands and it is possible that some products
may be protective for women who do not have
multiple daily sexual partners like sex workers.
Therefore it is important to evaluate safety,
acceptability and efficacy of vaginal microbicides
among other women also.
Product adherence and retention: Adherence to the
long-term treatment regimen (at least one year) is
important to see the effectiveness of the product.
Therefore adherence needs to be stressed at each
clinic visit. In microbicide research it is necessary to
assess actual use of the product, which is mostly
dependant on self reports by the participants. Newer
techniques are being developed to assess compliance
in vaginal microbicide trials such as use of stained
applicators which could be identified as being inserted
in the vagina 26 . Adherence to product use is
dependant on understanding the importance and
meaning of research, consent comprehension,
perceived risk and the acceptability of the product.
In order to get adequate study end point results, it
is necessary that majority (> 80%) of the participants
complete all their scheduled visits. In efficacy trials,
participants are required to be followed for a minimum
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of twelve months to assess incident HIV/ STI
infections. Participants’ retention is very challenging
since they have to be reminded of their scheduled
follow up visits, which become difficult when majority
of the population does not have access to telephonic
facility. Often home visits have to be conducted by
the study staff to remind participants of their missed
visits, and they have to agree to this type of contact
in the informed consent. In conducting such home
visits, there is a risk of leakage of information about
the individual’s decision to participate in the trial to
the family and other community members. Therefore,
home visits have to be conducted by trained and
experienced staff according to a well-practiced and
well-rehearsed protocol. Participants are sometimes
unable or unwilling to give correct residential address
at enrollment and tracing such participants who miss
their follow up visit or are lost to follow up, becomes
difficult.
Key ethical issues in conducting effectiveness
trials
Informed consent: As per the 2001 census of India,
around 44 per cent of the adult female population is
illiterate 27. Administering an informed consent for
study participation is a challenge when majority of
the study population is illiterate. As compared to
nuclear families in most of the other countries, the
joint family structure predominates in India and lot of
decision-making is dependant on the male partner as
well as other family members. Therefore involvement
of male partner since the beginning of the study can
help to avoid domestic problems. Informed consent
is a continuous process throughout the study and does
not stop after signing the consent document. Study
participation means that potential participants must
understand the risks and benefits of participation and
decide to participate with complete understanding and
without any coercion. Participants must understand
the meaning of research, clinical trials, their purpose
and objectives, the concept of randomization into
active product arm vs a placebo arm and their rights
and responsibilities. Participants in the placebo arm
must be assured that they will not be denied access
to the best treatment otherwise available. Study
participants should be of legal age to be able to provide
voluntary consent. In many instances, participants are
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often unable to give their exact age and the counselor
is required to estimate the age mainly based on their
reproductive history.
The consents of clinical trials may be lengthy. In
order to increase consent comprehension, brochures,
fact sheets, pictorial booklets, etc., may be provided
to ensure adequate understanding of the participants.
Participants should be made aware that they are
participating in a research trial and the product may
or may not have any preventive properties and they
should not have any false sense of security. Since
the study products do not have proven efficacy, it is
unethical to withhold known methods of protection.
Therefore, condom counselling for risk reduction must
be stressed at each clinic visit. HIV testing should be
voluntary with necessary pre-and post-test
counselling facility.
Reimbursement of trial participants: Participants
should be reimbursed for their travel and time spent
for the visit to the clinic and the amount of
compensation should cover the actual costs but should
not be so high and lucrative as to eliminate the option
of refusal to participate. The amount should not be
too large to be considered as undue inducement for
trial participation. This amount should be approved
by the local EC / IRB.
Care and treatment of study participants: Study
volunteers need to have a 24 h contact number of the
study clinician in order to be able to contact in case
of any adverse event. Referral services should be
available for potential participants who become
ineligible at the screening process. The institution that
conducts the trial should also develop appropriate
policies and provide adequate funding to support the
provision of antiretroviral therapy whenever required
to the participants who become HIV infected during
the trial. Post trial access of the product at an
affordable price is an important issue and should be
aggressively negotiated by the host country.

negotiate condom use because of gender inequality,
illiteracy, cultural resistance and poverty. There is
increasing commitment globally as well as nationally
in India for research on safe and effective
microbicides.
In summary, the following points are important: (i)
Conducting efficacy trials on microbicides is a major
endeavour; (ii) There is a need for capacity building
of institutes for conducting clinical trials.Ongoing
training of research staff would certainly help in
improving the quality of research; (iii) Large-scale
community awareness and advocacy for microbicides
will increase community participation; (iv) Regulatory
requirements should be strictly followed; (v) Efficacy
trials are conclusive when baseline prevalence and
incidence of HIV is high. Therefore, it is essential to
identify appropriate sites that can provide access to
appropriate study population and should have adequate
clinical and laboratory infrastructure. Feasibility studies
for participant recruitment and retention would help in
planning for future clinical trials; (vi) Obtaining informed
consent is a major challenge when majority of the
population is illiterate. Participants should not remain
under the perception of false sense of security; (vii)
Product adherence and retention require lot of training
and skills building in counselling; (viii) Ongoing quality
control has to be an integral part of any research study
to ensure high standards of research; and (ix) Posttrial access to the product at an affordable price and
post marketing surveillance of the new product is a
public health responsibility of the country.
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Estimating HIV-1 incidence (rate of new HIV-1 infections) in various populations is important to
understand the current status of transmission dynamics, identify high-risk populations, monitor
prevention efforts and target resources on programmes that are most effective in reducing
transmissions. Recent developments in our ability to detect and distinguish recent and longterm HIV-1 infections using laboratory tests have made the measurement of HIV-1 incidence
realistic and practical. These approaches most commonly rely on the properties of early HIV-1
antibodies after seroconversion as characterized by their levels, antibody avidity/affinity or
antibody classes/subclasses or epitope specificity. The sensitive/less-sensitive testing strategy
provided simple laboratory tools to detect recent seroconversion in a cross-sectional population.
These assays are based on differences in antibody titres in recent versus long-term infections
and have been used for sometime for estimating population incidence. However, recent work
demonstrated limitations of this approach which included subtype-dependent performance and
significant variability of "window periods", precluding its use in many areas of the world.
Recently an IgG-Capture BED-EIA was developed in our laboratory which detects the increasing
HIV-IgG as proportion of total IgG following seroconversion and can be used to detect recent
seroconversion. The format of the assay, which includes a multi-subtype derived antigen, allows
high consistency and similar "window periods" in different subtypes. This assay is now available
commercially and is made specifically for population estimates of HIV-1 incidence. Due to the
presence of divergent HIV-1 subtypes and the rapidly expanding HIV epidemic, it is important
that the method selected is robust, performs similarly in different subtypes and is widely applicable
for meaningful incidence estimates, trend analysis and comparison between populations.

Key words BED-CEIA - detuned assay - HIV-1 incidence - less-sensitive EIA - surveillance

The HIV pandemic continues to spread with about
38 million people living with HIV worldwide1. Globally,
approximately 5 million new infections are believed
to have occurred in the year 2003, corresponding to
about 15,000 new infections per day. About 3 million
people have died during the same time period.
Through a network of 455 sentinel surveillance sites,
National AIDS Control Organization 2 in India
estimated in 2003 that 51 lakhs (10 lakh = 1 million)

people were infected with HIV. From the early 1990s,
there has been a steady increase in prevalence of
HIV-1 infection. Prevalence data indicated a decline
in new infections from 6.1 lakhs in 2002 to 5.3 lakhs
in 2003. Whether the prevention campaigns are having
an impact on the spread of HIV-1 cannot be
confirmed without the HIV-1 incidence
measurements. While HIV-1 prevalence is the
accumulated experience of a population with HIV-1
510
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Fig. A schematic diagram showing various parameters that define early HIV-1 infection. HIV-1 RNA and p24 detection are useful in
pre-seroconversion period while several antibody-based parameters are useful in post-seroconversion period.

over the years, the HIV-1 incidence is a point estimate
of rate of new infections at a given time.
The HIV-1 prevalence can be measured by routine
HIV diagnostic assays but direct measurement of
HIV-1 incidence has been difficult. The changes in
HIV prevalence may not reflect trends in incidence,
underscoring importance of HIV-1 incidence3,4. In a
simplified model, HIV-1 incidence can be measured
prospectively by following a group of seronegative
people and testing them again at the end of one year.
The HIV-1 incidence then can be calculated as the
number incident cases per 100 persons per year.
However, prospective cohort studies are difficult to
conduct, may be biased, and are very expensive.
Moreover, cohort enrollment, consent process and

risk-reduction counselling often results in reduced or
lower HIV-1 incidence 5 and may not reflect true
population incidence. Cohort studies do not allow
sampling of representative populations, which are
needed to calculate national incidence. In addition,
this exercise has to be repeated every year to monitor
the trend and therefore is not practical. Williams et
al 6 described a statistical method based on age
prevalence data to estimate HIV-1 incidence, with
certain assumptions about growth rate of the epidemic
and AIDS mortality rate. The method was applied to
women attending antenatal clinic (ANC) in KwaZulunatal, South Africa to calculate HIV-1 incidence. In
the absence of other alternatives, this could be a useful
approach. However, with significant prevention
interventions including initiatives to expand
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antiretroviral (ARV) treatment to people with AIDS
in many countries, the assumptions about growth rate
of the epidemic and AIDS mortality rate may not be
valid. There are several other statistical approaches
that have been described but they do not substitute
for the reliability of a laboratory test that can be used
to detect recent infections.
In the last few years, several different laboratory
methods have been identified specifically to detect
recent infections either in the pre-seroconversion
phase or in the post-seroconversion phase. Crosssectional specimens, such as those collected for
surveillance for assessing HIV prevalence, can be
used for this purpose. Laboratory tests during the preseroconversion phase include detection of HIV-1
RNA or p24 in the antibody- negative segment of the
population, while those in post-seroconversion phase
depend on various properties of maturing HIV
antibodies to detect recent infection (Fig.; Table).

Pre-seroconversion tests
HIV-1 RNA or p24 detection: Detection of HIV-1
RNA or p24 antigen, prior to development of specific
antibodies indicates very recent infection (primary
HIV infection or PHI). This approach requires that
seronegative people are tested by these methods. The
duration of this stage is likely to be very short (about
10-20 days), therefore a large sample size is required
to detect enough individuals in this short “window
period”. Some studies7-9 have used these methods to
detect recent infections. Brookmeyer et al8 estimated
HIV-1 incidence rates among patients attending
sexually transmitted disease (STD) clinics in Pune
(India) using prevalence of p24 antigen positivity
together with longitudinal follow up data from a subset
of patients who returned for testing. The incidence
was reported to be very high (18.6% per year) in this
population. The consequence of this short “window
period” is that any inaccuracy in the window period

PAREKH & McDOUGAL: LABORATORY METHODS FOR HIV-1 INCIDENCE

513

can lead to a large error when calculations are
annualized for incidence estimates. Pilcher et al 7
used PCR to detect HIV-1 RNA in seronegative
individuals in Malawi and demonstrated high rate of
acute HIV infection but did not extrapolate their data
to calculate incidence, mainly due to uncertainty of
"window period". Moreover, these tests are
technically more complex, more expensive and require
testing of the negative population. Therefore, these
are not ideally suited for wide-scale implementation
for determination of HIV-1 incidence.

Prevention (CDC) developed these reagents, which
were supplied to participating laboratories under
"investigational new drug" (IND) agreement.
Unfortunately, this first generation EIA was
discontinued by Abbott Laboratories. Another
commercial assay, Vironostika HIV-1 EIA from
Organon Teknika, was similarly modified (VironotikaLS EIA) and has been used as a replacement to detect
recent infections11. The LS-EIAs have been used in
several studies to determine HIV-1 incidence12-15 and
to identify correlates of recent infections.

Post-seroconversion tests

There was significant interest in the
implementation of 3A11-LS and Vironostika-LS in
other parts of the world. However, two separate
studies demonstrated that both the 3A11-LS and
Vironostika-LS EIAs had significantly different
“window periods” in subtypes B or E infected
populations from Thailand16,17. The longer window
periods (270 and 350 days, respectively) in E infected
persons were attributed to the use of subtype B
derived antigens in the assays. This indicated that
window periods in other divergent HIV-1 subtypes
from Africa and Asia are also likely to be different.
Due to presence of two or more HIV-1 subtypes in
some parts of the world and their changing
epidemiology, it is not practical to use these assays to
estimate the incidence. There have been some limited
applications of LS-EIAs in Africa14 and Asia18 but
the validity of these estimates are questionable due
to poorly defined cut-off and window periods in the
circulating HIV-1 subtypes. Therefore, in spite of the
importance of estimating HIV-1 incidence, the LSEIAs have not been implemented widely in other parts
of the world due to multiple circulating subtypes and
complication of interpreting data.

Several tests have been developed or are being
investigated for testing seropositive individuals postseoconversion to detect recent infections. Because
this testing is performed only on seropositive
individuals, relatively less testing is required.
Subsequently, based on the characteristics (window
period) of the test used, annualized incidence can be
calculated. This post-serocoversion “window period”
refers to mean time period seropositive individuals
may stay below a pre-defined threshold on the test
following seroconversion.
(i) Less-sensitive enzyme immunoassay, LS-EIAs
(detuned assay): In 1998, Janssen et al10 described
a modification of a commercial HIV-1 antibody assay
(3A11) from Abbott to detect recent seroconversion.
The assay was modified to render it less-sensitive
(hence termed 3A11-LS) in detecting HIV-1
antibodies by use of increased serum dilution (1/20,000
instead of 1/400) and shortened incubation times (30
min from 120 or 60 min). When seropositive individuals
were tested by this assay, early low-titre HIV-1
antibodies were not detected (remained below a predefined threshold cut-off) and therefore, were
classified as recently infected. The mean time period
that seropositive but recently infected people stay
below the threshold of this assay is termed the “window
period” (duration from HIV-1 seroconversion). The
window is calculated by testing sequential specimens
from a number of seroconverters. This duration was
found to be 129 days (95% CI 109-149 days). Because
this EIA was manufactured as a qualitative test, a
calibrator and additional control specimens were needed
to determine the threshold cut-off and to monitor the
assay performance. Centers for Disease Control and

(ii) IgG-capture BED-EIA (BED-CEIA): Limited
availability and limitations of the LS-EIAs led many
laboratories to investigate alternative approaches to
detect recent HIV-1 infections 19-22. Based on the
development of humoral immune responses, several
assays were devised 20 that examined epitope or
antigen-specific responses, antibody avidity/affinity,
antibody quantity and conformation dependence of
antibodies. From the multitudes of assays examined,
we further developed the BED-capture enzyme
immunoassay (BED-CEIA) which indirectly
measured increasing quantity (proportion) of HIV-
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IgG in the serum23. Important features of the assay
are capture format of the EIA which captured both
HIV and non-HIV-IgG in the same proportion present
in the serum and inclusion of a multi-subtype derived
branched synthetic peptide (termed BED) from the
gp41 immunodominant region. Capture EIA allowed
serum dilution of 1/100 (instead of 1/20,000 for LSEIAs) and BED peptide permitted equivalent
detection of antibodies to different subtypes. The
BED-CEIA detected recent infections in subtype B
and E infected individuals from Thailand with similar
window periods (mean window of 160 days).
Subsequently, the window periods for BED-CEIA
have been determined in groups of seroconverters
infected with subtypes A/D (Kenya), B (Amsterdam),
and C (Ethiopia and Zimbabwe). Data suggest that
window periods are somewhat longer in some of the
subtypes tested but their 95 per cent confidence
intervals overlapped (unpublished data). It is still to
be confirmed whether these differences are due to
the assay or due to biologic differences between
populations and/or HIV-1 subtypes. We have
observed that antibody maturation kinetics (as
measured by titre, proportion or avidity) are somewhat
different between subtype B and E infections in
Thailand24.
Due to the quantitative nature of the BED-CEIA,
the assay is performed under stringent criteria
established in our laboratory. We have examined
performance characteristics of the assay for multiple
variables 25 and have found the assay to be quite
consistent. The assay has been transferred to several
laboratories in the United States and elsewhere and
has been used in multiple cross-sectional specimens
to detect recent infections and estimate incidence.
The applications include an injecting drug user
population in Bangkok5, pregnant women in Rwanda26
and Atlanta, ANC surveillance specimens from Addis
Ababa, South Africa and stored surveillance
specimens from Cambodia (unpublished data). The
results demonstrate strong association between
various risk factors and high incidence and provide
trends of incidence when specimens from multiple
years were available for testing. Incidence data from
Cambodia surveillance indicated that incidence
dropped significantly in commercial sex workers from
1999 to 2002, consistent with a rapid increase in

condom use in this population during that time period.
Results also highlighted the problem areas showing
that incidence remained high in western part of the
country bordering Thailand, possibly due to tourismrelated commercial sex 27 . These successful
applications have generated widespread interest but
availability of reagents remained a limitation.
Recently, the assay has been commercialized and is
available worldwide for implementation 28. We are
currently developing protocols for the use of dried
blood spot (DBS) and serum spot specimens. Our
recent data suggest that this application will require
controls and calibrator prepared on matching matrix
(filter paper). Use with DBS will further simplify
surveillance and extend use of the BED-CEIA in
populations where specimen collection, processing,
storage and transport could be obstacles to testing
for recent infections.
(iii) Antigen-specific responses: The LS-EIAs
include viral lysates as the antigens and, therefore,
detect antibodies to all viral proteins. Development
of humoral immunity to HIV-1 indicate that antibodies
to various proteins are elicited at different rates.
Western blot profiles suggest that antibody titres to
gp120/160, gp41 and p31 are quite different in early
versus long-term infections 20. This is corroborated
from the study of seroconversion panels and can form
the basis of an assay to detect recent infection. Thus,
a combination of assays can be used to detect
antibodies to two or more antigens or epitopes to
identify recent infections. Antibodies to gag (p24 and
p17) and env (gp120, gp41) proteins are usually detected
early and get stronger over time after infection.
Antibodies to pol gene products (p31/p51/p66) are
elicited later in the infection, compared to antibodies
to gag/env gene products. Within the envelope
proteins, antibodies to gp41 immunodominant region
(IDR) are elicited early while antibodies to gp120-V3
loop develop later. Barin and his group from France
used a 3-well EIA to detect antibodies to gp41-IDR,
V3-loop and p31 (integrase) and showed a good
separation of people with early infection from those
with long-term infection 29. This requires that each
specimen is tested in 3 separate wells and therefore
will increase the testing, compared to LS-EIA or BEDCEIA. This work has not yet been published or applied
to cross-sectional specimens to validate this approach.
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(iv) Antibody affinity/avidity: Antibody affinity is
measured by surface plasmon resonance and is
defined by an equilibrium constant, K A, which is a
ratio of association and dissociation rates of antigenantibody complex. Antibody affinity increases
following seroconversion and usually relates to
specific antibody population directed to one antigen
or epitope. Kinetics of affinity development are
distinct for different antibody populations and can
be measured using a single peptide or protein. Using
a well-defined immunodominant peptide, such as
gp41-IDR, affinity measurement can distinguish
early from long-term infections 20. Since antibody
affinity is expected to stay the same even in AIDS,
unlike antibody quantity which decays in advanced
disease, this approach is less likely to give false
recent classification. However, the measurement of
antibody affinity is quite complex and not amenable
to large throughput. In contrast, overall binding
strength of polyclonal antibodies or antibody avidity
can be measured by simple modification of an EIA.
This is usually done in a two-well EIA; one well is
used to perform the regular EIA, while the second
well is treated with chaotropic agents such as urea,
potassium isothiocynate (KSCN), diethylamine or
simple low pH buffer following serum incubation to
dissociate low avidity antibodies. Avidity index is
then calculated as a ratio of OD from two wells.
Several investigators have explored this approach 2022,30,31
to examine the avidity maturation following
seroconversion and to detect recent seroconversion.
The avidity parameter is likely to be more robust in
classifying recent infection but requires assay
standardization, definition of threshold cut-off and
corresponding “window period”. Such an approach
can be used as a secondary assay to LS-EIA or
BED-CEIA to increase predictive value of recent
infection classification. Using microwell plates
coated with BED branched peptide, we have
developed a BED-avidity EIA using 8 M urea as a
dissociating agent (unpublished data). This assay was
used in an algorithm to distinguish recent from longterm infection following BED-CEIA as the first test.
When the results of the two assays are combined, it
improved positive predictive value of classifying
recent infection. As present, this assay remains an
in-house tool for further investigation in our
laboratory.

515

(v)Anti-p24 IgG3 antibodies: Recently, Wilson et
al 32 from Australia have reported that p24-specific
IgG3 antibodies are elicited only early in HIV-1
infection but were absent about 4 months postinfection. A simple EIA has been developed to detect
p24-specific IgG3. Examination of 17 seroconversion
panels indicated that p24-IgG3 was detectable
between 34 to 120 days (total duration 86 days). If
these findings can be generalized to different
populations infected with divergent subtypes, this
assay has great potential to be used for HIV-1
incidence estimates.
(vi) Conformation-dependent antibodies: One of the
features of evolving antibodies is its conformation
dependence20,31,33. Early antibodies in HIV infection
preferentially recognize conformational epitopes on
proteins such as external glycoprotein, gp120. Later in
infection, antibodies are elicited to linear antigenic sites.
Antibodies to native protein can be measured using
microwells coated with a native protein and compared
to microwells that are coated with a denatured protein.
Proteins are denatured simply by heating at 100o C or
by reduction/alkylation and then using them to coat
microwell plates. Differences in conformation
dependence of antibodies may provide information to
distinguish early from long-term infection. This property
of antibodies has been examined in a small study20 but
has not been pursued further. As with the avidity
assays, this approach requires at least two-well assay.
(vii) Rapid tests: Like EIAs, rapid test protocols can
be modified such that low titre, early HIV antibodies
are not detected by the assays. Constantine et al 34
modified the Uni-Gold Recombigen HIV rapid assay
(Trinity Biotech, Dublin, Ireland) by using 1/115 prediluted specimens. The procedure was applied to
specimens from known recent or long-term infections.
The modified assay correctly classified 83 per cent
of recently infected individuals but had high rate of
misclassifications among people with long-term
infections. It was suggested that it may have an
application in an algorithm where those classified as
recent infections are further tested by an LS-EIA to
increase predictive value. The results indicated that
the procedural modification was not optimal for the
purpose. Since the RT assays are visual, it requires
careful calibration.
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We have carefully modified assay protocols of
three rapid tests, Determine, OraQuick and SeroStrip
½, by including a pre-dilution step and matching the
results to available Abbott 3A11-LS results for a
known panel of specimens (unpublished
observations). Less-sensitive rapid tests (RT-LS)
were then used in several seroconversion panels and
other specimens with known 3A11-LS data. There
was a high concordance between RT-LS and 3A11LS in classifying recent and long-term infections with
overall agreement reaching >90 per cent. Although
this approach is quite attractive, further studies are
required to ensure validity of this methodology and
consistency of results. Moreover, the impact of
subtype variation on RT-LS is unknown but it is
possible that they will have different performance as
in the case of LS-EIAs. Therefore, application of this
approach is not yet recommended.
Appropriate applications and limitations of the
assays
It is to be noted that these assays, especially those
to be used in post-seroconversion phase, are best
suited for population incidence estimates and are not
meant for individual diagnosis of recent or long-term
infection. The threshold cut-offs and mean “window
periods” are derived from population data and
represent quantitative features of antibody
development that are variable in different individuals
and possibly in different subtype infections. Predictive
values of these assays for individual diagnosis are
not well known. Therefore, ideally these methods
should be used to compare incidence among different
population groups, examine trends of HIV-1 incidence
over time in the same population, or assess the
effectiveness of interventions, pre- and post
intervention. Use of these methods to monitor the
trends over time (or pre- and post-intervention) also
minimizes the impact of potential biases because these
biases will have a systematic effect on the assays.
Some of the antibody-based methods described
above may falsely identify about 2-10 per cent of
people with AIDS as recently infected due to their
declining antibody levels. This points to the caution
of using the assays for diagnosing recent HIV
infection. Taking clinical status of the individuals or

their CD4 levels into account may further help in
reducing this misclassification.
Since LS-EIA and BED-CEIA are quantitative
assays for measuring HIV-1 specific antibodies, the
integrity of serum or plasma specimens is of
importance. The blood should be collected and
processed optimally, standard serology should be
performed within 2 wk while maintaining the sera at
4oC and then frozen at -20o C or below for longer
term storage. If specimens are to be transported to
another laboratory for prevalence and/or incidence
testing, the cold chain should be maintained to ensure
specimen integrity. Compromised specimens, such as
improperly stored sera, those showing bacterial or
fungal growth or highly haemolyzed sera should not
be tested for detecting recent infections because of
degradation of antibodies. Development of protocols
for using DBS or serum spot should simplify specimen
processing, storage and shipping to a great extent
while reducing the cost.
Calculation of HIV-1 incidence
HIV-1 incidence is calculated by using appropriate
formula 28. HIV-1 incidence describes “the rate of
new HIV-1 infections per 100 at risk persons per year”
and is influenced by the number of people at risk
(number negative + number recently infected), and
the “window period” of the test used to detect recent
infection. Therefore, it is important to know the total
number of people in the cross-sectional population.
If only a proportion of sera from seropositive
individuals are available for incidence testing, the
number of seronegatives should be reduced by the
same proportion to calculate incidence. Per cent of
positives that are recently infected may be useful for
demographic correlation but does not define a constant
parameter such as HIV-1 incidence that can be
compared between populations or over time. If the
HIV-1 incidence is to be extrapolated to calculate
national or regional incidence, appropriate adjustments
should be made for population biases that may exist.
It is important that only confirmed HIV-1
seropositive individuals are tested for this secondary
testing for incidence. If negative specimens (false
positives) are included for testing, they will register
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as recent HIV-1 infections on the assays and will
falsely elevate the HIV-1 incidence. Moreover,
compromised specimens as described in previous
section should not be used because they may be
classified erroneously as recently infected due to
decay of HIV antibodies, thus elevating overall
incidence.
Conclusions
The importance of HIV-1 incidence cannot be
overstated. With availability of simple laboratory tools,
HIV-1 incidence can now be measured using crosssectional specimens, including sentinel surveillance
specimens. Many international organizations,
agencies, and national governments are allocating
significant resources to reduce the spread of HIV
epidemic. HIV-1 incidence data can provide point
estimates of the current state of HIV-1 transmissions
and help target valuable resources in a timely manner.
Successful impact of interventions can be confirmed
often years earlier by observing a decline in HIV-1
incidence compared to prevalence, thus providing an
important tool for monitoring and evaluation . In the
context of India, measurement of HIV-1 incidence
can be a very valuable addition to the ongoing national
surveillance. Extrapolation to national incidence
estimates as well as infections averted can be
calculated from yearly incidence data and can provide
solid support to successful prevention strategies. With
improvement in methodologies that can use DBS and
serum spot specimens, both HIV-1 prevalence and
incidence measurements can be greatly enhanced and
should provide a valuable tool to monitor HIV-1
transmissions.
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Over the past two decades, HIV diagnostics have been essential in detecting and monitoring
infection, and continue to play a major role in saving lives throughout the world. As technology
evolved, screening, confirmatory, and HIV monitoring assays have been improved and offer
better alternatives to address blood screening, surveillance, diagnosis, and patient management.
Molecular methods are critical in detecting early infection and for managing patients on anti
retroviral therapy whose viral infection may become resistant to therapy. In addition, modifications
to conventional methods have introduced new assays, such as sensitive/less sensitive (detuned)
assays that can estimate when someone was infected, thereby providing a useful tool for
epidemiologic incidence estimates and enrollment into specific intervention programmes for
recently infected persons. Many of the newly evolving technologies are essential for use in
resource-limited countries because they can address cost issues, limited infrastructure, and a
lack of formally trained personnel. Newer rapid HIV kits can be stored in a wide range of
temperatures (2-30°C) to address cold-chain issues, can use easily-collected fingerstick blood
and oral fluids, and have one-step procedures that are relatively foolproof. Manual CD4
lymphocyte count assays that require only a light microscope and haemacytometer and more
simple assays to estimate viral load are appropriate for developing countries where sophisticated
instrumentation cannot be supported. Technologic advances with HIV diagnostics continue to
address outstanding and new issues associated with diagnosis and the monitoring of infection by
providing more simplified, cost-effective, and accurate testing throughout the world.
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Laboratory testing to identify infection by the
human immunodeficiency virus (HIV) has been used
throughout the world for 20 yr, and continues to be a
major factor in saving lives. Not only in HIV testing
essential for protecting the blood supply and recipients
of donor tissues, but it provides valuable information
for the ongoing surveillance of infection and for the
diagnosis of individuals who can benefit from therapy.
More recently, exquisitely sensitive molecular methods
have been developed that can identify persons with
very early infection and they have been instrumental
in giving health care providers information to stage

infection, predict outcome, and to successfully
manage infected persons who are on antiretroviral
therapy. No other methods for detecting an infectious
agent have had such an important global impact.
This review is aimed to provide a brief overview
of the current technologies available for detecting and
monitoring HIV infection. Also presented are newer
technologies that can offer important enhancements
for diagnosis, surveillance, blood screening, and
disease monitoring, particularly for resource-limited
countries.
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Evolving technology
Over the past two decades, a number of important
advances have been made in the arena of retroviral
testing. In addition to refinement of the classical
serologic screening and confirmatory assays, novel
serologic methods have been developed to offer
advantages in all testing situations. Among the
advances, particularly during the last decade, are rapid
serologic tests that can be performed on fingerstick
blood samples and oral fluids, and require only 1 or 2
procedural steps. These rapid tests have been
recognized to have important applications for saving
lives through the institution of anti-retroviral therapy
in a clinically relevant time during occupational
exposure cases and for pregnant women in labour
whose HIV status is unknown. They have also now
been recognized as important tools for use in public
health clinics to identify infected persons immediately,
thereby reducing loss to follow up when patients must
return at a later date for receiving their results.
ELISA technology has now progressed to fourth
generation assays that are now being used in both
industrialized and resource-limited countries to
increase the sensitivity for detecting early infection
in a cost-effective manner. Serologic assays have also
been modified to include antigens for the enhanced
detection of viral variants, such as HIV-1 Group O
virus. Rapid confirmatory serologic tests have been
introduced to offer cost-savings, simplicity, and can
be applied in public health clinics to confirm infection,
thereby allowing for immediate post-test counseling
and enrollment into management programmes.
Serologic assays have also been introduced that can
provide an estimation of the time that a person was
infected. These sensitive/less sensitive (detuned)
tests are valuable for incidence estimates for better
surveillance and can assist in contact tracing.
Molecular assays for HIV, similar to serologic
assays, have evolved over the past two decades,
progressing from strictly research tools to routine
methods that provide valuable contributions. The
implementation of HIV molecular methods to
characterize and manage HIV infection has changed
the way that HIV medicine is practiced. Polymerase
chain reaction (PCR), nucleic acid sequence based
amplification (NASBA), and branched DNA (bDNA)

methods offer increased sensitivity for early infection
to enhance the safety of the blood supply, are used
for the monitoring of HIV viraemia to predict disease
outcome or death, and can be used to signal viral drug
resistance through changes in viral copy number
during therapy. Molecular assays also allow for
genotyping to determine the mutations associated with
drug resistance so that therapies can be changed to
more effective ones, and can also be used to determine
HIV types, groups, and clades for epidemiologic
purposes. Most recently, more simplified methods
have been developed and marketed that allow for a
close estimation of viral copy number (viral load) in
blood, thereby eliminating the need for sophisticated
methods such as PCR that cannot be supported in
many countries.
Manual methods to determine lymphocyte types
(CD4) and numbers are a recent introduction to the
HIV testing arena. The determination of CD4 levels
and the periodic monitoring of these levels are the
most important means to determine when to initiate
anti-retroviral therapy and when a person’s immune
system is failing. Classical methods to assess CD4
lymphocytes have required sophisticated
instrumentation (e.g., flow cytometry); these methods
are expensive, and difficult to establish and maintain
in countries with limited resources. The availability
of simple-to-perform manual methods is now
addressing an important void. The world has finally
assembled a significant effort to provide treatment
for HIV infected persons in developing countries, and
more simple and manual methods for monitoring CD4
levels and viral loads will be invaluable.
However, even with the best of methods, none are
perfect or free from false positive and false negative
results. Therefore, tests must be selected carefully,
used appropriately, and their limitations realized.
Markers during HIV infection
Host and viral markers that occur during HIV
infection are used to identify infection, and monitor
viral replication, disease progression, and immune
status. These markers appear fairly consistently
between different individuals at various times after
infection. The kinetics of their appearance (time
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intervals) dictate the choice of tests (e.g., antibody,
antigen, molecular, or CD4) to use; depending on the
purpose of testing; they are based on an understanding
of viral dynamics and the kinetics of the host’s
immune response.
After HIV infection, the sequence of blood
markers to identify infection, in their chronological
order of appearance, is as follows: viral RNA, p24
antigen, and antibody to HIV antigens. Within 2 wk
after infection (10-14 days), viraemia, as measured
by viral RNA, appears to increase exponentially1 until
the humoral and cell-mediated immune responses
control HIV replication. Viral RNA levels, which
are an indication of viral replication, usually reach
close to 1 million copies of RNA/ml within a couple
of months before gradually decreasing to a fairly
constant level known as the set-point2. This set-point
is important, and has been used to predict the
subsequent course of infection and disease. High
set-points signal a faster course until the development
of AIDS and death, while lower set-points are
associated with a longer (slower) disease course.
Subsequently, RNA levels gradually increase over time
until a point at which viral replication again increases
exponentially at the time of AIDS. In most individuals
who are not treated with anti retroviral therapy, the
time to AIDS is about 10 yr.
Viral protein (p24 antigen) can also be measured
in blood3, but its detection is later than viral RNA. It
is certain that p24 antigen increases in parallel to viral
RNA as the virus replicates, but is detected later
because of the methods used for its detection; that
is, p24 antigen methods are less sensitive than the
amplification methods used to detect RNA. This is
supported by the recent development of highly
sensitive p24 antigen methods [e.g., p24 boosted
methods and Immuno-PCR4,5.
The time interval before antibody appears, known
as the serological “window period,” is characterized
by seronegativity, detectable viraemia (as measured
by RNA or p24 antigen), and variable CD4
lymphocyte levels6. The detection of specific antibody
to HIV signals the end of the window period and labels
the individual as seropositive. Antibody to HIV usually
appears at about 3-4 wk after infection, but depends
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on the specific antibody method used and variations
in the immune response of different individuals.
Nevertheless, antibody is detected in most persons
within 1-2 months regardless of the method used,
although there are reports indicating that a small
percentage of persons may require up to 6 months
for antibody to appear7. The appearance of antibody
is clearly a major mechanism in decreasing viraemia,
as noted by the decrease in viral copies and p24
antigenaemia as antibody levels rise. This is most
likely because of anti-p24 antibody binding viral p24
antigen and limiting viral replication. At some later
time, probably because of the slow destruction of the
immune system, virus replication increases (RNA and
p24 antigen levels increase), anti-p24 levels decrease,
and the syndrome of AIDS manifests.
CD4 levels slowly decrease over the course of
infection, most likely because of the slow destructive
abilities of HIV. When levels reach about 200 CD4
cells/ml of blood, severe immune deficiency occurs,
the person is labeled as having AIDS, and the
prognosis is poor. The relationship of the viral and
host immune markers is depicted in Fig.1.
Purposes of HIV testing
There are many purposes associated with HIV
testing. For example, screening the blood supply using
HIV antibody tests (e.g., ELISA) has been performed
since 1985, and has resulted in the protection of
countless individuals from HIV infection. These tests
are still useful to protect the blood supply because
most infected individuals who have established HIV
infection will be detected with antibody tests. HIV
antigen and molecular assays can also be applied as
screening assays to detect early infection in blood
donors and have resulted in the detection of about 5
infected persons per year in the United States (among
13 million donors screened) who were missed by
antibody tests8. However, in the majority of countries,
limited resources restrict the use of antigen and
molecular assays because of their cost or requirement
for sophisticated instruments. Secondly, testing can
be used for the diagnosis of infection, in which case
screening test reactive results must be followed by
confirmatory tests [e.g., Western blot, indirect
fluorescence assay (IFA), Line immunoassay], or
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Fig.1. Kinetics of HIV infection and the host immune response.

alternative confirmatory strategies. Confirmation is
important so that individuals can be counseled
appropriately, and so treatment can be instituted if
indicated. HIV antibody tests are also utilized for
epidemiologic surveillance, providing health officials
with information about extent of the infection among
different risk groups, thereby allowing them to target
populations for vaccines, for treatment, to assess
economical concerns, and to provide counselling to
prevent the infection of others. Therefore, diagnostic
HIV assays can be divided into two categories:
(i) screening assays, which are designed to detect all
infected individuals; and (ii) confirmatory
(supplemental) assays that are designed to
differentiate those persons who test falsely reactive
by screening assays from those who are truly
infected. Accordingly, screening tests possess a high
degree of sensitivity (low false negative rate),
whereas confirmatory assays must have a high
specificity (low false-positive rate). For most
applications, screening and confirmatory tests are

performed in tandem to produce results that are highly
accurate and reliable.
p24 antigen assays and molecular HIV assays have
several important applications. First, they are used
as adjuncts to antibody tests to detect early HIV
infection; that is, they can shorten the serologic
window period8. In addition, they can be valuable in
assisting with the diagnosis of HIV infection in the
newborn9, have proven to be the most important means
for monitoring HIV disease progression, and are used
to monitor the response to anti retroviral therapy to
identify viral resistance for determining when to
modify drug therapy10.
The state of the art in HIV testing
Screening assays: Although the goal of screening
assays is to detect 100 per cent of all infected
individuals, it is impossible because not all infected
persons have antibodies or have antibodies at the level
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detectable by current tests. Therefore, persons with
early HIV infection, before antibody is detectable,
will be labeled as negative by antibody tests, when in
fact they are positive. However, in most populations,
the majority of individuals have been infected for
more than 4 wk (no longer in the window period) and
will be detected using antibody assays. Therefore,
antibody tests are the most appropriate and effective
tests for the detection of almost all persons who are
HIV infected.
Enzyme-linked immunosorbent assays (ELISA) for
antibody detection: The initial tests developed for HIV
antibody detection were ELISAs. This assay was chosen
because these types of tests had been used successfully to
detect a variety of other infectious agents, but also because
they are generally easy to perform, suitable for large scale
screening of blood, do not require the use of radioactive
substances, and are sensitive and relatively specific.
ELISAs can be configured to detect antibodies or
viral antigens through the use of antigens and
antibodies as detection reagents, respectively. Since
their introduction, HIV ELISA assays for antibody
detection have been modified in different formats and
refined and improved, each offering advantages for
high-throughput, increased sensitivity and specificity,
greater simplicity, and additional cost effectiveness.
The two most popular configurations for ELISAs
include the indirect ELISAs and the 3rd generation
antigen sandwich ELISAs.
Indirect ELISAs are the most commonly used and
the most cost-effective configurations to detect HIV
antibodies.
Antigen sandwich ELISAs (3 rd generation
technology) were developed later in an effort to gain
sensitivity. They have been shown to meet their
claims for having an increase in analytical sensitivity
(to detect low levels of antibody such that occur during
early infection). In this ELISA configuration, antigen
attached to the solid phase binds HIV antibody in the
test sample, and is then detected by an enzyme-labeled
antigen conjugate. That is, the bivalent antibody will
bind to both the capture antigen and the enzyme
conjugated antigen. The major advantage of the
antigen sandwich technique is that all classes
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(isotypes) of antibody, including IgM that is sometimes
produced early in infection, will be detected, thereby
increasing the sensitivity for detecting early infection.
Although this antibody test configuration offers
sensitivity advantages, it is slightly more expensive.
More recently, 4th generation ELISA tests have
been developed that detect both antibody and p24
antigen simultaneously11-12. Although these are more
expensive than antibody tests, they offer a costsavings for those laboratories where separate
antibody and antigen assays are performed. That is,
the combined 4th generation test is less expensive
than performing two individual tests, mostly because
of technologist's time-savings. An explanation of how
these tests are configured has been published11.
ELISA to detect p24 antigen: The p24 antigen assay
detects the viral capsid (core) p24 protein in blood
which is detected earlier than HIV antibody during
acute infection3. The p24 antigen appears at about day
16 after infection as a result of the initial burst of virus
replication. Therefore, this marker can be used to
shorten the serologic window period by about a week.
Although this has been used to screen the blood supply
for many years, it will be discontinued because RNA
testing has proved to be a more sensitive method8.
Testing for p24 antigen has been of value in the
following situations: (i) detecting early HIV infection
in persons who have been exposed but are
seronegative, (ii) screening blood for the detection
of HIV infection before antibody is produced,
(iii) diagnosing infection in the newborn, and
(iv) monitoring anti-viral therapy. However, in
countries that can afford and institute RNA testing,
the p24 antigen test offers no advantages; it may be
valuable in countries where RNA testing cannot be
performed. However, unless an immune complex
dissociation method is used, a major limitation is that
the test is insensitive when testing blood, both because
low levels of antigen are difficult to detect and because
antigenaemia occurs only transiently during different
stages of infection due to the presence of p24/antip24 complexes.
The HIV p24 antigen test procedure is a basic
antibody-sandwich ELISA where specific monoclonal
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antibodies to HIV p24 are attached to the solid phase
and “capture” the viral antigen in the sample (which
is pre-incubated in a lysis buffer to disrupt the virion).
An antibody detector (a biotinylated anti-p24 antibody)
is added and incubated, followed by conjugate addition
(streptavidin-horseradish peroxidase). If present, the
captured antigen is bound by the biotinylated anti-p24,
strepatvidin HRP binds to the biotin, and the
subsequent addition of a substrate results in the
production of colour. The resultant optical density
(OD) values generated from the colour development
are proportional to the amount of HIV-1 p24 antigen
in the specimen, and can be quantified by comparing
OD values from a standard curve.

be demonstrated (up to 20% higher detection of
positive samples).
Rapid and simple antibody assays: Not long after
the HIV ELISAs were marketed, rapid and simple
assays became available. Rapid HIV tests are defined
as tests that can be completed in less than 30 min
and do not require instrumentation and can be read
visually. These tests gained popularity in the early
1990s, and as technology became refined, proved to
be as accurate as the ELISAs.

The p24 antigen tests are subject to false positive
reactions, presumably because of interfering
substances (e.g., rheumatoid factor) and other
immune complexes. Therefore, specimens that test
repeatedly reactive in the antigen test must be
confirmed using an antigen neutralization assay to
verify specificity. This neutralization assay consists
of an anti-p24 antibody that is used to pre-treat the
sample before testing in the routine p24 antigen assay3.
During this pre-treatment, true p24 antigen in the
sample will be complexed with the neutralizing
antibody, resulting in an antibody-antigen complex.
This complex will prevent the p24 antigen from being
captured by the solid-phase antibody when tested in
the routine p24 test, resulting in a reduction of OD
value (usually about 50%) as compared with the OD
readings of the non-neutralized sample. If this degree
of reduction (inhibition) does not occur, the sample is
not confirmed to have p24 antigen, and the reactivity
was probably not caused by p24 antigen.

Rapid tests offer a number of advantages over
the more conventional ELISA screening assays. For
example, rapid assays are simple to perform (require
fewer steps than ELISA), require no instruments, can
be performed by persons with limited technical
expertise, are often performed at point-of-care
facilities such as physician’s offices, and offer results
in less than 30 minutes. In addition, a number of rapid
HIV tests are considered to be robust (particularly in
comparison to ELISAs), as they have a wide range
of storage temperatures (4-33ºC); many of these can
be stored at room temperature. In addition, most
rapid assays incorporate an internal procedural
control, usually an antibody to human IgG, which
detects any immunoglobulin in a sample and is
primarily incorporated to eliminate false negative
results that could occur because of failure to add a
sample (an important attribute that EIAs lack). Some
rapid tests are configured to allow the differentiation
of viral types (HIV-1 and HIV-2) simultaneously14.
Even others have separate spots to identify and
differentiate HIV-1 group M, HIV-1 group O, and
HIV-2 15 .

It appears that the main reason for the lack of
sensitivity of the antigen test when testing the serum
of HIV infected persons is that free p24 antigen in
serum is complexed with p24 antibody. To improve
the sensitivity of the p24 antigen assay, manufacturers
have introduced an immune complex dissociation
(ICD) procedure using a low pH buffer or heat (or
both) to dissociate p24 antigen/anti-p24 antibody
complexes before performing the p24 antigen assay13.
This ultimately increases the number of p24 antigen
molecules available for detection. Using the ICD
procedure, an increased sensitivity of the assay can

Rapid assays can be used in a number of essential
situations. In United States public health clinics, for
example, a large number of clients get tested but do
not return for results 16. In such clinics, where 2.5
million HIV tests are performed each year, over
700,000 (33%) individuals who tested negative and
25 per cent of the nearly 10,000 HIV infected persons
did not return to receive their results. Had a rapid
HIV test been used that provides results immediately
(e.g., rapid oral fluid or fingerstick test), these
individuals would have learned their HIV status
immediately and been informed and counseled
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appropriately. The use of a rapid test would have also
eliminated the need for nearly 2 million negative
persons to make arrangements to revisit. It would
also allow the 10,000 positive persons to be counseled
appropriately on their initial visit about behaviour
changes and the potential to receive highly effective
anti retroviral drugs that could undoubtedly extend
their lives. In occupational exposure cases, rapid
testing can occur in minutes, allowing treatment to
be started within the two hour recommended time
frame to significantly reduce the transmission to the
injured person17; note that the source patient, not the
injured person, is tested to determine if the injured
person has been exposed to HIV positive blood from
the source. Also of high importance, rapid testing of
pregnant women in labour whose HIV status is
unknown, can be conducted immediately to make the
important decision of the necessity for treatment.
Appropriate treatment of both the HIV infected
mother and the child in a relevant time frame can
decrease transmission by up to 66 per cent18. Rapid
tests that use oral fluids or fingerstick samples are
also valuable in certain populations that are reluctant
to give blood (for religious reasons) or for populations
where blood is difficult to obtain [obese individuals,
intravenous drug addicts (IVDA), etc.). The use of
oral fluid or fingerstick samples in combination with
the ease of use of rapid assays offers a means to
increase compliance for testing19, thereby increasing
the number of individuals who will learn their HIV
status. Rapid HIV tests are becoming widespread in
developing countries because they effectively address
financial restraints and infrastructure issues (e.g., lack
of stable electricity, equipment, and training of
personnel) that are omnipresent in developing
countries. Rapid tests can also be used in alternative
screening and confirmatory algorithms20. The use of
two screening tests in tandem, if appropriately
selected, may offer a predictive value equivalent to
that of an ELISA/Western blot algorithm, but with
substantial cost and time savings21.
The disadvantages of rapid HIV tests are few, but
include: (i) errors are common because users become
careless with the simple procedures; (ii) interpretation
of results are subjective (reader dependent); (iii) they
are not effective if the laboratorian is colour-blind;
and (iv) the cost is sometimes higher than that of the
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ELISAs, although cost-savings are realized if a small
number of samples are tested per day.
Rapid assays are generally configured as (i) flowthrough, (ii) lateral flow, or (iii) agglutination assays.
Fig.2 shows a typical dot-blot assay for HIV-1 and
Fig.3 depicts an HIV-1/HIV-2 combination assay.
Flow-through assays were among the first rapid HIV
assays introduced in the late 1980s, and are still
popular. Many yield results within 5 or 10 min, some
in as little as three minutes. They are easy to perform
but do require multiple steps. In typical flow-through
assays, the antigens are passively blotted onto the
support membranes usually by hydrophobic
interactions, and are most often placed as a small
circle (dot) or line. These antigens are usually
recombinant, synthetic peptides, or a combination of
the two. A plastic device holds the solid support and
contains absorbent pads under the membrane to collect
the serum and reagents after the reaction with the
antigens has occurred on the membrane. The captured
antibodies are detected by an antibody-labeled enzyme
conjugate, or more often using a protein A/colloidal
gold conjugate (protein A will bind to human IgG).
Most of these dot-blot assays can be stored at room
temperature (25ºC) for at least 6 months (controls
may need to be refrigerated) and each device is
individually packed in the kit. To address
interpretation subjectivity, reflectance densitometers
have been developed to give an objective readout
(Fig.4).
Rapid lateral flow assays typically consist of
antigens applied to a membrane which is assembled
“laterally” with sample pad at one end and wicking
pad at the other end, and offer added advantages over
flow-through rapid tests22. These advantages include
more simple procedures, including some having only
“one-step” procedures23, room temperature storage,
some incorporating an antigen sandwich configuration
(third generation) to increase sensitivity24, and the
practical advantage that these assays are not fraught
with the problem of poor flow-through that is noted
with some flow-through rapid devices because the
reagents wick horizontally or vertically by capillary
action. Most of these rapid assays, also called
immunochromatographic assays, have most, if not all,
reagents contained in the device. The reagents are

526

INDIAN J MED RES, APRIL 2005

contained in a flat or cylindrical cartridge device,
usually made of plastic or paper, and include a
membrane strip that contains the antigens that will
capture antibody in the sample. Whole blood, oral
fluid, or serum (depending on the test) is applied at
one end of the device (or the strip is placed in a tube
containing the sample), and the sample is allowed to
diffuse along the strip by the process of
chromatography (diffusion or wicking). Impregnated
reagents in the strip, often a protein A/colloidal gold
reagent, allow the antibody/antigen/conjugate
reactions to occur without further additions of
reagents, whereas other lateral flow assays require
just one other addition of buffer after sample
addition 23. The simplified procedure decreases the
chances of technical error, making these assays more
foolproof. The results are usually a “test line,” which
indicates reactivity of HIV antibody with the
immobilized HIV antigens, and a “control line,” which
acts as a procedural control. Therefore, these types
of rapid assays offer attractive features, are accurate,
and are gaining in popularity. Figures 5 and 6 depict
two rapid lateral flow assays. The OraQuick HIV-1/
HIV-2 is now approved in the United States to detect
both HIV-1 and HIV-2 using oral fluids, fingerstick
whole blood, venipuncture whole blood, and plasma25.
Limitations of screening assays: Screening tests to
detect antibodies to HIV, although highly effective in
identifying infected persons, will not always detect
all individuals who are infected and do not always
correctly classify persons who are not infected. A
less-than-perfect ability to identify all infected persons
can be the result of a variety of reasons. This may be
the result of an imperfect epidemiologic sensitivity,
analytical sensitivity, sensitivity to detect HIV-2 or
other HIV variants, or the result of technical errors6.
These limitations of the tests must be recognized, and
to minimize these, the most appropriate tests for a
particular testing situation must be selected.
Manufacturers are required to include in their package
specifications that usually include its sensitivity,
specificity, and predictive values. These claims may
be the result of clinical trials required for test approval
but may also take into account in-house studies by
the manufacturer (non-clinical trials). Although these
values may give a relatively good idea of how the
tests perform, they must be viewed with caution
because the results of all studies may not be included.

Fig.2. a. Negative and b. Positive results for the MedMira
Reveal rapid assay for HIV-1.

Fig.3. a. HIV-1 positive result on the BioRad Multispot HIV-1/
2 rapid assay. b. Diagram of the configuration of BioRad
Multispot HIV-1/2 rapid assay.

It is also important to understand that the values
described are the results obtained under optimal
conditions, i.e., under perfect testing conditions, with
well-trained laboratory personnel, and with wellprocessed and clean samples. It is recommended that
laboratories request the results of independent
studies, preferably performed in a similar geographic
region in which the test is to be used. In particular,
screening assays are notorious for producing some
degree of false positive results, and this limitation is
responsible for the requirement for further testing for
resolution. Finally, all tests should be considered as
less than perfect and, therefore, the results of any
one test should not be considered definitive; further
screening tests or confirmatory tests must be
performed on samples found to be reactive by
screening tests. Finally, all tests should be evaluated
using sera from the particular population where the
test will ultimately be used. Samples from different
geographic locations can influence the performance
characteristics of all tests. For example, a particular
test may be more influenced by the presence of
malaria than will another test, thereby reducing
its effectiveness if used in populations where malaria
is present.
Confirmatory assays: Confirmatory assays are
designed to offer a greater specificity than screening
assays, and therefore are the methods of choice to
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Fig.4. A rapid assay reader (reflectance densitometer), which provides objective results.

verify that reactive results from screening assays
represent HIV infection 6. They do not, however,
verify that screening test negative results are from
non-infected persons, nor do they verify that negative
or indeterminate results from these confirmatory tests
are from a person who is not infected. Confirmatory
tests produce false negative results in persons who
are in early stages of infection because confirmatory
tests are not as sensitive as screening tests, and they
also produce false positive results in some cases. The
purpose of confirmatory tests is to rule out false
positive results by screening tests, not to confirm that
a person is unequivocally infected with HIV or to
confirm that a person is negative for HIV. They are
highly effective in the great majority of persons.

of antibodies to the retroviruses and many consider it
as the “gold standard” for validation of HIV results,
although it is sometimes replaced by other assays such
somethimes as the LIA and IFA. Most Western blots
that are used for detecting infection by the retroviruses
are supplied by commercial companies in kit form with
the antigens already being electrophoresed (separated
by molecular weight) and blotted onto a membrane
which is then cut into strips. The HIV-1 viral antigens
are therefore separated as follows: gp160, gp120, p66,
p55, p51, gp41, p31, p24, p17, and p15. It is important
to remember that non-viral proteins derived from the
host cells in which the virus was grown will also be
present on the nitrocellulose membrane. If antibodies
to these non viral bands are present in the patient
sample, interpretation may be confusing.

HIV Western blots, Line ImmunoAssays (LIA),
and IFA are the most common serologic confirmatory
assays, although others, including rapid and simple
confirmatory assays have also been developed 26,27.
Confirmatory assays are more costly then screening
tests, generally require expensive and sophisticated
instrumentation, and are more cumbersome to
perform. In general, the different confirmatory assays
have an equivalent cost. The most common
confirmatory assays are presented below:

Interpretation relies on the presence or absence of
reactivity to the specific antigens. Although a number
of organizations have different criteria for what
constitutes a positive reaction, interpretation criteria
always require reactivity to at least 2 of the following
antigens: gp160/120, gp41, or p246. Any reactivity that
does not meet the requirements for being positive,
classifies the sample as indeterminate. The absence
of any reactivity is interpreted as negative.

Western blot: The Western blot is probably the most
widely accepted confirmatory assay for the detection

False positive Western blot results have been
reported, although this is rare. In most cases, these
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samples will show no reactivity to p31 28. Hence,
caution should be made when reporting results from
persons whose sera show this profile, and the
laboratory should include a statement in the report
indicating that follow up testing should be conducted
in 1-3 months. Other causes of false positive Western
blot results are vaccination with HIV envelope
proteins, and in persons who have some autoimmune
diseases such as systemic lupus erythematosus (SLE).
Details on Western blot testing and interpretations can
be found elsewhere29.
Line immuno assay (LIA): The principle of the LIA
is similar to the Western blots in that it incorporates
separate HIV antigens on nitrocellulose strips so that
each reaction can be visualized separately; the
procedure is almost identical. The difference is that
in LIAs, artificial HIV antigens are “painted” on the
strips rather than being electrophoresed from viral
lysates; these antigens are usually recombinant
antigens and/or synthetic peptides29.
The LIA offers several advantages over the
Western blot. Because the antigens are not derived
from lymphocyte-cultured viral lysates, they
eliminate the background from the non-specific host
cell proteins, thereby decreasing the number of
indeterminate results in non-infected persons. Also,
the synthetic and recombinant antigens can be better
standardized, which minimizes kit lot-to-lot variations.
The antigens can be applied in optimal
concentrations, unlike Western blots, where poor
expression of some antigens (e.g., gp41) is always
a problem. Differentiation of HIV-1 and HIV-2, or
even groups of virus (e.g., HIV-1 group O), is
possible in LIA because of the ability to include
antigens from each virus. Finally, the LIA offers
better quality control because they include controls
on the strips to ensure that the procedure was
performed correctly and to aid in the grading of
reactions.
The interpretation of LIA results is simpler than
for Western blots because of the absence of so many
bands and contaminating host cell proteins. For the
majority of LIAs, a positive result for HIV-1 is
classified when there is reactivity to p24 and gp41.
For HIV-2, if a combination LIA is used, there must

Fig.5. The OraQuick rapid assay.

Fig.6. Example of a rapid finger-stick lateral flow assay; tests
included in this category are HemaStrip (SDS) and SureCheck
(Chembio).

be reactivity to the HIV-2 specific peptide and to at
least one of the HIV-1 proteins. A negative result is
indicated when there is no reactivity to any of the
HIV-1 bands or the HIV-2-specific peptide.
Indeterminate reactions occur when there are
reactions to some bands without meeting the criteria
for positive or negative. Fig.7 shows the antigens
and controls included on a typical LIA and on a
combination LIA.
Indirect immunofluorescence assay (IFA): The IFA
for detecting antibodies to HIV is used in many
laboratories, particularly in Europe, as a confirmatory
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Fig.7. Diagram of line immunoassay (LIA) strips. (A) typical LIA; (b) a combination LIA.

test for HIV infection. The IFA detects antibodies to
many HIV antigens and is useful as both a screening
assay and a confirmatory test. In the IFA technique,
cells (usually lymphocytes) are infected with HIV and
are fixed to a microscope slide. Serum is added and, if
present, the anti-HIV antibodies react with the
intracellular HIV before being detected with a
fluorescent conjugate (anti-human immunoglobulin
coupled with a fluorescent tag). This technique has the
advantage of sometimes providing definitive results of
samples that have yielded indeterminate results by
Western blot analysis30, but has the disadvantages of
requiring an expensive and well-maintained fluorescence
microscope and a subjective interpretation. Therefore,
the method requires individuals to be well-trained and
to have expertise for interpretation of results. Also, if a
patient has received a therapy such as fluorescence
angiograms, false positive results may occur. The
sensitivity and specificity of the IFA are equivalent to
the Western blot.

Rapid and simple confirmatory tests: Clearly, there
is a major void in the rapid diagnosis of HIV in public
health clinics and point-of-care testing venues in
persons who have been labeled as positive by
screening tests. Currently, rapid screening tests that
use fingerstick and oral fluid specimens provide results
quickly, but a person found to be reactive must still
be recruited back to receive their confirmatory
results. In these cases the patient is counseled during
the initial visit; however, they must be informed that
their result may not be accurate and that they must
have further testing before a conclusion is made. This
uncertainty of HIV status can be devastating, and it
may require weeks before a definitive result can be
transmitted to the patient. If a confirmatory result
could be obtained at the same time, this uncertainty
and the loss to follow up could be eliminated. Also,
confirmatory tests require stable electricity and
instrumentation, necessities that are not available in
most laboratories in resource-limited countries.
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Advances in the performance characteristics of
rapid tests, improvement in their accuracy, and the
availability of multiple recombinant and synthetic
peptide antigens, impart rapid assays with a potential
to simulate Western blot assays or LIAs, which
incorporate separated antigens or distinct artificiallyproduced antigens to identify specific antibodies to
HIV. Accordingly, multiple specific antigens of
diagnostic importance (e.g., p24, gp41, and gp120)
can be applied to membranes in a rapid test format
allowing for the differentiation of antibody reactivity.
We are aware of three rapid or simple HIV
confirmatory tests. The Quix HIV-1 Rapid Antibody
Identification Test (Universal Health Watch, USA)
is a flow-through rapid test that incorporates the
diagnostically important antigens, and provides results
in 10 min 26. The Bionor HIV-1 & 2 Confirmatory
Rapid EIA (Bionor, Norway) is a simple magnetic
bead ELISA that can be performed on a portable
magnetic rocker platform and follows a typical ELISA
procedure31. The HIV 1 & 2 CombFirm (Orgenics,
Israel) is a dip-stick method that is simple to perform
without the need for instrumentation and results are
complete in about 1 h 32 . Rapid and simple
confirmatory assays have produced encouraging
results and it is probable that they will gain acceptance
and wide use in the near future.
Alternative confirmatory strategies: In addition to
the traditional screening test/confirmatory test
algorithm (e.g., ELISA/Western blot), a number of
alternative algorithms have been developed to
address cost and infrastructure issues (e.g.,
laboratories without the capability to use tests that
require instrumentation and stable electricity). The
strategy behind alternative algorithms relies on the
fact that each screening test produces some false
positive results, but that not all screening tests produce
a false positive result on the same sample. Therefore,
the use of two, carefully selected, screening tests used
in tandem (one after the other) can increase the positive
predictive value3 of a positive result. Many of these
alternative confirmatory algorithms are already in
place, and a number of expert organizations recognize
their value and are considering their use. These
algorithms usually include (i) an ELISA followed by a
rapid test, (ii) two ELISAs, (iii) two rapid assays, or
(iv) the inclusion of a third test as a tie-breaker if the
first two tests produce discordant results.

The use of these alternative algorithms have been
shown to provide predictive values equivalent to that
of an ELISA/Western blot algorithm 33 , and with
substantial (75%) cost and time savings 34. In fact,
the use of a double rapid test strategy has been shown
to decrease the cost per patient counseled by almost
one half as compared with more classic strategies,
and such a strategy can increase the proportion of
patients counseled after testing.
There are some basic rules to follow when
considering the use of an alternative testing strategy
based on two screening tests, and laboratories must
evaluate these in their specific testing situations.
These rules include, but are not limited to: (i) the
different tests must incorporate antigens from
different sources (e.g., the first test may use
recombinant antigens, while the second test uses
synthetic peptide antigens; differences in the type of
antigens used in the two tests will help to ensure that
an antigen that is responsible for producing a false
positive result will not cause the same false positive
result in both assays); (ii) if the tests are not based
on different types of antigens, the assay
configurations must be different (e.g., if two ELISAs
are used, they cannot both be based on an indirect
ELISA method; instead, if the first is an indirect
ELISA, the second must be a competitive or antigen
sandwich method); and (iii) the second (and/or third)
tests used in an algorithm should possess a higher
specificity than the first screening test, while at the
same time having an equal sensitivity (such tests are
available but may be more expensive). These
algorithms should be used with caution, and with a
full understanding of sensitivity, specificity, and
predictive values of the tests. In addition, it is critical
that each laboratory or national programme carefully
evaluates a testing algorithm in their settings before
adopting it for routine use. This is particularly important
if the tests are to be used in areas where HIV
variants occur, as tests must be selected that have
the ability to detect these variants.
One of the most well known alternative algorithms
for cost savings and for addressing limitations in
testing facilities is based on performing two screening
tests in tandem (as a screening mode), with a
confirmatory test performed only if there is a negative
result by a second test when testing samples that were
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positive by the first test. It was shown that this
algorithm provided up to 80 per cent cost savings,
with minimum loss of sensitivity and specificity35. In
these algorithms, a negative result using a highly
sensitive rapid screening test is considered as negative
(much like all screening test results). A positive result
is tested by a second rapid screening test, and if both
are positive, the result is considered to be confirmed
positive. If a sample that is positive by the first rapid
test is negative by the second rapid test, the sample
is classified as indeterminate (inconclusive), or is
tested by a third screening test or a confirmatory test
such as the Western blot; the result of this third test
is considered definitive.
Alternative testing media: Saliva and urine: The use
of body fluids other than serum or plasma (alternative
fluids) for identifying HIV infection was verified to be
accurate in the mid 1990s. For oral fluids (saliva), a
better understanding of physiology in the oral cavity
led to information that allowed tests to be tailored for
accurate detection. Antibodies in the oral fluid are
derived from capillaries from the tooth-gum margin;
they are IgG antibodies from the blood, not from the
salivary glands that contain IgA antibodies. This plasma
derived fluid is called a transudate or cervicular fluid
contains the same antibodies that are detected when
testing blood36. This transudate from blood constantly
leaks into the oral cavity and it is the medium that is
tested for HIV antibodies37. Specifically designed oral
fluid collection devices preferentially pull this fluid from
the capillaries. Currently, there are oral fluid ELISA,
Western blot, and a rapid test licensed by the FDA for
use in the United States.
Intact IgG antibodies are also found in urine, but their
exact origin is unknown. The collection of urine is simple,
non-invasive, inexpensive, and the sample can be stored
at room temperature for one month or refrigerated for
extended periods of time38. There is an FDA licensed
ELISA and a Western blot that use urine.
The testing of alternative fluids to identify HIV
infected persons has a number of uses and offers
advantages in a variety of testing situations. Oral fluid
samples can be collected easily and safely, can be
collected in groups, are safer to collect than blood (less
infectious), and tend to increase compliance for
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testing19 because they can be collected from persons
who are resistant to giving blood. In addition, the more
recent introduction of rapid assays for testing oral fluid
samples and potentially urine combines ease of
collection with rapid test results, thereby providing
significant capability and flexibility over methods that
require venipuncture samples. Finally, the use of
alternative fluids allows collection at sites where
phlebotomy cannot be performed, such as remote
clinics or point-of-care facilities; this can be especially
important for areas where individuals must walk or
travel long distances for health care. Such collections
can even be brought to the individual at their residence.
Molecular assays for monitoring HIV infection:
The documented association between the number of
HIV virions in the blood (viral load), as measured by
viral nucleic acid levels such as RNA, and the clinical
course of HIV infection has led to the use of molecular
tests as the standard of care for treating patients
throughout the world. Molecular tests to assess viral
load have also allowed for elicitation of the kinetics
of viral replication, an important variable that is used
to better understand the natural history of HIV
infection. In addition, viral load testing has provided
valuable information about the risk of disease
transmission after exposure to HIV, and it can be used
to diagnose HIV infection prior to seroconversion8.
In fact, the transmission rate of HIV was 0 per cent
among women with plasma HIV RNA levels <1,000
copies/ml, as compared with 41 per cent among
women with viral loads greater than 100,000 copies/
ml39. Most importantly, the viral load in the blood is
used in conjunction with CD4 T-lymphocyte counts
as the means to stage HIV infection, monitor disease
progression, and predict clinical outcome for
prognostic purposes. Of paramount importance, viral
levels in the blood provide information that will dictate
when to initiate and modify antiretroviral therapy. If
the HIV viral load increases significantly it is certain
that the therapy is failing, and it is likely that viral
resistance to the drugs is evolving2.
During the 1990s, molecular techniques for the
identification and quantification of viral nucleic acid
in plasma were implemented and subsequently
became known as nucleic acid tests (NAT). These
methods were originally developed as more
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analytically sensitive methods to detect early HIV
infection in infected persons who were falsely
negative by serologic methods (during the window
period). As quantitative NAT methods became more
refined and commercially available, their potential for
monitoring viral replication was realized, and the
ramifications of HIV replication became apparent.
Although HIV RNA testing is sometimes used for
diagnostic purposes, it is not approved for this purpose.
There are several reasons for this. For example, there
is an absence of available and internationally recognized
HIV quantification standards to verify that all types of
molecular assays are performing equivalently. Results
from assorted sera may vary when analyzed by the
different amplification assays; and thus, preclude the
validity of results from a particular assay, as well as
preventing a comparison of results or use of results
interchangeably between different assays40. In addition,
the performances of these assays sometimes differ
when testing different HIV genotypes or clades 41,
thereby raising uncertainty about a correct diagnosis.
Also, each assay has inherent limitations (e.g.,
sensitivity to inhibitory substances that may be present
in some specimens) that may cause false negative
reactions; and some tests have a higher propensity for
false positive results. Finally, the reproducibility of viral
load assays (95% confidence limits) is 0.3 log10/ml42,
indicating that 10,000 copies/ml has a two standard
deviations range of 3,100-32,000 copies/ml); this shows
that variability in viral load measurements occurs, even
in sequential testing, and results should be interpreted
cautiously.
Other molecular methods are used to provide
additional information for HIV infected individuals.
These include in situ hybridization for identifying
nucleic acids in tissues, genotyping to determine the
type, group, or clade of HIV, and nucleic acid
sequencing to assess mutations of the virus that are
associated with antiretroviral drug resistance43.
Several NAT technologies are available; the most
common will be briefly presented. All molecular
methods have three steps in common, including: (i) a
front end step that includes sample preparation and/
or viral nucleic acid extraction; (ii) a middle step
consisting of target nucleic acid sequence

amplification or amplification of the signal generated
from the detection of target viral RNA; and (iii) a
back end step that allows detection and/or
quantification of the amplified products. The three
major methods are (i) the reverse transcription
polymerase chain reaction (RT-PCR), (ii) nucleic acid
sequence based amplification (NASBA) / transcription
mediated amplification (TMA), and (iii) branched
chain DNA (bDNA).
Polymerase chain reaction (PCR): The PCR
technique gains its exquisite sensitivity by artificially
replicating nucleic acid sequences of the target (e.g.,
viral genome) so that millions or billions of the target
sequences are made available for detection. Subsequent
detection is usually through capturing of the amplified
target sequences (amplicons) and visualization through
an enzyme/substrate reaction (i.e., colorimetric reaction).
HIV RNA detection by RT-PCR requires the use of the
reverse transcriptase enzyme that converts the viral
RNA to DNA so that the DNA can be replicated for
detection. HIV RNA quantification (viral load PCR)
uses the same procedure as RT-PCR, but with the
inclusion of a standard that allows for RNA copy number
to be determined. Different versions of the original RTPCR method have evolved over the past few years, and
the newer versions have a lower detection limit of 50
copies/ml, and a better performance in detecting all HIV
clades42,44. To accomplish this increased sensitivity, this
ultrasensitive method uses a larger sample volume, and
an ultracentrifugation step to concentrate virions before
the actual amplification strategy is initiated. Some assays
detect amplicons at the same time they are produced
(Roche Molecular Systems) and are referred to as
“TaqMan” or “Real-time” assays where the amplicons
are detected at each cycle of amplification when specific
probes that carry a fluorescence marker bind to the
amplicons. Roche also manufactures the automated,
PCR-based COBAS AmpliScreen HIV-1 Test, version
1.5, a qualitative test for the direct detection of HIV
RNA in human plasma from donations of whole blood
and blood components for transfusion (http://www.rochediagnostics.com).
NASBA and TMA: TMA and NASBA are isothermal
amplification methods that eliminate the need for heatstable enzymes and the thermocycler instruments that
are required for RT-PCR. They involve a one-step,
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isothermal amplification reaction that utilizes a
continuous cycle of alternating stages of reverse
transcription for DNA synthesis using an RNA
template, and RNA synthesis from a DNA template
adapted for HIV-1 RNA quantification to replicate
the RNA target. BioMerieux markets the NucliSens
HIV-1 RNA QT assay (http://www.biomerieux.com)
based on NASBA technology for use in prognosis
and patient management. The assay selectively and
directly amplifies HIV-1 RNA without PCR in a onestep sandwich hybridization procedure. A primer is
used to synthesize cDNA from the specimen RNA.
RNA is then amplified by repeated cycles of synthesis
and transcription from this double-stranded DNA
intermediate under isothermal conditions. The amount
of nucleic acid is determined directly by
chemiluminescence. The assay is an automated
sample processing, amplification, and detection system
that is highly efficient for the amplification of RNA.
Three internal calibrators (low, medium, and high
RNA concentrations) and total plasma nucleic acids
are extracted simultaneously with test samples in each
set of testing. The nucleic acid extraction can be
performed with a wide variety of sample types other
than blood42.
TMA is a similar technique where viral RNA is
captured on magnetic particles, amplified, and the
product added to probes 45 . Gen-Probe (http://
www.gen-probe.com) has developed a homogenous,
one-tube amplification and detection TMA system
that allows a greater than one billion-fold amplification
under isothermal conditions using the TMA system
which combines the three enzymes reverse
transcriptase (RT), RNase H, and RNA polymerase
(T7) in a reaction mixture. The viral target sequences
are copied by reverse transcriptase using RT to
produce a transcription complex. The transcription
complex is used to make numerous RNA transcripts
(amplicons) of the sequence in 15-30 min, and the
process repeats autocatalytically. The detection of
amplified product is achieved by a hybridization
protection assay technology, whereby probes labeled
with acridinium ester (AE) are added to the
amplification reaction, a selection reagent is added
to differentially hydrolyze the label associated with
the unhybridized (unbound) probe, and
chemiluminescence (flashes of light) of the hybridized
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probe is detected by a luminometer following the
addition of peroxide and alkali; no light is emitted in
the luminometer from the unhybridized probes. There
are no wash steps or transfer steps of amplicon to
separate reaction vessels, thereby minimizing carryover contamination.
Branched DNA (bDNA): Another popular viral load
assay is based on the branched chain DNA signal
amplification technique, which is patented by Bayer
Diagnostics (http://bayerdiag.com). The bDNA assay
is based on the principle of a signal amplification from
annealed DNA probes through the formation of
controlled networks of synthetic oligonucleotide
probes, rather than amplification of the target nucleic
acid (signal amplification); that is, the signal, not the
target is amplified42. Its sensitivity is slightly less than
other NAT methods, although the assay has a potential
advantage over other methods because of its ability
to use a wide range of DNA probes that recognize a
broad spectrum of HIV sequences, including HIV
viral variants. The HIV bDNA assays can be used
for the detection and quantification of HIV virions in
plasma, serum, blood cells, or tissue. This method does
not require viral RNA purification. Instead, virions
are concentrated by centrifugation and disrupted by
detergent and proteinase K, releasing viral RNA. A
total of 81 target probes are used to bind to different
sequences within the pol gene, and a mixture of
capture probes hybridizes the HIV RNA to the
surface of individual wells in a 96 well plate. An
amplifier probe hybridizes to a preamplifier forming
a branched DNA complex and generating enough
signal sites to be detected directly after labeling.
Alkaline phosphatase-labeled probes hybridize to the
resultant branched chain DNA and allow for detection
of the signal using chemiluminescence technology.
Quantitation is achieved by comparing the results of
the patient specimen with a standard curve
determined by relative light units generated by the
standards of known viral concentration.
Molecular methods are limited by both cost (about
$80 per test) and their substantial inherent variation
in intra-assay, inter-assay, inter-laboratory, and intermethod testing. Therefore, it is recommended that
laboratories performing viral load testing consistently
use the same type of assay and that physicians make
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sure that sequential results on their patients be
obtained using the same method performed in the same
laboratory.
New and novel HIV assays
Sensitive/less sensitive or “detuning” tests: During
HIV infection, once antibody begins to appear, titres
progressively increase until about 4-5 months when
levels finally peak and subsequently remain at fairly
constant levels throughout the remainder of infection6.
Also, antibodies usually begin with low avidity (binding
strength), which then increases as infection
progresses46. These parameters have been exploited
in the “detuned” or S/LS ELISA methods [also known
as Serologic Testing Algorithm for Recent
Seroconversion (STARHS)] to estimate the relative
time since a person was infected with HIV.
In the classical S/LS ELISA tests, the routine
(sensitive part) is performed to verify that the patient
is positive for HIV antibodies. By incorporating an
extra sample dilution and decreased incubation times
into this normal procedure, the sensitivity of the assay
is purposely decreased (less sensitive part), allowing
for detection of only those individuals who have high
antibody titres or avidity. Those detected as positive
by the less sensitive part are considered to have an
established infection (greater than 4 months) and
those not detected in the less sensitive part are
considered to have a recent infection (less than 4
months) since their antibody titres are relatively low.
This information is important for HIV incidence
estimates (which can target high-risk groups who can
benefit from the institution of intervention
programmes), for studies of HIV pathogenesis, and
for enrollment of individuals into intervention
programmes that may influence disease progression
and outcome47.
The avidity assays incorporate a chaotropic agent
to disrupt antibody/antigen complexes. If infection
is established (infection greater than about 4 months),
this agent will have a lesser ability to disrupt the
complexes because of high antibody avidity (binding
strength). Thus, this pretreatment will not affect the
result as much if a person has established
infection 46.

Recently, an ELISA/rapid test S/LS algorithm has
been devised to increase the predictive value of
results 48 . Also, by determining titres using these
assays, it appears that the time of infection can be
better defined (unpublished observation).
Simpler assays to monitor HIV viral load: Recently,
assays have become available that can replace the
expensive and rigorous molecular methods for
determining HIV viral load. One such assay is aimed to
detect and quantify the reverse transcriptase enzyme
(RT) activity and can be correlated to the amount of
HIV in blood. The ExaVir Load Kit (Cavidi Tech AB
http://www.cavidi.com) is a quantitative HIV-RT test
for research use only. It is designed to measure HIV RT
activity in plasma for the estimation of HIV viral load,
and is much simpler than viral load molecular methods.
The principle is based on synthesis of a product by the
RT enzyme that can be detected by an alkaline
phosphatase conjugated antibody. There are two portions
to the test, a separation portion and the RT assay portion.
The separation portion of the assay inactivates cellular
enzymes and then separates the virus particles from the
plasma using a gel that binds the virion lipid membrane.
The RT portion of the assay is an ELISA with wash
steps and incubations between each addition of reagents.
A lysate is mixed with RT standards that have been
serially diluted to have known concentrations of
recombinant HIV-1 RT and will act to provide the means
for quantification. The viral lysate and standards are
added to a microtiter plate that has been coated with a
Poly A reagent that binds an RNA template reagent. A
reaction mixture containing a primer and an RT substrate
(BrdUTP) is also added. If the sample lysate contains
any RT activity, the RT enzyme will synthesize a BrdUcontaining DNA strand overnight (DNA-RNA hybrid
incorporating BrdU). This hybrid product is detected with
an alkaline phosphatase conjugated anti-BrdU antibody
and a detection substrate. The procedure is somewhat
more cumbersome than a typical ELISA, but simpler
and less expensive than molecular methods. The assay
requires a vacuum pump, an ELISA plate reader, a rocker,
and a 33°C incubator. The assay is a typical ELISA, but
requires an overnight incubation plus several hours of
incubation during the separation and RT assay steps;
the necessity for further incubations before calculating
results causes the assay to have a total time of 2-3 days.
The RT assay can only be systematically quantified in
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samples with RNA loads of ~300 copies/ml or higher.
Although there are no published reports using this assay,
there is much excitement in its potential for use in
developing countries. Its cost is much lower than that
of molecular assays.
A second method for estimating viral load is a p24
antigen ELISA that incorporates a signal-boosting
step. It is likely that p24 antigen is present in serum
at an earlier time than 14 days post-infection but that
the sensitivity of the routine p24 antigen test is just
not high enough for detection. This likelihood of
detecting lower levels than is currently possible is
based on the concept that there are about 3,000 p24
antigen molecules per virion. In the boosted ELISA
method, the potential for an enormous increase in
signal has been shown. This method uses an ELISA
method coupled with a tyramide signal amplification
(TSA) system after heat-mediated immune complex
dissociation; the heat dissociation step produces more
free p24 antigen for detection. The TSA method uses
a compound (tyramide) that has the capacity to
generate tyramide intermediates upon reaction with
a horseradish peroxidase (HRP) enzyme. Upon
addition of more peroxidase molecules, these many
intermediates in turn, incorporate more HRP
molecules with a cyclic generation of more tyramide
intermediates and the incorporation of more HRP
molecules. The increase in the amount of HRP
molecules in this system produces excessive amounts
of colour upon addition of substrate, thereby
increasing the ability to detect smaller amounts of the
antigen. This is a signal amplification method, not an
amplification of the antigen. It has been reported that
this method has approached the sensitivity of RNA
testing (sensitivity of 200-400 copies/ml) for
monitoring viral levels in blood after antiretroviral
treatment. This could be accomplished at 20 per cent
of the costs of RNA tests, thereby being a costeffective means to monitor HIV progression. The
TSA method of p24 measurements was also shown
to be predictive of CD4 cell decline, progression to
AIDS, and survival49-50. It has also been reported that
this method is equivalent in performance to RNA
testing for the diagnosis of infection in the newborn,
and one study reported that there were no newborn
samples that were RNA positive while being p24
antigen negative when using the TSA method, i.e.,
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there was a 100 per cent correlation51. This could be
a great benefit for monitoring infection in places
where RNA testing is limited and cost-effective
monitoring is needed, such as in the developing world.
The TSA method incorporates an ELISA method
known as “ELAST” from NEN Life Science Products,
or the HiSens HIV, from PerkinElmer. The TSA p24
antigen test is relatively simple to perform (similar to
routine ELISA methods) and can be fully automated.
The ELAST amplification system costs about $1 per
test for the amplification reagents (biotinyl tyramide
solution, diluent, and streptavidin-HRP), but must be
purchased in conjunction with the p24 antigen test,
which costs about $7 per test.
Simple assays to quantify CD4 levels: Quantification
of CD4 lymphocyte levels by flow cytometry has
been instrumental in providing important information
about the immune status of HIV infected persons. It
stages infected persons and is a primary tool for
determining when to institute and change therapy.
However, flow cytometry is a sophisticated method,
requiring technical expertise and expensive
instrumentation that cannot easily be adapted in
resource-limited countries. Recently, alternatives that
are much simpler to perform and implement have been
refined. A number of methods are briefly introduced
below, some that use a more simplified means of flow
cytometry, and others that use microscopic analysis
or ELISA. The performances of some of these
methods have been reported52,53.
First, there are simpler methods that use the
principle of flow cytometry and instruments that are
easier to operate and at reduced cost. These include
the FACSCount (Becton Dickenson, USA),
the Cyflow (Partec GmbH, Germany), and
Microcapillary Cytometry (Guava Technologies,
USA). The FACSCount is a small compact apparatus
that quantifies CD4 and CD8 cells without the need
for hematology results to obtain absolute WBC
counts. It gives absolute CD4 counts and a CD4/CD8
ratio without the need for an external computer.
Minimal expertise is required, error conditions are
detected and flagged, and all instrument checks are
automatic. The instrument operates from a standard
electrical outlet and requires no calibration. Reports
indicate an excellent correlation with other methods.
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The Cyflow instrument performs CD4, CD8, and CD3
counts in an easy to learn and easy to operate
instrument system. It runs on 100-240 V and on 12 V
DC power (car battery). It analyzes forward and side
scatter signals in combination with up to 3
fluorescence channels and data analysis is performed
with a PC or laptop computer. The Microcapillary
Cytometry system is an affordable, easy to perform
assay that can test 100-150 specimens per day by a
single operator. It measures CD4 and CD3 cells using
a system that is less expensive, more compact, and
easy to maintain without the need for sheath fluid.
The sample preparation procedure is simple to
perform and the instrument automatically calculates
the results without further user intervention
(www.guavatechnologies.com).
Manual methods for CD4 determination include
Cytospheres (Beckman Coulter, USA), Dynabeads
(Dynal Biotech, USA), CD4 Count Chip (SemiBio,
USA), and the Capcellia (Sanofi Diagnostics Pasteur,
France). Most methods are inexpensive and cost
between $3-10 per test, as compared with $30-40 per
test for flow cytometry. The cytospheres method
requires only a light microscope and a
haemacytometer. The spheres are inert latex spheres
coated with a monoclonal antibody specific for the
CD4 cell surface antigen. This binds CD4 cells
resulting in a rosette of CD4 cells surrounded by latex
beads that is readily recognized by light microscopy.
A monocyte blocking reagent (a monoclonal antibody
attached to a different color sphere) minimizes the
interference from monocytes that contain CD4
antigens because they can be recognized during CD4
cell counting. The procedure is simple and only
requires about 15 minutes. The Dynabeads method
is another microscopic method, but recommends an
epifluorescent microscope (although there is a light
microscope version) and a magnet apparatus (costs
about $200). Magnetic beads are coated with
monoclonal antibodies as a solid phase to isolate CD4
and CD8 cells from whole blood, while CD4 positive
monocytes are pre-depleted using CD14 magnetic
beads. The assay takes about 30 min and is performed
at room temperature. The CD4 Count Chip quantifies
CD4 cells in whole blood in a light microscopic
method. The technique binds CD4 cells to an
antibody-coated solid substrate chip, and after wash

steps, stains CD4 cells for manual counting. The
method allows target cells to be fixed on a glass slide
as a physical record for future counting and reference.
Non-CD4 cells are differentiated by staining with a
different colour. The Capcellia is a 2-step ELISA
immunoassay that uses paramagnetic particles for
CD4 and CD8 and requires a spectrophotometer; the
assay can be performed in one hour. It requires a
well trained technician.
Conclusion
HIV testing has saved countless numbers of lives
during the past 20 yr, and will continue to be
instrumental in slowing the pandemic for the years to
come. During the past two decades, technology has
evolved to produce test that supplement the classical
techniques and have increased the efficiency for
detection of infection globally, and for monitoring
infection in individuals. With the implementation of
important antiretroviral therapy, not only in
industrialized countries but also now in resourcelimited countries, it is all that much more important to
have alternatives to the classical methods and new
methods that offer attractive and important features.
Technology has and will continues to address many
of the outstanding issues.
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The CD4+ T lymphocytes are the crucial cells in the orchestral events in forming immune
response to the foreign antigen and it is also the primary target cells for human immunodeficiency
virus (HIV). The progressive loss of these cells eventually results in the loss of an ability to
mount desirable immune response to any pathogen and death of the patients in the terminal
stage of HIV infection, i.e., acquired immune deficiency syndrome (AIDS). The longitudinal
monitoring of CD4+ counts is used as a monitoring tool for disease progression and effectiveness
of antiretroviral treatment. Various methods are being used for determination of absolute CD4+
T lymphocytes from the peripheral blood. To date, the flow cytometry is considered as the gold
standard. Different modifications have been tried in the conventional flow cytometry to increase
accuracy and cost-effectivity especially for adapting in resource-poor settings. Principles of the
conventional and modified methodologies are discussed. The non-flow cytometric methodologies
are also there that might be available soon widely. The choice of the methodology should depend
upon the purpose of the assay, the age group of the patients, sample turnover and available
resources. Importance of maintaining both internal and external quality control systems in
every laboratory performing CD4 count estimation are discussed.
Key words CD4+ T lymphocytes flow cytometry - quality control

Since the first case of a HIV-infected high-risk
male subject was recognized in 19811, HIV infection
has reached pandemic proportions in many countries
worldwide. According to the World Health
Organization (WHO) report, more than five million
people acquired HIV in 2003, bringing the total
number of persons living the HIV to approximately
42 millions 2. About 70 per cent of these infected
people live in Sub-Saharan Africa and Asia 3. It is
estimated that if not treated, 3 million people will die
every year of HIV/AIDS. Projections for the next
10 yr suggest that the situation will become even more

serious, with a possible 100 million infected people
worldwide 2. This situation not only represents a
serious human catastrophe, but also dramatically
impacts on the economic and health fabric in countries
with high HIV prevalence4. Amongst all intervention
strategies applied to curtail the HIV pandemic,
reduction of viral load by efficient antiretroviral
therapy has been considered to be a powerful tool.
In India, an introduction of inexpensive and generic
antiretroviral therapy (ART) has been initiated by
National AIDS Control Organization (NACO). For
the successful inexpensive treatment an affordable
539
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laboratory monitoring is utmost essential. The
enumeration of CD4+ T-lymphocytes in the peripheral
blood is an essential tool for the laboratory monitoring
of HIV infected patients for the progression of
disease and for the assessment of outcome of
antiretroviral treatment.

Table I. NACO recommendations for initiating antiretroviral
therapy in adults and adolescents with documented HIV
infection
If CD4 testing available:
WHO stage IV disease irrespective of CD4 cell count

What are CD4+ T lymphocytes?
The CD4+ T lymphocytes; also known as T helper
cells (CD4+ T-cells), are co-ordinators of the body’s
immune response, e.g., providing help to B cells in
the production of antibody, as well as in augmenting
cellular immune response to antigens. These CD4+
T-cells are the primary target of HIV. The loss of
these cells in HIV infection, both qualitatively and
quantitatively, results in weakening of the immune
response and the ability of the host to respond to
foreign antigens, thus rendering the host susceptible
to infections and leading ultimately to the acquired
immune deficiency syndrome (AIDS).
Hence, the CD4+ T-cell counts are frequently
monitored to assess immune suppression and disease
progression in HIV infected patients. Moreover,
changes in the CD4+ T-cell counts are important
indicator of the response to ART5-7. At present, the
CD4+ T-cell count remains the most important key
surrogate marker for initiation and monitoring ART
and a measure of the effectiveness of the treatment
in clinical trial evaluations.
The National AIDS Control Organization has
published the guideline for initiation of ART8 (Table I).
In adults the absolute numbers of CD4+ T cells
are measured, while in infants and young children the
relative number of these cells (percentage among total
lymphocytes) is more informative. Since the CD4
counts may vary within individuals of different
ethnicity, it is important to establish the reference
ranges of CD4 count for the target population. The
reference range for Indian healthy adult has been
established in a multicentric study carried out at six
different centres from different parts of India9. The
CD4 percentages in Indian adults were found to be
lower as compared to Western countries. The mean
CD4 per cent were found to be 37 per cent (range:

WHO stage III disease with consideration of using CD4
cell counts <350/µl to assist decision making
WHO stage I or II disease with CD4 cell count < 200/µl
If CD4 testing unavailable:
WHO stage IV disease irrespective of total lymphocyte
count
WHO stage III disease irrespective of total lymphocyte
count
WHO stage II disease with a total lymphocyte count =
1200/µl
Source: Ref. 8

14 to 65%). The CD4:CD8 ratios in southern part of
India were found to be significantly lower as
compared to the values from northern and western
parts of India9. Various studies carried out on Indian
population9-12 have showed the range of absolute CD4
counts as 600 to 1200 cells/µl.
Looking at the importance of the CD4 count
estimation in the clinical setting for ART monitoring,
the guidelines addressing the quality control of CD4
testing in persons with HIV infection have also been
developed13-15. In this review, the methodologies of
enumeration of CD4+ T-cells and various available
quality control options are discussed.
Methods for enumerating absolute numbers of
CD4+ T-cells
To date, both automated and manual methods have
been developed for determining the absolute number
of CD4+ T-cells and evaluated in multicentric studies.
These include both flow cytometric and non-flow
cytometric technologies. Most of the technologies
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summarized here are commercially available as cell
counting systems and/or kit packages.
Flow cytometric (automated) methodologies: Flow
cytometry is the gold standard method for the
estimation of CD4 counts due to its accuracy,
precision and reproducibility and thus widely used.
This technology is capable of high sample throughput
and great versatility in its applications; CD4 counting
is just one of its numerous uses in the biomedical field.
However, flow cytometry based CD4 counting is
relatively complex, and therefore technically
demanding, costly and needs regular maintenance.
Additionally, it is essential that operators of the flow
cytometer be sufficiently trained in the technical and
biological aspects of CD4 counting. Although, the
system has a high initial and running cost at present,
the introduction of simpler and portable instruments
may change this situation in near future.
Flow cytometry provides options like dual- and
single-platform approach for estimation of absolute
CD4+ T-cell counts.
Dual-platform approach: The dual-platform approach
uses two instruments to generate absolute CD4+ Tcell counts: a flow cytometer for generating a
percentage CD4+ T-cells among lymphocytes and a
haematological analyzer to enumerate the absolute
lymphocyte counts. An absolute CD4+ T-cell count
is then derived by multiplying percentage of CD4+
T-cells by the absolute lymphocyte count. Because
the percentage of CD4+ T-cells is obtained from the
reference lymphocyte populations, the purity of the
lymphocytes is therefore needed to be defined with
the greatest precision. Traditionally, in the blood
sample that contains a high proportion of lymphocytes,
a lymphocyte gate for CD4+ T-cell testing is easily
derived from a bivariate histogram or homogeneous
gate that includes forward scatter (FSC, size of the
cell populations) and right angle side scatter (SSC,
granularity of the cell populations) patterns 16 .
However, when there is a high proportion of nonlymphocytes (monocytes, basophils and immature red
blood cells), this traditional FSC/SSC lymphocyte gate
tends to be unreliable as non-lymphocytes have been
shown to contaminate the gate, thus this morphological
gating is now considered as unacceptable17,18. A more
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reliable method for assessing lymphocyte gate purity
and lymphoid cell recovery on the basis of differential
CD45 marker density expression has been developed
by Loken et al19. This method also known as CD45
grating, which uses two markers (CD45 and CD14):
CD45 is a pan-leukocyte marker expressed at
different intensities on leukocytes (granulocytes
CD45+; monocyte CD45++; lymphocytes CD45+++
or bright) while the CD14 marker is selectively
expressed by monocytes. This CD45 gating approach
can gate all lymphocytes in the acquired events and
maximize their purity by excluding unwanted nonlymphocytes. Based on this CD45 gating strategy
together with the advent of the flow cytometry, the
more practical and accurate three-colour (CD3/CD4/
CD45) or four-colour (CD3/CD4/CD8/CD45)
immunophenotyping assays of CD4+ T-cells have
become available 13,20-22 . In three- or four-colour
immunophenotyping techniques, lymphocytes are
defined as CD45bright with low SSC enabling a very
pure population of lymphocytes (Fig.1A). Once this
lymphocyte gate is established, the percentage of
lymphocytes reactive for CD3+/CD4+ T-cells
(Fig.1B) as in the three-colour assay, and/or CD3+/
CD8+ T-cells as in the four-colour assay can then be
easily determined.
The methodology of CD45 gating has several
advantages: (i) It is easy to distinguish lymphocytes in
the SSC/CD45bright gate even in the presence of a large
amount of debris, which allows the use of lyse/no-wash
staining method; (ii) The isotype controls could be
avoided thus reducing the cost of the reagents; and
(iii) It is possible to determine % lymphocytes among
leukocytes from the SSC/CD45 gate.
Recently, this CD45 gating strategy has been
adopted with a more practical two-colour
PanLeucogating approach 22-24 . This two-colour
PanLeucogating approach uses total leucocytes as the
common denominator, in which total leucocytes are
identified and gated by their SSC and CD45+
characteristics. CD45 is reactive with fluorochromeconjugated antibody. Leucocytes and lymphocytes are
identified and gated by drawing two regions: one
around all leucocytes and the other set on all bright
CD45+ cells with low SSC (Fig. 2A). Lymphocytes
gated in this region are further analyzed for CD4+ T-
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Fig.1. Representative two-parameter dot plots of a CD3-fluorescein isothicynate (FITC)/CD4- phycoerythrin (PE)/CD45-peridinin
chlorophyll protein complex (PerCP) stained whole blood sample by pan leucogating approach. (A) The right angle side scatter SSC/
CD45 dot plot shows all leucocyte population with lymphocytes at CD45 bright population (R1). (B) Identification of CD3+/CD4+ Tcells (upper right quadrant) from R1 cell population.

cells. These cells are easily distinguished from nonCD4+ T-cells and per cent CD4 is then obtained as a
percentage of total lymphocytes (Fig.2B). The same
analysis protocol can also be applied to CD8+
T-cells using CD45/CD8. This CD45-assisted
PanLeucogating technique is now widely accepted,
since it is simple, better, and cost-effective to use in
the resource-poor settings.
The dual platform approach requires the results
of three separate laboratory tests: percentage CD4+
T-cells from the flow cytometer, total white blood
counts and percentage of lymphocytes from the
haematological analyzer. This undoubtedly leads to
wide variability. The basic problems of
haematological analyzer have been described in the
literature 25-27. It is now well accepted that the use
of a haematological analyzer as the second platform
for white blood count and the three-or five-part
differential count introduce variable factors into the
calculation of absolute CD4+ T-cells. These are
particularly so in the interlaboratory studies that use
different haematological analyzers 28,29 . In the
individual patient follow up studies, the absolute
CD4+ T-cell counts obtained from the dual-platform

approach contribute to more variability than per cent
CD4+ T-cell measurement (20-33% within-person
coefficient variation vs. CV of 10-16%). Variation
in the total white blood cell counts (CV of 16-20%)
and lymphocyte differential (CV of 16-26%) over
time in an individual leads to the greater variability
of the absolute CD4+ T-cell counts compared with
per cent CD4+ T-cells. Moreover, the patient
samples contain cell numbers beyond the sensitivity
and linearity range of haematological analyzer (e.g.,
severely leucopenic patients), the lymphocyte
population defined by flow cytometer may not match
exactly to that of the haematological analyzer.
Further, total white blood cell counts are not
subjected to regular internal quality control and
external quality assurance. In spite of that, this dualplatform technology is still widely practiced and
recommended in a number of institutional
guidelines 13,16,17.
It should be noted that the dual-platform approach
when combined with known density microbeads could
be used as a single-platform flow cytometric method
for determination of absolute number of CD4+ and
CD8+ T-cells.
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Fig.2. Representative two-parameter dot plots of a CD45-FITC/CD4-PE stained whole blood sample using PanLeucogating approach.
(A) The right angle side scatter (SSC)/CD45 dot plot shows all leucocyte population (R1) with lymphocyte at CD45 bright population
(R3). (B) Depicts CD4+ T-cells (R2) analyzed from R3 cell population. Calculation of %CD4 T-cells is from the number of events
in R2 divided by the number of events in R3.

Single-platform approach: The single-platform
approach enables absolute CD4+ T-cell counts to be
derived directly without the need for a haematological
analyzer. This can be assessed either by counting
CD4+ T-cell populations in a precisely determined
blood volume or by using the known numbers of
fluorescent microbeads admixed to a known volume
of CD4- stained blood. Importantly, the precision of
this technology depends on the flow cytometric
measurement and the methodology of pipetting in the
staining process. It is very crucial that the use of
reverse pipetting technique, is the most reliable
dispensing method for absolute CD4+ T-cell count
assay.
To date, single-platform technologies have two
options of microbead-based technologies and the
volumetric technologies. These alternatives are
discussed below:
FACSCountTM microbead-based system: FACSCount
system is the product of Becton Dickinson Biosciences30.
It is the only available microbead-based single-platform

instrument that designed specifically for enumerating the
absolute CD4+, CD8+ and CD3+ T-cell counts in nolyse, no-wash whole blood. The system has been
approved by many international organizations as one of
the predicate method. This system requires ready-touse twin-tube reagent tubes. One tube determines the
absolute number of helper/inducer T-cells (CD4+/CD3+)
by using a combination of two-colour monoclonal antihuman CD3 antibody conjugated to the tandem dye
phycoerythrin + Cy5 (PECy5) and a monoclonal antihuman CD4 antibody conjugated to phycoerythrin (PE).
The other tube determines the absolute number of
cytotoxic/suppressor T-cells (CD8-+/CD3+). Both tubes
also give the absolute number of total T-cells (CD3) or
CD3+ T-cells, as well as CD4/CD8 ratio. In addition to
the antibody reagents, the reagent tubes also contain a
known number of fluorochrome-labelled reference
beads. These beads function as fluorescence standard
for locating the lymphocytes and also as a quantitation
standard for enumerating the cells. The control set
consists of fluorescent beads at four different densities:
zero (0 beads/µl), low (50 beads/µl), medium
(250 beads/µl), and high (1000 beads/µl).
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When whole blood is added to the reagents,
fluorochrome-labelled antibodies in the reagents bind
specifically to lymphocyte surface antigens. After a
fixative solution is added, the sample is run on the
instrument. The stained cells come in contact with
the green HeNe laser light, which causes the cell to
fluoresce. This fluorescent light provides the
information necessary for the instrument to count the
cells (Fig.3). The calculation of absolute CD3+, CD4+
and CD8+ T-cells is determined automatically by
using the built-in Attractors software program.
Guava® EasyCD4™ volumetric system: The Guava®
EasyCD4™ Reagent kit is the product of Guava
Technologies31. It is based on a micorcapillary cytometry
technology that enables the enormous analytical and
diagnostic power of conventional flow cytometry in a
highly miniaturized single platform. The system contains
two-colour, direct immunofluroscence reagents for
enumeration of mature CD4+ T-cells in human blood.
The kit consists of two monoclonal antibody directly
conjugated to PECy5 and PE for CD3 and CD4 T-cell
antigens. The instrument itself consists of a diode green
laser. Sample acquisition is done by a variable-speed fluid
pump that does not require sheath fluid and the system’s
sampling precision depends on the integrity of fluid
pathway. The CD3+ cells are gated and the CD3+ and
CD4+ cells are identified in the gate (Fig. 4). The system
showed good correlation with conventional flow
cytometry and is easy to operate. It uses smaller blood
volume. However, there is need for experienced
technical personnel for operating the system.
Partec CyFlow volumetric system : CyFlow is
another desktop single-platform technology made by
Partec GmbH32. It is a volumetric software controlled
absolute count system equipped with either a single
532 nm green solid-state laser used for one
fluorescence parameter or two lasers with a mercury
arc lamp applicable for 2 or 3-colour analyses. Data
acquisition and analysis are performed in real time
with FlowMax software. The system showed good
correlation with the CD4 counts obtained by
conventional flow cytometry. However, experienced
technician is required for accurate measurement.
Non-flow cytometric methods: Although flow
cytometry is the accepted standard method for the

Fig. 3. Representative dot plot display of CD4+ and
CD8+t cell counting by FACSCount (Single platform method).
The samples are stained in a cartridges and acquired in
the equipment.

determination of absolute counts of CD4+ and
CD8+ T-cells, the methodology involved the use
of flow cytometer and haematology analyzer, which
is expensive both in term of initial investment and
maintenance as well as requiring highly, trained
personnel. Thus it is unsuitable for routine use in
most laboratories with limited facilities such as
district hospitals. An ideal CD4 testing in a
resource-poor setting would be an assay which is
simple, uses inexpensive instrument and minimum
training period that would reliably identify CD4+
T-cells without sacrificing much accuracy and
precision. There are several alternative non-flow
cytometric technologies available for determination
of absolute CD4+ and CD8+ T-cells. These
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Fig. 4. Representative dot plot display of CD4 count estimation by Guava equipment. The gate is set up on the CD3+T lymphocytes
and then CD3+ and CD4+ lymphocytes are counted.

technologies are cost-effective and thus might be
suitable in the local situation in the resource-poor
settings 33-35. Currently available manual assays rely
on microscopes (optical or fluorescence).
Additionally, they require the use of other small
equipment such as centrifuges and magnets. These
tests are designed to operate with low sample
throughput in resource-limited laboratories but their
running costs are not always lower when compared
to the automated methods.
Beckman-Coulter cytosphere system: This manual
CD4 count kit36 contains CD4+ cytospheres reagent,
inert latex spheres coated with monoclonal antibody,
used to identify and manually enumerate the absolute
number of CD4+ T-cells by visible light microscopy
in fresh whole blood. In this assay, 10 µl of cytosphere
monocyte blocking reagent is added to 100 µl of whole
blood. After incubation, 10 µl of CD4 Cytosphere
reagent is added to the mixture. Ten µl of blood-latex
spheres mixture is then pipetted and lysed by lysing
reagent. Finally, the lysed mixture is loaded on the
haemocytometer and read under the light microscope.
Since the diameter of the cytospheres for CD4
reagent is different from the cytosphere monocyteblocking reagent, CD4+ T-cells rosetted with
antibody-coated latex beads can be distinguished from
the monocytes rosetted latex beads due to their large
latex sphere size. The Cytosphere system has
advantage for those haematology technicians who are
familiar with the shapes of cells. Here the monocytes

are not removed but appear different under the
microscope, so the bead-covered CD4+ T cells can
be counted.
The Cytosphere system has been found to be
useful alternative to flow cytometry for the estimation
of CD4 T-lymphocyte counts, in resource-poor
settings like Indian laboratories, for monitoring HIV
progression and response to therapy37.
Dynabeads T4-T8 quantitative system: This nonflow cytometric technology is the product of Dynal38.
The system is based on the use of immunomagnetic
cell isolation method which uses Dynabeads magnetic
particles coated with antibody to CD4 and CD8
antigens to capture and isolate CD4+ and CD8+ Tcells from the whole blood. In this system, the whole
blood diluted with buffer solution is depleted of
monocyte using monocyte depletion magnetic bead
reagent coated with anti-CD14 antibody. After
incubation on a Dynal rotator, magnetic separation of
monocytes is done using a magnetic particle
concentrator. Aliquot of the supernatant from the
monocyte-depleted blood is diluted and mixed with
magnetic beads coated with anti-CD4 monoclonal
antibody. After incubation, the beads are separated
from the CD4+ T-cells. The isolated CD4+ T-cells
are then stained with gentian violet and trypan blue.
The isolated stained cells are lysed and the nuclei
are identified and counted manually by light
microscopy or in an automated cell counter.
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The method has been validated in resource poor
settings in Africa39,40. The method showed significant
correlation with that obtained by flow cytometry and
found to be cost effective with US$ 3/test40.
However, these methods are manual and labour
intensive. To scale these up to match-expanding
access to ART may prove challenge. The automation
by addition of image analysis software would increase
the potential of its use in ART monitoring. The system
could be cheaper than other alternatives and will be
useful in small settings if it is backed up with flow
cytometry for quality assurance.
ELISA based counting systems (Capcellia
ELISA and TRAx and Zymmune)
The ELISA systems measure CD4 protein in the
lysed whole blood. The system could be used in 96
well formats, thus could be automated easily and can
be used on large number of samples. The Capcellia
immunocapture assay has been used to estimate CD4
counts in HIV seropositives and compared with the
CD4 counts obtained using flow cytometry and the
plasma viral load. Capcellia for CD4+ and CD8+ Tcell counts was found to be a cost-effective, userfriendly assay, which provides counts that correlate
well with HIV-1 load measurements41. Another study
done by the same group42 showed that the test can
be a useful alternative for flow-based method
however, the assay system has certain limitations
inherent to ELISA techniques. Hence, these systems
have not found favour with the investigators.
One study43 compared five alternative methods;
FACSCount (uses flow cytometry), Cytospheres,
Dynabeads, Opti-CIM, and Capcellia for
implementation in developing countries, and concluded
that FACSCount and Dynabeads methods compared
well with standard flow cytometry; of these the
Dynabeads method appears less expensive and
potentially useful for countries with limited economic
resources.
CD4 count estimation from dried blood spots
The technique uses an antibody ‘sandwich’ to
capture and detect CD4 proteins in the sample. One
study in Zambia has shown promise in the

methodology showing good correlation with the
conventional flow cytometry 44 . However the
technology is not ready for use in the field.
Table II shows details of CD4 count estimation
methods available at present.
Quality assurance in CD4 testing
Since the use of CD4+ T-cell measurement have
critical implications for the effective management of
individuals at risk or infected with HIV or progressing
into AIDS, it is crucial that external quality control is
put in place to ensure that the test results from
individual laboratories are equivalent.
The aim of quality assurance is to ensure that
doctors and patients are getting the same information
from the laboratory tests, no matter which laboratory
they use or the methods used there.
For a good quality control, the diurnal variation in
the CD4 counts should be considered as an important
factor. To avoid such variation it is recommended that
the sample should be collected at a specified time
from an individual. Another point that has to be taken
into account is the storage of sample before
assessment. This period varies with the methodology
used and location of the testing laboratory.
Several sets of guidelines addressing quality control
of flow cytometric CD4+ testing have been developed.
Though there is at present no external quality control
on non-flow cytometric CD4 testing, it is important that
accurate daily within laboratory (internal quality
control) and proficiency test or external quality
assurance programmes (EQA) be employed to ensure
the reliability of CD4 data. Satisfactory performance
in CD4 testing EQA is recommended for HIV research
and clinical trial programmes in many parts of the
world. For the most parts, internal control samples
from the manufacturer are used to monitor both sample
processing and instrument performance however,
internal quality control practice is not without merit, it
does not provide full-process quality control. There are
very few laboratories, particularly in the developing
world participating in international EQA programmes
such as United Kingdom National External Quality
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Table II. Available CD4 enumeration technologies
Type of assay

Principle

Remarks

Flow cytometry
based assays

PanLeucogating/
A combination of CD4 and CD45
antibodies 22,24

Cost effective without
compromising quality

Volumetric method (Partec) 32

Cheap (2 US$ per test)
Could be useful in field
Requires trained personnel

Guava Technology33
works on CD3+ lymphocyte gating

Cheap (2 to 4 US$ per test)
simple to operate
Requires trained personnel

Uses Dynabeads to identify CD4
lymphocytes 34,35,38-40

Might be useful at peripheral
centres
Cost effective,
Requires fluorescence
microscope

Uses cytosphere for detecting CD4
cells, works on haematology principle
using shapes of the cells for
interpretation 36,37

Cost-effective
Good correlation with standard
flow cytometry

Measurement of CD4 protein
(Capcellia ELISA)41,42

Detects CD4 protein in whole
blood

Measurement of CD4 protein from
dried blood spot44

Detects CD4 protein in whole
blood

Microscope based
assays

ELISA based assays

Superscript numerals represent reference numbers

Assessment Schemes or UKNEQAS 45,46 . Proper
transportation of specimens and reagents is necessary
for quality assessment management and availability of
good quality reagent at remote places. A technology
that is being developed and refined at present is a
fixative that allows blood samples to be stored and
transported over 5 days (or even slightly longer) without
loss of accuracy in test results. The high cost of these
programmes has been a major burden, making their
implementation in resource-poor countries difficult.
However, there are free EQA programmes such as
Quality Assessment and Standardization for
Immunological Measures Relevant to HIV/AIDS
(QASI)47, in spite of their irregular schedules; they are
useful and cost saving.
In summary, the various technologies currently
available for enumerating CD4+ T-cells are based

on distinct principles and have different operational
characteristics. New manual technologies based on
micro-arrays and dipsticks are being developed and
probably will become available in a few years time.
It is necessary to consider the purpose of the assay
(whether it is being used for monitoring or for
research), the age group of the patients, sample
turnover and available resources (financial, human
and infrastructure) before making the choice for the
test. It is also required to participate in the quality
control programme to impart reliability to the results.
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HIV/AIDS pandemic has caused a resurgence of TB, resulting in increased morbidity and mortality
worldwide. HIV and Mycobacterium tuberculosis have a synergistic interaction; each accentuates
progression of the other. Clinical presentation of TB in early HIV infection resembles that
observed in immunocompetent persons. In late HIV infection, however, TB is often atypical in
presentation, frequently causing extrapulmonary disease. These factors coupled with low sputum
smear-positivity, often result in a delayed diagnosis. HIV-infected patients respond well to the
standard 6-month antituberculosis treatment regimens, although mortality is high.
Antituberculosis treatment is complicated by frequent drug-interactions with highly active
antiretroviral therapy (HAART) and adverse drug reactions are more common among HIV-infected
patients. Guidelines for the management of patients co-infected with HIV and TB are still
evolving. Timely institution of antituberculosis treatment using the directly observed treatment,
short-course (DOTS) strategy and HAART markedly improves the outcome of HIV-infected
patients with TB.
Key words Acquired immunodeficiency syndrome (AIDS) - directly observed treatment short-course (DOTS) - highly active
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HIV/AIDS, incidence rates of TB in certain countries
have gone up by >6 per cent per year2, crippling the
already overburdened health care resources.
Considering the fact that about a third of the world’s
population is infected with Mycobacterium
tuberculosis, more than a half of which lives in
countries ravaged by HIV/AIDS, the gravity of the
situation becomes evident3-5.

Human immunodeficiency virus/acquired
immunodeficiency syndrome (HIV/AIDS), since the
time of its initial description more than two decades
ago, has relentlessly spread all around the globe
showing no sign of abatement. In 2004, there were
4.9 million new infections and 3.1 million deaths due
to HIV/AIDS1, largely in the sub-Saharan Africa and
South-East Asia. Unfortunately, these are the parts
of the world where tuberculosis (TB) has been
flourishing unhindered since ages, forming a deadly
synergy. Advent of the HIV/AIDS pandemic has led
to a dramatic increase in the number of TB cases
worldwide. Globally, 9 per cent of all new TB cases
(31% in Africa) in adults were attributable to HIV/
AIDS, as were 12 per cent of the 1.8 million deaths
from TB, in the year 2000 2 . As a result of

TB is a leading cause of morbidity and mortality in
patients with HIV/AIDS 6,7. HIV and TB are also
intricately linked to malnutrition, unemployment,
alcoholism, drug abuse, poverty and homelessness.
The direct and indirect costs of illness due to TB and
HIV are enormous, estimated to be more than 30 per
cent of the annual household income in developing
550
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countries and have a catastrophic impact on the
economy in the developing world8. Thus, co-infection
with HIV and TB (HIV-TB) is not only a medical
malady, but a social and an economic disaster and is
aptly described as the “cursed duet”.
EPIDEMIOLOGY OF HIV-TB
According to the recent estimates by the WHO
and Joint United Nations Programme on HIV/AIDS
(UNAIDS), nearly 39.4 million people were living with
HIV/AIDS, worldwide; more than a half of them in
sub-Saharan Africa and nearly about a fifth in South
and South-East Asia1. In India, the overall prevalence
of HIV infection is less than 1 per cent and India
continues to be in the category of low prevalence
countries9. However, this blurs the actual picture of
the epidemic in a vast, populous country like India.
As per estimates, about 5.1 million people were
infected with HIV in the year 2003, in India (Fig.1)9.
Prevalence of TB in patients with HIV infection
In contrast to western countries, where
Pneumocystis jiroveci pneumonia was the
commonest AIDS-defining illness 10, in developing
countries TB is the most common life-threatening
opportunistic infection (OI) in patients with HIV/AIDS
with about 25 to 65 per cent patients with HIV/AIDS
having tuberculosis of any organ3,11-14. By the end of
2000, about 11.5 million people were co-infected with
HIV and M. tuberculosis, globally; 70 per cent of
co-infected people were in sub-Saharan Africa, 20
per cent in South-East Asia and 4 per cent in Latin
America and the Caribbean (Table I)2,6. TB accounts
for about 13 per cent of all HIV-related deaths
worldwide2,6. Of the 5.1 million HIV-infected people
in India, about half of them are co-infected with
M. tuberculosis; approximately 200,000 of these coinfected persons will develop active TB each year in
association with HIV infection15.
HIV seroprevalence in Patients with TB
In sub-Saharan Africa, HIV seroprevalence rates
among patients with TB are high, ranging from 24 to
67 per cent2. In Asia, the rate of HIV infection among
TB patients has been lower. Studies from India have

Table I. Numbers of adults (15-49 yr) co-infected with HIV and
TB in WHO regions by end 2000
WHO Region

Number of people % of global total
co-infected with
HIV and TB (thousands)

Africa
Americas
Eastern Mediterranean
Europe
South-East Asia
Western Pacific
Total

7979
468
163
133
2269
427
11440

70
4
1
1
20
4
100

Adapted from reference 6

reported HIV-seropositivity rates ranging from 0.4
to 20.1 per cent16-26. In certain cities such as Chennai
and Mumbai, a higher prevalence has been observed.
There has been a steady increase in HIV
seroprevalence rates over the years 17,18,20. In Pune,
the HIV seroprevalence rate was observed to have
steadily increased from 3.2 per cent in 1991 to 20.1
per cent in 1996, among patients with pulmonary TB
(PTB)18. HIV seroprevalence rate at a tertiary care
referral hospital at New Delhi was reported to have
increased from 0.4 per cent (1994-1999) to 9.4 per
cent (2000-2002) 16,20. The occurrence of localised
epidemics and/or selection bias could be the cause of
this large regional variation in reported rates of HIVseropositivity among patients with TB.
HIV-TB: A BIDIRECTIONAL INTERACTION
HIV infection is the strongest of all known risk
factors for the development of TB. HIV-infected
persons are at markedly increased risk for progressive
disease following primary TB infection27-29, as well
as reactivation of latent tuberculosis infection (LTBI).
HIV infection also increases the risk of subsequent
episodes of TB from exogenous reinfection 30-32
(Fig.2). The estimated annual risk of reactivation
among those co-infected with HIV and TB is about
5 to 8 per cent with a cumulative lifetime risk of 30
per cent or more compared to a cumulative lifetime
risk of 5 to 10 per cent in HIV-negative adult
patients. 2,33
Th1 type immune response characterised by
adequate cell-mediated immunity is the crucial host
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defence against M. tuberculosis 34 . HIV infection
primarily affects those components of host immune
response responsible for cell-mediated immunity. Thus
in HIV infected individuals with LTBI, the fine
balance between M. tuberculosis and the host
immunity gets tiltled in favour of the former, resulting
in reactivation35. Moreover, the infection is poorly
contained following reactivation, resulting in
widespread dissemination causing extrapulmonary
disease. This is corroborated by experimental findings
that when peripheral blood lymphocytes of patients
with HIV-TB are exposed to M. tuberculosis in
vitro, they produce decreased amounts of Th1 type
cytokines, as compared with HIV-negative patients
with TB 36,37.
The interaction between HIV and TB in persons
co-infected with them is bidirectional and synergistic.
The course of HIV infection is accelerated
subsequent to the development of TB and the inverse
relationship between HIV viraemia and CD4+ count
gets shifted to the right 38. Compared with CD4+
count-matched HIV-infected controls without TB, the
relative risk of death and development of other OIs
is higher in HIV-TB co-infected patients 39 .
Accelerated HIV progression is partly attributable to
the increased systemic immune activation in patients
with HIV-TB 40.
Further, increased HIV replication has been
demonstrated locally, at sites of disease affected by
TB such as affected lung and pleural fluid, in patients
with HIV-TB41,42. Moreover, the genetic diversity of
the locally replicating HIV viral population is higher
than the circulating population and the local immune
activation also favours the development of latent HIV
infection of macrophages and dendritic cells, thereby
potentially enhancing dissemination of HIV 38,42,43.
Thus in HIV-infected persons with active TB, the
sites of active TB infection act as epifoci of HIV
replication and evolution independent of systemic HIV
disease activity. 38 The proximate molecular
mechanisms of increased HIV replication in patients
with HIV-TB are increasingly being understood;
increased levels of proinflammatory cytokines such
as tumour necrosis factor-α (TNF-α) and chemokines
such as monocyte chemotactic protein 1 (MCP1)
result in transcriptional activation of HIV genes

through activation of nuclear factor-κB (NF-κB) and
mitogen-activated protein (MAP) kinase pathways38
(Fig.3).
HIV/AIDS AND DRUG-RESISTANT TB
In early 1990s, several institutional outbreaks of
multidrug-resistant (MDR) TB among HIV-infected
patients drew attention to the problem44-48. However,
HIV infection per se does not appear to be a
predisposing factor for the development of MDR-TB.
Recent studies have found that drug-resistant TB
including MDR-TB is no more common among people
infected with HIV49,50. Inspite of this, several factors
such as (i) increased susceptibility to TB, (ii)
increased opportunity to acquire TB due to over
crowding, exposure to patients with MDR-TB due to
increased hospital visits, and (iii) malabsorption of
antituberculosis drugs resulting in suboptimal
therapeutic blood levels inspite of strict adherence to
treatment regimen, potentially increase the chances
of MDR-TB in persons with HIV/AIDS, if not
adequately addressed 51 . Acquired rifamycin
monoresistance has also been described in HIV-TB
patients treated with rifapentine52.
CLINICAL,
RADIOGRAPHIC
PATHOLOGIC FINDINGS

AND

Unlike other opportunistic infections which occur
at CD4+ counts below 200/mm3, active TB occurs
throughout the course of HIV disease 27 . Clinical
presentation of TB in HIV-infected individuals
depends on the level of immunosuppression resulting
from HIV infection. In patients with relatively intact
immune function (CD4+ count > 200/mm 3 ),
pulmonary TB (PTB) is more frequently seen than
extrapulmonary TB (EPTB)53,54 (Table II). In these
patients, chest radiographic findings include upper lobe
infiltrates and cavitation, similar to those in HIVnegative individuals with PTB55. Sputum smears are
often positive for acid-fast bacilli (AFB) in these
patients. As immunosuppression progresses, EPTB
becomes increasingly common (Fig. 4). In contrast
to HIV-negative patients with EPTB, the disease is
often disseminated involving two or more noncontiguous organs concomitantly, in patients with
HIV/AIDS 11 .
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Table II. Clinical presentation of TB in HIV-infected patients
Characteristic

Pulmonary:
extrapulmonary
disease
Clinical presentation

Late HIV
infection*

Early HIV
infection

50:50

80:20

Often resembles Often resembles
primary TB
post-primary TB

Chest radiograph
Intrathoracic
lymphadenopathy

Common

Rare

Lower lobe
involvement

Common

Rare

Rare

Common

Common

Rare

Sputum smear
positivity

Less common

Common

Adverse drug
reactions

Common

Rare

Relapse after
treatment

Common

Rare

Cavitation
Tuberculin anergy

* CD4+ T-lymphocyte count <200/mm3
Adapted from references 6 and 54

Chest radiographic findings in patients with
advanced HIV disease are characterised by frequent
lower lobe involvement, air-space consolidation similar
to bacterial pneumonia and absence of cavitation55;
sputum smears are seldom positive for AFB.
Intrathoracic lymphadenopathy is often evident in
these patients, resembling primary TB, regardless of
the prior TB exposure status57. A miliary pattern of
involvement is also associated with severe
immunosuppression57. Interestingly, a considerable
proportion of patients (10 to 20%) with advanced
immunosuppression may have apparently normallooking chest radiographs, yet M. tuberculosis can
be demonstrated or isolated from their sputum or
bronchoalveolar lavage fluid 55,58,59 . However,
computed tomography (CT) demonstrates
abnormalities such as pulmonary nodules, tuberculoma
and intrathoracic lymphadenopathy in these patients55.

553

In developing countries, EPTB is the commonest
cause of pyrexia of unknown origin (PUO) among
HIV-infected patients 60 . Common forms of
extrapulmonary involvement include extrathoracic
lymph node TB, pleural effusion, meningitis and
abdominal TB (Fig. 4). In advanced HIV/AIDS,
lymph node involvement is characterised by poor
granuloma formation with abundant AFB, in a
background of neutrophils and florid necrosis27. In
contrast to HIV-negative patients in whom pleural
effusion due to TB often resolves spontaneously, it is
progressive and remains culture-positive for
M. tuberculosis for prolonged period of time in
patients with HIV/AIDS61. In addition, pleural fluid
shows abundant mesothelial cells in these patients, a
finding reflecting poor inflammatory response due to
HIV/AIDS 62 .
TB meningitis is accompanied by TB elsewhere
in the body in most of the patients with HIV-TB and
the cerebrospinal fluid (CSF) is often acellular; at
times, CSF may be completely normal both in cellular
and biochemical characteristics63-65. In patients with
acellular CSF, meningeal signs may not be evident
clinically 63 . Apart from these differences,
intracerebral mass lesions are more commonly present
in HIV-infected patients with TB meningitis 66 .
Hepatosplenic focal lesions and intraabdominal
lymphadenopathy are more common in HIV-infected
patients with abdominal TB; on the other hand, ascites
and omental thickening are less common when
compared to HIV-negative patients with abdominal
TB 67 . In patients with advanced HIV/AIDS,
mycobacteraemia is commonly demonstrable 68,69.
Cutaneous lesions appearing as small papules or
vesiculopapules are more commonly found in HIVinfected patients with miliary TB70. These are called
tuberculosis cutis miliaris disseminata, tuberculosis
cutis acuta generalisata and acute miliary tuberculosis
of the skin.
Severe weight loss is a common presenting feature
of HIV-infected patients presenting with TB71. Many
patients with AIDS, particularly in Africa, develop
severe wasting and this has been called “slim
disease”54. Since these patients usually have chronic
diarrhoea, the condition was thus thought to be a
consequence of HIV-enteropathy. However, at
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Fig.1. Estimated number of HIV-infected people in India (1998-2004). Data from reference 9, adapted from reference 5.

autopsy, nearly half of HIV/AIDS patients who died
with “slim disease” were found to have disseminated
TB as compared with just over a quarter of those
dying without such wasting, suggesting that cryptic
disseminated/miliary TB may be an important cause
of wasting in these patients72.
DIAGNOSIS
HIV testing in patients with TB
Even though it is recommended that all patients
with active TB should be tested for HIV infection73,
compliance with this recommendation is poor even in
developed nations74,75. Selective HIV testing of TB
patients is considered unwise because physicians
often fail to identify the risk factors for HIV
transmission. Even when patients are questioned for
risk factors, it has been observed that, up to 5 per
cent of patients with TB, without any of the risk
factors, had HIV infection76. Though HIV is a major
risk factor for the development of TB, HIV testing is
not a component of the Revised National Tuberculosis
Control Programme (RNTCP) in India. The lack of
co-ordination between the voluntary counselling and
testing centres (VCTCs) and the directly observed
treatment short-course (DOTS) centres in India, is a

cause of concern and calls for increasing the
collaboration between the RNTCP and the National
AIDS Control Organization (NACO)77.
Diagnosis of TB in HIV/AIDS
Diagnosis of TB in HIV-infected patients is often
difficult due to several reasons (i) frequently negative
sputum smears, (ii) atypical radiographic findings.
(iii) higher prevalence of EPTB especially at
inaccessible sites, and (iv) resemblance to other
opportunistic pulmonary infections. However, the
diagnostic approach to suspected TB in a HIVinfected individual is similar to that in
immunocompetent patients 56, except that invasive
diagnostic procedures are more often required to
establish the diagnosis. Universal precautions need
to be followed meticulously. CT scan and magnetic
resonance imaging (MRI) have facilitated the
detection and characterisation of occult foci of EPTB.
Attempts should be directed towards arriving at a
bacteriological diagnosis, since multiple pathogens
often coexist78, and it is not possible to distinguish
from atypical mycobacterial infections based on
clinical and radiological findings alone. Peripheral
blood cultures need to be performed to detect
mycobacteraemia. Automated and semi-automated

SHARMA et al: HIV-TB CO-INFECTION

Fig.2. Natural history of Mycobacterium tuberculosis infection in immunocompetent and HIV-infected individuals
LTBI, latent TB infection; PTB, pulmonary TB; EPTB, extrapulmonary TB; SS, sputum smear.
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liquid culture systems considerably reduce the delay
in obtaining culture results 79 . Several molecular
diagnostic techniques based on detection of M.
tuberculosis specific DNA or ribosomal RNA
sequences by polymerase chain reaction (PCR) have
been developed in the recent past 79. However, the
appropriate use of these tests in the diagnosis of active
TB, especially in patients with HIV/AIDS needs to
be defined27. Messenger RNA (mRNA) based PCR
techniques may be useful in assessing the response
to treatment80 and detection of mutations in the rpoB gene might be useful for rapid drug susceptibility
testing79.
TREATMENT OF HIV-TB CO-INFECTION
Availability of highly active antiretroviral therapy
(HAART) has significantly improved the outcome of
HIV/AIDS, in terms of prevention of OIs as well as
mortality81. Specifically, benefit in terms of prevention
of TB has been demonstrated in South Africa82 and
outcome of patients with HIV-TB co-infection has
improved over the years, attributable to improvements
in antiretroviral and antituberculosis treatment83. Thus
understandably, both antituberculosis treatment and
HAART are indispensable in the management of
patients with HIV-TB. However, substantial
pharmacokinetic interactions occur between the
rifamycin component of antituberculosis treatment
and antiretroviral drugs especially, protease inhibitors
(PIs) and non-nucleoside reverse transcriptase
inhibitors (NNRTIs) 84 . Moreover, short-course
antituberculosis regimens used in immunocompetent
patients are not so well studied in the setting of HIV
co-infection85.
The key therapeutic principles underlying the
treatment of HIV-TB are, (i) treatment of TB always
takes precedence over the treatment of HIV infection,
(ii) in patients who are already on HAART, the same
has to be continued with appropriate modifications
both in HAART and antituberculosis treatment, and
(iii) in patients who are not receiving HAART, the
need and timing of initiation of HAART have to be
decided after assessing the short-term risk of disease
progression and death, based on CD4+ count and type
of TB, on an individualised basis86-89.

There is no evidence regarding the appropriate time
for initiating HAART in patients with HIV-TB87. A
retrospective study found that in severely
immunosuppressed patients with HIV-TB, early
initiation of HAART was associated with reduced
mortality and disease progression 90 . British HIV
Association (BHIVA) recommends that if CD4+
counts are >200/mm3, HAART can be started after
completion of antituberculosis treatment, if indicated;
if CD4+ counts are 100-200/mm3, HAART can be
started after 2 months of TB treatment and when
CD4+ counts are <100/mm 3 , HAART has to be
initiated as soon as possible after starting
antituberculosis treatment87. Guidelines laid by the
WHO for use in resource-limited settings are depicted
in Fig.589.
Of all rifamycins, rifabutin induces hepatic
cytochrome CYP3A4 the least and is the preferred
rifamycin for concurrent administration with
HAART 84. In such a case, ritonavir and hard-gel
formulation of saquinavir (PIs) and delaviridine
(NNRTI) should not be used; dosages of indinavir
and nelfinavir need to be increased to 1000 mg q8h
and 1250 mg q12h, respectively and that of rifabutin
has to be decreased to 150 mg/day, since PIs inhibit
the metabolism of rifabutin and increase the rate of
uveitis associated with rifabutin91. In resource-limited
settings where rifabutin is not available, ritonavirboosted saquinavir (SQV/r) is the recommended PI
and efavirenz at increased dosage (800 mg/day) is
the preferred NNRTI to be given along with two
nucleoside reverse transcriptase inhibitors, for
concurrent administration with rifampicin containing
antituberculosis regimens88.
Principles of antituberculosis treatment in the
setting of HIV-TB are identical to those for HIVnegative adults with two exceptions 85,87. In HIVinfected patients with TB caused by or presumed to
be caused by susceptible strains of M. tuberculosis,
DOTS should be initiated with isoniazid, rifampicin/
rifabutin, pyrazinamide and ethambutol for the first
2 months followed by rifampicin and isoniazid for
the subsequent 4 months. Since rifampicin
monoresistance has been observed in HIV-infected
patients with CD4+ count less than 100/mm 3 ,
guidelines85 suggest that patients with advanced HIV

Fig.3. Effect of TB on HIV infection: At the site of active TB infection, macrophages infected with M. tuberculosis (Mφ -Mtb) express tumour necrosis factor-α
(TNF-α), which along with monocyte chemotactic protein 1(MCP 1), transcriptionally activates HIV-1 replication (1). The long terminal repeat (LTR) of HIV contains
two NF-κB sites. TNF-α induced HIV replication is mediated by increased activation of NF-κB in mononuclear cells. NF-κB, either alone or in concert with other
transcription factors, enhances the transcriptional activation of HIV-1. Mφ-Mtb may also cause further cycles of infection in CD4+ T-lymphocytes and monocytes (2).
Mφ-Mtb also transactivate HIV-1 replication in newly recruited latently infected CD4+ T-lymphocytes (3). Differentiation of monocytes into dendritic cells may facilitate
transmission of HIV-1 to the CD4+ T-lymphocytes; differentiation into Mφ may promote establishment of latent HIV-1 infection. Thus, the events occurring during Mtb
antigen presentation at the site of active TB infection, result in increased viral replication, plasma viraemia, viral genotypic diversity and CD4+ T-lymphocyte loss.
ICAM, intercellular adhesion molecule; MCP, monocyte chemotactic protein; MIP, macrophage inflammatory protein; TNF-α, tumor necrosis factor-α. Source: reference 38.
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Fig.4. Relative proportion of various forms of TB in immunocompetent (a) and HIV-infected individuals (b). PTB, pulmonary TB;
EPTB, extrapulmonary TB; LNTB, lymph node TB; MTB, miliary TB; DTB, disseminated TB; TBM, meningeal TB; ABDTB,
abdominal TB; GUTB, genitourinary TB. Reproduced with permission from reference 56.
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disease should not receive twice weekly regimens,
but should be treated with daily or three times
weekly therapy in the continuation phase. Six
months is considered to be the minimum duration
of treatment for adults with HIV-TB 85,87. If there
is evidence of a slow or suboptimal response,
prolongation of the continuation phase to 7 months
(a total duration of 9 months) should be
employed 85,87 .
The initial response to 6-month therapy in HIV
co-infected TB patients is good and the rate of
recurrences is also similar to that of HIV-negative
patients if rifampicin is administered for at least 6
months92,93. However, higher recurrence rates have
been observed in some studies94, and were probably
due to re-infection rather than treatment failure.
Extended post-treatment isoniazid (INH) therapy has
been shown to decrease the risk of recurrence in
patients who had symptomatic HIV disease before
the diagnosis of TB95.
Role of corticosteroids
Clear guidelines do not exist regarding
corticosteroid use in HIV-TB. Studies done in HIVnegative patients suggest that adjuvant
corticosteroid administration is essential in patients
with adrenal failure and is beneficial in those with
meningeal and pericardial TB and those developing
immune reconstitution inflammatory syndromes
(IRIS) 85,96 . A randomised controlled trial (RCT)
conducted in Zimbabwe found a significant
mortality benefit with 6 wk of prednisolone therapy
in HIV-infected patients with pericardial TB 97 .
Whereas, another larger RCT of prednisolone in
HIV-infected patients with pleural TB, found no
significant mortality benefit 98 . Moreover, it was
observed that prednisolone treated patients had
significantly higher incidence of Kaposi’s
sarcoma 98. Likewise, subgroup analysis of a large
RCT of prednisolone in TB meningitis found no
beneficial effect of adjuvant steroid therapy on
death or disability among HIV-infected patients 99.
The clinician should weigh the relative merits of
corticosteroid administration against the risk of
immunosuppression and decide on their utility in
each patient, individually.
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Adjunct therapies in HIV-TB
Several immunomodulatory agents have been tried
as adjunctive therapy in the treatment of HIV-infected
patients with TB. These include M. vaccae
thalidomide 101,102 ,
and
vaccination 100 ,
103
pentoxyphylline . None of these agents were found
to confer any meaningful benefit. Interestingly, a
phase-1 study of adjunctive etanercept (TNF
receptor-Fc chimera) therapy in patients with HIVTB, found an insignificant trend towards better
response in terms of weight gain, sputum culture
conversion, cavity closure and CD4+ recovery104.
Adverse drug reactions
HIV-infected patients are more prone to develop
adverse reactions to antituberculosis drugs and need
to be carefully monitored. The risk of adverse drug
reactions (ADRs) increases with advanced
immunosuppression and majority of the ADRs occur
in the first two months of treatment. These include
skin rash, usually caused by thiacetazone and
sometimes by rifampicin and streptomycin,
gastrointestinal disturbances and drug-induced
hepatotoxicity among others5. Thiacetazone can cause
fatal ADRs and hence is contraindicated in HIVinfected patients53. HIV-infected patients are more
prone to develop isoniazid-induced peripheral
neuropathy and all HIV-TB patients receiving
isoniazid should be given pyridoxine supplementation
(10-25 mg/day) 85,87 . Rifampicin reduces the
effectiveness of oral contraceptive pills and patients
should be advised to use other forms of
contraception5.
Immune reconstitution inflammatory syndromes
Paradoxical reactions, also called immune
restoration syndromes or immune reconstitution
inflammatory syndromes (IRIS) have been reported
in 32 to 36 per cent of patients with HIV-TB, within
days to weeks after the initiation of antiretroviral
treatment 105-110 . At times these can be delayed,
occurring after several months. Manifestations range
from isolated instances of fever to increased or initial
appearance of lymphadenopathy, new or worsening
pulmonary infiltrates, serositis, cutaneous lesions, and

Fig.5. World Health Organization guidelines on timing of antiretroviral treatment in patients with HIV-TB. OI, opportunistic infection. Source: reference 89.
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new or expanding central nervous system mass
lesions. Consequently, some patients may develop
acute renal failure 111 or acute respiratory distress
syndrome (ARDS)112. IRIS can be brief or prolonged
with multiple recurrences.

(induration ≥ 5 mm). Treatment of LTBI substantially
reduces the risk of developing active TB in HIV
infected patients and has also been shown to reduce
the mortality 122 . The protection offered lasts for
2.5 to 3 yr123,124.

These pose a diagnostic problem and have to be
distinguished from TB treatment failure, and other
OIs common among HIV-infected patients. Recent
evidence suggests that CD4+ T-lymphocyte
percentage and ratio of CD4+ to CD8+
T-lymphocytes, rather than CD4 + T-lymphocyte
count, were the only factors independently associated
with IRIS, suggesting that unbalanced T-cell response
may be a key factor in the pathogenesis of IRIS113,114.
In general, antiretroviral therapy should not be
interrupted if IRIS occurs. Nonsteroidal antiinflammatory drugs may provide some relief, but some
patients require adjunctive corticosteroid
administration.

However, in practice, especially in India, for
reasons not well understood, treatment of LTBI is
not widely offered. This is partly due to apprehension
regarding inadvertent monotherapy of active TB and
therapeutic nihilism on the part of physicians regarding
the effectiveness of prophylactic treatment for fixed
duration in a country where TB is endemic. Reliably
ruling out active TB is likely to prove a bottleneck
while implementing this strategy as a part of national
programme, and operational research is urgently
required in this aspect, in India.

OUTCOME
The mortality of HIV-infected patients with TB is
comparatively higher than that of HIV-negative TB
patients 65,99,115,116. The mortality depends upon the
type of disease and the degree of underlying
immunosuppression. In HIV-infected patients with TB
meningitis, mortality is about 60-70 per cent, despite
adequate treatment 65,99 . However, with adequate
antituberculosis therapy, occurrence of TB has been
found to have no independent effect on mortality in
hospitalised HIV-infected patients 117 . Other OIs
which often go undiagnosed are a common cause of
death in patients with HIV-TB, especially those dying
later during antituberculosis treatment118. In a study
from south India, the median survival in HIV-infected
patients with PTB and EPTB was found to be 45 and
40 months, respectively 119 . Earlier studies from
Uganda and Europe have documented a median
survival of 22 to 24 months in HIV-infected patients
with TB 120,121.
PREVENTION OF HIV-TB
All newly detected HIV-infected patients should
undergo a tuberculin skin test and prophylactic
therapy should be offered to those patients with LTBI

The additional benefits of using IFN-γ assays based
on M. tuberculosis specific peptides, early secretory
antigen 6 (ESAT6) and culture filtrate protein 10
(CFP10) to diagnose LTBI in HIV-infected patients
and lifelong prophylactic treatment with isoniazid to
prevent reinfection, need to be evaluated in future
studies.
While persons known to be HIV-infected should
never be given bacille Calmette-Guerin (BCG), which
is a live attenuated vaccine, the WHO advocates that
routine immunisation of infants should nevertheless
continue in areas with a high incidence of TB and
HIV infection 125 . Prior BCG vaccination offers
modest protection against all forms of TB,
independent of HIV status; however, HIV infection
nullifies the protection offered by BCG against the
development of EPTB126. This is in contrast to HIVnegative patients in whom BCG vaccination offers
maximum protection against the development of
extrapulmonary TB such as meningitis and miliary
TB 127 .
Conclusions
Globally, HIV/AIDS pandemic is threatening to
destabilise the control of TB. Treatment of HIV-TB
co-infection requires strong commitment and a
focussed approach. Appropriate use of HAART to
preserve immunity and treat HIV infection, ensuring
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high levels of coverage and compliance is required to
prevent TB. The DOTS strategy is useful to ensure
cure of TB in patients with HIV/AIDS. A strong coordination between the national TB and the AIDS
control programmes is required for effective
management of HIV-TB patients.
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The worldwide quest for an AIDS vaccine represents an unprecedented scientific and human
challenge for the 21st century. Preventive vaccines represent our only long-term hope to stop
the epidemic. AIDS vaccines must be seen as the ultimate prevention tool that will complement
the existing prevention strategies in place. The acceleration of vaccine development through the
parallel exploration of several scientific approaches and implementation of clinical trials are
the best and probably only way to reach this goal, and the best vaccines have moved into phase
II and efficacy trials. Ideally an AIDS vaccine should induce both neutralizing antibodies against
HIV-1 primary isolates and cell-mediated responses. AIDS vaccines could prevent either HIV
infection or progression to disease and decrease transmission by reducing the HIV viral load.
Most of the vaccine approaches developed so far aim at inducing cell-mediated immune responses.
New vector-based vaccines include modified vaccinia Ankara, adeno-associated virus, adenovirus
and alpha viruses. Considerable efforts are on to develop vaccines that would induce neutralizing
antibodies. All vaccines tested so far in humans have proven to be safe. This long-term endeavour
requires strong and renewed political leadership and commitment, flexibility of processes, medical
and scientific dedication and collaboration on a mission mode along with community participation
for immediate action. Recent developments in India highlight clearly the commitment of the
Government of India and the scientific community to a long-term global effort to develop an
AIDS vaccine.

In June 1981, the Center for Disease Control
(CDC) in the United States reported the first clinical
evidence of a disease that would become known as
Acquired Immunodeficiency Syndrome (AIDS).
Twenty-three years later, the AIDS epidemic has
spread all over the world. Since the beginning of the
epidemic, 63 million people have been infected with
HIV. Globally, over 38 million people are today living
with HIV infection, with 5 million new infections
acquired annually, and 14,000 daily1. Over 95 per cent
of new HIV infections occur in developing countries,
mainly in Sub-Saharan Africa and South-East Asia.
There is an urgent need to explore all possible
approaches to control the epidemic, in particular,
preventive measures such as health education, condom

use, safe sex practices, and treatment of sexually
transmitted diseases, preventive vaccines and topical
microbicides. If considerable progress has been made
in treatment with antiretroviral drugs and their largescale implementation, the need for an AIDS vaccine
has spurred an unprecedented effort of research and
development worldwide, especially in South-East
Asia2. Preventive vaccines represent our only longterm hope to stop the epidemic3.
Since the first report of HIV infection among sex
workers in Chennai in 19864, it is estimated that over
5.1 million people were infected with HIV in India by
the end of 2003, representing a high public health
burden. HIV infection has spread to all the states in
568

EXCLER: AIDS VACCINE DEVELOPMENT

India and high prevalence rates have been reported
from Maharashtra, Karnataka, Tamil Nadu, Andhra
Pradesh, Manipur, and Nagaland. A majority of HIV
infections are due to sexual transmission followed by
intravenous drug use and mother-to-child
transmission5. The HIV epidemic has been spreading
from high risk to low risk populations and from urban
to rural areas during the last 12-13 yr6-9. The need to
develop an HIV vaccine in India has become
particularly pressing.
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Table I. Scientific obstacles to the development of
AIDS vaccines
Antigenic diversity and hypervariability of the virus
Transmission of disease by mucosal route
Transmission of the virus by infected cells
Resistance of wild type virus to seroneutralization
Integration of the virus genome into the host cell chromosomes
Latency of the virus in resting memory T-cells
Rapid emergence of viral escape mutants in the host

Scientific and strategic challenges

Downregulation of major histocompatibility (MHC)
class I antigens

The main scientific obstacles to the development
of an AIDS vaccine are summarized in Table I.
The high error rate of the viral reverse transcriptase
leads to continuous mutations in the HIV genome.
HIV-1 is characterised by its genetic diversity and
hypervariability, especially in the envelope domain,
to a lesser extent in core and regulatory genes. In
addition, the genetic sequence of the full genome has
allowed determining recombination between subtypes,
now well established10-12. In Asia, the HIV group M
subtype A/E (E envelope, A gag/pol) is predominant
(>75%) in Thailand 13 and Myanmar, followed by
subtype B (close to the North American and European
B), essentially found in injecting drug users (IDUs),
and subtype C in northern Thailand. In Indonesia,
subtypes B (predominant) and E are both circulating14.
In China, the presence of subtypes B and C among
injection drug using populations in southern Yunnan
Province yielded CRF07_BC and CRF08_BC which
subsequently became the predominant viruses as the
HIV-1 epidemic spread to the north and the east15-18.
In India HIV-1 subtype C is predominant (91%)
(subtype C accounts for 47.2% of all HIV infections
worldwide19, followed by subtypes B, A and E20-25.
Recombinants (A/C, B’/C) have also now been
described in India26. HIV-2 is also circulating. This
may have tremendous implications for the design of
HIV vaccines. A vaccine protecting against a subtype
may not be protective or only partially protective
against another subtype or recombinant.
The immune correlates of protection are still
unknown 27 . Both arms of the immune system
(humoral and cell-mediated) are thought however to

be important elements for protection. The best
vaccine approach would prevent the establishment
of HIV infection of the host upon exposure. A typical
immune response to HIV infection involves the
development of both neutralizing antibodies and cellmediated immune responses. However, despite these
immune responses, the persistence of HIV-1 reflects
its ability to evade elimination by the immune system
and to replicate predominantly in antigen-presenting
and regulatory immune cells, enabling continuous virus
replenishment. Efforts aim at developing vaccines that
would induce both neutralizing antibodies and
cytotoxic T lymphocytes (CTL) against CCR5
primary HIV isolates 28 . The humoral arm produces
virus-neutralizing antibodies that, when fully effective,
completely prevent virions from infecting new host
cells. Essential structural components of the
glycoproteins required for host-cell interaction and
entry are rendered inaccessible to antibody, and the
remainder of the molecule is “hidden” from antibody
assault. The complex interactions between the
envelope and its receptors (CD4 and chemokines
receptors), the partial protection from antibody by
glycosylation of the envelope-chemokine receptor and
stearic hindrance make the envelope a remarkable
functional molecule that is appropriately exposed to
the environment of the host cell surface but can also
thwart effective antibody interaction. Several
monoclonal antibodies have been described as
“broadly” neutralizing against diverse HIV-1 isolates.
However, the breadth and potency of their activity
remains limited29. Though the mechanisms that lead
to neutralizing antibodies are relatively well
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understood, scientists are still unable to make relevant
immunogens capable of inducing such antibodies. An
International Neutralizing Antibody Consortium has
been set up and is co-ordinated and co-funded by
International AIDS Vaccine Initiative.

Table II. Programmatic difficulties to the development of
AIDS vaccines
Insufficient political leadership
Insufficient fundings allocated to AIDS vaccines
Lack or insufficient coordinated approach

The antiviral cellular immune response plays a
crucial role in controlling virus replication, especially
when effective during the phase of acute infection30,31.
The objective of a vaccine that elicits specific cellular
immunity is to greatly enhance the pool of anti–HIV1 CD4 memory and CD8 CTLs in the uninfected
person. These established memory cells will then be
capable of rapidly proliferating upon initial virus
infection. The immediate proliferation of effector
CTLs will, in theory, result in an interaction between
the virus and the immune system whose dynamics
favour the immune response, yielding a rapid
clearance of infection and a lower persistent viral
load. Such a vaccine will likely not prevent new HIV
infection, but it should have both beneficial individual
and epidemiological consequences32. Encouragingly,
the ability of the virus to fully “escape” from the
cellular immune response through mutation may be
limited by functional constraints on virus structure33,34.
The vaccine strategies currently developed focus on
the development of a cell-mediated immune response,
essentially through HIV-specific CD8 cytotoxicity.
However, the relevance CD8 T-cell measurements
currently used in animal studies and clinical trials such
as ELISpot INFγ have been questioned. If the ELISpot
INFγ still represents the yardstick of measurement of
CTL activity, such measurement is thought to give a
partial image of the true immune responses susceptible
to protect against HIV. There is a growing consensus
that other parameters should be looked at, including
the CD8 memory by measurement of IL2 production,
the secretion of granzyme B and perforin as preferable
markers of the CTL activity35. However, such assays
need to be standardized and validated.
The elicitation of cellular immunity by a vaccine
requires that vaccine vectors be developed that can
“deliver” genes encoding the target viral immunogens
to immune system antigen-presenting cells. A number
of such vectors are currently being developed and
tested in preclinical and early phase clinical trials.
The more promising technologies include various

Regulatory authorities in developing countries
Slow approval process
Standardization of assays and reagents
Length of clinical trials, especially of efficacy trials

replication defective viruses and so-called “naked”
DNA vectors used in multiple combinations. However,
to date, individual vector systems have exhibited
various deficiencies such as poor potency and negative
effects of pre-existing antivector immunity36.
Relevant animal models are lacking. In non-human
primate models, these vaccines have elicited immune
responses that range from highly to poorly effective
in their ability to mitigate infection after challenge
with the virus37. The validity of animal models for
protection will be resolved only when comparison of
these animal results with the results of “proof of
concept” (or phase IIb) and efficacy trials in humans
are made possible.
Since most of HIV transmission occurs through
sexual transmission, the development of an AIDS
vaccine that would elicit protective immunity at the
mucosal level has received special attention. The
conduct of animal studies and clinical trials raised
however methodological issues such as the need to
harmonize and validate the methods of sample
collection as well as of the measurement of immune
responses at the mucosal level. The current cellmediated immunity-oriented vaccine strategies may
not be adapted to the situation since there seems to be
a poor correlation between HIV shedding in semen
and the systemic CD8 CTL response in humans38.
Programmatic challenges
The implementation of AIDS vaccine development
programmes encounters several difficulties (Table II).
The implementation and conduct of HIV vaccine
clinical trials are difficult, long and costly. Recruitment
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Table III. Clinical trials in developing countries
Year

Country

Phase

Product

1993

China

II

V3 branched peptide

23

1994

Thailand
Brazil

II
II

V3 branched peptide
V3 branched peptide

30
30

1995

Thailand

I/II
I/II

rgp 120 B (MN)
rgp 120 B (SF2)

30
54

1996

Cuba

I

V3-multi-epitope peptide

30

1997

Thailand

II

rgp 120 BE (SF2/CM235)

380

1998

Thailand

II

rgp 120 BE (MN/A244)

92

1999

Uganda
Thailand

II
III

ALVAC vcp205
rgp 120 BE (MN/A244)

40
2,545

2000

Thailand

I/II
I/II
I/II

ALVAC vCP1521 + rgp 120 BE
ALVAC vCP1521 + rgp 160 E
ALVAC vCP1521 + rgp 120 BE

2001

Kenya

I

DNA-HIVA

18

Haiti

II

ALVAC vCP1452 + rgp120 BB

40

Trinidad

II

ALVAC vCP1452 + rgp 120 BB

40

Brazil

II

ALVAC vCP1452 + rgp 120 BB

40

Perú

II

ALVAC vCP1452 + rgp 120 BB

40

Kenya

I

MVA-HIVA

18

Uganda

II

DNA-HIVA + MVA-HIVA

50

Botswana

I

DNA-multi-epitope

12

Kenya

II

DNA-HIVA + MVA-HIVA

South Africa

II
I

MVA-HIVA
VEE-vectored C gag

South Africa &

I/II

MRKAd-5 gag B

2002

2003

Malawi

2004

No. of
volunteers

60
70
125

120
55
40

MRKAd-5 gag

87

Brazil & Peru

I/II

MRKAd-5 gag B

87

Thailand

I/II

MRKAd-5 gag B

87

Haiti & Puerto Rico

I/II

MRKAd-5 gag B

87

Thailand

III

ALVAC vCP1521 + rgp 120 BE

USA, Later: Canada, Peru
Dominican Republic, Haiti,
Puerto Rico, Australia

IIb

MRKAd-5 gag/pol/nef B

16,000
1,500
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of lower-risk volunteers for phases I trials, and of atrisk volunteers for phase II and III efficacy trials is
rendered more difficult in less-educated populations
exposed to stigma and discrimination, rumours and
misunderstandings, and media opinion. Safeguarding
the rights and welfare of individuals participating as
research subjects in developing countries is a priority.
In September 1997 the Joint United Nations
Programme on HIV/AIDS (UNAIDS) embarked on
a process of international consultation; its purpose
was further to define the important ethical issues and
to formulate guidance that might facilitate the ethical
design and conduct of HIV vaccine trials in
international contexts39,40.
The difficulties of implementing HIV vaccine
efficacy trials in developing countries have been
reviewed elsewhere41,42. HIV incidence rates although
still high in some high-risk groups such as discordant
couples43 or intravenous drug users44 and commercial
sex worker groups 45 , show a general trend to
decreasing. This is mainly due to the implementation
of aggressive intervention programmes of prevention
and treatment in these groups over the past 10 yr. As
a consequence of lower incidence rates, vaccine
efficacy trials will need to be multi-centric and/or
multi-country in order to reach the number of
participants needed at analysis for a given mode of
transmission.
Over the past 10 yr, several developing countries
have joined the international effort of AIDS vaccine
development (Table III). The implementation of
clinical trials in developing countries raised new
challenges regarding the approval process and
regulatory issues. In several instances, the approval
process was poorly defined, ethics committees and
regulatory authorities unprepared and inadequately
staffed for reviewing complex dossiers of “high tech”
genetically engineered products and dealing with “last
minute” changes that characterizes research and
development. This situation leads most of the time to
lengthy approval process and delays in trial initiation.
Although considerable efforts have been made in
strengthening the capacity of ethics committees and
regulatory agencies in developing countries, more
remains to be done to shorten delays to trial initiation.

AIDS vaccine approaches
Since 1987, when the first preventive HIV vaccine
candidate entered clinical trials, more than 40 vaccine
candidates have been evaluated in safety and
immunogenicity trials, and one candidate has
progressed to efficacy trials. More than 10,000 HIVuninfected volunteers have participated in clinical
trials of HIV vaccines between 1987-2003. Databases
of AIDS vaccines in human trials have now been
established by the International AIDS Vaccine
Initiative (IAVI) (www.iavi.org) and US National
Institutes of Health Vaccine Research Center
(www.vrc.nih.gov), and provide details and references
for the individual trials. Several vaccine concepts,
schedules of immunization, routes of administration,
and adjuvants have been tested46. Classical vaccine
strategies based on live-attenuated or wholeinactivated HIV have severe limitations 47,48. Most
efforts to develop an AIDS vaccine have therefore
focused on newer vaccine approaches.
Recombinant envelope subunits: Recombinant soluble
HIV and Simian immunodeficiency virus (SIV)
glycoproteins have been used as subunit vaccines.
HIV-1 gp160, gp140, or gp120 induced only a
transient response in primates even with strong
adjuvants or special delivery formulations. They did
not protect macaques from challenge with the virulent
SIVmac. These studies have underlined the importance
of the conformational integrity of the envelope
glycoprotein for the induction of neutralizing
antibodies: current envelope vaccine candidates elicit
high gp120-binding antibody titres with neutralizing
activity against matched tissue culture laboratoryadapted virus strains but not primary HIV-1 isolates.
The antibodies induced by gp120 are usually incapable
of neutralizing primary CCR5 isolates, even though
they can neutralize the homologous CXCR4 virus
strain. They can therefore prevent infection if animals
are challenged with a homologous CXCR4 virus but
not with a CCR5 virus strain. Efficacy trials with
monomeric gp120 derived from circulating primary
isolates have demonstrated their absence of efficacy
against HIV infection in humans49.
Several approaches have been undertaken to
overcome these obstacles including mixing gp120
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Table IV. Live recombinant vectors used as HIV-1 vaccines
Viruses

Bacteria

Pox viruses: vaccinia, canarypox (ALVAC), fowlpox,
Modified Vaccinia Ankara (MVA), NYVAC

Bacillus Calmette & Guérin
Salmonella

Adenoviruses

Shigella

Adeno-associated viruses (AAV)

Lactobacillus

Alphaviruses: Venezuelan equine encephalitis, Sindbis, and
Semliki Forest (SFV) viruses

Streptococcus
Listeria

Flaviviruses: Yellow fever virus
Rhabdoviruses: vesicular stomatitis and rabies viruses
Myxovirus: Influenza virus
Paramyxoviruses: Sendaï virus, measles virus
Picornavirus: poliovirus
NYVAC, Attenuated vaccinia by genetic engineering

from primary isolates, and soluble gp140 glycoprotein
trimers. The resulting molecules showed enhanced
immunogenic potency, but the improvement was far
from optimal. The removal of glycosyl moieties to
unmask neutralization epitopes, the making of gp120CD4 receptor complexes or the deletion of the 1st
and 2nd variable loops from gp120 (currently tested
in human volunteers) have been used as immunogens
and shown to induce broadly neutralizing antibodies50.
The HIV-1 Tat protein is more conserved than
envelope proteins, is essential in the virus life cycle
and is expressed very early upon virus entry. In
addition, both humoral and cellular responses to Tat
have been reported to correlate with a delayed
progression to disease in both humans and monkeys.
This suggested that Tat is an optimal target for vaccine
development aimed at controlling virus replication and
blocking disease onset. Subunit vaccines based on
the accessory protein Tat have been developed and
have demonstrated at least partial protective efficacy
in HIV envelope and SIV core genes chimeric
construct or SHIV macaque models and are currently
tested in humans51. Gp120 nef/tat fusion adjuvanted
subunit protein vaccine induces mediocre immune
responses in humans measured by ELISpot INFγ52 .

Synthetic peptides: Synthetic peptide immunogens
either linear or branched initially concentrated on the
V3 loop of gp120. Well-tolerated, they were unable to
induce neutralizing antibodies against primary
isolates53,54.
Although peptides and proteins usually do not
induce a class I–restricted CD8 response in vivo,
lipopeptides have such a capacity and may represent
an interesting formulation for inducing or boosting the
CTL immune response to HIV. Indeed, long
lipopeptides with a fatty acid tail can induce broad
cellular immune reponses in humans as well as in
animals. Lipopeptides tested in France gave impressing
immune responses measured by ELISpots INFγ with
up to 83 per cent of HIV-specific CD8 responders.
The lipopeptides with a monolipid tail and a tetanus
toxoid peptide appeared to be superior to double lipid
tail peptides55-57.
Live recombinant vectors: Live recombinant vector
vaccines are either a live attenuated viral or bacterial
strain used as a vector to carry HIV genes encoding
the antigens of interest (Table IV). They are able to
stimulate both humoral and cell-mediated immunity.
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Table V. Prime-boost strategies tested in animals or humans
Vaccinia + recombinant envelope subunit
Canarypox + recombinant envelope subunit or synthetic
lipopeptide
Salmonella + recombinant envelope subunit

DNA glycosylase (udg-) gene. Macaques immunized
with this MVA udg- exhibited significantly higher
levels of CD8 and CD4 T-cell proliferation one week
post-immunization compared to normal MVA vector.
In prime-boost experiments, measles vector prime
and MVA udg- boost induced stronger responses than
measles or MVA udg- alone60.

Recombinant envelope subunit + synthetic peptide
DNA + recombinant envelope subunit
DNA + pox virus (canarypox, fowlpox, MVA, NYVAC)
DNA + adenovirus
Vector + vector
homo- or heterologous adenovirus
adenovirus + canarypox
AAV + homo- or heterologous AAV or MVA
MVA + fowlpox
SFV + MVA
MVA, Modified vaccinia Ankara, AAV, Adeno-associated virus,
SFV, semliki forest virus; NYVAC, Attenuated vaccinia by
genetic engineering

Pox vectors such as vaccinia virus vectors were
the first to be tested in animals and humans. They
induce HIV-specific CTL responses but weak and
transient anti-HIV antibody responses and can confer
protection in macaque models.
The lack of safety of vaccinia virus recombinants
in immunocompromised people has led to prefer the
use of attenuated vaccinia virus strains such as
NYVAC or the Modified Vaccinia virus Ankara
(MVA), a highly attenuated, host range–restricted
strain of vaccinia virus. NYVAC HIV-1 subtype C
(an attenuated slow replicative genetically engineered
vaccinia) was recently tested in humans. A maximum
of 50 per cent ELISpot INFγ response was
observed 58 .
In non-human primates, MVA recombinants were
found to induce potent CTL responses able to partially
control virus loads after challenge with pathogenic
SHIV or SIV59. A new MVA vector was engineered
that is genetically blocked for progression through the
poxvirus replication cycle via the deletion of the uracil-

Other pox vectors, non-replicative in mammalian
cells, have been developed including canarypox
(ALVAC) or folwpox viruses. Although very safe in
humans, since non-replicative, they are less
immunogenic than vaccinia. Results from several
Phase I and II trials with recombinant canarypox
vectors have demonstrated the induction of CD8 CTL
in a limited proportion of vaccinees (15-30%) at any
given time point post-immunization. Interestingly,
some CTL responses generated by recombinant
canarypox vectors were cross-clade 61.
Human adenovirus types 4, 5, and 7 can be
administered orally or intranasally and can induce both
systemic and mucosal immunity. Recently, an Ad5
recombinant expressing HIV-1 Gag was found to
successfully induce cellular immune responses in
rhesus macaques and to attenuate infection and
mitigate disease progression after challenge with a
pathogenic SHIV. Recently DNA priming and
recombinant Ad5 boosting was able to induce strong
cell-mediated immune responses in human volunteers.
The priming effect of DNA was however limited.
Adeno 5 subtype B was tested in human volunteers62.
DNA prime does not bring substantial advantage over
Ad5 alone, especially in Ad5 naïve subjects.
Volunteers without pre-existing immunity to Ad5
develop strong ELISpot responses in up to 82 per cent
of them. In contrast, the percentage of responders is
inversely proportional to the titres of pre-existing Ad5
antibody titer (down to 28%). In developed countries
the percentage of Ad5 immune individuals is about
30 per cent with low titers increasing to 70 per cent
with high titres in developing countries63.
Defective alphavirus “replicons” such as
Venezuelan Equine Encephalitis (VEE) virus, Sindbis
virus and Semliki Forest virus (SFV) replicons offer
the advantages of an important amplification of the
viral message after infection and are able to target
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dendritic cells, resulting in efficacious antigen
presentation 64.
AAV is a naturally occurring virus that depends on a
helper virus for replication. Although pre-existing
immunity to AAV is common in the US and Europe,
extensive epidemiological studies have found this virus
to be non-pathogenic. The AAV-based vaccine is not
capable of replication as it lacks the requisite AAV
viral elements that respond to helper adenovirus coinfection and the vaccine is thus incapable of
replication, even in the presence of helper viruses.
Persistence of vaccine DNA sequences in cells occurs
by a mechanism involving an unintegrated episomal
concatamer65. Although 25-60 per cent of humans in
the US and Europe have binding antibodies against
AAV, only a small percentage of the population exhibit
neutralizing antibody, and the low titres observed
likely will not prevent a ‘vaccine take’. No data on
pre-existing immunity to AAV is available for
Southeast Asia and Africa. Preclinical data show that
AAV-based vaccines induce both antibody and T-cell
responses against the inserted genes when delivered
as a single intramuscular injection. Immune responses
in mice and macaques persist at least six months after
a single intramuscular injection. AAV-based AIDS
vaccine clinical trials have been initiated in Europe.
Numerous other virus vector systems like the
attenuated vaccine strains of measles or yellow fever
viruses, poliovirus replicons, rabies virus, vesicular
stomatis virus, or Sendaï virus are being developed for
the preparation of live recombinant HIV vaccines (Table
IV). Live recombinant bacterial vaccines have also been
developed including bacillus Calmette-Guerin (BCG),
Salmonella, Listeria monocytogenes and Shigella66.
However, in individuals previously exposed to the
vector and who developed a residual immunity to the
vector, most live recombinant viral or bacterial vectors
show a decreased immunogenicity compared to naïve
hosts. Volunteers with low pre-existing Ad5 antibody
titres developed strong cell-mediated immune
responses but not those with high pre-existing
immunity67. This serious limitation is not observed with
canarypox or fowlpox vectors but applies to BCG,
poliovirus, or human adenovirus. It also applies to
MVA and NYVAC in the populations vaccinated
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against smallpox. This might also be an issue for
booster injections, as successive immunizations with
the same vector will induce immunity to the vector.
Naked DNA: Injection into the muscle or the epidermis
of a purified plasmid DNA that carries a gene
encoding an antigen under the control of an
appropriate mammalian transcription promoter leads
to expression of the antigen in situ and triggers an
immune response, mostly of the Th1 type. DNA
vaccines alone even when engineered as synthetic
HIV-1 genes with optimized codons or formulated
with cytokines or various delivery systems have
however been disappointing, inducing weak immune
reponses in primates and humans68.
Prime-boost concept: In animals, priming with a viral
vector or nucleic acid vaccine, followed by boosting
with either another vector or subunit/peptide vaccine,
induced stronger immune responses compared to
vaccination with either vaccine alone 69 . Several
prime-boost strategies have been tested over the past
decade. They are summarized in Table V.
Prime-boost combinations using a DNA vaccine
for priming and recombinant MVA or fowlpox virus
vaccines for boosting elicited the best CTL responses
in macaques 70 that showed lower virus loads and
prolonged survival following pathogenic SHIV
challenge71. Recombinant vaccinia, MVA, and fowlpox
constructs were comparable in their immunogenicity.
Moreover, whereas the magnitude of the peak
vaccine-elicited T lymphocyte responses in the
recombinant pox virus-boosted monkeys was
substantially greater than that seen in the monkeys
immunized with plasmid DNA alone, the magnitude
of the CTL responses decayed rapidly and was
comparable to those of the DNA-alone-vaccinated
monkeys by the time of viral challenge. Consistent
with these comparable memory T-cell responses, the
clinical protection seen in all groups of experimentally
vaccinated monkeys was similar. This study, therefore,
indicates that the steady-state memory, rather than
the peak effector vaccine-elicited T lymphocyte
responses, may be the critical immune correlate of
protection for a CTL-based HIV vaccine72. Recently,
a prime-boost regimen with DNA + MVA expressing
strings of CTL epitopes from HIV-1 subtype A was
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tested in human volunteers in United Kingdom, Kenya
and Uganda and showed disappointing results. Less
than 20 per cent of vaccinees developed ELISpot
INFγ responses 73,74 . Whether different MVA
constructs will add significant benefit remain to be
demonstrated.
A prime-boost regimen using DNA prime and
fowlpox (FPV) boost was tested in macaques
subsequently SHIV-challenged. Interestingly, priming
with two DNA injections followed by one FPV booster
injection was equivalent to three DNA injections only
as measured by decrease in viral load after challenge
although the first regimen induces stronger ELISpot
INFγ responses. This may suggest that ELISpot IFNγ
may not be a good immune correlate of protection.
In Australian volunteers, the low (1.5 mg) and high
(4.5 mg) doses of DNA vaccine induced similar
immune responses75.
Prime-boost with lipopeptides and canarypox did
not show improvement in immune responses over
lipopeptides alone. Lymphoproliferation following
peptides was detected in all vaccinees and in only 38
per cent with canarypox alone76.
Ad5 prime followed by ALVAC (canarypox) boost
induces a synergistic response in animals77, which was
unfortunately not observed in humans.
In order to circumvent the pre-existing immunity
issue to the vaccine vector, efforts now focus on
developing vaccines derived from adenovirus
subtypes rarely infecting humans such as Ad11 and
Ad35. Ad11 prime boosted either by Ad5, Ad35 or
Ad11 shows that heterologous is superior to
homologous boost (Ad11+Ad35)78.
In animals, AAV subtype 1 seems to induce
stronger immune response measured by ELISpot INFγ
as compared to AAV subtype 2. Several prime-boost
regimens using homologous or heterologous AAV
constructs and MVA were compared in macaques:
AAV2+AAV1>AAV2+AAV2>AAV2+MVA>MVA+MVA.
When using recombinant vectors, heterologous primeboost strategies seem to induce stronger cell-mediated
immune responses than homologous ones79.

Pediatric trials: The rapidly increasing prevalence of
mother-to-child transmission (MTCT) of HIV-1
worldwide has resulted in an urgent need for effective
preventive strategies80. Although antiretroviral regimens
have shown considerable efficacy in reducing vertical
transmission of HIV, it is still not known whether such
regimens would prevent the transmission of HIV-1
through breastfeeding beyond the neonatal period81. In
addition, children who escape MTCT are again at risk
for infection when they become sexually active as
adolescents. An infant vaccine regimen, begun at birth,
represents an attractive immunization strategy and might
also provide the basis for lifetime protection against HIV1 infection. However, the development of protective
immunity may take time and passive coverage until
immunization is complete would be important in
preventing breast milk transmission of HIV-1. Since the
majority of infants acquire infection at or within 6 months
of birth, efficacy data could be available as early as 6
months - 1 yr following the initiation of the Phase III trial.
Adolescents: It is acknowledged that adolescents
should benefit in priority of a safe and efficacious
AIDS vaccine once available before they enter into
their sexual life. The participation of adolescents in
efficacy trials raises several ethical and legal concerns
and is thought to be unnecessary for licensure at least
in the general population. The debate however
remains open for some high-risk groups such as sex
workers and men having sex with men that de facto
include some adolescents. The growing consensus is
that once efficacy is demonstrated in adults, bridging
studies should be conducted in adolescents82.
Role of India: The last two years have been for the
Government of India through leading institutions
including the Indian Council of Medical Research
(ICMR), the National AIDS Control Organisation
(NACO) and their partner International AIDS Vaccine
Initiative (IAVI), a period of intense activities and
great achievements in the domain of AIDS vaccine
development. Other institutions under the Department
of Biotechnology (DBT) leadership are also actively
involved in several vaccine approaches.
In 2002, a multiple AIDS vaccine candidate
strategy approach was adopted. This strategy would
allow to speed up the testing of several vaccines in
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parallel rather than sequentially to ensure that an
effective vaccine is available at the earliest. As a
consequence, it was decided to set up centres of
excellence for AIDS vaccine clinical and laboratory
evaluation at two ICMR Institutes in India. This
strategy would contribute significantly to the research
and development capacity building in India.
One centre is located at the National AIDS
Research Institute (NARI), Pune, working towards
conducting the first phase I clinical trial with the AAVbased AIDS vaccine in 2005, assuming all approvals
are granted. This centre is fully operational including
a clinical centre and of the state-of-the art immunology
laboratory entirely dedicated to clinical trials. The
second AIDS vaccine clinical evaluation centre is
being set up at the Tuberculosis Research Centre,
Chennai. A Phase I trial with the MVA vaccine is
expected to begin in 2005.
The implementation of clinical trials to test the
vaccine efficacy is the bottleneck of clinical
development for any vaccine, in particular for AIDS
vaccines. Such implementation represents a
tremendous scientific and organisational challenge that
must be anticipated years in advance. An important
step is therefore to define the feasibility of such trials
in India. In this regard, assessments of various
infrastructures and organisations working with
different communities and their epidemiological
characteristics were conducted by a team comprising
of several national and international experts. The team
visited select scientific institutions and nongovernmental organisations in view of providing
recommendations for the conduct of site and
community preparedness studies.
The AIDS vaccine development programme in
India is based on transparency and accountability. To
ensure that the trials are ethical and safe, broad-based
community support is required. Several mechanisms
and bodies have been put in place including the: (i)
National AIDS Vaccine Advisory Board providing
guidance to the Government of India. (ii) Informed
Consent Group to develop a template for the Informed
Consent documents used in the Phase I trials; (iii)
Gender Advisory Board and Training to help oversee
and guide the Indian vaccine programme’s efforts to

incorporate gender concerns in AIDS vaccine trials.
Training modules and a framework for implementing
gender training for trial staff was developed with their
assistance; (iv) Non-Governmental Organisation
Working Group to ensure that communities are better
informed of the clinical trial processes and that the
trials are conducted in a safe and ethical manner with
community support and representation; and (v)
National Consultation on HIV Care and Treatment in
AIDS Vaccine Trials. The consultation helped define
the policy and technical guidelines for the care and
treatment of trial participants, including those who
become HIV infected, during the course of AIDS
vaccine clinical trials, within the larger framework of
the NACO HIV/AIDS care and treatment policy
guidelines.
Conclusion
The quest for an AIDS vaccine presents an
unprecedented scientific and human challenge for this
21st century. AIDS vaccines must be seen as the
ultimate prevention tool that will complement the
existing prevention strategies. The acceleration of
vaccine development through the parallel exploration
of several scientific approaches and implementation
of clinical trials are the best and probably only way
to reach this goal. This long-term commitment
endeavour requires strong and renewed political
leadership and commitment, flexibility of processes,
medical and scientific dedication and collaboration on
a mission mode along with community participation
for immediate action. The recent achievements in
India highlight clearly the commitment of the
Government of India and the scientific community to
a long-term global effort to develop an AIDS vaccine.
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Whilst the international community’s focus has been on the region most devastated by HIV/
AIDS, namely sub-Saharan Africa, India now appears on the brink of a significant AIDS
epidemic. In thinking about the implications of HIV/AIDS, considerable attention was initially
drawn to its clinical aspects. More recently, other dimensions of HIV, including economic, have
been explored. The primary objective of this review is to elaborate on the major elements of
the national and international economic research to data on HIV/AIDS, and to infer lessons
from it, for India. It also examines the evidence on the aggregate and household-level economic
impacts of HIV, the economic roots that drive its transmission and the methods economists use
to assess the efficacy of alternative interventions to address HIV and AIDS. Available evidence
suggests that whereas aggregate impacts may be limited, the adverse household-level economic
implications of AIDS may be serious; public resources that are available for health are also
likely to be put under strain. Paucity of economic research on HIV and AIDS relating to India
is highlighted.

When acquired immune deficiency syndrome
(AIDS) was first recognized in early 1981, few would
have predicted that it would escalate into a modernday plague, with over 40 million individuals infected
worldwide. Indeed, AIDS is an exceptional infectious
disease, posing challenges in terms of immediate needs
and long-term development. In 2003, almost five
million people were newly infected with HIV, the
highest annual incidence rate since the beginning of
the epidemic. In the same year, almost three million
individuals died of AIDS and over 20 million have
died since the first cases of AIDS were identified in
the early 1980s1.

HIV in women attending antenatal clinics exceeds
1 per cent, categorizing the epidemic as generalized.
With an estimated 5.1 million individuals living with
HIV in 2003, approximately 0.9 per cent of Indian
adults are HIV positive, and in terms of absolute
numbers, HIV prevalence in India corresponds to the
second highest population worldwide2.
In thinking about the implications of HIV/AIDS,
considerable attention has been drawn to its clinical
and therapeutic aspects: the nature of the HIV virus,
the mechanism through which it is transmitted across
individuals, the creation of vaccines to prevent
infection, and the development of drugs to manage
opportunistic infections and conditions associated with
HIV and AIDS. Yet, it is clear by now that the effects
of HIV/AIDS are not limited to the realm of medicine.
HIV has profoundly influenced legal, human rights
and ethical frameworks, and there are raging debates
regarding the twin strategies of prevention and

Whilst the international community’s focus has
been on the region most devastated by HIV/AIDS,
namely sub-Saharan Africa, India now appears on
the brink of a significant epidemic. HIV has been
detected in almost all of India’s states and union
territories. In seven Indian states, the prevalence of
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treatment within these contexts. Considerations of
gender equality, family structure and demographic
implications have also attracted attention in studying
its consequences.
A large amount of attention has also been devoted
to analysing the aggregate economic impacts of the
worldwide HIV/AIDS epidemic. This is not surprising
since HIV/AIDS affects individuals in prime-working
age groups, is typically expensive to treat, and has
affected massive numbers of people worldwide.
However, the focus on the aggregate impacts of HIV/
AIDS is only one of several lenses through which
economists have viewed the impact of the epidemic.
Firstly, researchers have also examined the impact
of HIV at the micro-level, on specific sectors,
individuals and families, on economic inequality and
on poverty. Secondly, economists have highlighted
elements of the process of modern economic
development that are correlated with the spread of
HIV, for example, rural-urban and international
migration, urbanization, and increases in income. This
focus on the “economic roots” of the epidemic, when
enriched by the ways in which economists study
individual behaviours at risk for HIV infection, has a
potentially vital role in promoting our understanding
of the spread of HIV, and in aiding policy makers to
design policies that most efficiently limit its impact.
Thirdly, economists have developed methods of
evaluation, which have been widely used in the
literature to assess the efficacy of alternative HIV/
AIDS interventions available to policymakers.
The primary objective of this paper is to elaborate
on the major elements of the national and international
economic research to date on HIV/AIDS, and to infer
lessons from it, for India. Where available and
possible, we shall rely on Indian data and analyses
that have been undertaken for India. However, the
relative paucity of Indian economic literature on HIV/
AIDS means that some of our analysis will have an
international flavour.
Economic impacts of HIV/AIDS
Household-level impacts : There is a large, albeit
relatively recent, theoretical and micro-econometric
literature that highlights the adverse impacts of ill
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health and poor nutrition on individual labour force
participation, on earnings and on asset holdings, and
the like3. In its emphasis, this recent literature on the
economic implications of ill health at the micro-level
is a departure from the traditional treatment of health
as an outcome of economic circumstances. The
extension of this work to HIV/AIDS is natural given
that HIV is almost invariably fatal, affects the
economically most productive adults, and is expensive
to treat.
Existing research indicates several ways in which
households are likely to be economically affected by
AIDS (Table I).
The most visible impact is on the financial expenses
associated with medical treatment of individuals that
are borne by the household(s) to whom the individuals
belong. Annual treatment costs of AIDS were
estimated to be more than two times the per-capita
income in the mid-1990s in a study of nine Asian
countries income that included India4. These early
estimates did not include the costs of antiretroviral
drugs (ARV), which can be expected to substantially
escalate the economic burden on families and
households. A recent study of patients visiting a non
government provider in south India estimated the
median annual costs of treatment for AIDS patients
to be of the order of rupees six thousand over a six
month reference period, with the treatment expenses
for patients on antiretroviral drugs averaging rupees
18,150 over that same period 5. Another study from
Delhi6, although with a less scientifically designed
sample, suggests similar estimates for expenditures
on antiretroviral treatment – about rupees
30 thousand (About US $650) for antiretroviral
treatment over a one year period, plus another rupees
10 thousand annually for monitoring tests.
One can imagine that the domestic manufacture
of many of the combinatorial ARV drugs in India has,
for time being, reduced the economic burden of ARV
treatment by keeping drug prices in check. However,
this will only be a short-term reprieve once patent
protections for new HIV/AIDS drugs come into effect
within a few more years, and the virus develops
widespread resistance to the current line of drugs.
Indeed, one recent study7 of the impact of extending
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Table I. Economic impacts of HIV on the household
The most direct impacts of HIV on the household take the form of :
Expenditures for medical treatment
Income losses to household owing to morbidity and premature death of adult members
These impacts are exacerbated by :
Stigma and discrimination associated with HIV/AIDS that leads to economic loss, inadequate community and
extended family support and inadequate access to care
Discrimination may also lead to disproportionate economic impacts on young women
Regulations that make access to essential drugs more expensive
Seriously affected households cope with these impacts by :
Drawing down on savings, selling assets, or by borrowing
Reducing consumption of essential items, including food
Withdrawing children from schools
Reducing consumption of other essential health care
Increasing the number of members joining the labour force to supplement declining incomes
These coping mechanisms have long run impacts on the economic well-being of households, by impacting upon human
capital accumulation and financial asset positions.
Civil society and enhanced government support in the form of free antiretroviral treatment act to ameliorate these
impacts. Access to health and life insurance, or publicly financed health facilities also help.

intellectual property rights protections to
pharmaceuticals in India suggests that there will be
substantial welfare losses to Indian consumers on
account of pharmaceutical price increases.
A second immediate impact is on earnings and
incomes of households with members with HIV/
AIDS, since HIV/AIDS affects individuals in their
most productive years when they are likely to be
members of the labour force, or are in a position to
provide support. The impacts can take the form of
lost earnings when individuals get sick, or die
prematurely due to AIDS. The study by Duraisamy
et al 5 estimated that, on an average, 43 workdays
were lost in a 6-month reference period per HIVpositive client of the NGO, translating into roughly
rupees three thousand in lost income during that time.
Another study of households affected by HIV in four
Indian states 8 clearly points to growing economic
hardships, while average monthly expenditure on food
and treatment increased substantially in households
affected by HIV/AIDS, incomes declined by as much
as one-third. Further evidence on income losses can

be gleaned from studies of the economic impact of
tuberculosis infection, often an opportunistic infection
associated with HIV infection in India. One study of
304 tuberculosis patients9 found that the average cost
of treatment over the six-month period amounted to
nearly rupees 2,000 and an additional rupees 4,000 of
lost wages during that same period.
In fact, the actual earnings losses are typically
much larger than the above studies suggest, given
that they accumulate over several years when an
individual dies, even under fairly conservative
assumptions about working life spans10. In Sri Lanka
and in India, lost lifetime earnings due to an AIDS
death were estimated to be more than ten times the
annual treatment costs of AIDS 4. Moreover, incomes
and earnings losses can also occur due to the loss of
a job from stigma associated with HIV infection, even
if the HIV-positive individual is not sick with
opportunistic infections associated with HIV/AIDS.
In these cases, the value of lost earnings is even
greater, since the period over which the household
does not have access to an individual’s earnings is
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potentially longer. The ILO study8 above confirms
that stigma and discrimination at the workplace
complicate matters, with many people living with HIV/
AIDS (PLWHA) not disclosing their status to
employers for fear of losing their jobs.
Earnings losses and increased expenditures due
to HIV among adult members of the household are
reflected in a number of short - and long-term
consequences for households. These include declines
in household savings and asset holdings. Duraisamy
et al 5 found that medical treatment expenditures
constituted a significant economic burden on a sample
of affected households in south India, with roughly
40-70 per cent of AIDS-related expenditures being
financed by borrowing. A similar reliance on
borrowing and declining assets among was observed
in a sample of households affected by HIV/AIDS in
the Sangli district of Maharashtra11. The finding that
households with an adult AIDS death were more
severely affected compared to households with an
adult non-AIDS death is similar to results from studies
in Thailand and sub-Saharan African countries12-14.
Few studies on the effectiveness of coping
mechanisms exist in India, but one study15 on adult
deaths in India found that richer households were
better able to cope with the adverse economic
consequences of losing breadwinners, in terms of their
asset position. In addition to consequences manifested
in the form of declining household asset holdings,
members of households affected by HIV/AIDS are
likely to have lower long-run accumulations of human
capital, whether measured in terms of achievements
in education, or health. The ILO study for India 8
found that households have to compromise on their
children’s education, with nearly 38 per cent of
respondents reporting being forced to withdraw
children from school and sending them to work.
Similarly Verma et al11 found in Sangli that children
among households that experienced an AIDS death
were less likely to receive health care, and more likely
to be withdrawn from school compared to households
with a non-AIDS death or no death at all.
Corroborating evidence is available from analyses of
families experiencing tuberculosis, or deaths among
adults in India. In 34 per cent of a sample of
households with parental tuberculosis, parents could
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not afford to buy books, or adequate food for their
children; and in 20 per cent of the cases children had
to be pulled out of school to take up income earning
jobs16. Leclercq17 using survey data for rural India
from the National Council for Applied Economic
Research found that the death of one or both parents,
adversely affects the schooling of their children, and
increases the likelihood of their working. These
findings are similar to those for sub-Saharan Africa
suggesting that AIDS deaths within households are
likely to be associated with declines in nutrition and
the loss of educational continuity among children, with
the effects likely to be especially concentrated among
rural households and the urban poor13,18,19.
To conclude, three other observations, starting with
the observation on a lack of access to formal health
and life insurance. In general, such insurance is not
accessible to Indians with HIV/AIDS, due to the low
coverage of private health insurance, and presumably,
excludability clauses10. Thus, safety nets offered by
the public sector (such as public insurance, or free
care in public health facilities) are the sole formal
mechanisms available to households, and the latter is
hampered by the poor fiscal situation of government
and by the predominance of informal sector
employment. One of the few ways in which
households can reduce the impact of AIDS is by using
public sector health facilities that are often available
at subsidized rates to the poor. Unfortunately in
developing countries with limited resources, such as
India, this option is not always available. It is well
known that India’s public health facilities are poorly
funded and undermanned. There is also some
evidence that public facilities may be
disproportionately benefiting the rich21. In this setting,
with health insurance coverage (social and private)
accounting for no more than 15 per cent of the total
population in India, and life insurance even more
limited, most of the health and other household
consumption expenditures are likely to come out of
severely diminished household resources, with obvious
implications for the current and future levels of
nutritional and educational achievements.
The second point relates to an intra-household
economic impact that underpins the adverse
implications of HIV/AIDS for young women. Young
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married women in India, who are at high risk of being
infected by their husbands, are unfortunately also at
high economic risk upon the identification of HIV
status of their husbands, or upon the death of the latter.
There is evidence of young married women being
blamed for their husband’s infection and ostracised
as a result22,23. Moreover, when families in India do
economically support members with HIV, such support
tends to be discriminatory and in favour of male HIVpositive members23,24. The economic implications of
HIV are also likely to be negative for another group
of young women vulnerable to HIV infection, i.e.
commercial sex workers. Sex workers infected with
HIV, or those with symptoms of AIDS, are highly
likely to lose even their sole source of economic
sustenance as brothel owners abandon them and there
is little hope of returning to their families, or counting
on social safety nets.
Third, counterbalancing these serious economic
threats to households and their female members, at
least partially, is a vibrant civil society composed of
an activist media and a large number of non
governmental organizations involved in activities
ranging from treatment, prevention, legal support,
advocacy and the like. NGOs working in the field of
HIV and AIDS registered with the National AIDS
Control Organization (NACO) of India are several
hundred in number 2, and the voluntary nature of the
registration process means that this list comprises only
a subset of the full set of NGOs currently working on
HIV and AIDS in India. By protecting the rights of
people with HIV infection, by preventing new
infections, and by advocating for treatment, their
efforts can be expected to ameliorate the household
level impacts of the epidemic in India, although no
systematic assessment of their effectiveness currently
exists.
Sector-level impacts: It is not obvious that a society
or an economic sector in the aggregate will be affected
by a severe health crisis in the same manner as
individual households. Economic assets may get
transferred from one household to another and
previously unemployed members of the labour force
may take over from members of society unable to
work owing to sickness, or premature mortality. In
societies with scarcity of food and educational

resources, one family’s loss may yield a benefit to
another, who may now be able to access them.
Moreover, communities and industries may have
mechanisms in place that can mitigate sustained
household level impacts such as orphanages, public
health systems, civil society institutions and extended
family support. In the case of HIV/AIDS, given its
magnitude, it is possible that community and
government resources may be overwhelmed. In this
circumstance aggregate sector - regional - and
national-level impacts might emerge. This section
presents a discussion of some of the international
findings regarding the impacts of HIV among
production units (e.g., factories, farms and service
providers such as hospitals) and at the sector level,
and explores their implications for India.
One might naturally suspect the impacts of AIDS
to be high in sectors where labour inputs constitute
an important component of the production process,
such as agriculture, labour-intensive industrial sectors,
and the services sector (Table II). An early study for
Rwanda estimated that the loss of a female adult
member of an agricultural household could lead to a
nearly 50 per cent decline in its farm labour inputs,
and similar assessments have been made elsewhere
in sub-Saharan Africa 19,25 . One observed
consequence of the AIDS epidemic is a shift to less
labour-intensive cash crops, a decline in the area
cultivated, and less animal husbandry26. In Zimbabwe,
household survey results suggest that AIDS-affected
households experienced significant declines in
production on average of 61 per cent in maize
production, 47 per cent decline in cotton production,
and 37 per cent decline in groundnut production27.
Presumably HIV/AIDS can also enhance costs of
replacing labour, increase insurance premiums, and
funeral expenses for firms working in the agricultural
sector, thereby affecting their profitability, and
chances for economic survival. There is also some
evidence of adverse effects on costs and productivity
in agro-based industries at the level of individual firms,
in sugar, tea and coffee estates 19,28,29.
A key question is whether the findings for
household production units and firms translate into
sector level effects. The effects of HIV/AIDS on
national or regional agricultural production levels,
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Table II. Economic impacts of HIV on firms and sectors
A: At the Firm, or Production unit (e.g., hospitals, factories, farms):
The most direct impacts of HIV on production units, whether in the agricultural sector, or the non-agricultural sector, take
the form of
Factors that primarily affect costs of production:
Expenditures for medical treatment of employees, or their dependents who have HIV; or increased insurance
premiums, if such premiums are risk-rated
Expenditures for funeral expenses of employees, or their dependents
Productivity losses from increased absenteeism among employees on account of HIV- related morbidity and
mortality
Extra expenditures incurred by firms to replace workers who are either sick, or have died due to HIV/AIDS (training
costs, search costs for new employees)
Increased wages to attract scarce skilled workers
Factors that primarily affect demand and revenues:
Reduced demand owing to fear of HIV infection (e.g., tourist operators)
Reduced demand owing to deaths among young working-age adults
Reduced demand owing to increased uncertainty in firm’s ability to respond to orders
Increased demand owing to rising numbers of people with HIV and AIDS (e.g., hospitals, pharmaceutical
manufacturers, condom manufacturers)
Stricter screening of applicants leads to rising premiums (health and life insurance companies)
Factors that mitigate the impact on costs of firms/production units:
Existence of unemployed or underemployed workers who can readily replace workforce losses from AIDS-related
morbidity and mortality
Low HIV-prevalence among workers and prevention efforts
Financial risk-bearing capacity of production units (large firms versus small trucking companies; government
versus private sector)
B. At the Sector-Level:
Whether production unit-level effects translate into aggregate sector level effects depends on
The scale of the HIV-epidemic
The possibility of replacing workers at reasonable cost, whether by new workers, or new technology
The possibility of land-sales across agricultural families, so that distributional impacts mitigate aggregate output
impacts
Excess infrastructure and resource capacity to handle increases in demand (e.g., health sector)

however, have not been well documented. A major
reason could simply be the substitution of any lost
production by increased agricultural production among
households not affected by AIDS, a process
facilitated by land transfers/sales from AIDS-affected
families to such households, and excess labour force19.
The only available sector level estimates are based
on model-based simulations for South Africa30, which

report that value added in the agricultural sector in
that country would be 17 per cent lower in 2010 under
a projected AIDS scenario compared to a situation
of no AIDS.
In the non-agricultural sector the evidence of the
economic impact of HIV/AIDS is also somewhat
mixed. Using data from a survey of nearly one
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thousand firms in sub-Saharan Africa, Biggs and
Shah 31 concluded that the impact of AIDS on staff
turnover was minimal. They did find, however, that
replacing professional staff was a major problem, with
firms taking 24 wk to replace a deceased professional,
compared to 2-3 wk for less skilled staff. Indeed,
there is an example of a multinational in South Africa
hiring three workers for each skilled position to ensure
that replacements are on hand when trained workers
die32. Studies in Zambian firms reported substantial
increases in funeral related absenteeism, increased
costs (and reduced profits), and increased expenses
on account of ex gratia payments. In Zimbabwe, at
one large firm with 11,500 employees with 30 per cent
HIV-positive, the costs of health expenses associated
with AIDS in 1996 amounted to roughly 20 per cent
of the company’s profits32. Another analysis, for the
United States, estimated costs to a firm of hiring an
HIV-infected person to range from US$2,300 to
US$31,800 under four different scenarios33.
One non-agricultural sector that has received some
attention in the context of the HIV/AIDS epidemic is
transportation. Giraud 34 assessed that HIV/AIDS
related costs to the trucking industry in Thailand would
increase from an estimated US$40,000 in 1991 to
nearly US$14.5 million by the year 2000. A study of
the Uganda Railways32 concluded that HIV/AIDS had
substantially increased its labour turnover rate and
that nearly 10 per cent of its employees had died of
AIDS in recent years; another study reported an
absenteeism rate of nearly 15 percent among
employees of the National Railways of Zimbabwe,
mainly on account of AIDS. 32 Finally, Arndt and
Lewis30 estimated that the transport sector in South
Africa would have 20 per cent lower value added in
2001 under a projected scenario of the AIDS
epidemic, relative to a no-AIDS scenario. Although
few in number, these studies taken together suggest
that the transport sector could be a major casualty of
HIV/AIDS in the worst affected countries.
Aside from labour supply impacts, HIV/AIDS can
affect firms by adversely affecting the customer base,
since the group hardest hit by AIDS, young adults of
working age, is also the major source of demand for
goods and services. Given that caring for people with
AIDS is expensive, we should expect that while the

health sector might see increased demand, most other
sectors should experience spending redirected away
from them. Effects on the customer base are not
readily detected by individual firms because of the
dissipation of spending implications across local and
international economies. These effects are more likely
to be transparent if there are dominant firms, or firms
organized into business associations. Thus, the JD
Group (South Africa’s leading furniture retailer),
which performed its own research on the potential
impact of the epidemic on its markets and used a
forecast of HIV-prevalence among its customers,
found that changes in demography would reduce its
customer base by 18 per cent by the year 2015 32 .
Another way in which the customer base could be
diminished is through the fear of being infected by
HIV, for example, in the tourist industry, although it is
not apparent how the average visitor will face an
increased risk of infection unless he or she undertakes
activities at high risk for HIV infection, such as
unprotected sex or needle-sharing. To the extent that
the proportion of such visitors in the overall flow of
tourism is unlikely to be very large, it is difficult to
imagine a large effect of HIV on tourist flows. The
little empirical evidence that exists on the subject
suggests that impacts of HIV on tourism inflows are
likely to be insignificant35.
There are few studies on the sector level impact
of HIV/AIDS in South Asia. However, it is difficult
to imagine large sector level effects in agriculture
and most labour-intensive industries in India in the
near future, given that HIV prevalence among
working-age adults are still quite low, at roughly 0.9
per cent of people in the age range 15-49 yr. Even
these may not translate into output losses, given the
large numbers of underemployed in India. It is also
not obvious that an expanded HIV/AIDS epidemic
will lead to substantial increases in distress sales of
land, or losses of high skilled personnel, especially if
the epidemic is more likely to be concentrated among
the poorest and least skilled groups. However, one
candidate sector for a negative effect of HIV/AIDS
is transportation by road. It is well known that
behaviour at high risk of HIV infection is common
among Indian truck drivers and studies suggest that
HIV prevalence in this group may range from 1.9 to
10.9 per cent36. Any impacts in terms of re-training
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or other costs are likely to be magnified in their effect
owing to the small average size of the trucking firm,
or about 5 trucks per firm37. Balanced against this is
the fact that there are large numbers of unemployed,
who can potentially replace any driver/helper dying
of AIDS. We suspect that ultimately, truck drivers
and helpers, rather than trucking firms will bear the
bulk of the adverse economic impact of AIDS, owing
to the low degree of employment protection that
currently exists for employees.
Also likely to be affected is the health sector.
Available evidence on the subject is mostly from subSaharan Africa and suggests that in countries with HIV
prevalence exceeding 5 per cent, there is a significant
burden of AIDS patients on medical facilities, ranging
from 20-70 per cent of bed occupancy in major
hospitals19. Studies from the sub-Saharan region also
suggest large obligations on public health spending
accountable to HIV, in some cases exceeding 10 per
cent of the total health budget19,38. In Thailand, the
one country in Asia with a significant record of public
spending on HIV/AIDS, more than 5 per cent of all
public sector health spending in the mid-1990s was on
HIV/AIDS38. In the absence of insurance mechanisms,
or if public services are of poor quality, increased
spending on HIV/AIDS will take the form of out-ofpocket expenses by households, as confirmed by studies
from Cote d’Ivoire, Rwanda and Tanzania38. The large
expected increases in health spending related to HIV/
AIDS suggest an expansion, rather than a contraction,
of the health sector. It is instructive to note in this
connection, the conclusions of Arndt and Lewis 30
whose simulation results suggest that the health sector
in South Africa would not suffer as much as the other
sectors on account of HIV/AIDS over the period
2001-2010.
Relative to the situation in sub-Saharan Africa,
public expenditures directed to HIV/AIDS in India
are much lower at the moment, at roughly 1.5 per
cent of public health spending, much of it financed by
international organizations2. The effect of HIV/AIDS
on bed occupancy in public hospitals could still be
severe in the short-run, given that excess bed capacity
(supply of inpatient days less demand) appears to be
extremely limited at present in these countries. An
expanded HIV/AIDS epidemic could also pose future
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problems for the health sector by constraining supply
and increasing the cost of medical personnel providing
services to people with HIV. A study in Sri Lanka35
suggests that medical personnel may need added
payments to compensate for increased risk of HIV
infection in health care settings with high HIV
prevalence rates; and there is evidence of
discriminatory behaviour in Indian hospital settings23.
In addition, if the Indian government continues on its
current path of providing ARV treatment to increasing
numbers of people with AIDS, one can expect not
only increased public health expenditures, but also
increased pressures on its limited infrastructure and
personnel capacity in the health sector as the HIV
epidemic expands in the future. These effects will
likely be exacerbated by the fact that most states in
India are currently undergoing a severe fiscal crisis,
and their finances can be overwhelmed in the short
run by even small increases in expenditures directed
towards ARV treatment and HIV/AIDS activities.
Even some of the poorer states, such as Uttar Pradesh
and Bihar where HIV prevalence rates have been
low so far, may not be able to escape this outcome
not just because they supply large numbers of migrant
labour who tend to be at increased risk of HIV
infection, but also because their fiscal situation is
especially dire39,40.
The influence of HIV/AIDS on the private health
insurance sector may not be as significant as on public
spending, given that insurance companies can screen
out HIV-positive individuals from the pool of insurable
individuals. However, it is possible that treatment
costs for opportunistic infections are passed on to
third-party payers without disclosure of an individual’s
HIV status. One Zimbabwean insurance company
estimated that 45 per cent of its health insurance
claims in 1995-96 were AIDS-related32. With private
voluntary health insurance in India still in its infancy
it is difficult to say what the future impact of AIDS
on this sector might be. Potential future sector-level
responses that may reduce the impact of HIV/AIDS
may include added screening to enforce exclusions
for HIV/AIDS, or greater participation of insurers in
prevention messages and in offering incentives to
corporate and other large clients to promote prevention
messages in return for more attractive insurance
packages, as in Thailand41.
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State and national Effects: Output and output per
capita: With limited evidence of sector level impacts
one may suspect that evidence on national-level
impacts of HIV/AIDS is even weaker. In fact, there
is a significant literature focusing on the aggregate
impacts of health on growth of real gross domestic
product (GDP) per capita and real GDP, or their levels,
that sheds light on the way HIV can influence overall
economic performance of nations, through its impact
on the quantity and quality of the labour force and
the stock of physical capital42,43. Some of the literature
has also emphasized “indirect” ways in which health
can influence economic outcomes through influencing
human and physical capital formation, with Bloom and
Williamson44 demonstrating the long-term effect of
health improvements associated with the process of
demographic transition. Their work focuses on the
declines in child and infant mortality followed by
declines in fertility characteristic of the demographic
transition. Taken together, these lead to an initial bulge
in the age distribution of the population in the very
young age groups. Initially, this process leads to an
increase in dependency ratios, with the situation
reversing when members of the age group belonging
to the “bulge” reach the working ages. In this latter
phase, there is the potential of contributing to
increased production and savings, a possibility that
Bloom and Williamson refer to as the “demographic
gift.”
The large size of the AIDS epidemic and its impact
on the more productive members of the labour force
suggests a large negative effect on growth in national
income (and national income per capita) in the context
of the existing economic literature. Moreover, taken
in conjunction with the work of Bloom and Williamson
discussed above, this implies a third way in which
economic growth can be adversely affected – a
“reverse demographic gift” as a result of the deaths
and morbidity among people in prime working ages
owing to AIDS. There are other channels through
with HIV/AIDS could have negative consequences
for economic growth as well. These could include a
decline in savings rates owing to increased medical
treatment costs associated with HIV/AIDS. Savings
rates could also decline if people expect to live for a
fewer number of years owing to HIV/AIDS, and so
feel less need for saving to meet their old age

consumption needs, or to add to their skills. The future
stock of educational capital could also be affected if
children whose parents die prematurely due to AIDS
face economic barriers in efforts to continue their
education. Very little work on the influence of HIV
on technological progress exists at present, except
mainly through its impact on biomedical research.
Counteracting some of these negative influences
is the possibility that community responses and support
mechanisms could have immediate and long-term
consequences by sharing the economic and
psychosocial burden of HIV/AIDS. In a purely
technical sense, it is not obvious that declines in the
rate of growth of real income would emerge in
settings with substantial levels of unemployment. In
the final calculus of course, these are issues that are
best settled empirically (Table III).
Recent work on the aggregate economic impact
of AIDS falls into mainly two groups. The first group
of studies relying on simulation models constructed
for a number of sub-Saharan African countries
concluded that the AIDS epidemic would have
significant adverse effects on the levels and rates of
growth of national income, and national income per
capita. Examples include Arndt and Lewis 45 who
concluded that over the period 2000-2010 the annual
rate of growth of real GDP in South Africa under
their projected AIDS scenario would be substantially
lower in comparison to a no-AIDS scenario, with the
difference ranging from 1 to 2.6 percentage points.
In similar vein, analyses for Tanzania and Malawi46,47
concluded that AIDS would depress their annual rates
of growth of real GDP per capita by an average of
0.25 percentage points over the period 1991-2010.
Not all of the simulation studies however, conclude
that AIDS would reduce both GDP and GDP per
capita. MacFarlan and Sgherri 4 8 examined the
macroeconomic impact of AIDS in Botswana for the
period 1996-2021 and concluded that overall GDP
under projected AIDS scenarios would be
substantially smaller in 2021 relative to a no-AIDS
scenario. However, HIV/AIDS also reduces
population substantially in their model, so that real
income per capita could grow at a rate faster than in
a no-AIDS scenario, or slower, depending on the
specific scenario.
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Table III. Impacts on output or output per capita at the state and national levels
The overall national/state output depends on the quality and quantity of its employed workers (numbers, health and skill
levels), the size of physical capital (machinery, infrastructure such as roads and electricity), and the level of technological
sophistication with which inputs are used.
How HIV affects output levels and their growth over time, thus depends on its impacts on
Human capital:
Impact on the quantity of employed workers
Impact on the quality of employed workers (especially their education and health status) – impacting household
accumulation of health and education, and government resources to fund health and education services
Physical capital:
Impact on household savings – owing to increased medical expenditures
Impacts on savings of the government - owing to increased spending on treatment and prevention related to HIV/
AIDS – reduces budgets for road construction and maintenance and other infrastructure services
Impacts on savings of firms-owing to increased labor costs and impacts on revenues – reduces ability to reinvest in
new physical capital
Impacts on foreign direct investment and physical capital brought by it (whether foreign investors are scared off by
a workforce with high rates of HIV infection)
Technological prowess:
Impact of transmission of knowledge over time, and capacity to absorb technological developments owing to
declines in human capital
Impact of new technology brought in by foreign direct investment
Impact on R & D of domestic firms and the government
The Impact on national/state output per capita (output/population) depends on:
The relative impacts of HIV on output and population
Whether these impacts show up in nation statistics depends on the scale of the HIV epidemic. Moreover, some (but not
all) of these impacts may be mitigated by the existence of substantial numbers of unemployed, or underemployed. There
will then be a distributional consequence – as resources move away from households and individuals with HIV/AIDS, to
those who replace them in the workplace

Simulation studies do not always predict negative
economic consequences of AIDS. Young 49 argues
that in South Africa, the beneficial effect of HIV’s
restraint on population offsets the negative
consequences of human capital losses of AIDS and
implicitly bestows the South African economy with
extra resources, which may be utilised for the care
of the infected as well as improvement of the well
being of the population at large. Thus he concludes
that the AIDS epidemic is unlikely to be an economic
disaster. Young’s view has been contested by Bell
et al50., who contend that in the absence of combating

measures, HIV would lead to widespread economic
collapse, because not only will AIDS destroy existing
human capital, but by killing mostly young adults it
also weakens the mechanism through which
knowledge and abilities are transmitted from one
generation to the next. Presumably, this would also
affect the rate at which the society is able to achieve
technological progress, or to absorb it effectively from
other societies. The consequences of this, according
to their model, are progressively cumulative, and so
will become apparent only after several generations.
In their forecasts for South Africa, if nothing is done
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to combat the epidemic, a complete economic collapse
will occur within three generations50.
In contrast to the studies that rely on simulations
conducted under various assumptions of the time
profile and size of the HIV/AIDS epidemic, an
alternative approach is to statistically estimate the link
between HIV/AIDS and national economic
performance. The main value of using an empirical
approach is its ability to take into account not only of
influences of AIDS in simulation models of the type
discussed above, but also other factors (such as
community responses to AIDS) not readily captured
by the latter. Bloom and Mahal 20 used this approach
to measure the nature and strength of statistical
associations between the prevalence of AIDS and
the rate of growth of real GDP per capita, using crosscountry data for 51 countries. They found that the
AIDS epidemic had a statistically insignificant effect
on the growth of real GDP per capita.
There are factors that can potentially confound
the results found in Bloom and Mahal’s analysis20, in
particular the possibility that their study was
undertaken at a time when HIV prevalence rates were
still too low to have a detectable economic effect at
the national level, and that it relied on cross-sectional,
as against longitudinal data. Recent empirical
work 42,43 using panel data techniques offers more
robust methods that could potentially be modified to
serve as a means to understand the links between
HIV and economic growth. These new analyses
which point to strong causal linkages running from
life expectancy to growth of GDP and GDP per capita
provide strong support to the claim that AIDS will
negatively influence national economic performance
via its impact on life expectancy.
Existing empirical analyses do not predict huge
adverse aggregate economic impacts for India in the
near future. Even the most pessimistic scenarios
project HIV prevalence rates among Indian adults to
be no more than 5 per cent by the year 2025. These
projected prevalence rates are considerably smaller
than say, South Africa and Botswana, whose
economic consequences have attracted much
attention from economists. This conclusion is only
slightly modified if we instead focus on individual

states rather than India in the aggregate. Current HIV
prevalence among women attending antenatal clinics,
often used as an indicator of HIV prevalence among
adults, is less than 1.5 per cent in even the most
severely affected Indian states (Mizoram, Karnataka,
Maharashtra and Andhra Pradesh), and trends over
the last 10 yr suggest slow rates of increase over
time in adult HIV prevalence 2 . But data from a
recent behavioural surveillance survey suggests that
some states have relatively high rates of sexual
activity outside of their marriage : Andhra Pradesh,
Madhya Pradesh, Maharashtra, Gujarat, Bihar, Uttar
Pradesh and in the Northeast51. If these behavioural
patterns translate into high rates of HIV infection in
the future, this set of states may face a relatively
greater longer-term risk of the economic impacts of
AIDS, compared to other states.
National impacts: poverty and economic
inequality: To the extent HIV/AIDS is associated
with declines in the rate of growth of per capita
income, all else being the same, it will also increase
the proportion of people living in poverty. Crosscountry evidence suggests that poverty rates, defined
as the proportion of population living below US$1per
day, and the magnitude of economic inequality, are
positively correlated with HIV prevalence 52 . Going
beyond these simple associations to the causal impact
of HIV on poverty (or inequality) has not been
empirically demonstrated so far, at least with national
level data.
The previous findings notwithstanding, there is
fairly good micro-evidence in recent years to support
the assertion that the poor and the less educated are
at greater risk for HIV infection than other groups.
A study from Uganda, for example, shows that the
better educated are likely to be hit hardest during the
early stages of the epidemic, but that the infection
rates are now falling most quickly among those with
better education52. Poverty also forces people to make
sub-optimal choices that put them at risk for HIV
infection. Small-scale studies from sub-Saharan
African countries, Haiti, Sri Lanka and Brazil show
how poor women can be forced into sex work, into
providing sexual favours in return for money, and to
be less able to insist on condom use4,35,52. Thus the
end-consequence is likely to be a situation where the
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poor disproportionately bear the economic
consequences of AIDS, thereby contributing both to
increased poverty as well as worsening economic
inequality.
With the less well off in India, especially sex
workers, truck drivers and unskilled migrant workers
at high risk for HIV infection, it seems inevitable that
HIV will contribute to increased poverty and
inequality in India. Less well articulated, but no less
noteworthy, is the negative impact of AIDS on the
pre-existing low relative economic position of women,
whether in the form of a loss of family support, or
foregone income from sex work, in the case of
commercial sex workers. Whether these effects
become evident in national level statistics is less
obvious, and depends crucially on the future scale of
the HIV epidemic.
The economic roots of the AIDS epidemic
The contribution of economics to the understanding
of AIDS epidemic is not limited to quantifying its
impact in monetary terms. Economics also provides
a powerful way of examining the pattern of the
epidemic’s spread. The central assumption is that
HIV is not spread randomly, as is the case for
example with influenza, but rather that HIV is most
often transmitted as a consequence of purposeful
behaviour that has a strong economic foundation.
Below we present a few examples that have attracted
the attention of economists.
Firstly, economic deprivation and HIV/AIDS
incidence are linked. Consider for example, the supply
side of the sex industry where extreme poverty often
leads women and young girls to join the sex industry,
a high risk for HIV infection. Studies of female sex
workers in Sri Lanka indicate that “survival” is a major
reason for their entry into the sex trade, or for parents
selling their children into sex work35,53. Analyses for
Uttar Pradesh and Sangli district in Maharashtra reach
similar conclusions54,55. Economic circumstances also
influence condom use. The Sri Lanka study showed
that sex workers at the lower end of the market, such
as streetwalkers, were less likely to use condoms
with their clients because of the relatively high degree
of competition that they faced for their services,
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relative to higher-end sex workers 35 . Of course, not
all women enter the trade for “survival”. The pure
economic gains from entry into the sex trade are also
relevant, especially if alternative economic
opportunities are not as attractive. For instance, a
study of Bangkok massage parlors in 1980 indicated
that the average earnings of masseuses exceeded by
nearly 1,700 per cent possible salaries in occupations
elsewhere 56 .
Secondly, the demand side of the sex industry is
driven obviously by the fact that clients can financially
afford the services of sex workers. Thus mobile
populations, such as migrant labourers, truck drivers,
merchant seaman, the armed forces, and possibly
tourists, who often have considerable amounts of cash
to spend, are especially likely to demand commercially
available sex, or engage in multiple-partner sex4. This
connection is strengthened by the fact that the
behaviour of migrants is not easily subject to
monitoring by their families and communities, and
because they may be lonely due to separation from
their families. Thai long-haul truck drivers have
routinely sought alcohol and sex at truck stops4. In
India, HIV infection rates in samples of some truckers
have ranged from 1.9 to 10.9 per cent, much higher
than the national average for adults, and suggest
similar risk factors at work36. There is also evidence
that overseas migrant workers, members of the armed
forces, and domestic migrants may all be at high risk
for HIV infection in India41,57,58.
Even if engaging in multiple partner or commercial
sex, it is not apparent that the sex has to be at high
risk for HIV infection, that is, without condoms.
Previously, we highlighted the role of market
competition in influencing sex worker insistence on
condom use by their clients35. Analyses of household
data from several Asian, African and Latin American
countries shows a strong correlation between wealth
and education, the knowledge that condoms prevent
AIDS, where condoms can be obtained, and the use
of condoms. Recent research in Cambodia 43 , the
country with the most advanced epidemic in Asia,
demonstrates that poorest members of society have
much less knowledge of how AIDS is transmitted
and prevented, are more likely to have sex at a younger
age, and use condoms less frequently. A study in
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Brazil showed that three-quarters of people newly
diagnosed with HIV in the early 1980s had a university
or secondary education, but by the early 1990s this
share had fallen to one-third52. Table IV summarizes
the role of economic factors in heightened risk of HIV
infection in the commercial sex industry.
Basu et al 15 in their examination of the impact of
adult death on households in India found considerable
socioeconomic variation in AIDS awareness among
individuals. Specifically, indicators such as income,
asset holdings, quality of housing, occupation and the
level of educational achievement were all strongly
and positively associated with awareness of HIV/
AIDS. A study of 365 individuals who visited the
STD clinic and outpatient department of a hospital in
Vellore 59 in the late 1980s indicated that economic
status and literacy were positively associated with
awareness of HIV/AIDS. Condom use among Indian
sex workers has been founded to be negatively linked
to the price of a sexual act, and positively associated
with the level of education, suggesting the key role
that economic returns and education play in
implementation of HIV prevention policies 60.
Economic inequality is also likely to influence HIV
transmission. Earlier we focused on how extreme
poverty influences entry into the sex trade. Economic

inequality might also matter if it leads to demanders
of sex work to be able to financially compensate other
less well off individuals, even if not in abject poverty,
to have unprotected sex 61 . Rural-urban economic
differences play a role in migration, a standard feature
in most models of economic development, and in turn
can facilitate HIV transmission. In many cases the
economic inequality reflects an underlying social
inequality – lower status of women relative to men,
for example, which is manifested in their lower
educational status relative to men, fewer remunerative
opportunities and assets, and in access to health. The
low status of women in India and their literacy levels
have obvious implications for women’s ability to
protect themselves against the risk of HIV infection.
Finally, economic and educational status has also been
associated with other forms of high-risk behaviour.
For instance Basu et al 15 also found that the use of
disposable needles for injections associated with
health care in the sampled households increased with
socio-economic status.
Purposive behavior and its implications: By
clarifying the underpinnings of behaviours at risk for
HIV infection, economic analysis has also contributed
to understanding the complexity of the mechanisms
associated with the transmission of HIV. In particular,
the hallmark of economists’ approach is to explain

Table IV. Economic roots of the AIDS epidemic : The case of the commercial sex industry
Economic factors that increase the supply of unsafe commercial sex:
Poor parents sell children to sex-traffickers, who sell them to brothels
Poor women join sex industry for “survival,” with fewer economic opportunities elsewhere
Condom usage low among lower-end sex workers owing to competition in the commercial sex market
Condom-usage low among child sex workers who are effectively “owned” by brothel madams who seek to recoup
their investment quickly
Women lack information and knowledge about risks of unsafe sexual activity, a correlate of their low socioeconomic position
Economic factors that increase the demand for unsafe commercial sex:
Migrant workers move to cities in search of jobs, leaving families behind
Professions involve considerable mobility and long time periods away from families (truck drivers, armed forces,
merchantmen)
Incomes from work enable individuals to afford commercially available sex
Lack of information and education among lower strata workers means greater reliance on unsafe sex
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individual and organizational behaviour on an
assessment of potential benefits, relative to its costs
for the individual (organization). This framework for
explaining behavior has been extensively used by
economists and turns out to be extremely useful in
providing policy insights. We provide three examples
to illustrate these points.
The first example relates to HIV transmission via
the sharing of needles among injecting drug users.
To reduce the rate of HIV transmission, some
policymakers have suggested banning opium
cultivation to constrain its supply. From an economist’s
perspective, however, this might actually promote
raise the price of opium/heroin, which in turn might
lead individuals who are habitual smokers of drugs to
switch to injecting, a more efficacious mechanism of
obtaining a “high.” The illegality of drug possession
also means that drug users might prefer to stay
underground, and so are unable to obtain ready access
to prevention messages associated with HIV. Finally,
when either drug or paraphernalia possession is illegal,
it would be beneficial for injecting drug users to share
injecting equipment and not have everyone carry their
own equipment, as a means to reduce the risk of being
suspected of carrying drugs. The net result might be
a promotion of HIV transmission, a result opposite to
the intended policy objective.
The above reasoning does not, of course, imply
that government ought to promote opium production
as a way to drive prices down and encourage smoking
in place of injection. However, such economic
reasoning does help explain calls for decriminalizing
the sale, possession and use of drugs and needles
voiced in North America and Europe and for the
promotion of needle exchange programmes.
As a second example, consider a policy of isolating
or imprisoning HIV-positive commercial sex workers.
At first sight, this policy might seem a sensible way
to curb HIV transmission, because it prevents HIV
infected sex workers from selling sex. However, such
a policy fails on two counts. It fails to influence the
demand side of the market for commercial sex, and
fails even to address the deeper economic roots of
the supply of commercial sex workers. Under the
economic conditions that currently prevail in India,
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the continuing demand for commercial sex will be
satisfied by a newly migrating group of women who
will supply sex commercially, not because they are
social deviants but because they lack better economic
opportunities. Economic models of migration can be
used to show that the likelihood of frequent arrests
of commercial sex workers, and their consequent
withdrawal, will enhance the work opportunities for
newer participants to the industry, Moreover, the
incarceration of sex workers in rehabilitation homes
and prisons is also likely to result in the industry
remaining “underground”, an approach that could
potentially result in these women not being able to
access health messages. Without information about
HIV and the power to negotiate the use of condoms,
they too will become infected and then infect others.
Estebanez et al 6 2 . lend further support to this
conclusion by noting the failure of methods focusing
on isolation and imprisonment in order to control
syphilis in the early twentieth century.
The third example has to do with commercial
donation of blood for transfusion purposes. This
example is particularly relevant for India, where
commercial donation of blood has been banned since
1997 and yet, as late as 2003, only 50 per cent of
blood donated in India was obtained from voluntary
donors 63 . Commercially donated blood is deemed to
be at greater risk of being contaminated with HIV,
since the donors are likely to be the poor who, in turn,
are more likely to be at risk for infection from HIV.
Presumably the ban has not worked because
alternative economic opportunities do not exist for
thousands of young people who commercially donate
blood. India has increasingly adopted efforts to
promote voluntarily (unpaid) donated blood - the
appropriate policy under the circumstances for at least
two reasons. Firstly, it increases share of blood
donated by people less likely to be at risk for HIV
infection, given that the general population has a lower
rate of infection than of commercial donors.
Secondly, by enhancing supply of blood for a demand
that can reasonably be taken to be medically
determined, voluntary blood donation puts a
downward pressure on the price of paid blood, thereby
reducing the attractiveness of supplying blood on
commercial terms. This strategy still does not address
the issue of lack of economic alternatives for paid
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donors, but it is a policy superior to one focused
exclusively on banning commercial blood, which
would simply raise the price of blood and increase
economic hardships to the poor.
The three examples are not meant to suggest that
economic reasoning provides a complete explanation
of individual decisions about drug consumption, the
supply and demand for sex, and the quality of donated
blood. These do, however, illustrate one of the
hallmarks of economists’ approach to policymaking:
the need to understand the mechanism that is
generating undesirable outcomes as a prelude to
effective policy design and implementation. These
also highlight the fact that many practical policies for
HIV prevention may conflict with other social goals
and policies. For instance, decriminalizing the use and
possession of drugs and needles may promote drug
use; promoting information about sex and condoms
may enhance promiscuity; and policies promoting the
use of condoms in brothels may undermine the legal
status of prostitution.
Economic evaluation of HIV/AIDS policies and
concluding remarks
In thinking about appropriate policy interventions,
it becomes clear that good economic reasoning
encourages policymaking directed at underlying
problems, not merely superficial symptoms. This
means taking account not only of the beneficial
consequences of an intervention, but also its
unexpected consequences, including any adverse
effects.
Supplementing these insights, economists also offer
a set of tools that are often extremely useful for
policymaking. The tools of cost-benefit and costeffectiveness analyses, that compare the benefits of
a policy to its opportunity costs, are standard methods
utilized by economists to evaluate alternative policy
options. Cost-effectiveness analysis typically
compares an outcome indicator such as lives saved,
or disability adjusted life years averted that is not
measured in monetary units, with costs that are
measured in monetary units. This method ranks
alternative programmes in terms of their economic
efficiency in achieving a particular non-monetary

outcome. Examples include studies demonstrating the
potentially high cost-effectiveness ratio of
programmes such as needle exchange programmes,
STD prevention and HIV prevention information
provision 64,65.
Cost-effectiveness analyses for health
interventions (including HIV/AIDS) are not always
useful for policymakers when the choice is between
alternative policies, some of which are being planned
in non health sectors, or across health activities whose
outcomes are not directly comparable. An example
is when a decision is being made regarding whether
to allocate funds to HIV prevention, for hospital
construction, or for bridge construction. In these
circumstances, cost-benefit analysis is typically the
method of choice since in this method both benefits
and costs are measured in monetary units. Several
studies that use cost-benefit analyses exist. A striking
example of such an analysis for the region was a
series of studies in Sri Lanka, which showed that
preventing HIV transmission via the screening of
blood used for transfusion, and the use of disposable,
instead of reusable injecting equipment in hospital
settings can yield benefits that are much greater
relative to costs35.
An alternative formulation of cost-benefit analysis
that yields a rate of return to the monetary investment
in the policy is also useful, and is referred to as the
internal rate of return (IRR) method. By examining
the rates of return on alternative policy programmes,
a policy maker can adopt a simple rule to choose
projects: first, the policy with the highest IRR, then
the one with the second-highest IRR and so on, until
the budget is exhausted. Recent research provides
an example of the application of IRR methodology to
evaluating HIV prevention efforts in Thailand. Under
conservative estimates of the impact of prevention
campaigns on changes in behaviour, the IRR on
Thailand’s prevention programmes was estimated to
be between 12 and 55 per cent. To the extent that
some of the behaviour change that took place in
Thailand would have taken place irrespective of any
intervention owing to individual preventive action,
these rates of return may be upper bounds to the true
returns on HIV prevention. On the other hand, if such
private preventive reactions were relatively slow to
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occur, the revised rate of return that takes account
of such behaviour change would not be very
different.
The methods of economic evaluation discussed
above can be used to address other crucial policy
questions, including whether antiretroviral treatment is
cost-effective, and how treatment interventions
compare with prevention programmes. As one
example, a recent report by the World Bank assessed
the cost-effectiveness of three alternative anti-retroviral
treatment strategies in India, finding that the cost per
life saved ranged from $146-$280 in present value
terms. However, it is quite clear that these returns pale
in significance to the returns yielded by prevention
strategies, including promoting the use of condoms 6.
One can also inquire, using these methods, whether
there are greater returns from intervening earlier
rather than later, in the HIV/AIDS epidemic, and the
nature of optimal strategies involved. Few analyses
of this type have been conducted this far in India,
although one can suppose that prevention strategies
are more likely to be cost-effective and best introduced
early in the epidemic. A blood screening programme
is an obvious candidate, particularly at low initial rates
of HIV infection. Less immediately clear are the
implications for a programme such as HIV/AIDS
information provision, or condom promotion. This is
because such an intervention may not influence
behaviour at risk for HIV infection if people perceive
the risks to be small, as is likely to be the case during
the very early stages of the HIV/AIDS epidemic. This
may suggest introducing the policy a little later. On
the other hand, in (relatively) high prevalence settings,
people are much more likely to be aware of and may
curtail risky behaviour even in the absence of policy
intervention, and so reduce the additional gains
brought about by policy change. This may call for
publicly supported prevention programmes to be
introduced early. The net effect on the optimal timing
of policy will depend on the relative strengths of these
two effects, as well as concerns of financial
affordability, and whether people have freedom of
action. This last is not guaranteed for many women,
an obvious case being of brothel sex workers who
may be forced to have unprotected sex with their
partners.
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The tools of economic evaluation discussed here
are just that – they help us in assessing interventions,
but they do not free researchers and policymakers
from the need to clarify the underlying mechanism
driving the epidemic. For instance, perfectly sensible
programmes such as condom distribution and
information provision on safe sex practices may turn
out to be cost-ineffective if women’s inability to
influence condom use by their sexual partners, quite
commonly the case in India, is not simultaneously
addressed by the intervention. Analogously, if people
with HIV are discriminated against, or harassed by
the police, it would be difficult to introduce them to
cost-effective counselling and education programmes
that lead them to practice low risk behaviour, or
access services to improve their health.
Clearly, economics can contribute usefully to
thinking about and measuring the potential impacts
of the HIV/AIDS epidemic in India and in the
development of optimal strategies to address it.
Although at the present time, such research is sorely
lacking in India, we believe that a few salient points
do emerge from the literature discussed in this paper.
First, it is unlikely that effects on output due to AIDS
at the all India, or even at the state level, will be large
in the next 15-20 yr. Second, there may be sector
level effects, particularly in the health sector in the
form of growing use of health services and increased
public spending on health. Perhaps most importantly,
AIDS will substantially lower the well being of
affected households and their members. Female
members of households and households belonging to
the poor and less educated groups appear to be at
especially high risk of bearing the economic burden
of AIDS. Policies aimed at ameliorating, or preventing
these effects are likely to be among the most costeffective.
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Globally the HIV/AIDS epidemic has presented unique health challenges to populations,
including a host of ethical and moral issues related to human life and dignity. The disease has
most affected the vulnerable groups of people in the world often leading to stigma and
discrimination. Currently the critical areas of concern include access to treatment and
developing newer, more effective therapeutic and prevention methods while taking care of
ethical values in health care and research. The ethical issues mainly revolve around the
standard of care, informed consent across cultures, privacy and confidentiality, stigma and
discrimination, protection of vulnerable groups, community consultation, ethical review
mechanisms, international collaboration, epidemiological studies, clinical trials and also sociobehavioural studies on HIV/AIDS. In addition major concerns are raised regarding HIV/AIDS
vaccine trials, microbicidal trials as well as prevention of parent-to-child transmission (PPTCT)
trials especially in resource-poor countries. For international collaborative research appropriate
standard of care, community benefits, and host country needs must be kept in mind. Improving
our understanding of the various ethical and societal concerns related to HIV/AIDS treatment
and research would help in development of appropriate policies for disease control and
prevention.
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HIV/AIDS has affected several nations by
knocking down decades of development, widening the
gap between the rich and poor nations and pushing
the vulnerable populations to the margins of society.
According to the recent UNAIDS report 1 an
estimated 39.4 million people are living in the world
with HIV, the virus that causes AIDS of which
90 per cent are living in developing countries with
over 64 per cent in sub-Saharan Africa. The most
vulnerable groups of the populations - women,
children, young adults, sexual minorities (men having
sex with men, lesbians and third sex) are the worst
affected with 47 per cent being infected women in
general while 76 per cent women in sub-Saharan
Africa. The social vulnerability to contracting HIV

infection and developing AIDS encompass poverty,
illiteracy, stigma and discrimination. The extent of
vulnerability is directly proportional to the magnitude
of the risk for HIV and access to affordable health
care and prevention strategies.
At the 26th session of the UN General assembly in
June 2001, the Heads of States declared their
commitment on HIV/AIDS, expressed concern and
on the devastating impact of HIV/AIDS is one of the
most formidable challenges to human life and dignity,
a disease that undermines the social and economic
development at all levels of society – at the national,
community, family and individual levels2. There is an
urgent need to have a co-ordinated and sustained
601
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response to the HIV/AIDS epidemic built on the
experience gained in the last twenty years. Effective
preventive strategies, care and treatment provisions
along with understanding the behavioural aspects are
given priority in all countries.
Critical Issues
(i) Access to treatment: Access to diagnostics,
antiretroviral and other therapies and preventive
measures such as condoms, microbicides, sterile
injecting equipment and safe blood supply are the
most critical issues. Currently available treatments
can only slow the progress of the disease but does
not offer complete cure or eradication. The most
effective of all is the antiretroviral therapy (ART)
which is complicated to administer, requires close
medical supervision, causes significant adverse
effects and above all is extremely costly. The most
needy groups are not having access to therapy viz.,
those living in developing countries and the
marginalized communities in the developed countries.
The WHO has declared the lack of access to ART
to HIV/AIDS as a ‘global health emergency’ in
September 20033 and announced an emergency plan
to scale up access to treatment for at least 3 million
people by the end of 2005. This joint WHO/UNAIDS
announcement is popularly known as the 3 by 5
initiative and calls for action by all countries and
agencies4. The Governments of various countries have
announced different policies including Government of
India which has issued guidelines for phased scale
up of access to antiretroviral therapy for people living
with HIV/AIDS. According to this 1 million people
in 6 high prevalent states will receive antiretroviral
(ARV) drugs free of cost from 1st April 2004 targeted
to 3 vulnerable groups – mothers who participated in
the prevention of parent-to-child transmission
(PPTCT) programme as seropositive antenatal cases,
seropositive children below the age of 15 yr, and
people with AIDS who seek treatment in selected
government hospitals. Further, the Government of
India is pursuing its dialogue with the pharmaceutical
industry and is reviewing fiscal incentives in order to
optimize additional potential reduction in the cost of
ARV drugs. Thus the ethics of access to health care
has received serious attention from various sources.
However, the sustainability of these efforts and

implementation to ensure the access to rightful
beneficiaries are great challenges.
(ii) Increasing funding for research and
development (R and D) for new therapeutics and
prevention methods: The WHO released guidelines
for the use of antiretrovirals in resource-constrained
settings in April 2002, and added 10 ARV drugs to its
list of “essential medicines” for all countries 4. It
recognized for the first time generic manufacturers
and issued a list of qualified manufacturers. These
guidelines have since been revised in June 2003 and
by September 2003, WHO declared lack of access
to ARV for HIV/AIDS a ‘global health emergency’.
These initiatives have put tremendous pressure on
pharmaceutical industry resulting in reduction in drug
prices, dual drug pricing strategy, drug donation
schemes etc. thereby increasing the corporate
responsibility towards reducing the disease burden.
There is a need to make the currently available drugs
accessible by cumulative response from various
quarters including pharmaceutical industry and to
develop new preventive and therapeutic modalities
by accelerated R and D efforts and international cooperation. The potential imbalances in various
countries and between communities/groups within
countries demand that ethically acceptable clinical
trials and strategies are planned in different locations
so that communities and countries needing early
interventions can be benefitted.
(iii) Ethics of health care and biomedical research:
Care and support, and research agenda in various
countries as well as national and international
agencies have created global debate as the handling
of these issues at various levels have caused intense
ethical dilemmas. It has become increasingly difficult
to adopt a single strategy that can be universally
applied to all countries. The revised Helsinki
declaration of October 20005 setting guidelines for
standard of care and use of placebo in clinical trials
has become controversial from the day of its release
because of the sensitivities involved in the HIV/AIDS
research where uniform policy cannot be adopted in
all countries or in all groups of populations within the
countries. Further, HIV/AIDS is not a simple viral
infection that can be treated with a chemical derivative
or prevented with a protective vaccine. It is
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associated with various other factors such as sexual
act, blood transfusion, behavioural aspects, drug
abuse, etc. which are associated with stigma and
discrimination increasing the risk of social and
psychological harm for people suffering or susceptible
to this infection.
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sharers and transfusion recipients. Though the basic
principles, procedures and regulations are similar to
any other area of biomedical research, there are
additional considerations requiring specific attention
for the promotion and protection of human rights;
specially in the area of international collaborative
research as pointed out by Solly Benatar6 that “ethical
dilemmas faced in conducting collaborative
international research can only be addressed
satisfactorily if research ethics is seen as intimately
linked to health care, to human health globally and to
the promotion of social and economic processes that
could begin reversing widening global disparities in
health”. The expansion of HIV research around the
world has brought out heightened awareness of the
problems of adapting ethical standards developed in
countries of the developed world (north) by resource
poor settings in the developing countries (south). In
a consultation held at WHO, Geneva in June 2004, it
was realized that while major investments have been
made to formulate guidelines and provide training in
different countries, less attention has been paid to
the process of implementation, especially in resource
poor settings7. Further, it is not clear whether the strict
ethical standards for ethical clearance have hindered
the conduct of research or stimulated innovative
responses. The diversity of approaches for operating,
financing and supporting ethical review and the
emergence of new mechanisms such as “for profit
review committees” raise a number of questions
regarding optimal institutional arrangements. The
major ethical issues include (i) standard of care;
(ii)informed consent across cultures; (iii) privacy and
confidentiality; (iv) stigma and discrimination;
(v) protection of vulnerable groups; (vi) community
consultation; (vii) ethical review mechanisms;
(viii) international collaboration; (ix) epidemiological
studies; (x) clinical trials and (xi) socio-behavioural
studies.

Research in the area of HIV/AIDS encompasses
all aspects of biomedical research such as
Epidemiological surveys, clinical trials of drugs,
diagnostics and preventive vaccines, sociobehavioural studies, etc. involving not only those who
are affected but also those who are associated with
these individuals and are vulnerable to acquire the
infection such as newborns, sexual partners, needle

The debate on the ethical requirements for
conducting medical research in developing countries
has been hightened since the HIV/AIDS pandemic
and the growing global disparities in wealth and health,
resulting in multiple guidelines from developed
world 8-10. This underlines the ethical dilemmas facing
the researchers of the North while collaborating with
countries in the south in various research programmes

The ethics of health care and medical research
revolve around the issues related to basic human rights
and provision of health care, assurance of safety and
benefits to the communities, prevention of harm of
any kind while protecting privacy and confidentiality
and ensuring global justice in these endeavours. The
challenges being faced by the policy makers, health
care providers, biomedical researchers, behavioural
scientists, pharmaceutical industry and the
International agencies are tremendous, mind boggling,
complicated and controversial. There is no easy
solution at present. Situational analyses are to be
done and decisions taken to suit the local needs and
sensitivities while taking into consideration cultural
nuiances at different locations. The dream to have a
golden, ‘universal’ ethical standards in the world is
totally thwarted by the HIV/AIDS pandemic.
However, the silver lining is the emergence of newer
partnerships, strategies, policies and political
commitments which should help in containment of
further spread of the disease.
The basic principles guiding the ethical concerns
have been autonomy of individuals, justice in care and
participation in research, beneficence and nonmaleficence. Added to these principles, the issues of
accessibility, affordability, standard of care, stigma
and discrimination, post-trial benefits, equity and
sustainability of interventions have generated intense
consultations and international debate.
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related to HIV/AIDS. The HIV Preventive Trial
Network (HPTN) Ethics guidance document
developed by HPTN Ethics Working Group of, Family
Health International, USA attempts to guide ethical
decision making and practise aimed at promoting the
welfare of HPTN research participants and
communities11. While identifying acceptable standard
of care for research participants, defining parameters
for relevance of research to host countries, reducing
risk associated with stigmatization, ensuring informed
consent for complex research with potentially
vulnerable participants, determining ethical authority
and accountability in international collaborative
research and designing research that meets local
needs as challenges, the document provides guidance
on four points : (i) general considerations; (ii) meeting
local needs and priorities; (iii) care and prevention;
and (iv) informed consent.
Many countries such as India, Philippine and South
Africa12-14 have come out with guidelines to suit the
local requirements. However, it is a dynamic process
and all the guidelines need constant revision and
updating to keep pace with the changing scenario and
the policies adapted by the countries on a continuing
basis. Some of the major issues facing the specific
research areas are as follows :
Epidemiological studies: There is a need to collect
public health data to assess the real burden of the
disease to plan interventional strategies.
Underreporting, especially in countries with weak
health care services results in improper surveillance
or management programmes. Studies based on small
or questionable samples do not give a realistic picture
and hence a continuous surveillance programme is to
be put in place. However such screening programmes
have the following ethical concerns: (i) Extent of
community consultation – when, how and whom to
consult; (ii) informed consent from individuals/
community leader – individual consent to be; insisted
in addition to consent of community leaders, tribal
chief or ‘gate-keepers’; (iii) privacy and
confidentiality- of all data collected; (iv) disclosure
to third parties – including partner notification;
(v) stigma and discrimination – prevention at all levels;
and (vi) screening high risk groups in addition to
general population.

Any screening or testing demands right to self
autonomy with the provision of best possible services
of pre-test and post-test counselling. The physical
environment in which counselling is carried out should
be conducive and enabling, to prepare those tested
positive cope up physically and mentally with
accurate information on how to live with positive
status, safe practices to prevent spread of infection
and availability of treatment facilities before informed
consent is given. While screening those with
diminished autonomy in addition to consent of legal
guardians, wherever possible, the individual consent
should also be taken. Although pre-test counselling is
aimed to advise testing, the right to refuse testing
should be respected. No undue pressure or coercion
should be exercised. Right to privacy and
confidentiality of the test results should be kept in
mind while disclosing positive test result to individuals.
It is important to remember that confidentiality is
fundamental in any public health strategy and
especially in a physician-patient relationship where
trust is the foundation. Maintaining confidentiality
helps in integrating positive people into mainstream
society by avoiding stigma and discrimination.
However, law does recognize exception to the role
of confidentiality when public interest to disclose
positive status of an individual outweighs their private
interest for the benefit of others. This shows the
conflicting rights of confidentiality vs. right to
information. The classic example is the case of a
positive groom whose status was informed to the
would be bride by the physician and the Supreme
Court of India upheld the action when the groom
pleaded for breach of confidentiality15 -16. It also added
that an HIV positive person who marries and
transmits the infection to the spouse would be
criminally liable under Sections 269 and 270 of the
IPC (Indian penal code) which criminalize those who
perform a negligent or malignant act likely to spread
a disease dangerous to life. The court however, did
not lay down any condition or protocol by which such
disclosure was to be made. Ideally partner notification
is done by the individual themselves or with their
informed consent. The case in question is an exception
where the girl’s right to safety and information was
considered more important than the privacy issue.
However, in situations related to employment,
insurance, etc. privacy should be maintained. But the
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issue of stigma and discrimination needs great care
as it is widely prevalent in spite of the fact that the
public and private health care institutions have a duty
to treat all cases. In the absence of anti-discrimination
legislation in most countries, the discriminatory
practices continue. Further denial of employment
benefits to the family of diseased HIV-positive
workers should also require appropriate policy
guidelines. The general belief that the disease is
prevalent in high risk groups is no more tenable as in
many countries including India the highest mode of
transmission is unprotected heterosexual route in the
least vulnerable low risk partners namely the
unsuspecting women. Hence screening of general
population has to be carried out with proper ethical
safeguards.
Clinical trials in HIV/AIDS
Drug trials: Clinical trials with the view to develop
new therapeutic antiretrovirals as well as preventive
interventions are undertaken in different countries to
assess the safety and efficacy of these products.
While all the issues relevant to any clinical trial such
as Institutional Ethics Committee / Institutional
Review Board (IEC/IRB) 17 approval, regulatory
clearances, informed consent, protection of vulnerable
populations, etc. are to be taken care of, additional
issues like access to products after trial and sustained
availability of successful products are also to be
deliberated before approving the trials. Issues of
partner notification and tackling discordant couples
are of special concern. But the most controversial
issue that has dominated the whole debate on clinical
trials in HIV/AIDS, specially in resource-poor
countries and particularly those in collaboration with
the developed countries or funded by international
agencies is the issue of standard of care and use of
placebo in control arm during the trial. While standard
highly active antiretroviral treatment (HAART) is
available in all western countries, neither these drugs
are available nor if available, affordable to the
affected populations in the poor countries. Hence
any clinical trial with new drug which demands
standard treatment in the control arm as a comparator
cannot be used in these countries either because the
drugs are not available or very expensive resulting in
having a placebo in the control group since no
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treatment is the norm in these countries. Further
studies are also designed to use lower dosage or
reduce duration of treatment to suit the affordability
or feasibility factor in the poor countries. Such trials
were ongoing until the landmark publication of Marcia
Angell appeared in 1998 18 which questioned the
perinatal transmission studies to prevent mother-tochild transmission of HIV infection conducted in
Africa with US collaboration. This generated heated
debate amongst the ethicists and resulted in series of
publications in various journals leading to revision of
Helsinki declaration in 2000 stipulating in its guidelines
that all trials should have the goal of achieving the
“highest attainable standard” with no placebo in the
control arm if a standard treatment is available.
However, this generated heated controversies and
debates questioning the validity of such statements
when the ground realities in various developing
countries cannot allow compliance to these guidelines.
From the day of its release in October 2000 5, the
amended Helsinki declaration was severely criticized
forcing the World Medical Association (WMA)
seriously consider further revision in 2002, but which
decided to issue an explanation subsequently without
amending the 2000 text. But these debates lead to
guidelines being developed by the National Bioethics
Advisory Council of USA, Nuffield Council of UK,
and European Commission on “ethical guidelines for
research in developing countries” giving emphasis on
local socio-cultural perspectives. The world has still
not reached a consensus on this issue and the debate
is still on. Increasing resistance to existing drugs and
severe adverse effects are the driving forces for the
continuing search for newer drugs either from modern
medicine or traditional systems of medicine to find a
solution to the problem.
Vaccine trials: In the meantime, major efforts are
ongoing in the preventive aspects to find appropriate
vaccines, vaginal/rectal microbicides or strategy for
preventing perinatal transmission of infection to the
foetus through appropriate trials in vulnerable or risky
groups and antenatal mothers. The UNAIDS guidance
document for ‘ethical considerations in HIV
preventive vaccine research’ released in May 200019
call upon countries and agencies involved in
development of vaccines and conduct of their trials
to foster the early and ethical development of effective
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vaccines. It elaborates the strategies to be adopted
for capacity building, community involvement,
informed consent process, protection of vulnerable
populations, justice and equity in subject selection for
the clinical trials, use of placebo or any other vaccine
in the control arm, continued counselling for risk
reduction methods, monitoring mechanisms, care and
support for HIV/AIDS and associated complications
during the trial, inclusion of women and children with
adequate safeguards, etc. In addition, the UNAIDS
document also recommends counselling programme
for condom promotion, microbicidal agents and control
of STD/RTI since vaccine administration may
encourage risky behaviour due to faulty sense of
protection too prematurely. Provision of antiretrovirals
(ARV) to those who become HIV-positive during the
vaccine trial was a matter of debate till recently while
it is more or less agreed by all that provision of ARV
should be included in the protocol as also extensive
array of services that well go beyond what is locally
available at the vaccine trial sites. Many vaccine
trials are ongoing in different countries. The first
vaccine trial in India is scheduled to start in early
2005. However, no vaccine so far has been found to
have the desired results but the trials are on.
Microbicidal trials: Microbicides potentially offer an
important preventive alternative for individuals and
couples who are unable or unwilling to use condoms.
However, the clinical trials should include use of
condoms in both arms with active microbicides and
placebo and should involve women of all strata of
society. Reducing infection in women and girls is
essential if AIDS is to be brought under control.
Current prevention programmes are not achieving
this. The trials should include high risk women as well
as monogamous women with single partners who
perceive themselves at low risk. In these studies socio
behavioural scientists play a critical role in designing
behavioural interventions and for collecting sexual
behaviour data. Special provisions are to be made
for the women who may become positive or pregnant
during the trial. Though there is a directed need for
the overall prevention and management of sexually
transmitted infections (STIs) among women, specially
in developing and resource-poor countries, more
targeted preventive means are required which women
can use to protect themselves. However, post-trial

availability and access to these products are the major
issues for consideration. All the stakeholders should
be thoroughly educated on the role of microbicides in
the prevention programmes. The HPTN guidance
document11 developed by the Ethics Working Group
emphazises protecting the vulnerable from
exploitation, promoting equality through nondiscriminating access to the benefits of research and
minimization of research related harms including
medical, psychological, social and economic harms.
Whenever possible, HPTN researchers are directed
to seek ways to improve local access to care rather
than contribute to the creation of a dual standard that
privileges research participants and the potential for
undue inducement. The guidance stresses the
desirability of seeking resources and building capacity
for that care so that access can be maintained once
the research ends.
MTCT/PPTCT (mother-to-child transmission/
prevention of parent-to-child transmission)trials:
The UNAIDS estimates that 3.8 million children have
died of AIDS before their 15th birthday and another
1.3 million are currently living with HIV and most
will die before they reach their teens 20. The vast
majority of these are born to HIV infected mothers.
Provision of antiretrovirals to antenatal mothers have
considerably reduced the mother-to-child transmission
in developed countries. However, in developing
countries high rate of HIV infection and child bearing,
coupled with lack of counselling and treatment
facilities and safe alternatives to breast-feeding
resulted in majority of positive children born in such
countries. Hence there is an urgent need for
alternative regimens that can be used in resource poor
countries. Studies in Thailand in early 1998 showed
that a simple one month course of ARV given during
late pregnancy could halve the rate of HIV
transmission to their infants if breast-feeding was
avoided21. In Burkino Faso similar regimen followed
by breast-feeding reduced the transmission by one
third22. In late 1999, it was shown in Uganda that use
of niverapine at the onset of labour followed by use
in the infant after delivery showed similar results23.
However, this study was criticized by Marcia Angell18
that kicked off the debate on standard of care in
different settings. Subsequently several developing
countries have initiated pilot projects and national
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programmes to help HIV infected women give birth
to healthy children. However, there are lots of ethical
issues involved in these studies. Perinatal HIV
counselling and testing programmes are not available
in many developing countries. Even the short course
antiretroviral therapy is beyond the reach of most
women. Majority of the women present themselves
for care during late pregnancy or delivery and many
deliveries take place without the help of trained health
care professionals. Breast-feeding cannot be avoided
for social reasons or breast milk substitutes are
unaffordable or cause more harm to the child. The
role of breast-feeding is still discussed. The
pychosocial issues in preventing breast-feeding have
assumed a major role in these discussions. Further it
is criticized that the entire exercise is to prevent
transmission from mother-to-child not taking into
consideration its effect on the mother or the fate of
the untreated mothers. The criticism that these
strategies are resulting in saving the children from
HIV infection but to lead a life of an orphan is worth
the attempt or not, is a matter of debate. As the
epidemics toll grows, more grandmothers are now
caring for orphans than they did a decade ago. Hence,
policies are to be developed to save both mother and
the child so that the healthy child is taken care of by
the treated mother.
Women in general, and high risk groups such as
sex workers and sexual minorities, children and
adolescents, injecting drug users and people living
with HIV/AIDS constituting the vulnerable segment
of the population are more prone to develop HIV
infection. Measures to protect their human rights need
to be taken expeditiously. Human rights should be an
integral part of all prevention programmes. The HPTN
guidance document11 for research is a compilation of
best practices, accepted standards and emerging
consensus for the ethical conduct of HIV prevention
research. The goal is to ensure that HPTN ethical
decision making is of the highest quality, in keeping
with the scientific agenda.
Behavioural studies
Despite best efforts of researchers, there is neither
a cure nor a vaccine to treat or prevent the AIDS
epidemic as we are already in the third decade for its
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emergence. Yet it is generally agreed that behavioural
changes may alter the scenario. Research is needed
to understand the dynamics of behaviour changes,
STD rates and HIV incidence. Risk reduction
strategies at individual levels and promotion of social
norm changes to encourage risk avoidance at the
community level seem to be major component of
interventions. Increase in condom use, reduction in
number of sexual partners, changes in risk behaviour
like changing injecting needle use, etc. are some of
the expected behavioural changes resulting in almost
100 per cent effective protection against HIV. While
behavioural studies should also adhere to the same
ethical requirements followed for any biomedical
research, the complexities of this disease and its close
link with the societal issues necessitates specific
additional considerations. Participants in socio
behavioural studies may face additional social,
psychosocial or legal risks. Hence multifaceted
community mobilization approaches may be taken
combining mass media, social marketing, community
activation and empowerment and policy targeted
strategies. A close collaborative relationship must be
developed between behavioural researchers and
community based organizations concerned about HIV/
AIDS so as to ensure progress in HIV prevention
programmes. Behavioural scientists are confronted
with unique challenges and opportunities in the
prevention of HIV/AIDS.
International collaboration
International collaboration in the area of HIV/
AIDS research has assumed such proportions in the
recent years necessitating intense ethical debates all
over the globe. On the one hand, collaborative studies
suggest an intense human and civil responsibilities
while on the other it could give the impression of
experimentation on the population of one country by
another with exploitative connotations. This led to the
Helsinki declaration of 2000 but matters still stand
unresolved. Given the magnitude of the severity of
the HIV/AIDS problem in the developing countries
which affects the global scenario, there is a genuine
need for collaboration between developed and
developing countries and the other sponsors including
multinational pharmaceutical industries. However,
certain ground rules are to be kept in mind in such
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collaborations and the recent guidelines on the issue
are to be consulted. It is necessary that such
collaborations should take into consideration the need
of the host countries where trials are to be conducted.
Strategies are to be adopted to build capacity in
various countries and communities so that they can
practise meaningful self determination in tackling the
problems thereby function as equal partners with
sponsors and others in the conduct of any research
including clinical trials. It is also to be ascertained
that host communities should be involved early and in
a continued manner in the design, conduct and
monitoring of trials including distribution of benefits
from such trials and dissemination of research
findings. The social contexts and cultural specificities
of the host communities and countries should be given
due consideration to protect the dignity, safety and
welfare of the trial participants. The burden and
benefit of any collaborative study should be equally
borne by the collaborating countries. Guidelines, rules,
regulations and laws of the participating and
sponsoring countries should be equally respected. All
issues related to intellectual property rights, exchange
of biological materials, data transfer, security issues
and protection of confidentiality are to be given due
consideration 24 . The role and responsibility of
international community in controlling the further
spread of infection is tremendous and should be taken
seriously.

essential to obtain patient’s free and informed
consent. There may be exceptional circumstances of
public interest where there can be breach of this
confidentiality clause. PEP should be carefully
followed wherever there is any doubt.
The Indian scenario
India with a population of more than 1 billion has
4.58 million HIV seropositive individuals, second only
to South Africa in terms of number of affected
individuals 1. Though the infection rate is around
0.75 per cent in the 6 high prevalent states, the sheer
absolute number of positive individuals put India
accounting for 10 per cent of global HIV burden and
65 per cent of that in South and South East Asia as
per UNAIDS and NACO estimates 25. Though the
infection is spreading mostly among the intravenous
drug users, sex workers, sexual minorities, etc., the
reason for concern is the fact that the disease is
entering the non-suspecting group in the rural
populations which includes housewives and children26.
This has led to the threatening questioning of moral
and cultural values breaking taboos about discussing
sex and raising questions about human rights and
healthcare. Since it affects most aspects of people’s
lives, it raises many social, economic and cultural
issues that relate to human rights, ethics and law and
is increasingly regarded as a socio-economic problem
in addition to health issues.

Ethical issues for health care providers
All health care providers have a moral obligation
to care for any individual seeking health care.
However, no one is ethically or legally obliged to put
his/her life at risk while treating HIV cases where
facilities for application of universal precautions do
not exist. Hence it should be made mandatory to
provide highest level of internationally recognized and
recommended universal precautions in all institutions
and in all clinical conditions. It is necessary to have a
comprehensive programme in place to deal with
anticipated accidental exposure. Post-exposure
prophylaxis (PEP) should be made available to all
concerned. It is also necessary to counsel the health
care personnel the need for maintaining confidentiality
of the status of the positive individuals under their
care. In case there is a need for disclosure, it is

With the huge health infrastructure available in the
country, all types of research in the area of HIV/
AIDS is undertaken in India. Epidemiological and
behavioural studies have been initiated. Clinical trials
with ARV drugs, vaginal microbicides, prevention of
mother-to-child / parent-to-child transmission and
more recently AIDS vaccine preparedness are all
going on full swing. However, the ethical concerns
mentioned earlier are troubling the researchers
involved in these studies to arrive at consensus in
tackling the issues. Some of the ethical dilemmas are
as follows :
(i) Use of standard ART in the control arm– Almost
all the antiretroviral drugs are available in the Indian
market. As these are not provided in the national
health services, inclusion of these in the trial situation
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is a dilemma. Even if the drugs are provided in the
trial situation by the sponsors, the issue of
sustainability beyond the trial period is troubling the
researchers. With the new paradigm shift in the
National AIDS control programme announced in
200327 whereby from 1st April 2004, 3 target groups
will be receiving ART free of cost in identified centres
in the 6 high prevalent states (Andhra Pradesh,
Karnataka, Maharashtra, Manipur, Nagaland and
Tamil Nadu), there is a possibility of some benefit at
least to these groups. However, it is expected that
the situation will improve if the cost of the drugs will
be further brought down through various drug pricing
policies and the efforts of pharmaceutical firms.
(ii) Prevention of mother-to-children transmission
studies were initiated at 11 centres along with
establishment of testing and counselling centres.
Issues of privacy and confidentiality of test results,
problem of non breast-feeding the infant and not
providing ART to mothers became major concerns.
Provision of care and treatment to women and follow
up after delivery including contraceptive and
supplementary feeding advice were crucial matters.
The ill effects of supplementary feeding vs. HIV
infection were debated and women were given the
option to decide. The recent decision of NACO to
provide ARV to all the positive women who
participated in the MTCT (now renamed PPTCTprevention of parent-to-child transmission) programme
is a major accomplishment of those who were arguing
for the cause of these women for the benefit of the
women as well as their children. At least one of the
ethical concern has been addressed and it is expected
that in the near future all antenatal positive mothers
will be beneficiary of this policy.
(iii) Clinical trials with vaginal microbicidal agents
are ongoing with both international funding and
indigenously developed products. While this is a
method which has the option to empower the women
in protecting themselves, consent of the partner during
the trial is an ethical requirement which may be
difficult to accomplish in all cases. A strong
programme of counselling for both the partners is to
be in place if these trials are to proceed further.
Provision of ART to those becoming positive during
the trial is again a major issue.
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(iv) HIV vaccine trial–India is at the threshold of
launching the first AIDS vaccine trial. A exhaustive
process has been put in place to accomplish all the
ethical concerns – informed consent process,
maintenance of privacy and confidential at all levels,
risk benefit analysis and provision of insurance
coverage and appropriate management to all trial
related adverse effects, careful monitoring mechanism,
assurance of post trial access, etc. However, when
there is an increase in number of trials and at more
sites, replication of such extensive process is going to
be a challenge for the researchers and the policy
makers. But the model created for the first vaccine
trial can benefit all countries planning to launch vaccine
trials in their countries. It is also a good example of a
public private partnership (PPP) between government
and International AIDS vaccine initiative ( IAVI).
(iv) Legislation: India is in the verge of introducing
a comprehensive legislation for HIV/AIDS which has
taken into consideration all ethical, legal and social
issues into consideration. The fundamental principles
of human rights, concerns of the different vulnerable
and target groups, the issues related to treatment and
care including insurance and social security, special
areas such as blood transfusion and transplantation,
research ethics and the role of media are all taken
into consideration while developing this legislation.
The moral issues addressed by the ethical principles
and the legal support to maintain the ethical standards
will be taken care by this comprehensive legislation.
This is a major initiative to protect the human rights
and ethical, legal and social issues (ELSI). This
legislation and the preceding consultation document
have been premised on the belief, that now, more than
ever, a law is critical for the protection of persons
living with HIV/AIDS, for the promotion of their
rights, to address issues of stigma and discrimination
and to ensure that people have access to accurate
information about HIV to protect themselves28.
Conclusion
HIV/AIDS has highlighted the multiple problems
faced by all societies, including differential access to
medical care and biomedical research, discrimination
on multiple arenas against segments of society that
lack both the political force and the economic base to
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halt such practices and the disintegration of family and
social networks as a result of this debilitating and
financially costly illness with financial implications. Our
increasing experience during the HIV pandemic has
underscored the complexity of HIV research and its
ethical connotations as we are grappling to find new
treatments, cures, preventive therapies and educational
interventions that are both effective and appropriate
for persons of diverse races, ethnicities, cultures,
languages, religions, ages, gender, sexual orientations,
etc. The obligations of governments to promote health
and prevent disease should enable development of
appropriate policies and programmes lacked by suitable
legislation.
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Web Watch
Some Web-based Resources for HIV/AIDS

The Internet has become the single largest source
of mass medium which provides access to all kinds
of resources across the globe, at once instantly and
inexpensively online. It is growing at a scorching pace
with the availability of information. It is thus becoming
impossible to browse and evaluate completely all the
web sites in one single area, leave alone the quality
of information retrieved in terms of accuracy,
relevance and its being up-to-date. There has been a
phenomenal increase in the number of Internet users
since last few years. Specifically, an estimated 817.45
million people are using the Internet globally 1 .
Worldwide, Internet usage growth during the past five
years, 2000- 2005, has recorded a phenomenal growth
of 126.4% with a penetration in 12.7% population.
In Asia, Internet usage growth is 133.4% with a
penetration in 7.4% population . Among the top 10
languages used in the web, English tops the tally with
283.36 million users ( 34.7%) followed by Chinese
(13.8%) , Japanese (8.3%), Spanish 96.8% ), and
German (6.5%)1 .

disciplines including medicine and the health
sciences 3-5. The proliferation of medical research/
health care web sites has been significant during the
last decade from various sources including
professional organizations, government agencies, non
government organizations, publishers, health libraries
etc. The Internet and more particularly the world
wide web (www) has a great potential to provide
information for medical researchers in diverse areas
including full text scholarly journals6-11 !

New information being created, generated
continuously all the time is just phenomenal. It is
stored in four physical media viz., print , film ,
magnetic and optical and seen or heard in four
information flows through electronic channels –
telephone, radio and TV, and the Internet. The total
volume of new information flows on the Internet is
stupendous. It is estimated to be 532,897 terabytes
( 1 terabyte = 1012 bytes) during 2002, of which 167
terabytes were on the surface web and 91,850
terabytes on deep web2 .

The present compilation is one more addition to
these efforts, which is essentially based, among others,
on the hits obtained with PubMed (http://
www.ncbi.nlm.nih.gov/entrez/query.fcgi )13, Google
Scholar (http://scholar.google.com/ ) 14, Scirus– for
scientific information only (http://www.scirus.com/
srsapp/) 15 etc., and is also collected from various
published sources16-18. Hopefully , this write-up may
help one select a list of some important sites
(accessibility verified during March 16-18, 2005)
(Table). We are conscious that the selection of these
sites on HIV / AIDS has not been based on any
guidelines or criteria but purely on the basis of our
experience in the field of biomedical communication
for over two decades. There are serious concerns of

With this backdrop, attempts have been made to
focus on the resources, especially in HIV/AIDS
information on the web. These efforts, essentially
aimed at raising awareness of the types of resources
available, also give an idea of how Internet resources
can be used to support teaching, clinical practice or
research. However, the greatest threats to the use of
the Internet will be expensive telecommunications,
intellectual property rights and data protection
regulation12 .

The net result of this phenomenal information flow
vis-a-vis usage makes Internet as an important
source of information in almost all fields / areas/
611
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the reliability of information put on the web as most
of it may not be peer-evaluated. There are steps
towards authentication of information / data on the
web. The National Institutes of Health (NIH), USA
has come out with some criteria for such evaluation19:
(i) Who runs this site; (ii) Who pays for this site; (iii)
What is the purpose of this site; (iv) Where does the
information come from; (v) What is the basis of the

information; (vi) How is the information selected; (vii)
How current is the information ; (viii) How does the
site choose links to other sites; (ix) What information
about you does the site collect, and why; and (x) How
does the site manage interactions with visitors?
Anju Sharma & N.C. Jain

Table. Searching the Internet
BASIC SCIENCES
AIDS Pathology http://www-medlib.med.utah.edu/WebPath/TUTORIAL/AIDS/AIDS.html#10
Bioresearch U.K. http://bioresearch.ac.uk/browse/mesh/D006678.html
Glossary of HIV/AIDS Related Terms http://www.sfaf.org/treatment/glossary/
HIV Medicine: Free Medical Textbook http://www.hivmedicine.com/
HIV Molecular Immunology Database (Los Alamos Laboratories) http://hiv-web.lanl.gov/content/immunology/index.html
HIV Resistance Database (Los Alamos Laboratories) http://resdb.lanl.gov/Resist_DB/default.htm
HIV ResistanceWeb.com (Free registration required) http://www.hivresistanceweb.com/
HIV Resistance Response Database Initiative http://www.hivrdi.org/
HIV Sequence Database (Los Alamos Laboratories) main page http://hiv-web.lanl.gov/content/hiv-db/mainpage.html
Microbiology and Immunology Online (University of South Carolina School of Medicine) http://www.med.sc.edu:85/book/welcome.htm
NOVA Online - Surviving AIDS http://www.pbs.org/wgbh/nova/aids/
CHILDREN, YOUTH AND AIDS
AIDS Alliance for Children, Youth and Families http://www.aids-alliance.org/
AIDS Orphans and Advocacy http://www.afxb.org/en/index.php?link=aids
Camp Heartland http://www.campheartland.org/
TeenAIDS.org http://www.teenaids.org/
Teens Teach Kids about HIV! http://www.caps.ucsf.edu/hotindex.html
whatudo: facts, options, and action http://www.whatudo.org/
Women, Children and HIV: Resources for Prevention and Treatment http://www.womenchildrenhiv.org/
WHO. Global Strategy for Infant and Young Child Feeding, Geneva, 2003
http://www.who.int/child-adolescent-health
Young People and AIDS from The Body http://www.thebody.com/whatis/children.html
YouthHIV.org http://www.youthhiv.org/
WOMEN AND AIDS
Center for AIDS Services of Montreal (Women) http://netrover.com/~casm/
Project Inform Women and HIV-AIDS http://www.projinf.org/pub/ww_index.html
The Well Project http://www.thewellproject.com/
What are Women Who Have Sex With Women’s HIV Prevention Needs? http://www.caps.ucsf.edu/wsw.html
What are Women’s HIV Prevention Needs? http://www.caps.ucsf.edu/womenrev.html
Wise Words http://www.projinf.org/pub/ww_index.html
Women & with HIV http://www.hivpositive.com/f-Women/WoChildMenu.html
Women Alive http://www.thebody.com/wa/wapage.html
Women and AIDS from The Body http://www.thebody.com/whatis/women.shtml
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Women and HIV/AIDS; Confronting the Crisis 2004 UNAIDS, UNFPA and UNIFEM.
http://www.genderandaids.org/
Women, Children and HIV: Resources for Prevention and Treatment http://www.womenchildrenhiv.org/
Women’s Interagency HIV Study http://www.statepi.jhsph.edu/wihs/index.html
Women Organized to Respond to Life Threatening Disease (WORLD) http://www.womenhiv.org/
Women’s Place - Info. On HIV and AIDS for Women
http://www/geocities.com/HotSprings/Villa/2998/
Women's Voices http://www/geocities.com/Women_Voices/
CDC - National Center for HIV, STD and TB Prevention. HIV/AIDS among Women.
http://www.cdc.gov/hiv/pubs/facts/women.htm
The International Community of Women Living with HIV/AIDS.
http://www/icw.org/tiki-view_articles.php
CLINICAL TRIALS
ACRIA (AIDS Community Research
http://www.acria.org/clinical_trials/index.html

Initiative

of

America)

HIV/AIDS

Clinical

Trials

Directory

Adult AIDS Clinical Trials Group (AACTG) http://aactg.s-3.com/
AIDSinfo HIV/AIDS Information (National Institutes of Health) http://www.aidsinfo.nih.gov/clinical_trials
American Foundation for AIDS Research (AmFAR) http://www.amfar.org/gl
Clinical Trial Results.org http://www.clinicalstudyresults.org/
Clinical Trials.gov http://www.clinicaltrials.gov/
Division of Acquired Immunoficiency Syndrome (DAIDS), National Institute of Allergy & Infectious Diseases (NIAID), National
Institutes of Health (NIH) http://www.niaid.nih.gov/research/Daids.htm
Forum for Collaborative HIV Research http://www.hivforum.org/
Health Prevention Trials Network http://www.hptn.org/
HIV Vaccine Trials Network http://www.hvtn.org/
International Antiviral Therapy Evaluation Center (IATEC) http://www.iatec.com/update.html?folder=3&page=108
Medical Research Council Clinical Trials Unit http://www.ctu.mrc.ac.uk/BrowseHIV.asp
Multicenter AIDS Cohort Study (MACS) http://www.statepi.jhsph.edu/macs/macs.html
National Institutes of Health Clinical Center http://www.cc.nih.gov/
Office of AIDS Research http://www.nih.gov/od/oar/
Pediatric AIDS Clinical Trials Group >http://pactg.s-3.com/
The Johns Hopkins AIDS Service: Clinical Trials http://www.hopkins-aids.edu/resources/trials/trials_toc.html
The Johns Hopkins School of Hygiene and Public Health http://www.statepi.jhsph.edu/
DRUGS AND DRUG INTERACTIONS
Access Project: Patient Assistance Programs http://www.atdn.org/access/pa.html
Access to Essential Medicines http://www.accessmed-msf.org/
AIDSDRUGS Structures http://chem.sis.nlm.nih.gov/aidsdrg4.html
AIDSMEDS.com - Check My Meds Drug/Drug and Drug/Food Interactions https://www.aidsmeds.com/cmm/DrugsNewContent.asp
AIDS Treatment Data Project: The Access Project http://www.atdn.org/access/index.html
AIDS Treatment Data Project: Glossary, Drugs & Treatments http://www.atdn.org/drugloss.html
Antiviral Agents Fact File http://www.mediscover.net/hivbycat.cfm
The Antiretroviral Pregnancy Registry http://www.apregistry.com/
BioSpace Clinical Development: HIV Drugs in Development http://www.biospace.com/ct/results.cfm?indication=108
Cytochrome P450 Drug Interaction Table http://medicine.iupui.edu/flockhart/
Helping Patients.org (Patient assistance programs, all manufacturers) http://www.helpingpatients.org/
HIV Drug Interactions (University of Liverpool) http://www.hiv-druginteractions.org/
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HIV Drugs Database http://www.coreynahman.com/antiHIVdrugdatabase61499.html
HIV InSite Anti-HIV Drug Database http://hivinsite.ucsf.edu/InSite.jsp?page=ar-00-00
HIV InSite: HIV Therapy - Drug Interactions http://hivinsite.ucsf.edu/InSite.jsp?page=kbr-03-02-03
HIV Medication Guide http://www.jag.on.ca/asp_bin/Main.asp
HIV Pharmacology.com http://www.hivpharmacology.com/
HIV Pharmacotherapy Network http://hiv.buffalo.edu/
Methadone and HAART Interactions http://www.harmreduction.org/issues/health/haartmeth/haartmethmain.html
Party Smarty Marty’s HIV/Recreational Drugs Interactions http://www.hafreeclinics.org/drugs/index.html
Pharmaceuticals Manufacturers Association (PhRMA) New HIV Medicines in Development for HIV/AIDS
http://www.phrma.org/newmedicines/aids/
Project Inform Drug Interactions Fact Sheet at The Body http://www.thebody.com/pinf/interact.html
RxList - The Internet Drug Index http://www.rxlist.com/
RxMed: Prescribing Information (Not HIV-specific) http://www.rxmed.com/b.main/b2.pharmaceutical/b2.prescribe.html
World Health Organization Guidelines on Drug Donations http://www.who.int/medicines/library/par/who-edm-par-1999-4/who-edmpar-99-4.shtml
VACCINES AGAINST HIV
AIDS Vaccine Advocacy Coalition http://www.avac.org/
AIDS Vaccine Clearinghouse http://www.aidsvaccineclearinghouse.org/
EuroVacc vaccines trials network http://www.eurovac.net/
Global Alliance for Vaccines and Immunization http://www.vaccinealliance.org/
HIV Vaccine Trials Database (Los Alamos Laboratories) http://hiv-web.lanl.gov/content/vaccine/html/index.html
HIV Vaccine Trial Network http://www.hvtn.org/
International AIDS Vaccine Initiative http://www.iavi.org/
South African AIDS Vaccine Initiative http://www.saavi.org.za/
US Centers for Disease Control, Vaccine Research http://www.cdc.gov/hiv/vaccine.htm
US National Institutes of Health Vaccine Research Center http://www.vrc.nih.gov/
US National Institutes of Health Vaccine Research Center http://www.niaid.nih.gov/vrc/clintrials/clinstudies.htm
World Health Organization - UNAIDS HIV Vaccines http://www.who.int/hiv/topics/vaccines/Vaccines/en/
HIV Vaccines Site, Division of AIDS, National Institute of Allergy and Infectious Disease.
http://www.niaid.nih.gov/daids/vaccine/default/htm
HIV/AIDS – GUIDELINES
Antiretroviral Drugs for Treating Pregnant Women and Preventing HIV Infection in Infants, Guidelines on Care, Treatment and
Support for Women living with HIV/AIDS and their Children in Resource-constrained settings,
http://www.who.int/hiv/pub/mtct/guidelines/en/
AIDSinfo – HIV/AIDS Medical Practice Guidelines. http://aidsinfo.nih.gov/guidelines/
Guidelines for Performing Single-Platform Absolute CD4+ T-Cell Determinations with CD45 Gating for Persons Infected with
Human Immunodeficiency Virus http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5202a1.htm
HIV Health Education and Risk Reduction Guidelines http://www.cdc.gov/hiv/HEERG/HIV_HEERG.htm
HIV Guidelines. New York State Department of Health AIDS Institute http://www.hivguidelines.org/
HIV Clinical Resource – Clinical Guidelines http://www.hivguidelines.org
Nutrition Counselling, Care and Support for HIV-infected Women, Guidelines on HIV-related Care, Treatment and Support for HIVinfected Women and their Children in Resource-constrained Settings
http://www.who.int/hiv/pub/prev_care/en/nutri_eng.pdf
Revised Guidelines for HIV Counseling, Testing and referral http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5019a1.htm
U.S. Treatment Guidelines. http://hivinsite.Ucsf.Edu/InSite?page=md-01-01
WHO/ UNAIDS/ UNICEF Infant Feeding Guidelines http://www.unicef.org/programme/breastfeeding /feeding.htm
STATISTICS ON HIV/AIDS
AIDS in Africa.net Epidemic map http://www.aidsinafrica.net/map.php
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AVERT HIV & AIDS Statistics from around the world http://www.avert.org/statindx.htm
Centers for Disease Control, Division of HIV/AIDS Prevention, Basic Statistics http://www.cdc.gov/hiv/stats.htm
EuroHIV – Surveillance du VIH/Sida en Europe http://www.eurohiv.org/reports/index_reports_eng.htm
Global compilation: US Census Bureau HIV/AIDS Surveillance Database http://www.census.gov/ipc/www/hivaidsd.html
HIV in Prisons – US Department of Justice http://www.ojp.usdoj.gov/bjs/abstract/hivp00.htm
HIV/AIDS Statistics, National Institutes of Allergy and Infectious Diseases Fact Sheet http://www.niaid.nih.gov/factsheets/aidsstat.htm
HIV/AIDS Statistics and Epidemiology links from US National Library of Medicine http://www.sis.nlm.nih.gov/HIV/HIVStatistics.html
Joint United Nations Programme on HIV/AIDS, Epidemiology http://www.unaids.org/en/resources/epidemiology.asp
Synergy Project HIV/AIDS Country Profiles (Various countries) http://www.synergyaids.org/summaries.asp
UNICEF – HIV/AIDS Statistics http://www.unicef.org/aids/index_statistics.html
World Health Organization HIV/AIDS Epidemic Update December 2002 http://www.who.int/hiv/pub/epidemiology/epi2002/en/
U.S. Census Bureau HIV/AIDS Surveillance Current Version: June 2003 http://www.census.gov/ipc/www/hivaidsn.html
World HIV & AIDS Statistics 2004 http://www.avert.org/worldstats.htm
ORGANIZATIONS
Centers for Disease Control and Prevention http://www.cdc.gov
International Community of Women With HIV/AIDS http://www.icw.org/
International Council of AIDS Service Organizations http://www.icaso.org/
International HIV/AIDS Alliance (support for organizations in developing countries) http://www.aidsalliance.org/
National AIDS Control Organisation NACO, India http://naco.nic.in
UNAIDS ( http://www.unaids.org) : The Joint United Nations Programme on HIV/AIDS, UNAIDS, is the main advocate for global
action on the epidemic. It leads, strengthens and supports an expanded response aimed at preventing transmission of HIV, providing
care and support, reducing the vulnerability of individuals and communities to HIV/AIDS, and alleviating the impact of the epidemic.
WHO (http://www.who.int) : World Health Organization is the United Nations specialized agency for health. WHO’s objective, as set
out in its Constitution, is the attainment by all peoples of the highest possible level of health.WHO is governed by 192 Member
States.
World Bank – HIV/AIDS http://www1.worldbank.org/hiv_aids/
PROFESSIONAL ASSOCIATIONS
American Academy of HIV Medicine http://www.aahivm.org/
American Psychiatric Association AIDS Resource Center http://www.psych.org/aids/
Association of Nurses in AIDS Care (USA) http://www.anacnet.org/
Australasian Society for HIV Medicine http://www.ashm.org.au/
Global Fund to Fight AIDS, TB and Malaria (GFATM). http://www.global fundatm.org
HIV Medicine Association http://www.hivma.org/HIV/toc.htm
International AIDS Economics Network http://www.iaen.org/
International AIDS Society http://www.ias.se/
International AIDS Society - USA http://www.iasusa.org/
International Association of Physicians in AIDS Care http://www.iapac.org/
National Alliance of State and Territorial AIDS Directors http://nastad.org/
National HIV Nurse’s Association (United Kingdom) http://www.nhivna.org.uk/
Physicians Assistant AIDS Network (PAAN) http://www.paan.org/
United Foundation for AIDS, UFA, http://www.ufamiami.org
US Department of Health & Human Services, Health Resources and Services Administration, HIV/AIDS Bureau
http://www.hab.hrsa.gov/
PEER-REVIEWED JOURNALS
AIDS , AIDSonline http://www.aidsonline.com/
AIDS and Behavior www.kluweronline.com/issn/1090-7165
AIDS Care http://www.tandf.co.uk/journals/titles/09540121.html.
AIDS Clinical Review
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AIDS Research and Human Retroviruses http://www.liebertpub.com.aid.
AIDS Reviews www.aidsreviews.com
Antiviral Agents Bulletin http://www.bioinfo.com/antiviral.html
American Society of Microbiology Journals http://www.journals.asm.org/
British Medical Journal http://www.bmj.com/
Cell Press Online http://www.cell.com/
Clinical Infectious Diseases http://www.journals.uchicago.edu/CID/journal/
HIV Clinical Trials
HIV Medicine
Indian Journal of Medical Research http://www.icmr.nic.in
Infectious Disease News Online Articles http://www.infectiousdiseasenews.com/frameset.asp?article=idncopy.asp
International Journal of STDs and AIDS: www.rsmpress.co.uk/std.htm
Journal of Acquired Immune Deficiency Syndromes http://www.jaids.com/
Journal of AIDS/HIV http://www.ccspublishing.com/j_aids.htm
Journal of Clinical Investigation http://www.jci.org/current.shtml
Journal of HIV Therapy
Journal of Infectious Diseases http://www.journals.uchicago.edu/JID/
Journal of the International Association of Physicians in AIDS Care (JIAPAC) http://www.iapac.org/home.asp?pid=77
Nature http://www.nature.com/nature/
Nature Medicine http://www.nature.com/nm/
New England Journal of Medicine Online http://www.nejm.org/content/index.asp
Proceedings of the National Academy of Sciences http://www.pnas.org/
Science Online http://www.sciencemag.org/
Social Science and Medicine: www.elsevier.com/locate/socscimed
Stanford University HighWire Press http://highwire.stanford.edu/
The Lancet http://www.thelancet.com/
The Lancet Infectious Diseases http://infection.thelancet.com
Topics in HIV Medicine (International AIDS Society - USA) http://www.iasusa.org/pub/index.html
NEWSLETTERS & MAGAZINES
A&U Magazine http://www.aumag.org/
AEGIS HIV Publications Library http://www.aegis.org/
AfroAIDS E-newsletter (NA): www.afroaidsinfo.org
AIDSMAP Bulletin (biweekly): www.aidsmap.com
AIDS Treatment News - Online http://www.aids.org/immunet/atn.nsf/homepage
APLA en Español - Impacto! http://www.apla.org/espanol/impacto/index.htm
BABES Talking Newsletter http://www.babesnetwork.org/BabesTalking.html
Being Alive Newsletter http://www.beingalivela.org/newsletter.html
BETA: Bulletin of Experimental Treatments for AIDS http://www.sfaf.org/beta/
Body Positive http://www.thebody.com/bp/bpix.html#magazine
Canadian Treatment Action Council Newsletter http://www.ctac.ca/english/newsletter.html
Canadian Women’s Health Network magazine http://www.cwhn.ca/network-reseau/index.html
Community Research Initiative on AIDS (CRIA) Update http://www.thebody.com/cria/criaix.html
Discovery, Newsletter of the Institute of Human Virology http://www.ihv.org/publications/
Gay Men’s Health Crisis Treatment Issues http://www.thebody.com/gmhc/gmhcix.html
HIV Treatment Bulletin, Positive Treatment News http://www.i-base.org.uk/
HIV+ - a special issue from Out Magazine http://www.aidsinfonyc.org/hivplus/
Hopkins HIV Report (Johns Hopkins University) http://www.hopkins-aids.edu/publications/report/report_toc.html
International Association of Physicians in AIDS Care (IAPAC) Monthly http://www.iapac.org/home.asp?pid=76
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Journal of Immunity http://www.keephopealive.org/phn.html
Living + (British Columbia PWA Society) http://www.bcpwa.org/pubs_living.php
Nadir HIV Treatment Group (Italia) http://www.nadironlus.org/
Positive Living (AIDS Project Los Angeles) http://www.thebody.com/apla/aplaix.html
Positive Living (Australian Federation of AIDS Organizations) http://www.afao.org.au/index.asp then follow links to “Publications”
and “Positive Living”
Positive Nation http://www.positivenation.co.uk/
Positively Aware (Use link from home page) http://www.tpan.com/
POZ Magazine http://www.poz.com/
The PRN (Physicians’ Research Network) Notebook http://www.prn.org/
Project Inform Perspective http://www.thebody.com/pinf/pinfix.html
RITA! (Research Initiative/Treatment Action!) newsletter http://www.centerforaids.org/rita/index.htm
STEP (Seattle Treatment Education Project) publications http://www.thebody.com/step/stepix.html
Survival News from AIDS Survival Project, Atlanta http://www.aidssurvivalproject.org/survivalnews/survnews.html
TAGline from Treatment Action Group http://www.thebody.com/tag/tagix.html#tagline
Treatment Review from AIDS Treatment Data Network http://www.atdn.org/trs/trs.html
USAID’s HIV/AIDS E-Newsletter: www.usaid.gov/pop_health/aids/Resources/index.html
What is The DIRT (on AIDS) http://www.critpath.org/aric/dirtmain.htm
Wise Words http://www.projinf.org/pub/ww_index.html
Women Alive http://www.thebody.com/wa/waix.html
Wyoming Positives for Positives Newsletter http://www.pos4pos.org/newsletter.htm
Worlld Press Review – The HIV/AIDS Catastrophe in Zimbabwe http://www.worldpress.org/Africa/1942.cfm
CONFERENCE REPORTS
AIDS 2001: International AIDS Society Conference, Buenos Aires: follow links from http://www.ias.se/
AIDS2006: International AIDS Conference, Toronto http://www.aids2006.org/
AIDS Vaccine 2001 http://www.iavi.org/reports/280/aidsvax2001.htm
Conferences - HIV/AIDS http://www.pslgroup.com/dg/hivaids.htm
European AIDS Conference http://www.eacs-conference2005.com/
HIV Presentations http://www.hivpresentation.com/
3rd IAS Conference on HIV Pathogenesis and Treatment http://www.ias-2005.org/
International AIDS Economics of AIDS in Developing Countries symposium, Barcelona(2002)
http://www.iaen.org/files.cgi/7341_whiteside.pdf
XIII International Conference Abstracts http://www.iac2000.org/
International Congress on Drug Therapy in HIV Infection http://www.hiv6.com/
International Workshop on Clinical Pharmacology of HIV Therapy http://www.virology-education.com/index2.html
International Workshop on Adverse Drug Reactions and Lipodystrophy in HIV http://www.intmedpress.com/lipodystrophy/
Medscape http://www.medscape.com/conferencedirectory/hiv
Microbicides 2002 http://www.itg.be/micro2002/
NATAP conference reports http://www.natap.org/
Retrovirus & Opportunistic Infections Conferences http://www.retroconference.org/
Sida: Respuesta Regional: América Latina y el Caribe http://www.calsplus.com/sida/
GLOSSARIES AND DICTIONARIES
CPCRA Glossary of Medical, Statistical, and Clinical Trials Terminology https://sdmc.cpcra.org/gloss.html
Engender Health HIV and AIDS. http://www.engenderhealth.org/res/onc/hiv/glossary/
Glossary: Conditions and Symptoms (AIDS Treatment Data Network) http://www.atdn.org/oisgloss.html
Glossary: Drugs and Treatments (AIDS Treatment Data Network) http://www.atdn.org/drugloss.html
Glossarist. http://www.glossarist.com/glossaries/health-medicine-fitness/aids.asp
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HIV/AIDS Glossary (AIDS Treatment Information Service) http://www.aidsinfo.nih.gov/ed_resources/glossary/
HIV/AIDS Medical Glossary from Gay Men’s Health Crisis http://www.gmhc.org///health/glossary.html
HIV Vaccine Glossary http://www.niaid.nih.gov/factsheets/GLOSSARY.htm
Medical Dictionary Online http://www.online-medical-dictionary.org/
San Francisco AIDS Foundation Glossary of HIV/AIDS Related Terms http://www.sfaf.org/treatment/glossary/
Virology Glossaries: HIV/AIDS Glossary. http://www.virology.net/ATHIVGlossary.html
LINKS TO OTHER AIDS SITES & RESOURCE GUIDES
AIDS Education Global Information Systems (AEGIS) http://www.aegis.com
AIDS Health Web Links
http://www.internet-health-directory.com/Conditions_and_Diseases_Immune_Disorders_ Immune_Deficiency_AIDS.html
AIDS Info BBS Database - Home Page http://www.aidsinfobbs.org/
AIDS Info. http://aidsinfo.nih.gov
AIDS Library (Project of Philadelphia FIGHT) http://www.aidslibrary.org/
AIDS Resource List http://www.specialweb.com/aids/
AIDS-HIV Book Store http://www.wellnessbooks.com/AIDS/
AIDS-HIV Resource Guide http://www.healingwell.com/AIDS/
AIDS.ORG. http://www.aids.org/
aidsinfonyc (New York City AIDS Organizations) http://www.aidsinfonyc.org/
BioMedNet http://bmn.com
Cells Alive http://www.cellsalive.com
Commonwealth Homepage http://www.thecommonwealth.org
Division of HIV-AIDS Prevention (DHAP) Home Page http://www.cdc.gov/hiv/dhap.htm
Food & Drug Administration HIV/AIDS Page http://www.fda.gov/oashi/aids/hiv.html
Harvard AIDS Institute http://www.hsph.harvard.edu/hai/home.html
Henry J. Kaiser Family Foundation http://www.kff.org/hivaids/
HIV InSite http://hivinsite.ucsf.edu/InSite
HIV/AIDS - Nutrition - Net Links http://nutrition.about.com/health/fitness/nutrition/msub34.htm
HIV InSite Comprehensive, up-to-date information on HIV/AIDS Treatment, Prevention, and Policy from the University of California
San Francisco School of Medicine http://hivinsite.edu/
IHAA – International HIV/AIDS Alliance http://www.aidsalliance.org/eng/_nav/nav.htm
Index of AIDS Links http://www.critpath.org/aric/pwarg/links.htm
Johns Hopkins AIDS Service http://www.hopkins-aids.edu/
Medical Matrix http://www.medmatrix.org
Medline Plus: AIDS http://www.nlm.nih.gov/medlineplus/aids/html
National Minority AIDS Council http://www.nmac.org
NOAH Immune System Disorders http://www.noah-health.org/en/immune/
Other AIDS and HIV Resources http://www.unaids.org/ Click on “Links”
Pan American Health Organisation (PAHO) http://www.paho.org
Population Reference Bureau (PRB) http://www.prb.org/
Seahorse http://www.seahorse.oxi.net/nu/
Todosida Portal - Revista SIDA-VIH-Hepatitis http://www.todosida.org/
UNDP-United Nations Development Prgramme. http://www.undp.org/hiv/
UNIFEM Gender and HIV/AIDS Portal http://www.genderandaids.org/
U.S. Food and Drug Administration – HIV/AIDS http://www/fda/gov/oashi/aids/hiv.html
Wisconsin AIDS/HIV Program http://dhfs.wisconsin.gov/aids-hiv/
World Health Organization - HIV/AIDS http://www.who.int/health_topics/hiv_infections/en/
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ADVOCACY
Access to Essential Medicines http://www.accessmed-msf.org/
AIDS Action Council http://www.aidsaction.org/
AIDSChannel.org (United Kingdom) http://www.aidschannel.org/
AIDS Drug Assistance Program (ADAP) Working Group http://www.aidsinfonyc.org/awg/index.html
AIDS Empowerment and Treatment International http://www.aidseti.org/
AIDS/HIV Law and Policy Resource http://www.critpath.org/aidslaw/index.html#resource
AIDS in Prison Project http://www.aidsinfonyc.org/aip/index.html
AIDS Treatment Activists Coalition http://www.atac-usa.org/
AIDS Vaccine Advocacy Coalition http://www.avac.org/
Canadian HIV/AIDS Legal Network. http://www.aidslaw.ca/
Global Business Council on HIV/AIDS http://www.gbcaids.com/
Global Treatment Access Campaign http://www.globaltreatmentaccess.org/
Health Gap Global Access Project http://www.healthgap.org/
Human Rights Watch http:// www.hrw.org
NATAP – National AIDS Treatment Advocacy Project http://www.natap.org/natapbannerflash.htm
TAG: Treatment Action Group http://www.aidsinfonyc.org/tag/
T2CANN – A Voice for Our Community http://www.tiicann.org/
UNIFEM Gender and HIV/AIDS Portalhttp://www.genderandaids.org/
SEARCH TOOLS
AEGIS database http://www.aegis.org/
HIV/AIDS Search Engine http://www.hivaidssearch.com/
Med Help International http://www.medhelp.org/
Medscape - Use the search box at http://www.medscape.com/hiv-aidshome
MetaCrawler Search Tool (searches many web databases)http://www.go2net.com/cgi-bin/swizzle?origin=/
search.html&server=www.go2net.com
National Library of Medicine databases http://gateway.nlm.nih.gov/gw/Cmd
PubMed http://www.ncbi.nlm.nih.gov/PubMed/
Steinhauser Verlag - HIV.NET http://www.hiv.net/ Select “Literatur”
UK Medical Search Engine & Family Health Guide http://www.medic8.com
Yahoo! - Health-Diseases and Conditions-AIDS-HIV http://dir.yahoo.com/Health/Diseases_and_Conditions/Aids_Hiv/
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SOME FORTHCOMING SCIENTIFIC EVENTS
Symposium/Seminar/Workshop
Course/Conference (Date & Place)

Contact Address

I National Conference of the Indian Society
for Study of Lung Cancer (April 2-3, 2005;
Chandigarh)

Prof. D. Behera, Organizing Secretary of the Conference,
Department of Pulmonary Medicine, Postgraduate Institute of
Medical Education & Research, Chandigarh 160012, India
Fax : 91-0172-2747759
e-mail : dbehera@glide.net.in

National Symposium on Tribal Health
(October 19-21, 2005; Jabalpur)

Dr V.G. Rao, Organising Secretary, Regional Medical
Research Centre for Tribals (ICMR), Nagpur Road,
Jabalpur 482003, India
Tel: 91-0761-2372447
Fax: 91-0761-2370935
e-mail: rmrctjabalpur@rediffmail.com

IV International Leptospirosis Society
Scientific Meeting (November 14-16, 2005;
Chiangmai, Thailand)

Secretariat of the 4th ILS 2005 Meeting, Bureau of
Epidemiology, Department of Disease Control, Ministry of
Public Health, Tiwanond Road, Nonthaburi 11000, Thailand
Tel: 66-2-5901775, 66-9-8367009
Fax: 66-2-5901784
e-mail: secretariat@ils2005.org
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