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One World One Health: Widening horizons

Editorial

Mid-20th century (1940s-1950s) marks the era 
of celebration of antimicrobials.  This was the time 
when we started thinking that we had overcome the 
microbes. We also believed whatever microbes we 
perceived as pathogens, were the only ones we needed 
to consider - the idea of microbial fixity1. During this 
period, International Health Regulations (IHR, 1969)2 
considered  three  diseases  as  notifiable  -  yellow 
fever, plague and cholera. However, HIV/AIDS was 
the first  rude  shock  to wake us  up  from  this  reverie. 
Antimicrobial resistance, growing all over the globe 
as a silent storm, began to make its presence felt 
as well. Then we  had  ‘Bird  flu’  and  the  ‘Ebola’  and 
‘Severe Acute Respiratory Syndrome’ (SARS), while 
the old foes continued to demonstrate their might. 
Consequently, the World Health Organization (WHO) 
had to modify the IHR 1969 in 2005 to include any 
public health emergency of international concern 
(PHEIC) as notifiable2. One hundred and ninety three 
Member States of WHO committed themselves to set 
up surveillance mechanisms to speedily recognize 
the early signals of possible emergence of new and 
resurging infections. 

Alongside these developments, the concept of One 
Health took shape during a global symposium held in 
2004 in New York3. The international group of experts, 
attending this symposium, considered the threats to 
‘lives on earth’ in the context of menacing warnings 
of  avian  influenza  and  Ebola.  An  international  and 
interdisciplinary approach was advocated to meet 
this challenge through the slogan of ‘One World 
One Health’. The resulting Manhattan Principles 
for preventing epidemic and epizootic diseases and 
sustaining  ecosystems were  disseminated  to  different 
nations and subsequently accepted globally4.

Bird  flu  (avian  influenza)  was  one  of  the  prime 
forces behind the movement of One Health. The 
devastating economic impact5 of outbreaks caused 

by highly pathogenic avian influenza across the globe 
(H5N1,  H7N3  or  H7N9  strains  of  influenza  viruses 
causing human infections following animal exposure) 
and other zoonotic disease causing agents further 
underlined the importance of One Health approach. 

 Historically the responses of human civilization to 
outbreaks have, however, been highly reactive. Once 
the threat disappears, the responses also vanish. This 
epidemic amnesia is a global phenomenon and can 
be traced over centuries. The committed investments 
almost evaporate during the peace time. The 
surveillance for zoonotic diseases and risk factors for 
early warnings, although obvious, neither occurs with 
desired frequencies, nor in a manner appropriate. As 
‘normalcy’ starts re-appearing in social, economic and 
political fronts, the necessity for ‘new normal’ public 
health practices, including composite surveillance and 
real-time data driven policy making and programmatic 
course correction are shelved for future discussion. 
What takes place in the interim period, are events, 
which catch us by surprise and not restricted only 
to humans6; diseases get transmitted from humans 
to animals (reverse zoonosis)7,8 and organisms are 
doctored to be used as biological weapons9.        

Against this backdrop, the broadening of policy, 
programme and practice focus from zoonosis to One 
Health is a welcome change. This underlines a shift in 
paradigm as it covers various spheres of humankind, 
animal life and ecosystems and opens up opportunities 
for inter-ministerial collaboration. It is important 
to admit at the beginning of such collaboration that 
institutions have their own structures and boundaries 
with a level of rigidity. What One Health demands is 
functionality  with  bridges  and  fluidity.  Noticeably, 
steps in such directions were initiated in India a few 
years ago. The Indian Council of Medical Research 
(ICMR) and the Indian Council of Agricultural 
Research (ICAR), came together to develop a platform 
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for zoonotic disease research and containment in 
January 201110.  In order to address and overcome 
administrative hurdles, it was agreed upon that while 
ICMR would take the lead in setting up a National 
Institute, ICAR would support its development.

Recently, the COVID-19 pandemic has rekindled 
the interest of multiple nations on One Health.  It is 
apt to recall at this point that China informed WHO 
about an outbreak of ‘pneumonia of unknown cause’ 
on December 31, 2019 when the health officials from 
Wuhan city of Hubei Province confirmed 27 such cases 
linked to a seafood market. The origin of the causative 
coronavirus from bats was indicated and pangolin 
was suggested to be acting as the intermediate host 
before human beings contracted the infection11. The 
genesis of COVID-19, as yet, is shrouded in mystery. 
On January 30, 2020, following recommendations of 
the Emergency Committee, the Director General of 
WHO declared the outbreak reported from Wuhan as 
a Public Health Emergency of International Concern 
(PHEIC)12. This prompted activities of different nations 
towards One Health.

Importantly, a road map jointly developed by the 
Food and Agriculture Organization - United Nations 
(FAO), World Organization for Animal Health 
(that kept the historical acronym OIE standing for 
Office International des Epizooties in French) and 
WHO in 2015, is able to nurture the renewed interest 
of various nations on One Health.  Clearly FAO, 
OIE and WHO recognized that they had common 
stakes and responsibilities in the area of One Health 
and  identified  the  following  areas  for  consideration; 
(i) modelling and forecasting, (ii) intervention 
development, (iii) emerging and re-emerging animal 
diseases and zoonoses, (iv) trans-boundary animal 
diseases, (v) environmental changes, (vi) globalisation 
(covering the 5 Ts Trade-Travel-Transport-Tourism-
Terrorism), and (vii) food security and safety12. The 
tripartite agreement between FAO, OIE and WHO was 
a landmark development leading to drafting of clear 
roles and responsibilities of the partner organisations. 
Their commitment to effective surveillance was further 
reflected  in  the  Global  Early  Warning  Response 
System (GLEWS) for major animal diseases including 
zoonoses13. 

In the light of the above, we maintain that India 
is well poised to strengthen the activities around One 
Health in the region and join the thought leaders 
globally. Our assertion is rooted in the exemplary 

public health responses the country mounted during 
COVID-19 pandemic14-16 as well as its demonstrated 
ability in vaccine manufacturing and supply. Also 
worth noting in this regard is India’s vaccine-
friendship approach that crossed the country boundary 
and reached out to various nations with the belief that 
the entire world is one family. 

Reflections  of  the  concept  of  ‘One  World  One 
Health’ can be  identified in  the ancient socio-cultural 
fabric  of  India  flowing  through  ages.  Much  before 
the agrarian developments, humankind used to live in 
harmony as one of the living beings in the ecosystem 
and in India, even today, one can get glimpses of 
the same in our tribal populations. In this regard, it 
is appropriate to take a note of one of the principles 
enunciated by Charaka Samhita (comprehensive text 
on Indian ancient medicine) namely “Loka Purusha 
Sama Siddhanta”, which translates as - all that exists in 
the universe also exists in an individual. Purusha is an 
epitome of the loka; purusha includes all living beings 
and loka stands for the universe17. Understanding of 
this oneness connecting all living beings and their 
environment and their dependence on each other 
can help avoid harmful actions of humankind to the 
environment in the present era of anthropocene.

This issue of the IJMR attempts to cover some of 
the topics highlighted in this editorial, in greater details. 
Environment biologists, academicians, clinicians, 
epidemiologists, microbiologists and practitioners 
of veterinary and public health from within India 
and abroad conceded to our request. Several experts 
have  presented  articles  covering  different  areas  and 
uncharted paths and having received them within a 
tight timeline, we feel extremely privileged. Hope, the 
readers will find them within the covers of this issue as 
a feast for thoughts influencing action. Finally, it would 
be amiss on our part if we do not acknowledge the 
nurturing and guidance this special issue of IJMR on 
One Health received from Dr Anju Sharma, Editor-In-
Chief and Dr Albina Arjuman Nair, Assistant Editor of 
the Indian Journal of Medical Research; without them 
it would not have been possible.
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“Ecological circumstance provides the opportunity 
for spillover. Evolution seizes the opportunity, explores 
the possibilities, and helps to convert spillovers into 
pandemics”1. David Quammen provides this succinct 
description of the pathway that pathogens take in the 
journey from their natural habitat to human pandemics, 
in his book “Spillover: Animal infections and the next 
human pandemic” which was published in 20121. 
While some zoonotic viruses have posed a pandemic 
threat in the past few decades, the devastating effect of 
a prolonged global public health emergency has only 
now  been  experienced  after  the  influenza  pandemic 
of 1918-1920. The whole world has become more 
familiar with pandemic origins since December 2019, 
when the SARS-CoV2 virus announced its arrival to an 
unprepared world. 

The stage was well set for the pandemic. An 
increase in the world population from 2.58 billion 
in 1951 to 6.1 billion in 2000, and further to 7.8 
billion in 20202, has been accompanied by a rapidly 
growing urban segment which expanded from 46.7 
per cent in 2000 to 56.2 per cent in 20203. With 
this increase in urbanization and a greater contact 
between humans and wildlife, there is a rise of new 
virus outbreaks globally. Deforestation blurred the 
boundaries between the forest dwelling microbes, 
captive bred or domesticated veterinary population 
and human habitat. Along with urban growth, 
agricultural expansion, extractive mining and logging 
brought microbes from diminishing forests into direct 
contact with growing human and animal populations. 
These anthropogenic conveyor belts have enabled 
hitherto secluded viruses to infect humans in large 
numbers, while increasing speed and spread of travel 
enabled them commute far and fast along with people. 
Mobility of persons, within and between countries, 
has increased at an unprecedented scale over the last 
half century4, with the integration of global economy 
providing an impetus for trade and travel.

With a global burden of 2.5 billion cases of 
infection and 2.7 million human deaths worldwide 
each year5, zoonotic diseases constitute 60 per cent 
of known infectious diseases and up to 75 per cent 
of new infectious diseases6. In low-income countries 
44 per cent of the total deaths are accounted for by 
infectious diseases7. Most recently the COVID-19 
pandemic has been responsible for 2.55 million deaths 
by early 2021 and an increase in unemployment by 
33 million in 20208 with 93 per cent of the world’s 
workers residing in countries with some form of 
workplace closure measures in place in early January 
2021. Within countries, more geographically targeted 
and  sector-specific  measures  have  gradually  become 
the norm over the course of the pandemic, and these 
were still affecting 77 per cent of workers at the start of 
the year (close to the peak of 85 per cent reached in late 
July 2020. The 2014 Ebola epidemic was responsible 
for 28,616 cases with a financial loss of $2.2 billion9. 
Many of the respiratory viruses have pandemic 
potential, unless stopped early in their tracks. 

To reduce the burden of these new and re-emerging 
diseases, the World Health Organization, together with 
Food and Agriculture Organisation (FAO), World 
Organization for Animal Health (OIE), United Nations 
Children’s Fund (UNICEF), United Nations System 
Influenza Coordination, and the World Bank developed 
the framework on “One Health” in 2008. This is a global 
programme defined as “A collaborative, multi-sectoral, 
and trans-disciplinary approach - working at local, 
regional, national, and global levels - to achieve 
optimal health and well-being outcomes recognizing 
the interconnections between people, animals, plants 
and their shared environment”10.

One Health is an elaborate integrative concept 
which requires strong government support with 
adequate  health  financing  and  management  of  the 
healthcare system, with more attention to health 
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management and community-based caregivers. It 
also calls for coordination and collaboration between 
several  agencies  that  are  administered  by  different 
ministries, across both Central and State governments. 
The proposal to establish a National Institute for One 
Health will be a stepping stone for the much needed 
initiative to encapsulate the human health perspective 
into the agenda of economically desirable, socially 
secure and ecologically sustainable development.

Due to the combination of direct and indirect 
factors influencing zoonoses, a multidimensional effort 
is required to identify the precursors, pathways and 
precipitants of zoonoses, so that appropriate prevention 
and control strategies can be applied. One such effort, 
made by the Ministry of Health and Family Welfare and, 
the Ministry of Agriculture and the Wildlife Institute 
of India, Government of India is The Roadmap to 
Combat Zoonoses in India (RCZI) initiative which was 
launched in June 200811. The framework stresses the 
need to measure the morbidity, mortality, and economic 
burden of zoonotic diseases and provides rationale for 
adopting a One Health framework. It emphasises on 
the promotion of collaborative research to generate 
evidence, capacity building and health promotion. It 
also highlights the need for an evidence-based forum to 
appropriately use existing data and for reaching out to 
relevant subject matter experts. To manage ‘spillovers’ 
from animals to humans, the RCZI initiative also 
developed  a  five-year  Strategic  Research  Agenda 
(SRA) to promote zoonotic research11. A Database of 
Zoonotic Disease Research in India was also proposed 
for surveillance of zoonotic diseases12. 

Despite such initiatives, the recent COVID-19 
pandemic revealed inadequate preparedness of 
the health system in providing an integrated One 
Health response. An under-resourced health system 
was already burdened by several health challenges 
which were being addressed through National 
Health Programmes. A multi-sectoral platform for a 
competent and coordinated One Health programme 
was not established as a priority. Still in the nascent 
stages of implementation, the lack of coherently 
connected One Health strategies posed the pandemic 
as a serious public health challenge for the second 
most populous country in the world. The National 
Health Policy (2017) did not pay the needed attention 
to this threat, with One Health missing in the policy 
document13. Scarcity of articles on One Health in the 
Indian  scientific  publications  and  popular media,  till 
very recently, also denoted the lack of interest in the 

subject. There was inadequate integration between 
physicians, veterinarians, forest departments, public 
health experts and the government14. 

A coherent response to zoonotic pandemics requires 
a  cohesive  multi-disciplinary  guidance  to  effectively 
implement coordinated multi-sectoral action. As per the 
World Health Organization “there is a coexistence of 
humans in a complex, interdependent relationship with 
the companion, production, and wild animals we depend 
on for our food, livelihoods, and well-being, as well as 
with the environments we live and work in together”15.  
An  effective  platform  is  required  for  collaboration 
and facilitation among various stakeholders within a 
diverse society’s complex health system.  Challenges 
include: (i) shortage of trained personnel in the 
rural and urban areas; (ii) lack of health promotion, 
especially in rural areas; (iii) scarcity of interventions, 
innovations and technologies; (iv) absence of resource 
allocation; and (v) omission of One Health concept 
from national and State health policies. These are some 
of the reasons why the concept of One Health was not 
adequately integrated so far into the developmental 
discourse on health and environment.

The COVID-19 pandemic has started to dispel this 
inertia. The Union Budget of 2021 specifically provides 
an allocation for One Health16. The Department 
of Biotechnology’s National Institute of Animal 
Biotechnology (NIAB), at Hyderabad, inaugurated 
the Centre for One Health on November 3, 2020 with 
the motto “Animal health for Human Welfare”17.  The 
Indian Council of Medical Research has commenced 
partnerships with agricultural universities18. 
Laboratory capacity is being ramped up across the 
country, extending from the block level, to enable 
district level surveillance of microbial infections using 
the One Health approach. Four new regionally located 
‘National Institutes of Virology’ are proposed to be 
established, to support the existing National Institute 
of Virology at Pune19. 

While these measures will build multidisciplinary 
research capacity, through multi-institutional 
partnerships, the challenges will lie in translational and 
implementation research. Multisectoral coordination 
calls for policy coherence and alignment of 
implementation pathways. While this calls for 
operational efficiency, policy and systems  research  is 
also needed to identify barriers to implementation and 
provide innovative solutions that enhance efficiency and 
equity. Implementation of the One Health programme 
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will require oversight and monitoring at higher levels 
of government to ensure shared ownership and joint 
accountability across several departments.

 A strategy to promote One Health as a defence 
agaist  zoonotic  infections  cannot  be  confined  to  our 
country alone. Even within India, a well laid out 
strategy is needed for collaborative research and 
coordinated action across all regions. Beyond that, 
global partnerships and surveillance are also needed, 
since microbes do not recognise or respect national 
boundaries. While India must develop bilateral and 
multi-lateral partnerships on its own, the WHO 
provides the most universally accepted and accessible 
platform for knowledge sharing and concerted action 
to counter pandemic threats that arise from zoonotic 
outbreaks in any country. With her abundant scientific 
expertise, India must play a leadership role in shaping 
and steering WHO’s regional and global One Health 
strategies.

“Our wits versus their genes” was the pithy 
phrase used by Joshua Lederberg, while describing the 
challenge posed by microbes, in his seminal article on 
the history of infectious diseases published in 200020. 
As the winner of the 1958 Nobel Prize for Medicine, 
awarded for his pioneering work on microbial genetics, 
he was well positioned to advise on how best we can 
coexist  in  ecological  harmony  while  warding  off 
dangerous infections. Even as our understanding of 
microbial genetics expands exponentially, our wits 
cannot be focused only on developing vaccines and 
antiviral drugs. We also need our wits to promote and 
practice One Health approaches to prevent, predict, 
preempt and promptly terminate zoonotic pandemics. 
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COVID-19 pandemic has reiterated the need 
for urgent, systematic, concrete and multisectoral 
actions to prevent, control and mitigate impact of 
infections that have been, and shall continue to arise 
from animals. Human-animal interaction is essential 
for survival and cannot be eliminated in foreseeable 
future thus facilitating zoonoses. In developing 
countries, especially the rural population has a greater, 
co-habitation of humans with the animals. Higher 
prevalence of zoonoses in these countries is a testimony 
to this inextricable relationship.

The ever-increasing proximity to wildlife due to land 
use changes, illegal trade in wildlife and other economic 
activities makes it conducive for pathogens circulating in 
wildlife to come closer to peri-domestic areas and infect 
animals and humans in these settings1. Such animal-human 
interface poses the potential to cause outbreaks due to 
novel pathogens. Unless detected and contained during 
early phase, a small outbreak can progress into an epidemic 
or even public health emergency of international concern 
(PHEIC),  finally  culminating  into  a  pandemic2. Global 
impact of these PHEICs has been severely felt3 during 
the current millennium (Figure) thus not only halting 
but reversing the gains made in human development and 
alleviation of poverty. 

The Figure shows that since 2001 almost every 
third year a major public health event has occurred, 
six of these were declared by the World Health 
Organization (WHO) as the PHEIC3 in accordance 
with the International Health Regulations (2005)1. 
Most of these events were caused by the pathogens that 
originated from animals. It is obvious that these events 
will continue to occur frequently in the future and the 
causative agents will arise from animals. Wildlife shall 
be a perpetual source of microorganisms for which 
humanity is immunologically naive. It is estimated that 
more than 850,000 viruses are lurking in the wildlife, 
of which 20,000 are coronaviruses15. 

The diseases of animal origin are multidimensional. 
Zoonoses are endemic (leptospirosis, rabies, 
hydatidosis, taeniasis, KFD) and epidemic-prone 
(Japanese encephalitis, plague, Nipah, avian 
flu,  MERS).  Food-borne  pathogens  (Salmonella, 
Staphylococcus aureus, Campylobacter, E. coli), PHEIC 
and pandemics (influenza, SARS, COVID-19, Zika) and 
their causative agents can also be used to deliberately 
harm the human health (agents for bioterrorism or 
biowarfare e.g., Yersinia pestis, Bacillus anthracis, etc).

Pandemics and PHEIC are the visible faces 
of zoonoses. There are numerous other zoonotic 
diseases that are widely prevalent, constitute major 
chunk of human infectious diseases and have a wider 
canvas. The humans are known to be infected with 
1407 pathogens16. Of these, 61 per cent have originated 
from animals and among these, more than 40 per cent 
are viruses. Seventy five per cent emerging infectious 
diseases have an animal origin; five new human diseases 
appear every year, of which three are of animal origin 
and 80 per cent of agents with potential bioterrorism 
use are zoonotic pathogens17. These numbers are bound 
to increase and pose associated risks because of more 
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Figure. Major public health events including PHEIC and 
pandemics during current millennium. Superscript numerals 
represent reference numbers. SARS: Severe Acute Respiratory 
Syndrome; MERS: Middle East Respiratory Syndrome, COVID-19: 
Coronavirus Disease of 2019. *Declared as Public Health emergencies 
of International Concern by WHO3.
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qualitative and quantitative contact of humans with 
animals. It is estimated that in India, number of animals 
match with the human population18 and any increase in 
human population results in a corresponding increase 
in the number of animals. High consumption of food 
of animal origin is associated with high incidence of 
food-borne illnesses. This group of zoonotic diseases 
is mainly caused by bacterial pathogens unlike the 
PHEIC which are mostly of viral aetiology. Unlike 
PHEIC, which are primarily caused by viruses, the 
food-borne zoonotic infections are mainly bacterial 
in aetiology. Thirty one bacterial genera have been 
incriminated as causing food-borne illnesses19. The 
food-borne zoonoses are responsible for substantial 
mortality, morbidity, and economic losses across the 
world every year20.

Animals contract numerous diseases because of 
poor sanitation around their habitation. In developing 
world, it is not uncommon to observe co-habitation 
of humans and animals in an infection-friendly rural 
environment deprived of appropriate cleanliness, 
hygiene and sanitation. Instead of addressing these 
challenges, antimicrobial agents are used as the quick 
alternative to prevent infections and promote growth 
of the animals. This has resulted into an enormous 
increase in use of antibiotics in the animal health 
sector. It is projected that between 2013 and 2030, 
use of these agents shall double in India, and in a few 
other countries21. It is also estimated that in most of 
the countries, about 70 per cent of all antibiotics are 
consumed in the animal health sector22. The excessive 
use of antibiotics is recognized as one of the greatest 
drivers of antimicrobial resistance (AMR). It facilitates 
selection of resistant strains which, through the food 
chain  find  their  way  to  human  beings  and  cause 
difficult-to-treat  infections.  But  abuse  of  antibiotics 
is not limited to animals. There is an increase in the 
use of antibiotics in humans also which has dangerous 
consequences. AMR is now considered as the greatest 
challenge to mankind’s efforts in containing infectious 
diseases. In spite of strong advocacy, there seems to be 
little action. The inaction is going to cost heavily. AMR 
has already assumed serious proportions23 to the extent 
that we are heading towards a “post-antibiotic era”.

In the absence of any concrete and swift actions, 
by 2050, resistant pathogens will cause death of 
more than 10 million people every year which shall 
be more than the number of people dying of cancers 
and road-side accidents put together, 7.5 per cent 
reduction in livestock production thus impacting food 

security, US $ 100 trillion loss with 3.5 per cent dip 
in the global Gross Domestic Product (GDP), pushing 
28 million people into poverty apart from many other 
adverse impacts23. AMR will increase healthcare costs 
and push millions of people into poverty. It will also 
negate  health  benefits  of  modern  technologies  and 
complex surgeries23, 24. Because of changed land use, 
deforestation, and illegal trade in wildlife and products, 
new viruses shall continue to originate from wild 
animals through “spill over”. These spill overs may 
not remain localized to a defined geographical area or 
population. Rapid transport shall dramatically reduce 
the time for international spread of zoonotic viruses 
and drug  resistant bacteria. With  thousands of flights 
everyday carrying 3.5 billion passengers every year25 
the world can be traversed in less than 24 hours. 

The internecine nature of zoonoses calls for 
establishment of a collaborative and collective 
response. This response is recognized as a One Health 
approach which calls upon convergence of efforts of all 
stakeholders to protect human and animal health26. One 
Health recognizes inter-connectivity between people, 
animals, plants, and their shared environment. It calls 
for a collaborative, multisectoral, and transdisciplinary 
approach working at the local, regional, national, and 
global levels with the goal of achieving optimal health 
outcomes26. One Health in nutshell is working together.

In spite of advocacy by several leading agencies 
including the WHO, the Food and Agriculture 
Organization of the United Nations (FAO), the World 
Organization for Animal Health (OIE) and United 
Nations Programme for Environment (UNEP), there 
has been an inertia in implementing activities under the 
One Health approach. A tripartite agreement between 
FAO-OIE-WHO has been in operation for advocacy 
and as a replicable model at the local, regional and 
national levels27. This model calls for coordinated 
action  by  different  stakeholders  to  contain,  prevent, 
detect and respond to zoonoses including AMR and 
food-borne illnesses. 

One Health should not be construed as a stand-
alone or new programme that has to be built de 
novo. This endeavour utilizes existing expertise 
and infrastructure in various sectors with emphasis 
on inter-sectoral coordination, collaboration and 
communication. Essence of One Health is to 
provide a formal platform to people to plan and 
work together to achieve shared objectives of 
mitigating morbidity, mortality, economic loss and 
social chaos.
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One Health does not imply creating a new or a 
vertical programme. It calls for enhancing capacity 
of  each  of  the  existing  sectors  to  fight  infectious 
diseases and more importantly breaking silos to 
ensure  a  collective  fight  to  understand,  predict, 
prevent, detect and respond to infectious diseases 
through collaboration, communication, cooperation, 
coordination and commitment between various 
sectors  for  efficient  use  of  resources  and  collective 
expertise28,29. One Health synergizes the strength of 
all major stakeholders and at the same time enhances 
the respective capacity of these sectors to address the 
present and future challenges by complex and hitherto 
unknown infectious diseases. 

A large number of zoonoses that have till date 
not infected livestock and humans makes the whole 
world vulnerable to their invasion and consequent 
devastation.  It  has  been  exemplified  by  the  ongoing 
pandemic of COVID-19 caused by SARS-CoV-2 virus. 
There is an urgent need to complement the activities 
being undertaken by the Global Virome Project15 
by using sophisticated latest virological techniques, 
geospatial mapping processes, big data analytics 
and  artificial  intelligence  for  the  identification  of  the 
hotspots for such viruses across the world, detecting, 
isolating and characterizing the novel viruses for prior 
development of diagnostic and therapeutic agents 
including development of the prototype vaccines.   In 
addition, collective efforts by human health and animal 
health sectors can accelerate early diagnosis and joint 
containment activities. 

Zoonoses continue to have endemic and 
epidemic-potential and every few years will strike 
as PHEIC or pandemic. Next pandemic due to the 
zoonotic virus is imminent. Zoonoses cause huge 
morbidity, mortality, economic loss and social chaos 
and  the  most  efficient  way  forward  to  address  this 
challenge is an urgent application of One Health 
approach that harnesses global and national resources 
to mount efficient and effective response  to zoonoses 
including food-borne illnesses and AMR30, 31. One must 
not forget that economic losses due to pandemics and 
AMR shall not halt but reverse human development 
as has been shown by the COVID-19 pandemic. The 
need for launching a coordinated multisectoral global 
response with active engagement of human health, 
animal health and environment sectors in an One 
Health approach was never felt more till date32,33. 
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The effect of environmental changes and erosion of 
the biosphere by unchecked human habitat expansion 
poses a collective risk to both human and animal health. 
Introduction of new infections from hitherto unknown 
animal reservoirs to humans followed by devastating 
outbreaks and pandemics have altered the course of 
human history and footprints of civilization1. Human 
health is universally connected to animal health and 
vice-versa. The activity of the Ebola virus in Africa, 
avian  influenza  in different parts of  the world, Nipah 
virus in South Asia, and the ongoing COVID-19 
pandemic caused by a novel coronavirus SARS-CoV-2 
have been a wake-up call for the Governments of 
various countries and International agencies responsible 
for combating infectious diseases2. Thus, a collective, 
well-coordinated, interdisciplinary approach pooling 
diverse resources and multiple stakeholders is a need 
of the hour requirement to prevent, respond and contain 
these emerging zoonotic pathogens3.

The One Health concept is thus the most 
fundamental approach for combating emerging 
zoonotic disease threats, develop relevant policies, 
create new legislation/national programmes and also 
coordinate  multi-stakeholder  investments  to  redefine 
the future horizon for better public health outcomes 
during an unprecedented public health crisis4. The 
extent of the problem is however, multi-faceted. A 
large fraction of recent novel human infections are 
of zoonotic origin5-7. On a month-wise timescale the 
World Health Organization (WHO) receives about 
7,000 new signals of potential outbreaks that need 
investigation (https://open.who.int/2016-17/our-
work/category/12/programme/12.003/eba). Between 
1980 and 2013, approximately 44 million cases were 
investigated globally. It has been estimated that for an 
outbreak to travel from a remote village to any major 
city in the world, a timeline of 36 hours is sufficient8. 
Any outbreak, anywhere in the world ultimately 
translates to massive economic losses that have a 

ripple effect on global GDP (gross domestic product) 
highlighting the urgent need to integrate cross-sectorial 
studies on disease economics of current and emerging 
zoonosis9-11. The ongoing COVID-19 pandemic is a 
classic example. 

The concept of human, animal and environmental 
interaction  and  disease  origin  has  been  reflected  in 
the annals of medical history12-14. The need to develop 
interactive platforms and action agendas has also found 
early intellectual pursuits15. In 1964, Professor C.W. 
Schwabe developed on this fundamental integration 
approach of human and veterinary health that was later 
recognized by the Centers for Disease Control and 
Prevention, USA, and an integrated programme on 
human and animal health interface studies formed at 
the University of California1,15,16.

The United Nations took cognizance of this 
emerging threat and formed the UN Convention 
of Biodiversity. This Convention took shape as an 
international treaty, formally signed by State parties in 
1992 and 199317 and aggressively evolved more formal 
components of a multilateral dialogue with national 
implementation nodes and urged Member States for 
continuous need-based evolution and implementation of 
consensus action points. Further value-addition to this 
Convention took place through the Cartagena protocol 
on biosafety (2000, https://bch.cbd.int/protocol/) 
and Nagoya Protocol (2014)18  ratifications. All  these 
collective initiatives supplement the One Health effort 
at regional, national and international levels.

The International Health Regulation (IHR) formed 
in 1969 makes it mandatory for signatory nations to 
report  all  notified  public  health  incidences  through 
national implementation nodes. This agreement 
further expanded its scope to include existing, 
novel, re-emerging diseases and other public health 
emergencies19. Through a new legal framework 
binding to 196 signatory countries, the IHR ensured 
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fast collection of real-time disease information and 
provided conceptual clarity on what may constitute a 
public health emergency threat/event of international 
concern and mobilized international reporting and 
assistance19. Multiple agencies of the United Nations 
(UN) like the WHO, in partnership with the Food and 
Agriculture Organization (FAO), World Organization 
for Animal Health (OIE) and other international 
and national partners included the relevant animal 
health component within the framework of the IHR 
which is core to the fundamental of One Health 
approach.  The WHO  has  declared  five  global  health 
emergencies since the 2009 pandemic of novel human 
influenza  virus  H1N1  of  swine  origin20. The IHR 
monitoring framework builds upon strengthening 
the One Health component further21. This instrument 
further supplements other platforms of international 
health emergency responses like the WHO GOARN 
(Global Outbreak Alert and Response Network)  
(https://extranet.who.int/goarn/) and also has overlaps 
with the Biological Weapons Convention (https://
libraryresources.unog.ch/bioweapons).

One Health is also an integral part of the 
sustainable developmental goals (SDGs) of the 
UN and covered under the mandates 3 and 15 
(https://www.who.int/health-topics/sustainable-
development-goals#tab=tab_3). This is highly 
relevant as UN SDG forms the core guiding principle of 
developmental programmes of many nations, specially 
developing countries where the threats from emerging 
zoonosis are high.

The aforementioned issues highlight the crucial 
interface of One Health with another very important 
international platform, the Global Health Security 
Agenda (GHSA) that is a convergence of multiple 
international conventions like WHO, IHR, OIE, 
United Nations Security Council (UNSC) 1540.
Biological Weapons Convention and other relevant 
conventions addressing issues of health security22. 
The GHSA has now been further strengthened through 
the 2017 “Kampala Declaration” (https://ghsagenda.
org/2017/11/09/kampala-declaration-2017/) that 
emphasizes a more streamlined framework: GHSA 
2024- addressing the post-COVID-19 lacunae. 
Many countries have adapted from GHSA resources 
material for developing their own national guidelines 
of biosafety and biosecurity. The current COVID-19 
pandemic further emphasizes the need for expansion of 
the scope of such international agreements interfacing 
with One Health policies at the national level.

The United Nations Environment Protection 
Programme (UNEPP) created in 2016 
(https://sustainabledevelopment.un.org/index.php?pag e 
=view&type=30022&nr=243&menu=3170) , 
addresses the challenges of the One Health Approach 
as its core concept. Emergence of COVID-19 pandemic 
stresses the need for further strengthening this 
programme, widening its objectives and interlinking 
a cross platform dialogue with other climate change 
and biodiversity conventions to create a new 
comprehensive and strategic global framework called 
the 2021-2030 Decade on Ecosystem Restoration 
Programme (DERP)23.

As the world grapples to equilibrate and recover 
from the multiple collateral damages from the 
COVID-19 pandemic, these emerging UN conventions 
and frameworks including the Convention on 
Biodiversity (CBD)24 attempt to glue in a practical, 
fast  onset,  sustainable  international  effort  towards 
restoring the environment and mitigating future risks 
from emerging zoonosis. The One Health concept is 
fundamental and core to this effort. 

The importance of One Health fundamentals 
has been further highlighted by the ongoing 
COVID-19 pandemic. It has indicated the lacunae 
in the existing structure and highlighted weaknesses 
in synchronized response-mitigation deployment 
tools  for  fighting  public  health  emergencies25. It 
is high time to comprehend, expand the scope of 
animal-human-environment interaction on health, 
One Health, deploy appropriate actions, introduce 
new legislations, frame international laws, adapt 
and renovate relevant existing conventions, 
enhance agreements, and deploy at all levels 
(local, national and global) to combat the threat of 
emerging future pandemics.
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Severe acute respiratory syndrome (SARS, 2003), 
the  first  novel  pandemic  of  the  current  millennium, 
demonstrated the possibility of the emergence of 
previously unknown wildlife source pathogens at any 
place, any time, and without any warning1. Alas, the 
appropriate lessons were not learnt. The measures to 
prevent and control such occurrences in the future are 
inadequate, as exposed by the current pandemic of 
SARS-CoV-2, which has  adversely  affected  society’s 
social, economic, and cultural fabric around the globe. 

There have been ample warnings in the recent past 
like the spread of highly pathogenic pandemic H1N1 
influenza  in  2009,  influenza  H7N9  in  2013,  Middle 
East respiratory syndrome coronavirus (MERS-CoV), 
Zika, and Ebola2. 

All three coronavirus epidemics have been 
epidemiologically linked with zoonosis3, and 
two-thirds of all new and emerging infectious 
diseases are zoonotic4. In today’s world, with close 
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interconnectedness amongst humans, animals, and 
the environment, factors like population growth, 
migration, urbanization, and climate change contribute 
significantly to the increased probability of biological 
threats (biothreats)5.  Although  the  diseases  affecting 
humans are of an immediate concern, the overall food 
security and socio-economic well-being are directly 
affected  by  plant  and  animal  health.  The  current 
pandemic has demonstrated the linkages among health 
of humans, animals and the planet that sustains us. 
Thus, well planned, concerted actions taken to protect 
environmental, plant and animal health can prevent 
economic and public health disasters. Lurking in the 
background is the massive potential for deliberate 
use of biological agents as weapons by State or 
non-State entities which can affect health of humans, 
animals, damage crops and contaminate environment. 
This is the basic concept of One Health that there is 
an interlinkage of health of humans, animals and 
environment (Fig. 1) and the intensity of the linkages 
determines the emergence and circulation of microbes6. 
The concept of One Health can be extended for 
understanding and prevention of biorisks.

Biorisks and biological agents 

Biorisks have a spectrum ranging from natural 
to biowarfare (Fig. 2)7. When deliberate, the key 
ingredient required for developing a bioweapon is 
widespread availability of pathogens/biological agents 
(BAs). BAs consist of microorganisms like viruses, 
bacteria, fungi, protozoa, prions, or other toxins 
produced by living organisms that may be produced 

and released deliberately for causing disease and death 
in humans, animals, or plants, with the potential of 
an epidemic or pandemic. Insects can also be used as 
agents for bioweapons. Biological weapons (BWs) 
are a subset of weapons of mass destruction, called 
chemical, biological, radiological, and nuclear weapons 
(CBRN), with a vast potential of misuse against all 
living organisms. Consequently, the challenges posed 
by proliferation of BWs and biothreats are daunting. 
Thus, all outbreaks of especially dangerous pathogens 
must be viewed as potential proliferation events, as 
these generate samples that could be used to design 
BWs; for example, approximately 300,000 samples of 
Ebola virus have been stored in facilities across various 
countries post 2014–2016 outbreak in West Africa8. 
The use of BAs is a serious and burgeoning problem 
with an enhanced risk of a bioterrorist attack9,10. 

The use of BWs is known since antiquity and these 
have often been used in conjunction with chemical and 
traditional weapons of warfare. The use of infected 
arrows and contamination of wells was resorted to by 
Persians, Greeks, and Romans11,12. During the second 
world war,  plague-infested  fleas were  used  by  Japan 
in Manchuria, China13. Records of last 100 years show 
approximately 200 incidents involving toxic biological 
materials14.

During the last few decades, the incidence, and the 
potential of biothreats have increased tremendously 
due to advances in biological warfare research 
and development. With the shifting geopolitical 
scenarios and enhanced global competition, despite 
being signatory to the Biological and Toxic Weapon 
Convention (BTWC, 1972), a few members have 
increased their activity in biotechnological, genetic 

Fig. 1. One Health concept: Interlinkage between human health, 
animal health, and ecosystem. Fig. 2. Spectrum of biorisk.



 KOTWAL & YADAV: BIOTHREAT & ONE HEALTH 259

engineering, and synthetic biology tools to develop 
highly potent and deadly chimeric biowarfare agents15. 
The US had a robust “germ warfare testing” programme 
from 1949 to 1969, involving 239 field tests and at least 
one publicly known trial on unsuspecting humans16. 
The testing of anthrax on Gruinard island by the 
UK in 1942 led to forced quarantining of the island 
for 48 long years17. Pathogens released in a Russian 
factory accident raised suspicion about its programme 
of weaponized biological agents18.

BWs are appealing to all as these are easy to 
mass-produce, and existing stocks can be easily 
destroyed and/or restored. The easy availability, 
transportation and dispersal, low production costs, 
and non-detection by basic security systems of BAs 
provide them a strategic and tactical advantage. Still, 
most countries do not fully rely on this approach 
as  BWs  are  slow-acting,  unpredictable,  difficult  to 
deliver and control, and have the potential of misuse 
by non-State agencies, terrorist organizations, and 
other groups19. Despite this, non-war related use of 
BWs by the non-State agencies has been increasing 
in the last few decades12. Notable examples being use 
of Salmonella in Oregon, USA, by members of a cult, 
anthrax by Aum Shinrikyo in Japan, anthrax by mail 
to many US government officials, and the foiled attack 
using Ricin in June 2018 in Germany12,20,21.

Biothreat

Multiple factors favour the emergence of new 
pathogens naturally, including high human population 
density, wildlife and microbial diversity, and 
environmental  factors  like  climate  change,  conflicts 
and natural catastrophes, which increase man-animal 
contact20. The animal spillover, cross-species jumping 
can lead to introduction of novel pathogens which 
can spread like a fire in a nascent population22. Based 
on the technology available, many hotspots have 
been  identified  for  the  emergence  of  new  microbes 
with pandemic potential23. Newer techniques like 
Geographic Information System (GIS), remote sensing 
may be used to track real time changes in ecosystem 
and its effects on atmospheric condition24.  

Besides these known or unknown microbes with 
the potential of the pandemic, there is a real possibility 
of genetically engineered BAs and an enhanced use 
and misuse of newer pathogens in the future. The 
modernization and weaponization of genetically 
engineered BAs to develop extremely contagious, 

fast-acting, and lethal strains may overwhelm the 
human immune system and resistance to all known 
management modalities12. The research includes 
weaponizing resistant recombinant novel pathogen 
strains, chimeric viruses using newer technologies 
like Clustered regularly interspaced short palindromic 
repeats (CRISPR)25. The delivery methods/
formulations are undergoing modifications with potent 
aerosols or powder formulations, which would be 
easy to deliver through routine disinfection vehicles/
equipment or small bombs, as per requirement26.  

These novel strains or newer microorganisms 
may pose dangers to health and local, national, and 
international economic conditions, bringing misery to 
human, animal, and plant/crop health with its wider 
implications. Another important aspect of biothreat is 
that unless there is a clear evidence of linking or owning 
to it by some group or facility, it can be disguised as 
a  natural  phenomenon.  The  differentiation  between 
natural outbreaks and deliberate induced outbreaks 
becomes blurred27. 

Several groups have suggested methods to identify 
the deliberate disease outbreak act or biothreat27–29. 
One such group used epidemiology of the event 
(clinical presentation, increased morbidity or mortality, 
time, place, and person distribution, etc.) for possible 
clues to the index of suspicion for an unnatural 
event27. Another group suggested assessment using 
non-conclusive and conclusive criteria, which were 
assessed qualitatively on a scale of 0-3 with a total 
range from 0-5428. Yet another method is based on the 
bioterrorism risk assessment model having qualitative 
and quantitative indicators and three categories of 
natural, probable deliberate, and highly probable 
deliberate29. However, these need to be tested in 
laboratories or by simulations as their validity and 
reliability are currently unknown.

Challenges 

One of the foremost challenges is early 
identification of deliberate or natural bioagent, which 
would help to control such events with minimal 
disruption.  For  early  identification  of  such  events  a 
robust surveillance system is required. The concept 
of One Health is useful for extending the surveillance 
system to animal as well as crops. It entails knowledge 
of microbes circulating not only among humans 
but  also  in  animals  and  plants.  The  identification  of 
pathogens which can jump from one species to another 
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and further keeping close watch over them so as to 
prevent  the  outbreaks  is  key  for  early  identification. 
A policy on microbial forensics is required which can 
collaborate, identify and characterize the data from 
human, animal and plants14.

After  identification,  quick  response  to  limit  or 
contain the microbes is required. At the macro level it 
will require preparedness and coordination of various 
departments and ministries. The nodal ministry for 
counterterrorism  is  the  Ministry  of  Home  Affairs, 
whereas the epidemics among humans are dealt with 
by the Ministry of Health and Family Welfare. The 
Ministry of Agriculture deals with animals and crops. 
The Indian Council of Medical Research (ICMR) looks 
after various aspects of biomedical research and the 
National Centre for Disease Control (NCDC) is the nodal 
authority for all surveillance and outbreak response 
activities. The Defense Research and Development 
Organization (DRDO), with an extensive network of 
laboratories, is engaged in research on various aspects 
of CBRN and individual protective equipment. The 
other research and development entities dealing with 
biotechnology, drugs, and toxicology are the Council 
for Scientific and Industrial Research (CSIR) and the 
Department of Biotechnology (DBT). The agriculture 
and animal science domain is with the Indian Council 
of Agricultural Research (ICAR).

The National Disaster Management Authority 
(NDMA), mandated to plan, prepare and respond 
to natural and man-made disasters in the country,  
has prepared guidelines on all types of disasters30. It 
also has the National Disaster Response Force for a 
specialized response to natural and man-made disasters, 
with four of its battalions trained and equipped for 
CBRN emergencies. However, the focus of NDMA is 
on post-disaster management and not on prevention, 
research, and surveillance activities30.

Development of diagnostics, treatment and 
vaccinations to mitigate the effects of microbes is an 
important area. These need to be developed at a rapid 
pace for newer BAs and we need adequate stockpiles 
for the older ones. The advent of newer techniques like 
molecular diagnostics, mRNA techniques, biosensors, 
biochips, etc., have increased the pace of development 
of diagnostics and vaccinations as is evident in the 
current SARS-CoV-2 pandemic. However, not all 
countries are equally equipped. Here comes the 
role of international collaborations, WHO, World 

Organisation for Animal Health (OIE) and UNICEF 
for equity and fair distribution. These newer 
techniques can be applied to human as well as animal 
health. The prevention of diseases in livestock will 
decrease the risk of transmission to humans and vice 
versa.  However,  the  treatment  has  become  difficult 
because  of  intensification  of  livestock  activity  and 
widespread misuse or improper use of antibiotics 
leading to antimicrobial resistance coupled with 
limited  antivirals  having  limited  efficacy  and 
availability. 

Monitoring of environment for microbes through 
the world is another major challenge. The hand-held 
sensors  for  identification  of  harmful  pathogens  have 
been developed,  however,    sensitivity  and  specificity 
of these sensors have been questioned31. The role of big 
data analytics for monitoring required facilities as well 
as trained manpower are lacking at present.

The concept of One Health is also at varied 
levels  in  different  countries.  Various  specialities 
(trans-Disciplinary approach) have to work together, 
however, domain control, power equations, hesitancy, 
etc., play a role in slow progress towards achieving 
this. In the past decade, India has made policy which 
is in the direction of One Health, however it is in its 
nascent stage32. 

The way forward

Internationally, BTWC States Parties have 
tried  to  ensure  the  relevance  and  effectiveness  of 
the Convention despite advances in science and 
technology, changing geopolitics, and security 
scenarios. Five yearly meetings have been held 
regularly to review the operation of the BTWC, 
with the ninth review due in November 202133. 
Organizations like the WHO, Food and Agricultural 
Organization  (FAO),  and  United  Nations  Office  for 
Drugs and Crime (UNODC) are involved in assessing 
and helping the Member States in mitigation efforts. In 
response to this growing threat, UNODC delivered an 
online awareness-campaign titled “The International 
Legal Framework against Biological Terrorism” in 
September 2020 to make all Member States aware 
of the existing international legal instruments34. 
However, it would be naïve to assume that all 
Member States attend these meetings, update their 
current situations regularly and will abide by the legal 
framework. To combat biothreats at international, 
national and regional level, a commitment towards 
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funding and incentives for collaborative research 
across disciplines for One Health are essential.  

Notwithstanding the intention, whether natural 
or man-made, biothreats pose the same consequences 
and consequently need a similar prevention and 
management approach. Early suspicion or detection 
remains the key. The need for a robust surveillance 
system including BAs, human diseases, diseases in 
animals, crop affliction, and environmental degradation 
does not require any further emphasis. A comprehensive 
surveillance strategy should alert the public health 
system in the early stages of biothreat or outbreaks. The 
preparation, flexibility, and resources would determine 
the response of the system. The newer techniques and 
advances primarily related to the genome sequence 
have helped to understand the molecular mechanisms 
of pathogenesis, designing drugs and vaccines which 
can be gainfully utilized to counter biothreats35.

Digitalization of health and big data analytics, 
including  artificial  intelligence,  would  help  in  early 
detection and better response. There would be a 
requirement of trained epidemiologists to identify the 
specifics  for  prevention  of  natural  and/or  deliberate 
outbreaks. Multi- and trans-disciplinary teams are 
required at national, State, and district levels, along 
with enhanced capability and capacity to deal with 
biothreats to humans, animals, and plants/crops.

Appropriate lessons need to be learnt from the 
current pandemic. The actions taken by India need to 
be upscaled to further strengthen the trained human 
resources, newer surveillance and research techniques, 
and public health laboratory network; employment and 
availability of trained multi-disciplinary teams at all 
levels; capacity of public health facilities to manage 
cases with the availability of drugs, equipment, and 
ancillary facilities; availability of protective equipment; 
and continued investment in the health system. At the 
country level, planning, coordination, and activities 
acquiring global best practices adopting new tools and 
approaches towards prevention, control, and mitigation 
of the biothreat, whether natural or man-made 
(bioterrorism), will also pay dividends in improving 
the overall health of the community. A legal framework 
and a National level institution for One Health will go 
a long way to give impetus to One Health.

The concept of One Health is essential for 
responding to any emerging infectious diseases or 
biothreat. However, except for during the current 
pandemic, there has been little progress in India till date 

to bring key stakeholders, including infectious disease 
specialists, public health specialists, veterinarians, 
agriculturists, environmentalists, and other related 
disciplines at the common platform and formal 
mechanisms need to be in place for such efforts32,36,37.

At the international level, organizations like 
the WHO, FAO, and UNODC need to be proactive, 
transparent and meaningfully engage with all 
stakeholders in a spirit of equality for early warnings 
and steps for prevention and control biothreats 
and also for collaborative research. The long-term 
policies which can reduce frequency or intensity 
of human-animal contact and maintain balance of 
ecosystem can help in decreasing animal spillover or 
cross-species jumping. 

Conclusion

The possibility of biothreat whether natural or 
deliberate is real. The newer molecular techniques and 
scientific developments  can  act  as both opportunities 
and obstacles. Early detection, mitigation of effect, and 
the response would be enhanced by the One Health 
approach, which recognizes the link between human, 
animal,  and plant  health  and  the  effect  of  disease on 
food supplies and the economy. A One Health approach 
with enhanced coordination, trans-disciplinary and 
multisectoral actions for designing and implementing 
policies, programmes, and legislation based on basic 
and applied research coupled with effective surveillance 
systems, early detection, and actions to contain 
outbreaks of local / national / international concern 
along with rapid and transparent information sharing 
with enhanced global cooperation and participation 
would be effective to tackle the biothreats effectively.
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The emergence of SARS-CoV-2 and its rapid spread globally emphasizes the ever-present threat of 
emerging and re-emerging infectious diseases. In this review, the pathogen pyramid framework was 
utilized to identify the “unknown unknowns” associated with the emergence and rapid transmission 
of novel infectious disease agents. Given that the evolutionary origin of most of the emerging infectious 
disease agents can be traced to an animal source, we argue the need to integrate the “One Health” 
approach as a part of surveillance activities. The need for focusing on undertaking global and regional 
mapping activities to identify novel pathogens is discussed, given that there are an estimated 1.67 million 
unknown viruses, of which around 631,000 to 827,000 unknown viruses have the capacity to infect 
human beings. The emerging risks due to the ever-expanding interface between human, animals, both 
domestic and wildlife, and the environment are highlighted, these are largely driven by the need for 
safe habitation, growing food, developing infrastructure to support the increasing human population 
and desire for economic growth. The One Health approach provides a holistic way to address these 
cross-sectoral issues, by bridging institutional gaps, enumerating priority risk areas and pathogens, and 
highlighting putative risk factors for subsequent spillover events involving emerging and re-emerging 
infectious disease pathogens at the human-animal-environment interface.

Key words COVID-19 - emerging infectious diseases -  One Health - pandemics - pathogen pyramid - surveillance

The default response to infectious disease threats 
has been the development of preventive or curative 
options post facto, often in the face of rising disease 
burden,  human  suffering,  and  costs.  Though  the 
value  of  timely  identification  of  emerging  infectious 
diseases has been well-established in the context of 
transmission containment, even with the most sensitive 

of  surveillance  systems,  it  is  difficult  to  identify  a 
novel pathogen1. The evolutionary advantage held by 
microbes enables them to adapt rapidly to host species, 
and eventually spill over. In the 25 families of viruses 
that can potentially infect human beings, there are an 
estimated 1.67 million unknown viruses, of which, an 
estimated 631,000 to 827,000 unknown viruses have 

Policy
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the capacity to infect human beings2,3. Given this wide 
array of potential spillover threats, and the absence of 
a risk stratified global virus atlas, it becomes important 
to improve disease surveillance, especially at the 
interfaces with the highest risk of novel pathogen 
emergence. 

The most recent cross-species spillover of a 
novel coronavirus, severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), has assumed pandemic 
proportions, resulting in almost 2.5 million deaths from 
the novel coronavirus disease (COVID-19) globally by 
the end of February 20214. This is the third instance of 
the emergence of a novel coronavirus, after the severe 
acute respiratory syndrome (SARS) in 2003 and Middle 
East respiratory coronavirus (MERS CoV) in 20125–7. 

The consistency with which these novel pathogens have 
transcended species and international borders, while a 
cause of grave concern, is also an indicator of a complex 
interplay of various factors at the human-animal-
environment interface, through which the pathogens 
continue to expand their host-tropism. While some 
efforts at using computational approaches have shown 
encouraging signs, accurate prediction models, which 
can predict the potential spillover threat, as well as its 
impact on human health, are yet to be developed8–10.  

Although SARS-CoV-1, MERS-CoV and SARS-CoV-2 
all share similar phylogenetic roots, yet the considerable 
heterogeneity between the pathogen transmission 
patterns, disease severity and case fatality rates gives 
rise to varying magnitudes of global health threats. 
What makes SARS-CoV-2 a truly unique threat is its 
high transmissibility, and ability to cause adverse health 
outcomes (severe disease requiring hospitalization, and 
deaths), especially in vulnerable population groups, 
such as the elderly or those with co-morbidities, while 
simultaneously keeping overall case fatality rates low 
enough to enable further spread11–17. 

Using the pathogen pyramid to explore emerging 
infectious diseases

These novel microbes are new entrants in a long 
emerging pattern. Between 1940 and 2004, 335 
pathogens have emerged, with 60 per cent having a 
zoonotic source, of which 71 per cent originate from 
wildlife18. Prediction models have identified emerging 
infectious disease (EID) hotspots in Africa, Latin 
America and South Asia19. Most of these models take 
into account the current understanding of disease 
dynamics, and assumptions with respect to some of 
the “known unknown” determinants. The “unknown 

unknowns”, which form a large part of the problem at 
hand, remain in the blind spot. As the rapidly expanding 
pandemic of COVID-19 has adequately proved, this is 
an oversight one cannot afford. 

One of the approaches used to identify the 
origins of zoonotic diseases utilizes the ecologic 
“pathogen  pyramid”.  This  approach  identifies  the 
pathogens’ transitions from being an environment- or 
animal-specific  agent  into  a  human-infecting one20,21. 

This  approach  identifies  intermediate  levels  of 
adaptation, through which zoonotic microbes evolve 
into  efficient  human  pathogens  over  time 
(summarized in the Figure). 

At level 1 exposure, humans are exposed to a 
wide range of pathogens of environmental or animal 
origin, which may leave an immunologic trace, 
that are either unlikely, or not known to be disease 
causing pathogens. Naturally acquired infection with 
non-human simian retroviruses is a typical example22. 
Given the number of unknown viruses which exist 
at the human-animal-environment interface without 
crossing  the  species  barrier  effectively,  or  without 
adapting to a pathogenic role in human hosts, it is 
difficult  to  estimate  the  number  and  types  of  viruses 
which may be included in this level22.

Level  2  reflects  the  stage  of  infection,  where 
zoonotic viruses can overcome the species barrier, 
invade human cells, and cause disease. However, 
the risk of human-to-human transmission, while 
theoretically possible, remains very low, as is seen 
in the case of diseases like Japanese encephalitis or 
rabies23–26. Another example is the influenza A(H5N8) 
virus, which is not known to exhibit human-to-human 
transmission, and does not show efficient transmission 
between ferrets, the animal model of choice for human 
influenza infections in human beings27–31.

At level 3, in addition to causing human infections, 
the zoonotic viral pathogens can cross the human-to-
human transmission barrier and can establish limited 
transmission chains, resulting in outbreaks, which flare 
up and then eventually die down. This is the case for 
diseases like the plague, Nipah, Ebola or Marburg virus 
diseases, which are rapidly fatal. 

At  level  4,  the  pathogen  can  establish  efficient 
human-to-human transmission chains, which can 
result in disease burden of epidemic or pandemic 
proportions, as has been observed for the ongoing 
COVID-19 pandemic, its predecessors MERS-CoV, 
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SARS, or influenza. HIV can also be considered to be 
a pathogen at this level of the pathogen pyramid32–34. 
Levels 3 and 4 provide opportunities for interventions 
to disrupt transmission chains of emerging infectious 
diseases. This structure is referred to as a pyramid 
owing to the tapering number of pathogens from level 
1 to level 4, with fewer pathogen members at each 
incremental level.

Emerging infectious diseases, zoonoses and 
“Disease X”

Tracing this ecological chain of uncertainties 
almost always leads to an animal source. The 
diseases  identified  by  the WHO’s  priority  research 
and development (R&D) blueprint in all zoonotic 
in nature and have been responsible for outbreaks 
in the recent past35. COVID-19 is the latest entrant 
in the list, having graduated from the category of 
Disease “X”. This ominously named category 
represents the currently unknown pathogens, which 
may  emerge  from  unidentified  spillover  events, 
and result in outbreaks that may pose international 
threats. The risk of the emergence of these yet to 
be  identified  threats  grow  larger  with  increasing 
human population, loss of biodiversity, changing 
climates, aggressive land use for human habitation 
and agriculture, all of which contribute to the 
expanding interfaces between humans, animals and 
the environment36. The epidemiology of the H1N1 
influenza  virus  outbreak  in  2009,  which  contained 
genetic material from human, avian and swine origin, 
involved wildlife, pig farming, animal movement 
and farm workers37,38. 

The  specific  animal-to-human  spillover  event 
for SARS-CoV-2 infection in man remains poorly 
understood. Hypothesized to have originated from 
horseshoe bats, the role and identity of any intermediate 
hosts in the transmission chain remains unclear39. 
Genetic studies propose two pathways of transmission: 
viral mutations in human after zoonotic transmission; 
or mutations in animal reservoirs before zoonotic 
transmission to human40. While the current evidence 
base is not substantive enough to distinguish which of 
these two trajectories was taken by SARS-CoV-2, the 
latter represents a more efficient transmission pathway, 
which is reflective of the threat posed by the “unknown 
unknowns”.

As human residence, agriculture, and consumption 
patterns continue to invade wildlife habitat, the 
pathophysiological aspects of these changing equations 
are often overshadowed by the economic imperative 
or cost-benefit rationalizations. Human encroachments 
into animal well-being and territory are usually 
considered under the framework of biodiversity 
and conservation, and the disease risk perspective 
often remains unexplored and undervalued. The role 
and  risk  of  densification  of  animals  through  factory 
farming, animal markets, and wildlife trade should be 
evaluated, and disease surveillance conducted in these 
high-risk contexts. Densification further enhances the 
opportunities for viral replication and mutation41.

One Health approach and emerging infectious 
disease threats

Despite  the emergence of some structured efforts 
at undertaking cross-sectoral approaches to build 

Figure. Using the “pathogen pyramid” schematic to identify the potential “unknown unknowns” in the emergence of novel infectious 
disease agents; Levels of “unknown unknowns” indicated by question marks. 
Source: Refs 20,21.
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capacity for One Health response to deal with such 
disease X threats, these have remained scattered, 
with little governmental buy-in and horizontal 
integration42.  Event-specific  inter-sectoral  platforms 
have been developed to coordinate responses in 
the aftermath of epidemic or pandemic threats. The 
National Task Force, Empowered Groups and Joint 
Monitoring Group to guide the government’s response 
to COVID-19 in India, or the Inter-Ministerial Task 
Force and Joint Monitoring Group set up to coordinate 
the H5N1  influenza  response  represent such efforts43. 
These opportunities need to be capitalized on for 
strengthening systems responses across disciplines 
and departments. Often, linkages established during 
a crisis response tend to be neglected in the inter-
epidemic period, when other competing priorities take 
precedence. It is important to institutionalize these 
One Health linkages to ensure continuity and enable 
initiation of preparedness and response activities in a 
timely fashion when the next disease threat inevitably 
emerges. This need for improved communications 
across the multiple sectors of human, animal, 
environmental and economic well-being, has been 
highlighted as a major lacuna by multiple priority-
setting exercises undertaken globally44,45.

In addition to improving systems collaboration 
and coordination, there needs to be a concerted effort 
to invest in capacity building for developing cadres 
of scientists with One Health core competencies. A 
previous landscape analysis has shown that there are 
only a few research and capacity building programmes 
in place in South Asian countries, which can satisfy the 
core  competencies  expected  of  One  Health  efforts42. 
Although there has been some move to institutionalize 
the policy responses to infectious disease threats 
using  the One Health approach, efforts at developing 
trans-sectoral training programmes or research and 
practice capacity building programmes have been 
limited. Without a competent corps of One Health 
scientist  leaders,  policymaking  and  response  efforts 
will continue to remain constrained.

Dubbed as the once-in-a-century pandemic, 
COVID-19 shows a relentless march across countries, 
and  is  likely  to  affect  the  fragile  health  systems  of 
low- and middle-income countries (LMICs) in more 
ways than just as an infectious contagion46. Modelling 
estimates have shown that as a fallout of the COVID-19 
pandemic, in high burden settings, even under 
optimistic assumptions of transmission and mitigation 
of SARS-CoV-2, mortality from HIV, TB and malaria 

could increase by 10, 20 and 36 per cent, respectively 
over  a  five-year  period47. Other estimates computed 
early in the COVID-19 pandemic revealed that even 
modest levels of reduction in coverage of maternal 
and child health services in LMICs were likely to 
result in over 250,000 additional child deaths and 
over 12,000 maternal deaths48. The Global Financing 
Facility estimated that childhood vaccinations were 
likely to drop by 50 per cent or more in many LMICs 
facing COVID-19 related lockdowns or service 
restrictions49. Another modelling effort showed that in 
a high-impact setting in Africa, for every COVID-19 
death that could be attributed to SARS-CoV-2 infection 
through person-to-person transmission during routine 
childhood  vaccinations,  84  under-five  deaths  due  to 
vaccine preventable diseases, such as measles, could 
be avoided50. 

The evolution of the COVID-19 threat has given 
us a unique opportunity to introspect on the narrative 
of reactive response driven epidemic management vis-
à-vis the need to develop proactive prediction systems 
which can pre-empt novel spillovers and emergence 
or re-emergence of dangerous pathogens51. Further, 
the trajectory at which the pandemic has progressed 
in different countries has been slightly different, which 
also drives the issue of identifying and contextualizing 
evidence to base policy on. As identified by WHO, a one-
size-fits-all approach to manage COVID-19 is likely to 
fail, given the wide variance in the epidemiology of 
COVID-19 globally52.

 Global learnings from the pandemic response

There have been several positive takeaways 
from the global experiences of dealing with the 
COVID-19 threat. Global ability to devise technical 
solutions at a short notice has improved. The whole 
genome sequence of the virus was examined and 
rapidly shared on public domains53–55. Publications 
have come out in pre-print servers, cutting down the 
time  to  put  evidence  to  use.  This  is  one  of  the  first 
instances where the evolving epidemiology in various 
countries is being studied in real time by a diverse 
group of researchers from across the world. Access to 
libraries of pre-tested compounds has accelerated drug 
development efforts, while computational approaches 
have helped identify in silico, which drugs would be 
a best fit  to  repurpose.  Innovations  in  risk-mitigating 
technologies have allowed businesses, education and 
healthcare, to transition to the new normal56. The 
development of COVID-19 vaccines has also taken 
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place at an unprecedented pace, with global and 
regional collaborations being developed to produce 
and disseminate the vaccines globally57,58. However, 
with the inevitable imbalance between demand and 
supply, we have also been witness to the emergence 
of the phenomenon of vaccine nationalism, especially 
in high-income countries, which has threatened the 
notions of global solidarity59–61.

Given the global implications of the spread of 
COVID-19, these technical solutions may fall short. 
Diplomatic and international cooperative solutions 
such as data sharing, using common protocols for 
rapid product (diagnostic, preventive, therapeutic) 
testing, and accelerated or common approval systems 
for deployment of medical products for diagnosis, 
prevention or management of COVID-19 or other 
novel spillover events need to be explored and 
encouraged. Cross-border and regional cooperation 
remain central to the discussion around developing 
solutions that work for all. Further, transparent systems, 
undergoing iterative improvement over time, based on 
accurate data, collected, and reported through sensitive 
surveillance systems, would also provide the means 
to ensure global solidarity in response to emergent 
infectious disease threats. In our global village, and 
infectious scourge at any corner of the world is a 
potential threat to health security for all62.

Using One Health to move from reactive to 
proactive response

The holistic view of health encouraged by a 
One Health perspective supports the inter-sectoral 
collaboration on human, animal, and environmental 
health. Novel and emerging infectious diseases is a 
perfect platform for incorporating this perspective63. It 
is also important to consider the potential for climate 
change to influence future pandemics64. With a change 
in climate, animal (including vectors) and plant species 
will shift as the suitability of different areas for specific 
biomes changes. This will likely change the interaction 
dynamics at the evolving human-animal-environment 
interfaces, as different species of animals will come into 
contact, under a changing ecosystem. Erratic weather 
patterns, droughts, heat waves and desynchronizations 
of life cycles of animals and plants may also alter 
the mix of animals in specific locations. New mixing 
patterns  of  different  plant  and  animal  species,  and 
pathogens  specific  to  each,  has  the  potential  for 
new cross-over infections between animals, with 
subsequent human spillovers65. Moreover, changes in 

the distribution of animals, environmental degradation 
itself, crop failure or livestock death, for example, may 
alter human interactions with wildlife, bringing them 
into closer contact or increasing hunting and eating of 
bushmeat, for instance66.

In February 2018, in its blueprint for research 
on priority diseases, the WHO prophetically added 
a new potential threat: Disease X35. The X stood 
for something unexpected, a microbe that had the 
potential to cause a future pandemic. This was based 
on advocacy from multiple health experts, who pointed 
out that it was a question of when and not if the next 
disease with epidemic potential would emerge from 
a hitherto unknown source, the most likely being a 
zoonotic one67. However, the common consensus was 
that it would be a pandemic influenza and some nations 
developed plans to deal with such outbreaks. A regional 
outbreak that progressed to a public health emergency 
of international concern and finally to a pandemic in a 
couple of months, killing millions in less than a year 
took the world by surprise4. Hence, given the continued 
threat of emerging infectious diseases, the global health 
community must review the successes, lessons learnt, 
and mistakes made over the past year to ensure that 
history does not repeat itself.

COVID-19 is a wakeup call which provides us 
an opportunity to learn and adapt, so that the impact 
of future pandemics can be mitigated68. It is obvious, 
that we need to focus on developing more precise early 
warning systems, which pre-empt outbreaks or spread 
of  epidemics,  and  enable  us  to  mount  an  effective 
response before sustaining losses in human and animal 
life, and economic well-being69. In addition, we must 
look at investing in strengthening health systems 
and interdepartmental collaborations; improving the 
sensitivity, breadth and fidelity of disease surveillance; 
and empowering communities to react and respond 
to  outbreak  threats  in  a  more  efficient  manner70,71. 
Whilst the immediate focus should be directed towards 
containing the COVID-19 threat and minimizing the 
losses, both in terms of human lives and economic 
security, we must build up the bulwarks before the 
next novel dangerous pathogen comes calling at our 
doors. Just as Joshua Lederberg, the Nobel-laureate 
had stated, “the future of humanity and microbes likely 
will unfold as episodes of a suspense thriller that could 
be titled ‘Our Wits Versus Their Genes’”72.
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Ecological interactions between different domains 
of life impact the balance of ecosystems and human 
health. This point is made with destructive clarity by 
the current coronavirus disease (COVID-19) outbreak, 
caused by SARS-CoV-2. The pandemic has its origin 
as a zoonotic pathogen but its transmission pathway 
to humans is presently unknown1.  As the pandemic 
progressed, it became clear that many other animals 
and in particular mammals, were secondary targets 
of the disease. Also, the presence of virus in sewage 
and waste water, and probably also in packaged 
frozen food, represents enormous reservoirs of virus 
loads and a potential for increased infections through 
evolution of more transmissable virus variants2.  This 
will  invariably  affect  the  efficacies  of  both  detection 
methods as well as the vaccines currently in use. 
Thus, to respond to the current challenges the world is 
facing, an integrated vision that humans, animals, the 
environment and climate are intricably linked is more 
important than ever3.  

The implementation of genomic sequencing and 
molecular epidemiology in public health has been 
largely driven by the detection of viruses during 
the outbreaks and pandemics4. In 2009, genome 
sequencing of virus during the outbreak of A(H1N1)
pdm 09 suggested that the pandemic had begun almost 
two  months  earlier  before  the  first  reported  case5.  
Sequencing of outbreak isolates of the Middle-East 
respiratory syndrome (MERS) virus identified presence 
of the virus in camels and allowed the documentation 
of independent cases of transmission from camels to 
humans6. Wide scale genome sequencing introduced 
during the 2013-2016 Ebola virus outbreak enabled 
identification of  the sentinel case in  the outbreak and 
phylodynamic  insights  from  large  sequencing  efforts 
demonstrated that the outbreak was maintained by 
human-to-human transmission rather than repeated 
zoonotic introduction7. In the current pandemic, as 
SARS-CoV-2 continues to acquire genetic changes, 

accelerated determination of genome sequences 
provides the tool vital to monitor and validate the 
expected sensitivity of various diagnostic assays even 
within a locality8. 

The need to determine origins and transmission 
routes for an assessment of the emergence and expansion 
of antimicrobial resistance (AMR) worldwide is an 
urgent problem. Between 2010 and 2015, the total 
aggregated consumption of antibiotics in 76 countries 
increased by 65 per cent from 21.1. to 34.8 billion 
defined daily doses (DDD), with the greatest increases 
reported in rapidly emerging economies9. This 
constitutes a major cause for the emergence of AMR 
worldwide. The increase in AMR in human health 
settings is associated with the overuse, misuse as well 
as an unwarranted use of antimicrobials, either through 
self-diagnosed medication or over-prescription by 
medical practioners. This is facilitated through easy 
and/or illegal access to antimicrobial medication 
without a prescription10. However, this is dwarfed by 
the mass usage of antibiotics in livestock farming and 
aquaculture10. The soaring global demand for meat 
in low- and middle income countries has led to the 
growth in meat production levels of 68, 64, and 40 per 
cent in Africa, Asia and South America, respectively11.  
The use of antimicrobials in livestock production is 
enormous comprising 73 per cent of the entire global 
consumption12.  Currently, global consumption of 
antibiotics is estimated to be 131,000 tons annually. 
This is predicted to rise by over 60 per cent to around 
200,000 tons by 203011. This contributes to the rise in 
contamination of water bodies and environments by 
large-scale pharmaceutical production facilities as well 
as discharge from communities dedicated to healthcare 
and livestock with antimicrobials. Environmental 
contamination with pharmaceutical waste provides 
selection for antimicrobial resistance and promotes 
transfer of AMR genes among bacterial communities 
in the environment13.  
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To deal with the rise in AMR and emerging 
infectious diseases, a One Health approach needs to 
be considered. The protection of human life cannot be 
a sole concern. Our well-being as a species requires 
environmental sustainability, and various disciplines 
are required to interact with one another to provide new 
tools and methods for research and implementation 
of  effective  services  to  inform  policy  decisions  and 
regulations  to  the  benefit  of  health  in  animals  and 
humans, the environment and climate for future 
generations. Collaboration among multiple disciplines 
is necessary and this approach is fundamental to 
understand the concept of One Health14. 

A transdisciplinary approach to One Health 
considers animals, humans and their shared settings 
together with their linked environments (Fig. 1). 
To promote the well-being of the animal-human-
ecosystem  interface,  increased  efforts  to  improve 
understanding of health and disease processes is 
needed14.  To be effective it should be able to predict, 
detect, prevent and control infectious hazards and other 

issues affecting health and well being15.  These efforts 
contribute to sustainable development goals and to 
improve equity in urban and rural populations.

Global threat posed by antibiotic-resistant bacteria 

In the European Union (EU) and the European 
Economic Area, about 670,000 infections and 33,110 
deaths were attributed to antibiotic-resistant bacteria 
in 201516.  By the year 2050, antibiotic-resistant 
bacteria may, on a global scale, lead to the death 
of up to ten million people at a cost of 94 trillion 
Euros17,18. However, the increasing prevalence of 
antibiotic resistance is also a problem in numerous 
other areas, such as with farm animals, plants, 
food and the environment19. In 2018, the World 
Health Organization (WHO) published a priority 
list for the development of new antibiotics against 
pathogenic bacteria. Carbapenem-resistant, Gram-
negative bacteria (Enterobacterales, Pseudomonas 
aeruginosa, Acinetobacter baumannii, referred to as 
ESKAPE pathogens) were of highest concern. These 

Fig. 1. Ecosystems involved in the transfer and spread of antimicrobial resistance emphasizing a One Health approach (created with tools 
from: https://biorender.com/). 
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multi-resistant bacteria have become increasingly 
more frequent in recent years20. 

The concern is that we are reaching a post-antibiotic 
era, in which bacterial infections will become virtually 
impossible to treat with antibiotics. Counteracting this 
threat, by developing new antibiotics, for example, 
requires precise knowledge of the bacteria involved. 
For this purpose, their characteristics must be analysed 
as accurately as possible and for as many bacteria 
as feasible. Among the important tools advanced to 
promote  the  fight  against  AMR  is  the  development 
of balanced and comprehensive epidemiological 
and ecological surveillance networks at the regional, 
national and international scales21.

Use of genome sequencing in antibiotic resistance 
research

The cost of curbing local and regional outbreaks 
and particularly that of a global pandemic has enormous 
consequences in social, economic and ecological 
dimensions22. A more rational approach, far less costly 
and with probably more societal support, would be the 
development of surveillance and interception systems 
based on detailed knowledge of emerging pathogens 
and their environmental interactions. When linked to 
strategies for advanced diagnostics, therapeutics and 
vaccine development, these are anticipatory and can be 
preemptive in consequence.

The ecological and pathological consequences of 
animal, human and enivronmental interactions with 
and among viruses and other microorganisms have 
remained poorly understood because of their invisible 
scales23. The scope of characterizing these interactions 
appeared  to be an impossible task a few years ago, 
but an exponential rise in the output capacities of DNA 
sequencing platforms coupled together with steep 
decrease in sequencing costs provided the technical 
and economic breakthroughs needed to address these 
challenges24.

Early containment of antibiotic-resistant pathogens 
to prevent and stop spread of emerging or highly 
prevalent  resistance  genes  requires  different  scales 
of surveillance programmes and epidemiological 
analysis21. The increase in recently sequenced genomes 
of antibiotic-resistant bacteria has revealed the overall 
diversity of antibiotic resistance mechanisms involving 
innate and adaptive components25. Innate antibiotic 
resistance is the intrinsic resistance imparted by 
the chromosomally encoded genes and/or naturally 
occurring variants that modify efflux pumps, etc., and 

is disseminated vertically as clones26.  On the other 
hand, adaptive antibiotic resistance is often acquired 
on segments of highly mobile genetic elements 
(MGEs) that encode enzymes which can detoxify or 
modify antibiotics and their cellular targets. The MGEs 
are often transferred horizontally, very frequently by 
extrachromosomal entities called plasmids that can in 
very short evolutionary time scale, lead to very large 
reservoirs of multi-resistant bacteria comprising many 
different clones and even species27.

Genome-based surveillance systems

The increased recognition that whole genome-
based sequencing (WGS) has an important role in 
improving public health is being applied to national 
surveillance of infectious diseases4.  In the EU and the 
United States the widespread adoption of WGS has 
improved  the  accuracy  and  effectiveness  of  disease 
surveillance as well as outbreak investigation28. For 
real impact of this strategy on public health policies 
such as through enhanced assessment of disease or 
changes in drug resistance transmission dynamics, it 
requires the communication of actionable and timely 
results. This requires fostering of a multidisciplinary 
approach to interprete information derived. from 
epidemiological data and pathogen sequence 
analysis as key competencies to guide public health 
action29.  Trained  staff  to  coordinate  exchange  of 
data between public health institutions, together 
with those overseeing the monitoring of livestock, 
food chains and environmental laboratory network 
partners will be needed. Multidisciplinary expertise 
is needed, between scientists, statisticians, clinicians, 
veterinarians, public health experts and policymakers, 
to prioritize and identify high impact diseases or drug 
resistance emergence, to establish where genome 
sequence information is truly useful for public health 
interventions30. 

It is clear that the public health emergencies of the 
current pandemic has fuelled the rise of WGS-based 
typing methods. This has enabled rapid  identification 
of pathogens and is now being used to understand 
their reservoirs and origins, the paths and modes of 
transmission, derive and map genetic diversity, and 
describe outbreak dynamics31. The genome analysis 
can estimate aspects of disease dynamics in the absence 
of epidemiological data and unanalysed samples. For 
AMR, the in silico prediction of phenotype, innate 
and acquired antimicrobial resistance mechanisms, 
colonization and virulence determinants and correlates 



276  INDIAN J MED RES, MARCH 2021

of  epidemiological/ecological  fitness  associated  with 
transmission, for so-called high-risk clones, can be 
determined32. Finally, the generation of AMR-based 
epidemiological landscapes across space and time will 
enable prediction of emergence and inform on policy 
measures in One Health.

During surveillance, both high-quality genomic 
information and the resolution of genetic relatedness 
is  required  to  address  disease-specific  objectives. 
For example, enhanced resolution strategies and 
precision enable detection and common source tracing 
during cross-community infection outbreaks. Also, 
the monitoring of vaccine antigen expression among 
circulating pathogens and changes in antigen diversity 
in large populations are highly relevant33. 

Challenges in microbial bioinformatics

The decrease in the costs of DNA sequencing has 
accelerated sequence generation. It has been estimated 
that the annual acquisition of raw data worldwide would 
excede one zetta byte to one trillion Gb in 202534.  This 
increases the demand for local data processing as well 
as the need of scalable, federated and nearby computing 
infrastructures for large scale computations as primarily 
manifested in the rise of cloud computing35.  By 
sharing the physical computational backbone between 
numerous  users,  synergistic  effects  such  as  limiting 
the overprovisioning for peak loads and shared spare 
resources has reduced costs and increased literacy and 
know-how to use large IT infrastructures36. 

This  huge  increase  in  data  opens  new  scientific 
questions and constantly requires new algorithms and 
bioinformatic approaches. This has contributed to the 
genesis of a large set of bioinformatics software tools 
and databases37. Robust implementations of analysis 
workflows  need  to  produce  reproducible  results  on 
different machines among multiple iterations. A central 
role  of  these  workflows  is  to  enable  scalability  and 
modern analysis workflows must be able to cover broad 
ranges of data sizes. Smaller numbers of cases need to 
return rapid results while production of real-time data 
might scale to very large datasets. This often requires 
either vertical or horizontal distribution workflows to 
compute clusters of different types and sizes. 

In order to achieve a focused and comprehensive 
analysis of genome sequence data, we developed 
the analytical software ASA³P (Automatic Bacterial 
Isolate Assembly, Annotation and Analyses Pipeline)38. 
ASA³P has been optimized to process sequence data 
obtained by applying leading sequencing technologies. 

Initially, the analysis software subjects the genome 
sequence data to a quality control procedure and 
removes faulty data. The remaining data are then used 
to derive the genetic information of the individual 
bacteria (genetic fingerprint). The genetic fingerprints 
of several bacteria can subsequently be directly 
compared. ASA³P creates high-resolution genetic 
fingerprints of hundreds of bacteria within hours, a task 
that would have taken several weeks or even months to 
complete in the days of manual approaches38. This was 
accomplished using technical adjustments, allowing 
the optimal exploitation of the enormous capacities of 
a cloud-based computing infrastructure. 

A proposal for implementing a genome-based One 
Health initiative in india

At the UN in September 2016, the world leaders 
highlighted an unprecedented level of attention to control 
the spread of infections resistant to antimicrobials39. 
A broad, coordinated approach was mooted to address 
the primary causes of AMR across human and animal 
health and agriculture. Since then, the World Health 
Organization (WHO), Food and Agriculture Organization 
(FAO), and World Organization of Animal Health (OIE) 
working in conjunction with other key organizations 
are developing policy frameworks for global action40. It 
is anticipated that these global policy frameworks will 
translate into national action plans in many participating 
countries. A key tenet is the collection of state-of-the art-
information from regional and national databases and 
interdisciplinary research incorporating multiple sectors, 
domains and disciplines including health, natural, social 
and economic sciences. Research into implementation 
represents a key area of practice as only a good 
understanding of contextual and real-world factors will 
create the necessary impact required.

Here, we propose the creation of a Centre for 
Interdisciplinary Research and Solutions on AMR 
(CIRS-AMR) within the One Health Initiative for 
the purposes outlined above (Fig. 2). As AMR 
poses an urgent threat, the aim is to safeguard the 
use of antimicrobials to support the achievement of 
Sustainable Development Goals particularly regarding 
human and animal health, welfare, equity and economic 
growth. As outlined in JimO´Neill’s report on AMR, 
investment in AMR containment is expected to give 
a high economic rate of return and should be of the 
highest priority among public sector investments18. 

A proposal of high impact and visibilty would 
be the implementation of a national, transsectoral 
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proposal examining the genetic context of one million 
microorganisms in a One Health Context (The Million 
Vaibhav Project). This would be in keeping with 
the WHO recommendations on the use of genomic 
surveillance for AMR40 and be part of a global strategy 
for infectious disease and foodborne outbreak control, 
for case definition as well as enabling source attribution.
Genomic surveillance would also enhance elimination 
strategies.  It  would  monitor  vaccine  effectiveness 
by assessing the increase, decline or replacement of 
specific  lineages.  It would  identify failures  in control 
efforts,  reveal  potential  reservoirs,  promote  outbreak 
investigation and detect new emerging strains.

Such an initiative would require harnessing and 
improving sequencing infrastructure, promoting 
computational infrastructure and bioinformatic tools 
for automated platforms to process and analyze 
genome data with readily interpretation formats 
and actionable information41. As detailed above, 
combinations involving on-site and cloud-based 

computing infrastructure could be developed. To 
support genomic surveillance service statisticians, 
bioinformaticians and molecular epidemiologists 
would be needed for data analysis and interpretation.
Field epidemiologists and disease specialists would 
interpret the data generated and public health experts 
would  use  these  findings  for  de/refining  policy  and 
communication42. This would generate high standards 
in the collection, storage and distribution of specimens, 
genome archiving as well as biorepository storage and 
sharing. The overaching benefits of rapid data sharing, 
which is to be developed would realize disease control 
and pandemic prevention43. 

Ensuring efficiency and effectiveness of the use of 
genome-based data in routine surveillance systems is 
crucial. This includes assessing completeness of data, 
timely data collection and the use of data for policy 
decisions. A sustainability framework would also 
need to be established and would best be integrated 
into national disease control programmes. Finally, 

Fig. 2. The Million Vaibhav Proposal to promote consciousness and to foster a One Health approach to antimicrobial resistance (created with 
tools from: https://biorender.com/). This figure was generated exclusively for the purpose of this article.
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developing genome-based surveillance will need 
guidance, leadership and coordination that would be 
mandated within the One Health Initiative of India.
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The recent pandemics among humans 
(COVID-19 caused by SARS-CoV-2) and animals 
(African Swine Fever) have demanded extraordinary 
outbreak responses and driven calls for a One 
Health (OH) approach. The One Health Commission 
emphasizes a collaborative, multisectoral, and 
transdisciplinary approach and encourages a multi- 
institutional network of actors1. The Sustainable 
Development Goals (SDGs) encompassing social 
development (SDG1, No Poverty), economic progress 

(SDG9, Industry, Innovation & Infrastructure) and 
environment (SDG13, Climate Action)2 embody an 
OH strategy. Given this complexity, employing an OH 
lens is seen as increasingly important to achieve SDG2, 
Zero Hunger3. Implementing an OH approach entails 
engaging with intersections of humans, domestic 
and wild animal populations as well as plants and 
ecosystems4,5. A recent study pointed to the possibility 
of new habitats and interactions between animal 
populations and viruses on account of climate change, 
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culminating in the emergence of SARS-CoV-26. Three 
recent policy initiatives have marked the mainstreaming 
of One Health in India: a National Expert Group on 
OH as a multi-sectoral transdisciplinary collaborative 
group7, a National Institute of One Health at 
Nagpur, Maharashtra8 and Integrated Public Health 
Laboratories9. In 2017, India prepared its National 
Action Plan on antimicrobial resistance taking a OH 
approach involving human, animal and environmental 
sectors10. Public health challenges are not linear, 
but require multi-disciplinary approaches as well 
as coordination and mutual understanding between 
the stakeholders. The OH issues are also driven by 
human behaviors  including  the challenge of effective 
engagement between medical and laboratory scientists 
and social scientists.

The mandate

Successful  OH  collaborations  benefit  from  the 
synergistic impact of combining logistically challenging 
field-based  disciplines  including  social  sciences with 
analytical approaches and laboratory sciences. While 
conservation, ecological and veterinary professions 
are getting increasingly engaged with OH, much of 
the medical/clinical and social sciences professions 
are only peripherally aware of its nuances. For the 
potential of the OH paradigm to be realized, it needs to 
be visualized beyond the scope of zoonoses.

The critical barriers to multisectoral, 
transdisciplinary collaboration are institutional 
(political structures/interests and corporates and 
other  influential organizations) and behavioral  rather 
than technical or disciplinary. The articulation or 
framing of the problem must seek a synergistic 
high-level political agenda in terms of development, 
equity, economic and health gains. The ongoing 
pandemic enables the possible framing of OH as a 
human health imperative. The OH initiatives, by their 
essentially multidisciplinary nature, entail working 
across ministries and navigating tacit institutional 
hierarchies and allocating leadership roles.  
These may not succeed fully, purely as a governmental 
endeavour, the cooperation and active engagement 
of individuals, communities, the private sector and 
society as a whole are paramount.  

The logical operational step forward for India 
to make the OH policy initiatives functional will be 
the constitution of One Health Committees (OHCs) 
at State and district levels with representation from 

district administration, public health including clinical 
medicine, veterinary and wildlife institutions as well as 
environmental health and private (including corporate) 
stakeholders. The implementation and governance 
of OHCs in India requires strategies based on 
stakeholder communication, willingness to cooperate 
for a collective action, collaboration and co-ordination 
between various stakeholders (human, animal, 
environment and allied sectors), continual reporting 
and surveillance of public health exigencies, critical 
reviewing and crisis management. However, the 
prime challenge in the implementation of various 
OH activities is the availability of funds. Yet another 
problem in this regard is the difficulty in inter-ministerial 
collaboration towards a common funding strategy 
for OH implementation. A landscape analysis of OH 
research, training, and government support in South 
Asia revealed a small number of truly OH research and 
capacity building programmes10. Though OH has been 
institutionalized in some of the South Asian countries, 
further behavioural, attitudinal, and institutional 
changes are required to strengthen OH research and 
training10. The need for intersectoral coordination 
in  India  for  effective  disease  prevention  and  control 
was felt after the emergence of diseases such as avian 
influenza  and  Ebola  virus  disease  which  threatened 
social disruption11. India being home to a large portion 
of the world’s livestock farmers, the absence of a 
policy framework that ratifies the One Health approach 
in development and health policies is a major hurdle 
in eliminating poverty and poverty-related diseases11.

The  emergence  of  avian  influenza  H5N1  helped 
to conceptualize the multisectoral linkages in India 
across human health, animal health, and wildlife 
sectors to combat the problem.  These linkages were 
institutionalized in the form of an Inter-Ministerial 
Task Force and Joint Monitoring Group at the national 
level, with coordination mechanisms established all 
the way down till the district level12. Avian  influenza 
preparedness and response have been a success story for 
India12. However, the opportunity created was not fully 
utilized and the scope of these coordination mechanisms 
has not yet been extended to cover zoonoses and wider 
sets of issues emerging at the human-animal-wildlife 
interface. Subsequent outbreaks of diseases such as 
Crimean-Congo haemorrhagic fever (CCHF) and Middle 
East Respiratory Syndrome Coronavirus (MERS-CoV) 
rejuvenated the concept culminating into a national 
programme for intersectoral coordination13. A National 
Standing Committee on Zoonoses (NSCZ) coordinated 
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by the Ministry of Health and Family Welfare also exists 
to facilitate intersectoral collaboration14.

Models and domains

Some successful models of OH collaborations 
include the OH Strategic Plan in Rwanda15, the 
Zoonotic Disease Unit (ZDU) in Kenya16, Rabies 
Control in Indonesia17 and the Mekong Basin Disease 
Surveillance (involving six Mekong Basin countries 
in East/South-East Asia)18. These are success stories 
with  significant  funding  and  technical  support  from 
multilateral agencies and academic institutions. 
These success stories primarily focus on prevention 
and control strategies for infectious diseases of a 
zoonotic nature. In Rwanda, the OH Strategic Plan 
concentrated on three focal thematic areas viz., 
leadership (at government level) for reinforcing 
interdisciplinary collaboration, community responses 
(at community/NGO level) for strengthening 
infrastructure as well as surveillance mechanisms, 
and educational responses (at academic level) for 
capacity building15.  In Nepal and Bangladesh, 
inter-governmental agencies work in partnership 
with the donor-funded projects for implementing 
OH activities to address emerging public health 
threats such as zoonotic diseases and antimicrobial 
resistance11. The epidemic of Nipah in May 2018 
in Kerala with high case fatality, highlighted the 
importance of employing a One Health approach19. 

With human health the key priority in 
most countries, multisectoral engagements are 
under-explored and under-invested. OH collaboration, 
like all other intersectoral collaborations, shall require 
policy visions shared by all key stakeholders and 
backed by sectoral agencies. The WHO envisioned 
multisectoral collaboration as a complex set of 
mechanisms, processes, relationships and institutions 
and recognized the need for human medical 
institutions to negotiate their interests and mediate 
differences20. Multisectoral action in health has been 
categorized into four broad types: (i) as a minimal 
actor (ensuring that children attend school); (ii) as 
playing a supporting role (addressing health disparities 
through cross-sectoral policy advocacy); (iii) as a 
bilateral  or  trilateral  partner  producing  ‘co-benefits’ 
(food safety legislation and enforcement); and 
(iv) taking a lead role where collaboration is essential 
to deliver its core mandate (adequate water and energy 
supplies to health facilities) 21. 

In the technical domain, OHCs need to promote 
a multi-disciplinary approach and address issues of 
knowledge, skills and competencies plus soft skills for 
successful collaborations. The governance domain is 
best understood as a fabric where horizontal (informal 
trust-based relationships) and vertical (formal 
and  official  relationships)  threads  intersect15. One 
Health leadership development needs to prioritize 
competencies across management, communication 
and systems thinking as well as promoting values 
and ethics through in-service programmes for OH 
professionals and develop curricula in university 
settings that incorporate OH approaches22. The key 
to success will be in institutionalizing OH within 
existing  structures  of  these  different  sectors.  In 
addition to constituting OHCs, the implementation 
and governance of OH require various strategies 
such as, stakeholder communication, willingness 
to cooperate for a joint action, collective 
responsibility and action, collaboration and 
coordination between various stakeholders 
(human, animal, environment and allied sectors), 
continual reporting and surveillance, critical 
reviewing and crisis control23.

Goals and strategies

The long term goal of OHCs shall be to adopt 
and follow a holistic inter-disciplinary approach to 
mobilize across disciplines and help evolve an OH 
workforce that will play a crucial role in promoting 
safe and healthy food systems, preventive approaches 
to decrease disease risks and strengthen surveillance17.

The strategic goals of OHCs should include:  
(i) promoting integrated disease surveillance for 
infectious and non-infectious conditions, prevention 
and response in terrestrial and aquatic animals 
including at intersections of domestic and wild 
species, humans, agriculture, animal husbandry and 
aquaculture; (ii) instituting a social determinants of 
health approach in OH; (iii) improving in-service 
programmes for researchers and practitioners 
trained in uni-disciplinary contexts  and promoting 
inter-professional collaboration; (iv) developing 
policies on upstream determinants including land use, 
water access, pollution, urban planning, industrial and 
domestic waste management and deforestation; (v) 
reducing risky contact between humans, domestic and 
wildlife through protecting habitats; and (vi) developing 
safe agricultural practices and appropriate consumption 
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of animal-source food through appropriate governance 
of food markets.

The core strategies to pursue this roadmap shall 
entail (i) enhancing cross-boundary (across States and 
districts) exchange of relevant data; (ii) strengthening 
community surveillance and food system sustainability; 
(iii) developing inter-sectoral epidemiological capacities; 
(iv) strengthening information and communications 
technologies; (v) rapid scaling up of Integrated 
Public Health Laboratories that include both human 
and veterinary laboratories; (vi) strengthening 
risk communication and community engagement 
processes; and (vii) conducting policy research and 
adopting its outputs with an emphasis on ensuring that 
stakeholders are engaged at all stages of the roadmap 
and that policy research is aligned with basic and 
translational technical research24.

The strategic plan entails inclusion of a range of 
professionals viz., clinical, epidemiology, nutrition, 
pharmacology, community health, veterinarians, 
wildlife, environmental, social science, geography, 
agricultural, planning and policy experts working 
synergistically in the OHCs. Multidisciplinary 
disease surveillance teams need to be formed to 
monitor zoonotic and potential zoonotic diseases. A 
bottom-to-top approach needs to be operationalized 
through frontline/community health workers 
(ANMs and ASHAs), community-based animal 
health workers (para-veterinarians), forest officers and 
rangers, and farmers and domestic animal owners of 
all genders.  A good starting point may be to merge, 
in a planned and coordinated manner, the disease 
surveillance system for humans (IDSP) and animals 
(NADRS), to create a national disease database for 
zoonotic diseases and emerging infectious diseases. 
The OH provides a model for educating medical 
students and trainees in systems approaches and also 
extends traditional concepts of inter-professional 
education to incorporate social sciences, animal 
health and ecosystem aspects of care. Through such 
approaches, the students and trainees can provide 
improved human and animal health care and promote 
healthy environments benefiting all species25.

The terms of reference (ToR) of OHCs will be 
specifically designed to facilitate various OH activities 
among various departments and stakeholders; 
continually assess and recommend the collaboration 
at various levels (Central/State/district); review and 
provide technical expertise to government agencies 

on forecasting of public health hazards; co-opt expert 
members from allied partners and agencies related to a 
specific OH action; monitor and evaluate various OH 
programmes.  

Three critical phases

The OHCs can be visualized to evolve through three 
critical phases. The adequacy of starting conditions 
shall be contingent upon: (i) prior history of OH 
activities in the respective States -- their strong points 
and limitations; (ii) environment -- resource constraints 
and enabling provisions for the stakeholders; and (iii) 
relational dynamics -- leadership of the collaboration 
and  the  actors  framing  the  problems.  The  effective 
process of collaboration shall be a function of 
leadership dynamics, trust among partners, flexibility of 
institutions, availability of resources, and mechanisms 
of communication and data sharing22. The outcomes 
of collaboration need not be boxed into a standard 
framework and States can frame consensus criteria for 
measuring and monitoring outcomes.

Success and sustainability 

In India, the Central and State governments are 
increasingly taking OH approaches to tackle the 
rapidly emerging issues of antimicrobial resistance, 
zoonoses and food safety26. Crosscutting policies and 
regulatory measures exist which are conducive for 
further development of the OH approach. Currently, the 
National Standing Committee on Zoonoses collaborates 
with the Food Safety and Standard Authority of India 
and the National Centre for Disease Control works 
on government policies and regulatory mechanisms10. 
Globally, several OH initiatives are underway while the 
Indian approach has so far been largely solution-based 
specifically  during  emergencies  and  outbreaks.  A 
deeper understanding of local priorities shall help 
shape the nature of OH collaborations. 

The success of OHCs shall be contingent 
upon: (i) individual factors -- competencies and the 
state of current relationships; (ii) organizational 
factors -- organizational structures, culture, human 
resources and communication; and (iii) network 
factors -- network dynamics, relationships and political 
dimensions25. Budgetary support and human resources 
are to be committed through the National Health 
Mission (NHM) and the Prime Minister’s Atmanirbhar 
Swasth Bharat Yojana (PM-ASBY) schemes27. 

Strategies and activities need to be based on 
common and shared values and nested within existing 
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State/district  infrastructure.  Effective  governance 
will be shaped by legal and policy frameworks that 
are aligned with current structures and comply with 
relevant national and international standards. The role 
of strong sectoral systems cannot be overemphasized as 
operational aspects shall be shaped by these in the final 
analysis. Academic institutions will play a crucial role 
in shaping and facilitating OH education25. Capacity 
building should therefore, focus on cross-cutting 
issues, such as zoonotic diseases that are currently 
impacting communities, public health, environmental 
degradation/climate change, economics, risk 
assessment and surveillance and policy development28. 
It is hoped that these steps shall culminate in building 
“OH community” networks and promote the doctrine 
of ‘Oneness’. 
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One health approach is integral in enhancing the 
preparedness for ongoing and upcoming potential public 
health threats such as emergence of infectious diseases, 
antimicrobial resistance, environmental pollution, 
climate change, non-communicable diseases, natural 
disasters, and bioterrorism1,2. A proactive, coordinated, 
interdisciplinary and cross-sectoral approach across 
human, animal and environmental sectors remain the 
core pillar of One Health framework to mitigate the 
public health challenges3. The need for early response 
to emerging zoonoses before these spill over into human 
population has been underscored by the gravity of life 

losses caused by the ongoing COVID-19 pandemic, 
which  has  been  classified  as  an  ‘emerging  disease  of 
probable animal origin’4,5. A better understanding and 
early prediction of how an animal pathogen might have 
crossed species barriers to infect humans and then to an 
epidemic or pandemic potential can productively prevent 
many emerging diseases6. Therefore, the holistic One 
Health programmes are important for the elucidation of 
various zoonotic pathogen transmission pathways and for 
conceptualizing policies to prevent the outbreaks at the 
source of origin3.
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In the globalized era, with rapid population and 
trade mobility, any infectious disease can spread 
across the world within a span of 36 hours7. The 
epidemic intelligence-based analysis of the drivers 
of the emerging infectious diseases in Europe during 
2008–2013, categorized ‘travel and tourism’ as the 
most prominent and frequent disease driver8. With 
the increasing number of air travel of around 3.6 
billion people/year9, the national and international 
boundaries have become more porous to facilitate 
the introduction of infectious agents into new regions 
within a time frame even shorter than the incubation 
period of most pathogens. The severe acute respiratory 
syndrome (SARS) pandemic with its epidemic origin 
in Guangdong, China had flourished into a pandemic 
affecting “5 countries within 24 hours and to more 
than 30 countries on 6 continents within 6 months” 
with 8096 cases and 774 deaths10. Other recent 
emergence and spread of infectious diseases of global 
health significance facilitated by air travel include the 
initiation of the chikungunya epidemic in Europe in 
2007 from a single infectious traveler from India11, the  
pandemic  influenza  in  Mexico12, the spread of New 
Delhi metallo-beta-lactamase-1 (NDM-1) gene from 
India to Sweden and to multiple other countries13, the 
Middle East respiratory syndrome (MERS) epidemic 
in South Korea, which is the largest epidemic outside 
Saudi Arabia, from a single infectious traveler returning 
from Saudi Arabia14, the 2014-2016 West African Ebola 
virus outbreak costing 11,325 lives, with imported cases 
in seven countries15, and  the 2015-2016 Zika outbreak 
spread from Brazil to 87 countries and territories16 and 
more recently the COVID-19 pandemic17. A study on 
H1N1  pandemic  influenza  strain  highlighted  the  fact 
that despite the presence of high-efficiency particulate 
air  (HEPA)  filters  in  aircrafts,  the  attack  rate  in  a 
9-hour flight was estimated as high as 4.3 per cent18. 
Therefore, in the interconnected world, public health 
preparedness is the key to avoid devastating losses 
from such emerging threats1.

 The pillars of emergency preparedness 
for public health threats rely on the integrity of 
surveillance and forecasting models which aids in 
mobilizing resources and timely responses19. Public 
health surveillance is crucial in recognizing new cases 
of any emerging infections as well as in estimating 
the present health status of the populations. The 
epidemiological models support the preparedness 
and decision making of stakeholders by simulating 
the probable scenario such as transmission pathways, 

disease dynamics, along with the evaluation of various 
alternative intervention strategies20. The predictive 
information systems based on routine surveillance, 
modelling  and  forecasting  affect  the  organizational 
decisions and public awareness of health-related 
events. The temporal and spatial risk for many 
infectious diseases, especially in case of vector-borne 
diseases, predicted through advanced surveillance and 
disease models incorporating the environmental data 
has enhanced the epidemic prevention and control 
capabilities21. 

The emergency preparedness measures should 
work closely in frame of an integrated global network 
with national and international relevant stakeholders20. 
The successes of such global efforts were illustrated to 
control SARS, the first pandemic of 21st century which 
depended on a combination of open collaboration and 
the rapid and accurate communication of surveillance 
data within and among the countries10. The role 
of  effective  risk  communication,  involvement  and 
coordination among the individuals, healthcare 
providers, policy makers, community, international 
organizations and stakeholders is vital for prompt 
response to emergencies at all stages of the risk 
prioritization, preparedness and planning22. The 
operationalization of One Health framework 
is essential to avoid fragmented planning and 
implementation  of  swift  and  effective  response  by 
mobilizing sufficient resources in appropriate time23. 

Public health preparedness: An overview

The core realm of global health security is public 
health preparedness based on the pillars of prevention, 
early detection and response24. The emergence 
of COVID-19 pandemic has evoked worldwide 
concerns across the public health administrators 
to strengthen the preparedness capabilities25. 
These measures can help in the improvement of hazard-
specific capacity of the countries through the effective 
priority setting and mobilization of key resources 
including information, funds, equipment, drugs 
and response teams, based on their availability and 
perceived effectiveness22,26. The essential components 
of public health preparedness comprises of robust 
surveillance system, risk assessment and management, 
capacity building and maintenance, intersectoral 
collaboration and international coordination27.

 The emergency preparedness to address 
foreseeable public health problems should be enriched 
with the information from epidemiological models with 
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valid assumptions, quantitative predictions, and policy 
needs28. Modelling and simulations are key resources 
to  tackle  the  unprecedented  emergencies  effectively 
by assisting in decision making upon time-pressured 
situations to interlink theory, policy and practice28. 
These modelling and simulation exercises need to be 
combined with participatory surveillance to establish 
early warning systems for increasing the resilience to 
combat public health emergencies29. The analytical 
capability of forecasting has been demonstrated in 
recent outbreaks of influenza, dengue, Zika, and Ebola 
in assisting management at policy level for the real-
time outbreak response30-36. Furthermore, the scaling up 
of organizational public health workforce is essential 
for instigating a rapid effective response in case of an 
emergency. The capacity building of the workforce for 
adequate and rapid intervention and response should 
be regularly strengthened by regular training, use of 
modern epidemiological and molecular tools, technical 
assistance, periodic assessment and feedback, peer 
networking, and relevant incentives37. The outline of 
various components of public health preparedness has 
been highlighted in Fig. 1.

The ongoing COVID-19 pandemic has 
demonstrated that the bridging of not only professional 
silos but also the use of multi-tech approaches is much 
essential  to generate synergistic effects in combatting 
global pandemic of such scale38,39. To cite, various 
countries have used modern technologies in the form 

of data science40, computational biology41, medical 
image processing42,43, disease tracking44, prediction 
models45,46,  and  machine  learning  and  artificial 
intelligence47  to  aid  the fight  against COVID-19. For 
examples, the use of software enabled smartphones48, 
wrist bands49 and facial recognition cameras50 helped 
in rapid identification of cases, proper source tracking, 
outbreak forecasting and monitoring of the compliance 
of quarantine rules. In hospitals, robots for delivery 
of food and medicines to patients51 and drones for 
patrolling and broadcasting awareness messages and 
site disinfections, were employed52. Taiwan, which 
was applauded globally for its COVID-19 containment 
efforts,  has  successfully  coupled  the  information  of 
their national medical insurance database with the 
immigration and customs database for rapid isolation 
and tracking of suspected patients53. The use of 
artificial  intelligence  in  rapid  diagnosis  of  the  cases 
(e.g., use of computational tomography scans43 and 
radiology images)42, prediction of the possible disease 
outcomes among patients by virus-host interaction41, 
new drug molecule discovery54 and development of 
various suitable vaccine candidates by possible protein 
structure predictions has been widely employed55-57.

Public health surveillance 

The public health surveillance is known as the 
radar of public health, with the two-core objectives 
of assessing existing disease burden and pattern to 
guide  the  control  programmes  effectively,  and  early 
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warning and detection of novel pathogens for the 
rapid instigation of responses22. These systems should 
have adequate sensitivity and feasibility to be vigilant 
to detect the alerts from various sources, without 
compromising the specificity of surveillance system58. 
The core steps in the design of any surveillance system 
are depicted in Figure 2.

The complex scenario in developing countries 
with numerous drivers of infectious diseases at animal 
and human interface urges the need to strengthen 
the existing surveillance systems59. The various 
surveillance systems established for diseases of regional 
importance need upgradation to tackle numerous 
emerging infectious diseases59. For example, the Food 
and Agriculture Organization’s (FAO) Emergency 
Prevention System for Transboundary Animal and 
Plant Pests and Disease (EMPRES) was initially built 
on  the  foundation  of  community  surveillance  efforts 
for Rinderpest eradication60. 

Most of the laboratory-based surveillance 
protocols rely on the conventional culture techniques 
for  identification  and  isolation  of  pathogen  from 
the collected samples. These isolates can be further 

characterized by array of available molecular typing 
tools, viz., conventional and real-time polymerase 
chain reaction (PCR); pulsed-field gel electrophoresis 
(PFGE);  amplified  fragment  length  polymorphism 
(AFLP);  random  amplification  of  polymorphic  DNA 
(RAPD); repetitive-element PCR (rep-PCR), variable-
number tandem repeat (VNTR) typing; single locus 
sequence typing (SLST); multi-locus sequence typing 
(MLST), DNA microarray etc.61. Moreover, the 
advent of whole-genome sequencing (WGS) as tool 
with much higher resolving power than traditional 
molecular methods, greatly improved the speed and 
accuracy of epidemiologic investigations62. However, 
implementation of these novel molecular tools to assist 
conventional laboratory surveillance require proper 
validation of protocols and trained manpower for their 
standardized application. The use of molecular tools 
for the investigation of malaria outbreak included the 
demonstration of zoonotic transmission of Plasmodium 
simium in people of the Atlantic Forest in Rio de Janeiro 
by sequencing of the parasite mitochondrial genome63. 
The importance of molecular surveillance to prevent 
the foodborne outbreaks has been highlighted by the 
researchers, where the use of forensic microbiology 
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•  To minimize public health and socio-economics impact due to the infectious disease(s)
•  Early detection of new and emerging cases
•  To confirm the absence of specific disease(s) in a country or region 
•  Estimation of prevalence and disease trends in endemic regions
•  Monitoring of outcome of disease control programme and their prioritization

•  Description of the health event 
•  Case definition (suspected, confirmed, etc.) 
•  Description of type of surveillance (active/passive, targeted/scanning etc.)
•  Data transmission: Methods and means (reports, forms, samples etc.)
•  Data analysis
•  Data processing and returning the results to field officers and relevant stakeholders
•  Time span of the protocol (continuous or limited surveillance)

  • Sources of data
•  Compulsory notification
•  Voluntary notification: Public awareness and motivation are essential
•  Laboratory reports: Regional or national laboratories provide essential information
•  Outbreak investigations
•  Structured surveys: It involves selection of a sample of the target population for surveillance,
    looking for the health event of interest.
•  Sentinel surveillance: Certain groups or areas (sentinel units) are recruited to collect
    information because these are at higher risk of the health event. 
•  Participatory and rapid appraisals: In marginalized areas of developing countries, with poor
    infrastructure, alternative resources of data collection must be developed using qualitative data
    collection, face-to-face interviews, and so on.

•  Information flow and information systems (eg., Geographical information system)

•  Transparent flow of information to the stakeholders

•  Management, legal framework, training and funding

Fig. 2. Core steps in the design of surveillance system.
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based on the WGS of Listeria monocytogenes isolates 
successfully traced the source of the invasive listeriosis 
outbreak occurred during 2012-2016 in southern 
Germany64.

The early detection of the outbreaks allows the 
public health professionals a window period for 
coordinating efforts to contain the spread of outbreak 
and prevent it locally. The early warning and response 
systems rely on the epidemic intelligence gathered 
from sentinel and event-based surveillance data22. In 
sentinel surveillance programmes, the monitoring of 
at-risk population can generate the outbreak alerts, for 
example, entry screening of passengers at airport for 
H1N165,  receiving data on  influenza  like  illness  from 
selected healthcare centres66, or designated sentinel 
sites to monitor the HIV outbreaks among high-risk 
groups in epidemic areas (e.g., drug users, sex workers, 
long-distance truck drivers and clinic attendees of 
sexually transmitted diseases)67. The population based 
epidemiological tools such as wastewater-based 
surveillance approaches have been used as an early 
warning signal in the tracking of infectious agents at 
the community level, such as, adenoviruses68, hepatitis 
A69, rotavirus70, poliovirus71 and also for the presence 
of SARS-CoV-272,73. 

In addition, the application of zoonotic surveillance 
for predicting human risk has been highlighted during 
animal-sentinel approaches which drew the association 
between crow mortality and mosquito abundance 
and emergence of West Nile virus among human 
population74.  The  identification  of  potential  reservoir 
hosts and their longitudinal surveillance for the 
detection of pathogen shedding and related ecological 
interactions are essential for early prediction of 
spillover of zoonotic pathogens75,76. 

The  effective  implementation  of  public  health 
surveillance requires the breakage of the sectoral silos 
by adopting a multisectoral and multi-disciplinary 
approach. The Global Early Warning System 
(GLEWS) and World Animal Health Information 
System (WAHIS) are the two important ongoing 
supranational global surveillance systems where the 
multi-institutional coordination and collaboration 
across disciplines remain a cornerstone component to 
predict, prevent and control the emerging health threats. 
GLEWS has been devised as an alert mechanism for 
major animal diseases including zoonoses at human-
animal-ecosystems interface. It is a joint collaborative 
effort of FAO, World Organization for Animal Health 

(OIE) and WHO to carry out the disease tracking, 
analysis and joint risk assessment to generate early 
warning alerts, and essential response to outbreaks77. 
The OIE-WAHIS is a web-based system that collects 
and processes data to monitor the status of OIE listed 
diseases and to generate the alert messages by its early 
warning system on animal diseases in real-time to 
update the member countries78. The risk assessment and 
modelling are carried out as per the data availability 
on reported outbreaks, vaccination coverage, livestock 
movement, land use, wildlife interactions, climatic 
conditions and surveillance activities carried out by the 
member countries77,78. Thus, the proper standardization 
of the data and transparent reporting are must for proper 
dissemination of information to the member countries. 

The upgradation of the traditional laboratory based 
and syndromic surveillance to build hybrid systems 
with their integration to digital data can improve 
the  speed,  sensitivity  and  specificity  of  existing 
surveillance indicators79. The use of participatory 
surveillance approaches for modelling and forecasting 
of epidemics has strengthened the real-time response 
in emergency conditions such as pandemic influenza29. 
The heterogeneity of data sets in health sector poses 
a technical challenge for their integration at various 
spatial scales. However, the use of novel analytical and 
modelling tools (e.g., multilevel Bayesian statistical 
approaches) aids in alleviating this challenging issue80. 
The reliability and validation of surveillance systems 
highlights the importance of the constant evaluation 
and subsequent improvement of the methodology. 

Disease modelling and forecasting

The  models  are  considered  as  simplified 
representation of complex phenomenon which remain 
an important decision support tool and an aid to 
communication81. The various uses of epidemiological 
models include formulation of hypothesis, retrospective 
analysis from past epidemics, rapid characterization of 
infectious disease outbreaks, transmission modalities 
associated with disease outbreaks, contingency planning 
and facilitating emergency response(s), disease 
forecasting, resource planning and implementation 
of public health policy, economic consideration for 
available intervention tools, and training of public 
health professionals21,82-84. 

The ongoing COVID-19 pandemic highlighted the 
applied aspects of epidemiological modelling in terms 
of disease dynamics85, projected basic reproduction 
number (R0)86, disease control interventions like social 
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distancing, regional or national lockdown, healthcare 
capacity estimations87, pharmaceutical distribution and 
immunisation campaigns88 and other requirements. 
In such emergency scenario, the experimental studies 
would have many inherent limitations such as, time 
consuming, unethical, impractical, or sometimes 
impossible. 

It should be remembered that biological systems 
are  inherently  more  difficult  to  model  due  to  their 
complexity and variability, thereby the input data are 
more difficult to collect and analyse89. To build a model 
of disease outbreak, the knowledge of epidemiological 
parameters of disease is needed so that the relevant 
components of the model can be put together 
accurately with correct interactions. Therefore, it is 
important to match the accuracy of disease modelling 
with the dynamics of real-world disease transmission. 
In the past years, dramatic increase in understanding 
of multifactorial disease dynamics paved to the 
development of many relevant models with significant 
implications (e.g., Ebola epidemic-Liberia and Sierra 
Leone, 2014-201590, COVID-19 pandemics)91. For the 
development of model for global Zika virus spread, 
the movement of high-risk population for Zika virus, 
the ecological niche of the mosquito vectors (i.e., 
Aedes aegypti and Ae. albopictus) and the data of the 
environmental temperature profile were used to locate 
the risk zones92. The risk of the COVID-19 spread 
outside China was statistically modelled using the 
aviation data integrated with the numbers of confirmed 

cases at each potential destination93. However, 
comprehensive predictive modelling of infectious 
diseases remains a challenging due to inadequate 
access  to  the  data  on  various  factors  that  affect  the 
disease dynamics. Some of the important inputs for 
robust predictive modelling of infectious diseases have 
been presented in the Table81,82,84,89,94.

Development and types of epidemiological models

The important aim of epidemiological models 
are to provide a systematic, data-driven, transparent, 
reproducible output, with the ability to describe the 
uncertainty and key data needed, and comprehensible 
decision-making framework. The development of 
epidemiological models remain a complex dynamical 
system which need coordination of several systems as 
presented in Fig. 394. 

The models  can  be  classified  into  various  types; 
however,  the  two  well-known  classifications  of 
epidemiological models are:
1. Deterministic and stochastic models: Deterministic 

models use a pre-determined relationship between 
the model structure and inputs and the associated 
outputs, whereas, the stochastic models include the 
‘effect  of  chance’,  thereby,  can  produce  varying 
outputs according to the calculation of individual 
probabilities81,94.

2. Compartmental (or state-based) and individual-
based (agent-based) models: On the basis of 
approach to represent the population, compartmental 

Table. Characteristics and associated parameters for epidemiological disease modelling of infectious diseases
Characteristics Associated parameters
Agent Inherent characteristics: virulence, infectivity and pathogenicity 

Transmission dynamics: within cell and cell-to-cell transmission; within tissue and 
tissue-to-tissue transmission; host and multi-host level and population level dynamics 
Molecular characterization: genetic make-up, genotypic resistance, genetic relatedness, etc.

Host Age, sex, immunity status, underlying disease conditions, disease carriers, demographic 
characteristics, population susceptibility and immunity, geographic networks and host movement

Environmental Environmental hygiene, environmental reservoirs, transmission vehicles, temperature and other 
climate indicators

Socio-economic and behavioural Personal hygiene and sanitation, cultural/religious practices, prevalence-elastic behaviour 
Disease related parameters Latent period, incubation period, infectious period, non-symptomatic cases, chronic cases, 

possible co-infection dynamics and synergism, deliberate epidemics as in case of bioterrorism
Disease surveillance data (if 
prior outbreaks occurred from 
same/similar agent)

Transmission dynamics and pathways, sensitivity and specificity of available diagnostic (s), data 
collection methodology, consideration of previous under reporting, interactions of multiple risk 
factors, followed medical countermeasures, availability of regional, national and global health 
resources and infrastructure, availability of novel therapies and interventions, and possible 
synergistic effects of the interventions

Source: Refs 81, 82, 84, 89, 94
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(or state-based) models group individuals into 
states on the basis of characteristics relevant to the 
infectious disease processes. e.g., the popular SIR 
(susceptible–infected–recovered) model95 and its 
variants. These are quick to form and works best 
when risk factors of infection are uniform in the 
population. Whereas the individual-based (agent-
based) models explicitly represent the differentiation 
in biology or behaviour of individuals. Being 
stochastic, these offer more value when individual 
heterogeneity in transmission and structure of 
intervention is important89.

The British statistician George E. P. Box stated that 
“All models are wrong, but some models are useful”96. 
The  continuous  refinement  of  models  to  optimally 
respond to natural outbreaks is important. The realism 
in the model can be improved by incorporating 
the treatment of space (e.g., spatial distribution, 
population contact structure and contact rates) and 
the effect of available health related infrastructure. It 
should be remembered that the impact of behavioural 
factors  in  a population  could have  effect  on disease 
dynamics,  thus  can  produce  different  results  from 
homogeneously mixing populations97. Other major 
inherent characteristic of models is that the accuracy 
of the models can be improved only by proper 
assessment of the real-world data after the outbreak98. 

For the infectious diseases, where the quality data 
is available, but the epidemiological knowledge is 
lacking, analytical modelling, such as regression of 
various types can be applied to assess the risk factors. 
Later, with appropriate epidemiological knowledge, 
these risk factors can be included in simulation 
models. 

Many times, due to incomplete assumptions and 
inaccuracies in data assessments, the practicality 
of disease models have been questioned due to 
overestimation or underestimation of progression 
of disease outbreak99. In a recent systematic review 
on the use of prediction models for diagnosis and 
prognosis of COVID-19, the authors concluded that 
the prediction models are getting way to the medical 
literature to support the decision-making process. 
However, the majority of the models are poorly 
reported and pose high risk of bias in delivering the 
information. In addition, the promising models need to 
be validated appropriately in multiple cohorts through 
proper data sharing with collaborative efforts to assess 
their stability and heterogeneity across the various 
populations settings46.

One of the other limitations of the epidemiological 
models  include  multiple  interpretation  by  different 
stakeholders resulting in the loss of core essence of 
the conveyed information from the initial model. 
Sometimes, especially in developing countries, the 
intervention measures derived from models lacks 
ground reality in terms of implementation capacity, 
quarantine limits, availability of logistics, timing, 
compliance, or extent of completion. Moreover, the lack 
of required technical skill and the knowledge-practice 
gap restrict their use by the stakeholders in these 
regions100. It must be noted that regular examination 
and frequent model validation is required21, especially 
in consideration of currently available diagnostics, 
therapeutics, and other interventions. The generation of 
participatory approaches in the preparation of policy-
oriented models aid in increased incorporation of 
local knowledge  to effectively address  the associated 
environmental and socio-economic implications of 
infectious diseases101. 

Capacity building

The early detection of the pathogen in the 2018 
Nipah outbreak in Kerala, India, within a quick time span 
of 12 hours, due to the presence of trained manpower 
and the use of advanced genomic tools such as next 
generation sequencing (NGS), aided in the prompt 

Fig. 3. Different stages of epidemiological model development.
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response and deployment of the multidisciplinary team 
for the containment of the outbreak102. The detection 
of such novel pathogens requires well-equipped 
laboratory networks integrated with robust surveillance 
system, community participation and knowledge of the 
socio-economic and environmental factors103.

The standardization of laboratory protocols and 
their accreditation through periodic assessment assures 
the accuracy and reliability of the results104. The 
reference diagnostic frameworks need to be routinely 
upgraded to equip with latest diagnostic facilities at 
national, regional, or global levels. The success of the 
‘Diagnostic and Laboratory Systems Program (DLSP)’ 
in Kenya in early detection of infectious disease 
outbreaks  has  exemplified  the  necessity  of  capacity 
building of the diagnostic framework and trained 
manpower105.

The measures for public health preparedness 
also focus on preparing the public health taskforce 
with  well-defined  roles  and  responsibilities  by 
developing competent training resources, enhancing 
communications, establishing and sustaining response 
systems, and providing evaluation parameters for 
effectiveness and efficiency106. The global public health 
agencies such as the Centers for Disease Control and 
Prevention (CDC) have initiated Preparedness and 
Emergency Response Research Centers (PERRCs) 
as well as Preparedness and Emergency Response 
Learning Centers (PERLCs) across the United States 
to aid in developing such a public health workforce106.  
The deployment of such trained taskforce in the 
frontline of emergencies enhances capacity for a 
timely response to turn aside the global threat. The 
field  epidemiology  training  programmes  exists  in 
many countries to train resource persons and thereby 
efficiently improving core capacities in the human and 
animal health sectors107. The tripartite collaboration 
between FAO, OIE and WHO exhibits a long-
lasting  strong  advocacy  for  effective  multisectoral, 
multidisciplinary, and transnational collaboration 
at various levels. The recently published tripartite 
zoonoses guide provides operational guidance and 
tool to implement One Health approach at human-
animal-environment interface to address emerging 
zoonoses108.

Conclusion

The advancement in medical education and public 
health infrastructure coupled with technological 
development helped in reducing the morbidity and 

mortality due to infectious diseases in 20th century. 
These changes were appreciated in terms of increase in 
life expectancy and shifting of major mortality cause 
from infectious to chronic degenerative diseases109. 
However, the recent emergence of public health threats 
in the globalized world of the 21st century increases the 
vulnerability of the nations across the world, further 
demanding the expansion of the present capacity for 
emergency preparedness and prevention by establishing 
better early warning systems. A robust surveillance 
system with the capacity of rapid reporting of newly 
diagnosed threats; publicising best practices to public 
health workers, epidemiological disease modelling 
enabled interventions, simulating transmission 
dynamics and enhanced forecasting is crucial to 
mitigate the upcoming emerging public health threats. 
The multisectoral cooperation and coordination across 
all the stakeholders under the umbrella of One Health 
is essential to mount rapid and swift response to the 
public health challenges.
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India is home to 536.76 million livestock and 
851.81 million poultry birds1. Livestock sector 
contributes 4.9 per cent of the GDP (gross domestic 
product) and nearly 28.4 per cent to agricultural GDP 
of the nation2. Globally, India is the largest producer 
of milk (187.75 million MT) and produced 103 
billion eggs and 8.1 million tons of meat during the 
year 2018-20192. Even though good growth has been 

achieved in the livestock sector, the animal diseases are 
a stumbling block for the efficient growth of livestock 
sector. Further, the zoonotic diseases also contribute 
significantly  for  reduced  growth  of  this  sector.  By 
virtue of close contact with animals due to traditional 
husbandry practices with limited biosecurity and 
biosafety measures, the risk of zoonotic disease 
transmission to humans could be high.
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Animal disease surveillance encompasses systematic collection of long-term data on disease events, risk 
factors and other relevant parameters followed by analyzing the same with reference to temporal and 
spatial characteristics to arrive at a conclusion so that necessary preventive measures can be taken. In 
India, the animal disease surveillance is done through National Animal Disease Reporting System, which 
is a web-based information technology system for disease reporting from States and Union Territories 
with the aim to record, monitor livestock disease situation and to initiate the preventive and curative 
action in a swift manner during disease emergencies. National Animal Disease Referral Expert System 
is a dynamic geographic information system and remote sensing-enabled expert system that captures an 
incidence of 13 economically important livestock diseases from all over the country and also provides 
livestock disease forecasting. The laboratories under State and Central governments, several research 
institutes under the Indian Council of Agricultural Research and veterinary colleges are involved in 
livestock disease diagnosis including zoonotic diseases. An integrated surveillance system is necessary for 
early detection of emerging/zoonotic diseases in humans. This review provides information on disease 
reporting and surveillance systems in animal health sector and the need for One Health approach to 
improve and strengthen the zoonotic disease surveillance system in India.

Key words  Animal disease surveillance - epidemiology - forewarning - India - informatics - National Animal Disease Referral Expert 
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Zoonotic diseases are the global health threats 
arising from complex interaction of human, animal 
and environment. There are about 1415 species of 
infectious agents that are pathogenic to humans, 
of which nearly 60 per cent are zoonotic. It is also 
alarming that 75 per cent of the emerging pathogens 
are zoonotic in nature3,4. In addition, food-borne 
diseases and antimicrobial resistance (AMR) have also 
added the burden on existing health system and the 
economy of the nation. Considering the re-emergence 
of old diseases and emergence of new diseases, a 
One Health approach is the need of the hour5. Since 
several emerging diseases have animals as reservoirs, 
the disease surveillance in animals has the added 
advantage of protecting humankind by early detection, 
prevention and control of zoonotic diseases. Hence, 
the current review discusses about the animal disease 
surveillance infrastructure, functional mechanism and 
gaps in animal disease surveillance programmes in 
India. It also highlights the scope to integrate keeping 
the human disease surveillance system with the focus 
on zoonotic diseases.

Animal disease surveillance system in India

The livestock disease surveillance is planned with 
the objectives of early warning of disease events, to 
assess  the effectiveness of  intervention measures and 
to determine the disease-free areas or freedom from 
infection. The data obtained through such surveillance 
programme  will  provide  sufficient  evidence  in 
evaluating the national disease control and eradication 
programmes6.

The Department of Animal Husbandry and 
Dairying (DAHD) under the Ministry of Fisheries, 
Animal Husbandry and Dairying, Government of India, 
supports the States in the matters related to livestock 
health and diseases through various animal disease 
control programmes and animal disease reporting 
system. Among the various animal disease control 
programmes, the Foot and mouth disease (FMD) 
and Brucellosis control programme are implemented 
nationally while other diseases such as Classical swine 
fever and Peste des petits ruminants are implemented 
regionally2. 

The country is equipped with robust veterinary 
infrastructure consisting of 12,076 veterinary 
hospitals/polyclinics, 25,571 veterinary dispensaries, 
28,168 veterinary aid centres (Stockmen centres/Mobile 
dispensaries), to ensure the health of livestock and 
poultry by providing timely veterinary services thereby 

complementing the accelerated growth of livestock 
sector7. Additionally, the veterinary teaching hospitals 
also provide diagnostic and therapeutic services.

Disease diagnostic laboratories at State and 
district levels that are under the purview of respective 
State Animal Husbandry and Veterinary Services 
Departments also play a pivotal role in the country’s 
animal disease diagnosis and control activities. In 
addition to the district and State-level livestock diseases 
diagnostic  laboratories,  there  is  one Central  and  five 
Regional Disease Diagnostic Laboratories (RDDLs) 
for referral services2 (Fig. 1). Largely, the livestock 
health sector depends on government infrastructure 
and services; however, the poultry sector has many 
private companies which are into contract farming 
that includes health services. Apart from diagnostic 
laboratories under the State and Central government, 
private animal disease diagnostic laboratories also 
exist in the country.

National Animal Disease Reporting System (NADRS)

The reporting of animal diseases in the country is 
governed by the DAHD, Ministry of Fisheries, Animal 
Husbandry and Dairying, Government of India. 
National Animal Disease Reporting System (NADRS) 
is a web-based information technology system for 
reporting the diseases from the field level from States 
and Union Territories (UTs). The primary objective of 
the NADRS is to record and monitor livestock disease 
situation in the country with the aim of initiating the 
preventive and curative action in a swift manner during 
disease emergencies2. The NADRS considers village as 
an epidemiological unit for the purpose of reporting of 
outbreaks. This platform uses computerized system of 
animal disease reporting, linking each block, district- 
and State-level headquarters to the Central Disease 
Reporting and Monitoring at New Delhi. In addition, 
this network also has been linked to the animal disease 
diagnostic laboratories from the district level onwards. 
Further, to analyze the information captured at block 
level and through various reports, the Department 
has further reoriented the application on the technical 
and operational fronts and launched modified version 
NADRS 2.0 application2. 

National Animal Disease Referral Expert System 
(NADRES)

National Animal Disease Referral Expert System 
(NADRES) is a dynamic geographic information 
system and remote sensing-enabled expert system 
which is based on animal disease information collected 
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and collated along with risk factor data of 652 (out 
of 735) districts of the country over a long period of 
time10 (Fig. 2). Indian Council of Agricultural Research 
(ICAR)-National Institute of Veterinary Epidemiology 
and Disease  Informatics  (NIVEDI)  has  identified  13 
priority economically important livestock diseases 
including zoonotic disease like anthrax. The NADRES 
captures past disease incidence patterns and the source 
of data is from all over the country collected through 
All India Coordinated Research Projec on Animal 
Disease Monitoring and Surveillance (AICRP on 
ADMAS) centres and also through Department of 
Animal Husbandry and Veterinary Services of all the 
States on monthly basis11. 

The NADRES provides monthly livestock disease 
forewarning at district level which is published in 
the form of a monthly bulletin to alert the animal 
husbandry departments, both at the National/State 
level, to take appropriate control measures11. The 
disease prediction is categorized on the probability 
values ranging from 0 to 1. Based on the probability 
values, the risk of disease occurrence is depicted as 

very high risk (P=0.81-1.0), high risk (P=0.61-0.80), 
moderate risk (P=0.41-0.60), low risk (P=0.21-0.40), 
very low risk (P=0.0-0.20) and no risk (P=0.0)11. 
Spatial analysis of disease data has been incorporated 
in NADRES to produce risk maps, hotspot maps and 
disease maps.

Disease investigation

The activities related to research component of 
disease surveillance, diagnosis, outbreak investigations 
and vaccine development for livestock diseases are 
primarily taken care by research institutes of the ICAR 
under the aegis of the Department of Agricultural 
Research and Education, Ministry of Agriculture 
and Farmers Welfare, Government of India, as well 
as veterinary colleges under State agricultural and 
veterinary universities. Additionally, some of the 
States have animal health and veterinary biological 
institutes that caters the need of disease investigation 
and vaccine production. The research institutes of 
ICAR, viz. NIVEDI, National Institute of High Security 
Animal Diseases (NIHSAD), Indian Veterinary 

Government of India

Ministry of Fisheries, Animal
Husbandry and Dairying 

Ministry of Agriculture and
Farmers Welfare

Department of Animal Husbandry
and Dairying (DAHD)

Department of Agricultural
Research and Education (DARE)

State Animal Husbandry
Department

Indian Council of Agricultural
Research (ICAR)

Animal Husbandry Department
at District Level Animal Science Division

Veterinary Dispensaries/Hospitals Animal Health Institutes/Programs

Regional Disease
Diagnostic

Laboratories
(RDDLs)

Fig. 1. Organizational structure of the Animal Health Research Institutes under Indian Council of Agricultural Research and Department of 
Animal Husbandry and Dairying for animal disease surveillance. Source: Refs 8,9.
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Research Institute (IVRI), National Research Center 
on Equines and National Center for Veterinary 
Type Cultures, are involved in disease surveillance, 
diagnosis and research on livestock diseases. Through 
the  ICAR-funded  AICRP,  Disease-specific  Network 
Projects and Outreach programmes namely AICRP 
on ADMAS, AICRP on FMD, All India Network 
on Gastrointestinal Parasitism, All India Network 
Programme on Bluetongue, All India Network on 
Neonatal Mortality in Farm Animals, Network project 
on Veterinary Type Culture Collection, Consortium 
Research Platform on Vaccines and Diagnostics, 
Outreach programme on Ethnoveterinary Medicine and 
Outreach programme on Zoonotic Diseases including 
Surveillance are conducted.

Surveillance activities for major zoonotic diseases 
and antimicrobial resistance 

Brucellosis: Brucellosis is a contagious disease of 
animals with economic and public health significance. 
The disease is reported from most of the domestic 
animals, marine animals and humans as well. In 
animals the disease is characterized by reproductive 
disorder and abortion. In India nearly 80 million rural 
households are engaged in milk production and 75 per 

cent of milch animals are owned by small and marginal 
farmers12. The close association of humans with 
livestock provides greater probability of brucellosis 
transmission from animals to humans. Considering the 
huge burden of this disease on both animal and humans, 
the Government of India has launched a National 
Animal Disease Control Programme for brucellosis. 
One of the objectives under this Programme is regular 
seromonitoring and serosurveillance of the animal 
population. The components of bovine brucellosis 
surveillance include detection of brucellosis in 
domestic bovine, estimating the magnitude of 
brucellosis infection (i.e., prevalence), measuring 
progress towards regulatory goals, providing metrics 
to aid in evaluating compliance with Programme 
standards, giving stakeholders and decision-makers 
timely and relevant actionable information13.

As a part of brucellosis surveillance in bovines, 
ICAR-NIVEDI in collaboration with the Department 
of Animal Husbandry and Veterinary Services, 
Government of Karnataka, has screened 64,818 bulk 
milk samples from 30 districts using milk ring test in 
July 2012 and March 201314. In addition, seroprevalence 
of brucellosis in large ruminants was studied through 

Fig. 2. National Animal Disease Referral Expert System: The disease outbreak data collected from animal disease monitoring and surveillance 
centres, validated before feeding in to data base and then modelled to provide disease forewarning two months in advance. Source: Reproduced 
with permission from Ref 11.
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a large scale serosurvey by screening 12,054 serum 
samples  (cattle  -  9236  and  buffaloes  -  2818)  from 15 
States of India by protein G indirect ELISA. It was 
found that the true prevalence of brucellosis in cattle 
and buffaloes were 8.3 and 3.6 per cent, respectively15. 
Brucellosis in small ruminants is caused mainly by 
Brucella melitensis. To understand the seroprevalence 
and spatial distribution of Brucella in small ruminants, a 
nationwide seroscreening for brucellosis was conducted 
during 2017-2018. Using indirect ELISA, the overall 
apparent and true prevalence of brucellosis was 7.45 
per cent [95% confidence interval (CI): 7.13-7.79] and 
3.79 per cent (95% CI: 3.44-4.17), respectively, in small 
ruminants16.

Further, as a part of inter-sectoral collaboration, 
ICAR-NIVEDI in collaboration with National Institute 
of Mental Health and Neuro Sciences (NIMHANS), 
Bengaluru, medical colleges and department of 
Animal Husbandry and Veterinary Services is 
involved in screening of human samples suspected for 
brucellosis. Active surveillance among risk group is 
necessary to estimate the disease burden, and currently, 
national-level surveillance among the human is 
lacking, while it is done in bovine population. Limited 

targeted surveillance was carried out in high-risk 
human population. In one of the studies conducted in 
Karnataka, 1050 samples from occupationally exposed 
individuals were screened for brucellosis and the 
estimated seropositivity was 7.04 per cent17.

Leptospirosis

Leptospirosis is one of the major zoonotic diseases 
caused by Leptospira spp. However, leptospirosis 
is still underdiagnosed and under-reported due to 
lack of information and awareness. Leptospirosis 
causes economic loss to livestock husbandry due to 
reproductive losses, reduced production and treatment 
costs. The leptospirosis situation in India is a cause of 
concern, and it is endemic in all southern States and in 
coastal States such as Gujarat, Maharashtra, including 
Andaman and Nicobar Islands of India, where high 
prevalence was recorded both in animals and humans18. 
In India, a comprehensive study on the prevalence of 
leptospirosis in cattle covering large geographical 
locations is lacking, except a few isolated location-
specific  reports.  The  bovine  leptospirosis  has  been 
reported from 19 States/Union Territories of India with 
overall sero-prevalence of 30.8 per cent19 (Fig. 3). In 
one of the studies among human cases with pyrexia of 

Fig. 3. Seroprevalence of bovine (cattle and buffalo) leptospirosis in different States/UTs of India in the last decade depicted State-wise using 
QGIS software (Version 2.18.0, QGIS.org, http://www.qgis.org). Source: Refs 18, 20-54.
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unknown origin, the seropositivity of leptospirosis was 
found to be 38 per cent. The major Leptospira serovars 
prevalent were Australis, Bankinang, Tarassovi, 
Ictirohaemorrhagiae and Pomona (unpublished data). 

Considering  the  public  health  significance 
of leptospirosis, the Government of India during 
the 12th  five-year  plan  launched  a  Programme  for 
Prevention and Control of Leptospirosis in the endemic 
States, viz. Gujarat, Kerala, Tamil Nadu, Maharashtra 
and Karnataka, and UT of Andaman and Nicobar 
Islands. The National Centre for Disease Control 
(NCDC) has been designated as the nodal agency 
for implementation of the Programme. The major 
objective of the Programme is to reduce the morbidity 
and mortality due to leptospirosis in humans through 
strengthening of surveillance, capacity building 
in terms of workforce and diagnostic laboratories, 
creating awareness and strengthening of the inter-
sectoral collaboration.

Japanese encephalitis: Japanese encephalitis virus 
(JEV) causes severe encephalitis syndrome in humans 
and abortion in pigs. Japanese encephalitis is prevalent 
in South Asia, South East Asia and Asia Pacific region. 
In the year 2015, an estimated 1,00,308 cases and 
25,125 deaths occurred due to JEV globally55. Since 
its  first  report,  JEV  has  expanded  its  geographical 
distribution and presently JE is endemic in 303 districts 
of 24 States in India with 375 million people at risk of 
JE56. India experiences outbreaks of JE every year. In 
2005, a huge outbreak of JE struck the country with 
1700 casualties, mostly children57. The Operational 
Guidelines - National Programme for Prevention 
and Control of JE/Acute Encephalitis Syndrome, 
Ministry of Health and Family Welfare, have described 
that in addition to human clinical surveillance and 
entomological surveillance, veterinary surveillance 
of pigs is an important component to monitor the JEV 
activity in the locality and also for early warning of 
impending human JE outbreaks58. From the large-
scale serosurveillance studies, it was evident that 
the prevalence of anti-JEV IgG and anti-JEV IgM 
in  pigs  from  different  parts  of  India  was  32.22  and 
16.12 per cent, respectively59,60. The role of pigs as an 
amplifying host is explored limiting only to detection 
of antibodies/viral RNA in pigs in endemic areas as a 
part of public health measure to check for imminent 
human outbreaks.

Kyasanur forest disease (KFD): Kyasanur forest 
disease (KFD) is a zoonotic disease unique to Indian 

subcontinent. The disease  though  reported first  time 
from Karnataka, has spread to neighbouring States 
such as Maharashtra, Kerala, Goa and Tamil Nadu in 
the last few years, suggesting the changing disease 
ecology. The current system of disease surveillance 
involves sentinel surveillance for monkey deaths 
during risk period which triggers the human 
surveillance in endemic areas61. The changing disease 
pattern warrants a detailed inter-sectoral study to 
identify the role of vector, amplifying host and factors 
associated with forest ecosystem. During the KFD 
surveillance between 1956 and 2020 (till March), a 
total of 1484 monkey autopsies were conducted, of 
which 390 were found positive for KFD infection in 
Karnataka State61.

Anthrax: Anthrax is an important bacterial disease with 
high zoonotic significance. A One Health approach in 
investigation, surveillance and disease risk assessment 
is  critical  for  effective  disease  control  in  humans.  In 
this regard, institutes like ICAR-NIVEDI have taken 
major initiative in collaboration with CDC, India and 
established anthrax surveillance and reporting system 
in anthrax endemic regions of Odisha, Jharkhand and 
Karnataka States62. The standard protocol for anthrax 
surveillance under One Health programme was 
developed based on which many joint investigations of 
suspected anthrax outbreaks were carried out in endemic 
districts of Karnataka and Odisha. The diagnostic 
support was extended to animal health sector in endemic 
States and hundreds of samples were screened. Various 
inter-sectoral meetings, orientation cum technical 
seminars and anthrax outbreak investigation workshops 
were organized at State and district levels to improve 
the field and laboratory capacity of the staff working in 
both the sectors in endemic States. A long-term trend 
analysis (2001-2020) for anthrax using NADRES data 
in livestock showed that there is continuous occurrence 
of anthrax outbreaks, suggesting the need for effective 
vaccination to prevent this disease in India63.

Porcine cysticercosis: Taenia solium cysticercosis 
is one of the most important zoonotic parasitic 
diseases having public health importance, especially 
in developing countries. Cysticercosis is prevalent in 
virtually all States of India, the only possible exception 
being Jammu and Kashmir64. Cysticercosis is highly 
prevalent in the northern States of Bihar, Odisha, 
Uttar Pradesh and Punjab. The seroprevalence of 
porcine cysticercosis was reported to be 11.6 per cent 
in Tamil Nadu65. The reported overall prevalence of 
cysticercosis in pigs was 0.88 per cent by post-mortem 
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examination and 0.9 per cent by PCR assay, whereas 
the prevalence of taeniasis in humans was reported as 
3.15 per cent by ELISA and 2.04 per cent by PCR66. 
In humans, the prevalence of neurocysticercosis 
(NCC) as a cause of active epilepsy was estimated 
to be one per 1000 population in India67. It has been 
demonstrated that the human NCC-associated active 
epilepsy results in loss of 2.10 million disability-
adjusted life years per annum in India68. The existing 
crisis in the management of cysticercosis at the 
interface of human and pigs in India can be effectively 
addressed by systematic surveillance of pigs to identify 
the hotspots of infection. Timely detection of infection 
in pigs and effective intervention will help to prevent 
the transmission of infection to human beings. Since 
the data available on the prevalence of disease in India 
are scattered, national-level surveillance of porcine 
cysticercosis is required. 

Rabies: Rabies is an acute, progressive and fatal 
zoonotic disease with serious public health and 
economic consequences in India. In India, dogs are 
responsible for about 97 per cent of human rabies, 
followed by cats (2%), jackals, mongoose and others 
(1%)69. The disease is mainly transmitted by the bite 
of a rabid dog. The Integrated Disease Surveillance 
Programme (IDSP), under the Ministry of Health and 
Family Welfare has reported 74 lakhs animal bites in the 
year 2018 when compared to 42 lakhs in 2012. There 
were 593 suspected human rabies deaths reported by 
30 of the 36 States and UTs during 201769. 

The National Action Plan for Rabies Elimination 
(NAP-RE) (dog mediated) in India provides a broad 
framework for combating rabies with a vision to 
reduce human deaths due to dog mediated rabies to 
zero by 2030. Under NAP-RE, animal sector strategy 
includes vaccination of at least 70 per cent of the dog 
population in a defined geographical area annually for 
three consecutive years69. The surveillance of rabies in 
dogs includes clinical and laboratory surveillance. 

Highly pathogenic avian influenza: Avian influenza 
infection in poultry and other avian species is 
caused by influenza A viruses. Avian influenza 
viruses have been classified into subtypes based 
on haemagglutinins (HA) and neuraminidase (NA) 
proteins. At least 16 types of HA and nine types of 
NA have been identified in avian influenza virus 
in birds70. Among the subtypes, H5N1 is a highly 
pathogenic subtype that poses serious threat to 
poultry industry with public health importance 

and has pandemic potential71. Because of antigenic 
shift and antigenic drift, the new avian influenza 
subtypes may emerge that could result in serious 
consequences72. The country witnessed the first 
high pathogenic avian influenza H5N1 outbreak 
in poultry in 200673. Thereafter, several avian 
influenza outbreaks in poultry have been reported 
from different parts of the country. Since the 
disease has zoonotic potential and serious economic 
consequences, the DAHD, Government of India, 
has prepared an action plan and revised from time to 
time to guide the State Governments for prevention, 
control and containment of avian influenza in the 
country. The revised Action Plan for Prevention, 
Control and Containment of Avian Influenza, 2021, 
has provided surveillance plan for avian influenza 
with the aim of early warning, detection and to take 
containment measure73. The surveillance for avian 
influenza includes the screening of both domestic 
poultry and migratory birds. The Action Plan 
provides the necessary details for clinical, viral 
and serological surveillance. The samples collected 
during the surveillance process are screened at 
RDDLs, whereas ICAR – NIHSAD, Bhopal, acts as 
national referral laboratory for avian influenza.

Antimicrobial resistance (AMR): AMR is a global 
challenge, which brought international bodies such as 
World Health Organization, World Organization for 
Animal Health and Food and Agriculture Organization 
(FAO) to jointly address the factors responsible for 
emergence of AMR across the globe. Bacteria produce 
metabolites such as endotoxins and lipopolysaccharides, 
leading to infections for which most antibiotic remain 
ineffective74. Global AMR Surveillance System Report in 
2020 revealed that the major clinically relevant antibiotic-
resistant species were Acinetobacter spp., Candida auris, 
Clostridioides difficile, Escherichia coli, Enterococcus 
spp., Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Staphylococcus aureus, Salmonella spp., Shigella spp., 
Streptococcus pneumoniae and Neisseria gonorrhoeae75. 
The spread of antibiotic resistance is also determined by 
geographical and climatic condition, policies and socio-
economic status76. Surveillance is essential for informing 
policies and interventions, including stewardship and 
infection prevention and control. It is the basis for 
monitoring the emergence and spread of AMR and for 
evaluating the effectiveness of local, national and global 
strategies to mitigate AMR. To understand the pattern of 
resistance for each bacterium, AMR profile needs to be 
studied in detail through next-generation technologies to 
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reach to any consensus for developing strategies to fight 
against this menace. 

In India with the cooperation of the FAO and 
USAID, the ICAR prepared a network, viz. Indian 
Network of Fisheries and Animal AMR in 2018. This 
national network includes 15 ICAR institutions and 
three State Agriculture Universities with 20 centres 
(nine centres from fisheries and 11 from the livestock 
sector). The network is aimed at detecting the AMR in 
different production systems and identifying the spread 
of resistant bacterial strains and genes and trends 
through a structured surveillance programme77.

Inter-sectoral coordination (ISC) for prevention 
and control of zoonotic diseases 

Zoonotic diseases cause considerable morbidity 
and mortality in humans globally. It is interesting 
to know that more than 75 per cent of emerging and 
re-emerging diseases are zoonotic and the inter-
sectoral–coordinated approach involving all relevant 
sectors (medical, veterinary and wildlife departments) 
with ‘One Health Vision’ is the need of the hour for 
effective  surveillance,  prevention  and  control  of 
existing zoonotic diseases and newly evolving zoonotic 
threats in human beings. Keeping this in view, the 
Department of Health and Family Welfare, Ministry 
of Health and Family Welfare, Government of India 
launched a scheme ‘Strengthening of Inter-sectoral 
Coordination for Prevention and Control of Zoonotic 
Diseases’ during 2012 [12th five-year plan (2012-2017)] 
to strengthen inter-sectoral coordination between the 
sectors for prevention and control of zoonotic diseases 
of public health importance and the Programme is being 
run under the umbrella scheme of NCDC, Directorate 
General of Health Services, Ministry of Health and 
Family Welfare, Government of India78. The objectives 
of the Programme include establishing inter-sectoral 
coordination,  communication  between  different 
stakeholders, laboratory capacity building, awareness 
and  capacity  building  for  effective  prevention  and 
control of zoonotic diseases.

Integrated disease surveillance programme (IDSP): 
The IDSP under the NCDC, Ministry of Health 
and Family Welfare, Government of India was 
established to enable laboratory-based surveillance 
of epidemic-prone diseases in the country. The main 
objectives of the IDSP are to monitor disease trends, 
detect the disease outbreaks and to respond immediately 
to contain the disease outbreaks56. The IDSP works at 
three levels with Centre, State and district surveillance 

units. The Central surveillance unit is located in 
NCDC, Delhi, the respective States/UT headquarters 
will have the State surveillance units (SSU) and the 
district surveillance units (DSU) at districts. 

The IDSP carries out surveillance for several 
diseases including JE, anthrax and leptospirosis79. 
Considering the need for application of knowledge of 
veterinary sector in prevention and control of zoonotic 
diseases and to enhance inter-sectoral coordination 
having a veterinarian in the surveillance units was 
felt necessary. Hence, several States have included 
veterinarians as a team member of rapid response 
teams for zoonotic disease investigation80.

The IDSP has network of district and State -level 
laboratories for early identification of epidemic-prone 
diseases. However, several ICAR institutes, viz. IVRI, 
NIHSAD, NIVEDI, NRCE and other veterinary 
institutions/universities are also involved in diagnosis 
of zoonotic diseases. To quote some examples, the 
NIVEDI, Bengaluru is a south regional coordinator 
under the ISC for prevention and control of zoonotic 
diseases, a programme under the NCDC, Delhi, and 
is providing diagnostic service, laboratory capacity 
building and human resource development for human 
leptospirosis to IDSP units in Karnataka and other 
States10. To strengthen the surveillance of re-emerging 
zoonotic diseases such as glanders, NRCE, Hisar, 
and Central Military Veterinary Laboratory (CMVL), 
Meerut, play a significant  role by acting as  reference 
laboratories  identified  by  the Ministry  of Health  and 
Family Welfare, Government of India for the diagnosis 
of glanders in humans81. Further, to institutionalize 
the integration of research and development with One 
Health approach, the Joint Task Force of ICMR-ICAR 
initiative on zoonoses is a positive step82. In addition, 
NCDC and IVRI organize joint orientation training 
courses  for  medical  and  veterinary  officers83. 
This underscores the need to integrate the disease 
surveillance, data sharing, human resource, laboratory 
capacity between public health and veterinary sectors 
for  effective  prevention  and  control  of  zoonotic 
diseases, thereby achieving the larger goal of One 
Health. 

Regional cooperation in transboundary animal 
disease surveillance: The transboundary animal 
diseases (TADs) are a major threat to livestock and 
humans. These diseases have potential to cause 
large-scale damage, staking the food security of the 
country and region, thereby crippling the nation’s and 
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region’s  economy  significantly.  The  economic  loss 
may be direct in the form of mortality and morbidity 
in  affected  population  or  indirect  due  to  required 
counterepizootic measures. Additionally, the loss in 
trade and probable zoonotic transmission pose great 
risk to the nation.  To strengthen the regional co-
operation with the neighbouring countries, India had 
undertaken laboratory capacity building and human 
resource development for diagnosis of TADs in 
collaboration with international agencies viz., South 
Asian Association for Regional Cooperation (SAARC), 
Association of Southeast Asian Nations (ASEAN) 
and United States Centers for Disease Control and 
Prevention (CDC). Several training programmes were 
conducted by animal health institutes including ICAR-
NIVEDI as part of regional cooperation62. 

Conclusion

The disease surveillance is an important activity 
that provides the basis for knowing the disease burden 
in a country for follow up actions to control, prevent 
and eventually to eradicate the disease. Although large 
but resource-limited countries like India have system 
for animal disease surveillance and monitoring, yet it 
is limited to a few diseases. The endemic and emerging 
zoonotic diseases reported nationally need special 
attention  across  the  sectors.  A  joint  effort  to  utilize 
the existing surveillance system both in animal and 
human sectors and plan to establish the new system for 
emerging zoonotic disease surveillance are need of the 
hour. It is time to take One Health approach and work 
on to delineate the modalities to face such situations to 
protect the health of livestock and human.
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Introduction

The past few decades witnessed the emergence 
of several novel infectious diseases that had their 
origin primarily in animals and created havoc in the 
human society. Continued global warming secondary 
to  injudicious  human  activities  like  intensification 
of agriculture, rapid and unplanned urbanization, 
alteration and destruction of ecosystems, and massive 
global movement and trade has led to the emergence 
of a series of novel respiratory viruses like Severe 

Acute Respiratory Syndrome (SARS), Middle East 
Respiratory Syndrome (MERS) and SARS-CoV-2 
coronaviruses, human influenza virus from avian and 
swine sources, and many life-threatening zoonotic viral 
infections1. Public health systems are geared mainly 
to tackle viral infections especially during the present 
coronavirus pandemic, forgetting other equally life-
threatening bacterial and fungal infections2. However, 
this neglect may have profound long-term impact, 
which is underestimated.
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The term ‘One Health’ by inclusion of human, 
animal  and  plant  health  together  though  first  coined 
during the concerted efforts to combat the emergence of 
SARS coronavirus and H5N1 influenza in 2003-20043, 
the concept gained popularity with  the recognition of 
the evolution of antimicrobial resistance (AMR) in 
humans, related to the environment, plant and animal 
health4. 

Along with the emerging viral and 
multidrug-resistant bacterial pathogens, in the past few 
decades newly emerging fungal illnesses pertaining 
to plants and animals, crossing over to humans have 
obtained great importance5. The previously unknown 
human outbreaks of Sporothrix brasiliensis related to 
close exposure to cats in South America6, increasing 
load of fungal keratitis related to agricultural 
activities without eye protection7, continued burden 
of sporotrichosis related to unprotected horticultural 
activities8, emergence of histoplasmosis and 
chromoblastomycosis in newly described geographical 
areas, the menace of drug-resistant dermatophytosis9 
and aspergillosis10 to name a few, are the new-age One 
Health related fungal hazards.

Thriving at 33-37° C is necessary for a fungal 
species to become a human commensal or pathogen. 
There are close to 6 million estimated fungal species 
on earth11, out of which, nearly 600 fungal species 
can cause human disease12. The number of pathogenic 
fungal species is growing rapidly due to temperature 
adaptation. Through advancement of molecular 
biology and sequencing techniques, it is evidenced 
that the number of fungal species as a part of the 
human microbiome – either as a commensal or a 
pathogen may be grossly underestimated due to the 
inability to culture many of those, leaving room for 
new surprises as emerging fungal infections13. Other 
than human, bats and poikilothermic animals like fish 
and amphibians are prone to serious fungal infections. 
Recent investigations have suggested high incidence of 
severe fungal diseases causing extinction of many wild 
amphibians and bat species14,15. It has been proposed 
that the extinction of the dinosaurs 65 million years 
ago was driven in part by fungal diseases16.

Fungi are remarkably resilient and transmissible 
breaking geographical, environmental and species 
barriers. Broad groups of fungi were found to survive 
in areas of high radiation around the Chernobyl nuclear 
disaster site17 as well as in the Japanese module of the 
international space station18. The rapid transmission 

of the newly described drug-resistant invasive fungal 
species - Candida auris, across many critical care 
units in different continents over the last decade is an 
example of such a resilient and transmissible human 
pathogen19.

Plant pathogenic fungi are responsible for major 
destruction of staple food crops like wheat, rice and 
corn, jeopardizing global food security20,21. Fungal 
toxins that contaminate stored food grains can cause 
acute toxicities or chronic effects like carcinogenesis. 
These toxins are also lethally deployable as biological 
weapons against humans and food supplies22. Water 
damaged buildings provide niches for fungal groups, 
to proliferate with damaging fungal generated volatiles 
and allergens contributing to ill health.

The American Academy of Microbiology 
Colloquium on One Health aspects of fungal diseases 
strongly support development of new approaches to 
protect frogs, salamanders, bats, and other animals 
from pathogenic fungi12 and develop new methods of 
preventing fungal infections in crop plants by reducing 
azole dependence in the face of rising azole resistance 
among Aspergillus species23 by promoting the use of 
gene silencing methods and genetically modified crop 
production12.

Fungal diseases are silent killers - out of public 
health priority

Fungi are silent killers, causing the death of 
over two million people every year24 - this makes 
fungal diseases one of the top global causes of death 
ahead of tuberculosis and malaria, yet concealed 
by only listing the primarily underlying diseases 
(i.e. leukaemia or COPD). With the advancement 
of cancer chemotherapy, solid organ and stem cell 
transplants, increased survival of acute respiratory 
distress syndrome and other critically ill patients in 
the intensive care, and the extensive use of indwelling 
medical devices, the gross number and proportion 
of patients susceptible to serious invasive systemic 
fungal  illnesses  have  increased  significantly  in  the 
past few decades25. Worldwide annual occurrence 
of over 300,000 cases of invasive aspergillosis and 
700,000 invasive candidiasis cases are reported26, 
vulnerable people are disproportionately affected and 
those  afflicted with  long  term  fungal  disease  and  its 
sequelae live in misery due to morbidity, the inability 
to work and stigma. Global estimates of fungal 
illnesses24,26 suggest a global annual occurrence of 
more than three million cases of chronic pulmonary 
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aspergillosis, and 10 million cases of fungal asthma, a 
large part of which is undiagnosed in resource limited 
settings27. Despite of advancement of HIV treatment, 
there are global reports of more than 200,000 cases 
of cryptococcal meningitis, and 500,000  cases of 
Pneumocystis jirovecii pneumonia, which are otherwise 
largely preventable and treatable28. It is estimated that 
nearly a million eyes lose vision due to fungal keratitis, 
mostly related to agricultural activities, out of which, 
a significant proportion is from the developing world 
and the global south24,26,29. Fungi causing skin and 
subcutaneous diseases, endemic fungal infections, 
fungal rhinosinusitis and fungal keratitis mostly 
affect  people  without  any  pre-existing  conditions, 
living and working closely in certain environmental 
niches. Fungal asthma, caused by airborne fungi such 
as Aspergillus spp., exacerbates asthma in millions 
of adults and children. Limited diagnosis and poor 
measurement of disease morbidity means that the true 
scale of the problem is only partially known28. 

Most important fungal pathogens affect humans 
from the environment, underscoring the need for 
coordinated One Health monitoring and vigilance

Most of the invasive and endemic fungal human 
pathogens are transmissible from the environment 
rather than from fellow human beings. Among all 
the environmentally transmitted fungal pathogens, 
Aspergillus spp., the fungi causing mucormycosis, 
Cryptococcus spp., Histoplasma spp., Sporothrix spp., 
and agents causing mycetoma, deserve special mention 
in the Indian context due to the sheer volume of patients 
affected by them in the subcontinent.

Aspergillosis:  Aspergillus spp. is a pathogen 
which cause the broadest array of illnesses in 
human  beings-  ranging  from  superficial  infection 
(otomycosis, onychomycosis and keratitis), 
chronic pulmonary aspergillosis (CPA), allergic 
bronchopulmonary aspergillosis (ABPA), saprophytic 
pulmonary or sinusoidal aspergillomas, a rapidly 
evolving invasive form – which is almost always 
fatal unless diagnosed and treated promptly30. In the 
last decade, the issue of azole resistance has become 
a significant menace in the treatment for all the forms 
of aspergillosis. It is postulated that in cases of CPA 
and ABPA, the azole-resistance may develop during 
antifungal treatment, but, in case of acute invasive 
aspergillosis (IA), it is always primarily a resistant strain 
acquired from the environment10. IA has also become 
increasingly recognised in patients without neutropenia, 

and is more common in patients hospitalized with 
COPD31, lung cancer32 and occasionally other solid 
tumours, corticosteroid therapy, liver failure, transplant 
recipients, notably allogeneic stem cell and lung, but 
also renal and heart recipients, complicating severe 
influenza (19%)33 and severe COVID-1934,35.

The environmental route of resistance occurs 
as a result of exposure to azole fungicides or sterol 
14α-demethylation  inhibitor  (DMI)  fungicides  in  the 
environment. The development of azole resistance is 
mostly  a  bystander  effect  on  Aspergillus fumigatus, 
as the agricultural targets for DMI fungicides are 
usually other fungi36. In areas where the azole 
resistance rates in Aspergillus exceeds 10%, current 
guidelines recommend voriconazole or isavuconazole 
in combination with an echinocandin or liposomal 
amphotericin B instead of azole monotherapy alone30. 
Hence the knowledge of the antifungal resistance status 
of the surrounding environmental Aspergillus spp. can 
be vital to the survival of IA patients. 

IA primarily occurs through environmental spore 
contamination of hospitals and intensive care units. It 
has been shown that construction works in and around 
hospital premises accounts for about half (49%) of the 
causes of nosocomial aspergillosis outbreaks37. The 
authorities of the hospitals serving the high-risk groups 
for IA must conduct active surveillance for airborne 
fungal spores and the wards for such patients should 
be equipped with appropriate ventilation systems38,39.

Several environmental studies on 
azole-resistant Aspergillus show that resistance 
was acquired during stockpiling of inappropriately 
processed plant waste material, producing potential 
hot spots for the evolution and selection of azole 
resistant Aspergillus40. The environmental route of 
resistance selection is thus a One Health challenge 
that must involve cross-cutting discussions and actions 
among different stakeholders, for example, clinicians, 
mycologists, agricultural researchers, pesticide and 
fungicide industrial houses, farmers and horticulturists, 
legislators and policy makers, regulatory and municipal 
bodies10.

Mucormycosis: Fungi causing mucormycosis are 
ubiquitous and can be found in decaying organic matter 
and in the soil. Depending upon the clinical syndromes 
various modes of transmission have been described. 
Inhalation of the spores from environmental sources is 
considered as the most common mode of transmission41. 
Percutaneous implantation of spores during trauma, 
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burns and illicit injections are other important modes 
of transmission. Gastrointestinal mucormycosis is 
transmitted by ingestion of the spores contaminating 
various foods and beverages. Renal mucormycosis, 
which is rarely described outside of India, is likely 
to be caused by the inhalation of spores which 
disseminate hematogenously to the kidneys or through 
invasive procedures of the urinary tract41,42. In a recent 
multi-centre study of mucormycosis from India 56.8 per 
cent of the total 303 patients with mucormycosis had 
underlying diabetes mellitus and 31 per cent had diabetic 
ketoacidosis. In patients with rhino-orbito-cerebral 
mucormycosis 65.7 per cent had underlying diabetes 
mellitus43. Other common risk factors include 
glucocorticoid use, haematological malignancies, 
haematopoetic stem cell transplantation, solid organ 
transplantation, iron overload conditions, treatment 
with desferrioxamine and AIDS41. Post-pulmonary 
tuberculosis has been recently recognized as a risk 
factor for pulmonary mucormycosis43. Probably the 
burden of mucormycosis is grossly under reported, 
because cultures are so often negative and only recently 
has the first PCR assay been commercialised. Incidence 
and prevalence of  this  disease  is  difficult  to  estimate 
because of various factors including lack of awareness 
of the disease even among trained physicians and lack 
of standardized diagnostic strategies. Lack of proper 
denominators to express the disease burden is another 
important obstacle44. A computational model based 
on Indian literature using Monte Carlo algorithms 
estimated an overall mucormycosis prevalence of 0.14 
cases per 1000 population in India, coming to a total 
burden of 187,460 patients45,46. The overall mortality 
in mucormycosis when well treated ranges from 
30 to 46.7 per cent43,47,48. Based on the aforementioned 
computational model45,46, considering an attributable 
death rate of 38 per cent per year, mucormycosis kills 
over 105,000 people in the WHO South East Asian 
Region (SEAR) per year.

Cryptococcus: Cryptococcus is an important fungus 
causing meningitis and sometimes pulmonary and 
disseminated diseases with substantial mortality. It 
predominantly  affects  patients  with  late  stage  HIV 
infection and other immunocompromised conditions 
and sometimes can even involve immunocompetent 
persons49. C. neoformans var grubii and 
var neoformans have been found in soil samples 
from around the world in areas frequented by birds, 
especially pigeons and chickens50. This fungus has 
also been isolated from roosting sites of pigeons and 

in association with rotting vegetation51. Most of the 
case reports and studies from the WHO SEAR suggest 
that the diagnosis is made in the local and community 
hospitals only on direct microscopy, and not the more 
sensitive antigen test. Early asymptomatic cryptococcal 
antigenaemia precedes meningitis by a mean of three 
weeks, (~40% of cases) and is therefore missed and 
initiation of treatment is delayed52.

Despite the cryptococcal antigen detection test 
having  a  sensitivity  and  specificity  more  than  99 
per cent53, the test is not available in majority of the 
laboratories of the SEAR54. This test should be made 
routinely available for HIV patients with low CD4 
counts  or  in  the  presence  of  other  AIDS  defining 
symptoms, as well as solid organ and stem cell 
transplant recipients. New patients with HIV infection 
admitted to hospital or symptomatic should be screened 
routinely for Cryptococcal antigen.

Histoplasma: Histoplasma capsulatum is a dimorphic 
fungus, which can thrive at both temperate as well as 
tropical countries, and is found in various parts of the 
world, including all countries of the SEAR55,56. But the 
best environmental conditions for its growth are mean 
temperature of 22 to 29°C, an annual precipitation of 
35 to 50 inches, and a relative humidity of 67 to 87 per 
cent57. It has been found to be present within 20 cm 
of the surface of acidic soil, high in nitrogen content. 
There is a strong environmental association with 
decaying bird and bat guano in cool, moist soil away 
from the sunlight58,59. Various activities that lead to 
disruption of soil surface, like excavation, spelunking 
(cave exploration), construction, bird handling and 
recreational activities, that can lead to the release of 
its infectious conidia, which are subsequently inhaled, 
causes the pulmonary or disseminated multisystem 
disease, known as the Darling’s disease60,59. In a recent 
review, the most commonly associated environmental 
and wilderness-related risk factors for histoplasmosis 
were found to be bird and bat watching, cave and cave 
entrance exploration, and bamboo removal and burning. 
Whereas occupational risk factors for histoplasmosis 
were found to be road construction, roofing, bridge and 
water tower work, demolition, and masonry61.

Among a case series reporting 31 cases from a 
single centre in New Delhi, India, 17 patients had a 
history of occupational exposure to agriculture and 
10 had significant occupational or domestic exposure 
to birds. These two exposures combined together 
comprised of 87 per cent of the cases58. Among a total 
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of 213 cases reviewed from the Indian subcontinent, 
56  per  cent  of  affected  people  were  found  to  be 
apparently immunocompetent and 31 per cent were 
immunocompromised. A significant number of patients 
(55%) of disseminated histoplasmosis from India are 
reported to have adrenal gland involvement58,62. A 
peculiarity of the disseminated histoplasmosis is its 
strong gender predisposition towards male gender; the 
male : female ratio is reported to be as high as 6:1 from 
India58 as well as worldwide63. Chronic pulmonary 
histoplasmosis is barely known in India, probably 
because a lack of Histoplasma antibody diagnosis56.

A programme for establishing the rates of 
histoplasmin skin sensitivity in India should be 
undertaken to understand the exposure rate of the 
population wherever cases have been documented 
and prioritise local diagnostic testing, especially in 
the north of the country. This diagnostic intervention 
can also be guided by One Health monitoring of the 
environment and ecological niches of the natural 
Histoplasma habitat. Histoplasma antigen testing 
should be implemented in hyperendemic localities 
of histoplasmin sensitivity, particularly for advanced 
HIV cases. In fact at least one to two laboratories per 
region of India should have the facility of Histoplasma 
antigen and antibody tests on a referral basis.

Mycetoma and Sporotrichosis – occupation 
associated subcutaneous mycoses

Mycetoma is a chronic, progressive destructive 
infection of the distal limbs involving all tissues. It 
is recognized as a neglected tropical disease (NTD) 
by the WHO64, but it is not a notifiable disease except 
in  Sudan.  Numerous  different  organisms  may  be 
implicated, and the appropriate treatment depends on 
the causative organism. Mycetoma is an implantation 
disease. Any  age  can  be  affected.  Minor  breaks  in 
the skin from thorns or handling infected materials 
result in a slowly progressive local lesion. The foot 
is the most common site of infection. From the skin 
and subcutaneous tissue, the disease typically invades 
bone and produces hypertrophic, gross lesions. The 
agents of eumycetoma are almost always resistant 
to amphotericin B and flucytosine. Some respond to 
voriconazole or itraconazole, but most are intrinsically 
resistant to all antifungals, especially Madurella 
spp.  Eumycetoma patients usually respond poorly 
to medical therapy. Improvement is slow and hard 
to evaluate, even after months of therapy. Many 
patients eventually fail to complete education or lose 

their jobs and become a burden on families and the 
community65.

Sporotrichosis can present with cutaneous, 
lymphocutaneous and systemic manifestations. 
Severity depends on infecting species and the host 
immune status. Majority of the cases of sporotrichosis 
occur when the fungal spores are introduced through 
a cut or puncture in the skin while gardening or 
handling vegetation or organic matter. Historically 
environmental transmission from vegetations was the 
most common source, but recently zoonotic infections 
have emerged with Sporothrix brasiliensis in South 
America via the bite, scratch, and contact with the 
exudate of an infected cat6. In India, however, the 
sapronotic transmission seems to be the major route of 
transmission, which can be well prevented by wearing 
gloves and wearing boots while gardening to prevent 
puncture wounds66.

Emergence of human-to-human transmissible 
fungal pathogens and concerning antifungal 
resistance

Invasive candidiasis: Multiple studies have shown 
the annual incidence of bloodstream infections with  
Candida spp. to be 1.2–26 cases/100,000 population,  
across the world. Only seven per cent are community- 
acquired, the remainder are hospital-acquired24. A 2015 
prospective study from 27 ICUs in India showed a mean 
incidence of 6.51 cases of ICU-acquired candidemia 
per 1,000 ICU admissions and a death rate of 35 –75 
per cent67. An estimated 14.3 million patients are 
admitted to ICUs in India each year. Blood culture is 
only  ≈40  per  cent  sensitive  for  invasive  candidiasis 
(and lower for intra-abdominal candidiasis). Further, 
the  antifungal  agents  including,  fluconazole  and 
echinocandins substantially reduces the yield from 
blood culture. Therefore, it is probable that the actual 
number of cases of invasive and intra-abdominal 
candidiasis in ICUs in India exceeds 200,000, resulting 
in ≈100,000 deaths. Bloodstream infection caused by 
Candida spp. outside ICUs is twice as common as in 
ICUs, and so in India >600,000 persons each year are 
estimated to have invasive candidiasis. 

Inappropriate use of antimicrobials as well as 
several disruptive practices in farming, pisciculture, 
deforestation and natural habitat destruction is said to 
have contributed to the emergence of C. auris. Almost 
all outbreak investigations carried on nosocomial 
outbreaks of C. auris have concluded that the organism 
was acquired from extraneous sources rather than from 
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the  patients’  endogenous  flora. This  finding  suggests 
that despite no environmental reservoir reported till 
date, it is possible that C. auris might have its own 
environmental niche19,68. Candida species are not 
exclusive human pathogens or commensals and have 
been found in insects and different plants like mangrove 
forests, rubber and cassava plantations68. Adequate 
One Health monitoring of environmental niches are 
required to track the emergence of similar pathogens. 

Dermatophytes: In India, the most common species 
causing skin and nail infections is the dermatophyte 
Trichophyton rubrum - an exclusively human pathogen, 
followed by Trichophyton mentagrophytes  - erstwhile 
considered a zoonotic pathogen usually transmitted 
from companion domestic animals and Microsporum 
gypseum - a soil associated pathogen. T.  mentagrophytes 
is recently found to be on the rise in India69. Terbinafine 
and azole resistant, stubborn and recalcitrant 
dermatophyte infection is nowadays considered 
as  one  of  the  most  difficult  to  treat  conditions  in 
dermatology clinical practice. Cases are complicated 
with the widespread use of topical corticosteroids in 
combination with antifungal agents. Potent molecules 
like clobetasol propionate are available over the counter 
and are grossly abused which include buying over the 
counter with or without the prescription of general 
practitioners and local application for weeks to years70. 
The steroid combinations cost much lesser than pure 
potent antifungal creams, which make these popular. 
These are used often only for symptom control without 
any instructions or supervision and patients often stop 
using them when the itching and redness are mitigated 
and reapply when the symptoms reappear70,71.

Combating antifungal resistance and investing in 
diagnosis of fungal illnesses: The Indian government’s 
effort to ban colistin in animal usage by creating a strong 
legislation is a laudable one considering the increasing 
menace of transmissible plasmid mediated colistin 
resistance gene mcr-172. Similar concerted effort with 
agricultural universities, farmer’s unions, pesticide 
manufacturers and API manufacturers are needed to 
reduce usage of traditional azoles in farming as well 
as newer congeners of recently developed antifungals.

Promotion of composting under controlled aerobic 
conditions where aeration can be done through natural 
convection or forced aeration under ambient tropical 
summer and monsoon temperature which can actively 
reduce the levels of azole-resistant Aspergillus.  Large 
scale facilities for composting household biowaste, 

market and food storage facility waste and industrial 
organic wastes, rather than unprocessed dumping and 
landfilling have been shown to significantly reduce the 
burden of pathogenic fungi as well as its associated 
drug resistance10. These should be actively encouraged 
as best practice and advocated to policy makers and 
legislators.

Hospitals catering to the needs of 
immunocompromised patients as well as critically ill 
patients, should be positively incentivized for regularly 
running environmental monitoring protocols for the 
hospital air surveillance of fungal spores and reporting 
of resistances once detected. Similar environmental 
monitoring should be made compulsory, whenever 
such a healthcare facility has an ongoing demolition or 
construction programme.

Rapid, non-culture based testing is now important 
to diagnose life-threatening fungal infections, as 
recognised by the WHO in listing several diagnostics 
as essential. Cryptococcal antigen testing and 
histoplasma antigen testing should be made routinely 
available at all the referral antiretroviral therapy centres 
and hospitals seeing new HIV patients. Aspergillus 
antigen, Pneumocystis PCR and B-D-glucan should 
be available as rapid tests for cancer treatment and 
transplant centres. Aspergillus antibody testing should 
be routinely available for all respiratory services, 
especially those managing TB. Precise diagnosis will 
contribute to reducing premature deaths, low morbidity, 
lower wasted healthcare expenditure and AMR control 
are reducing incorrect empirical antibiotic usage 
(Table).

Conclusion

Fungal infections are more prevalent than 
previously appreciated, partly because of missed 
diagnosis, partly because of new risk factors and 
partly because of the emergence of new and muti-
drug resistant pathogens. Fungal allergic disease and 
exposure in water-damaged buildings is also relatively 
common. The last decade delivered great progress on 
commercialized, simple and inexpensive diagnostic 
tests which can transform lives blighted by chronic ill 
health. Routine use of these diagnostics will reduce 
unnecessary anti-bacterial therapy and contribute to 
AMR control. Restriction of use of azole fungicides 
in agriculture should minimise repetitive emergence 
of resistant Aspergillus, which is important as azole 
antifungals increasingly become established for 
fungal asthma and prophylaxis. New antifungals with 
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alternative modes of action are in clinical development, 
but their importance to human health should be 
heeded before these chemistries are contemplated for 
agricultural fungicides. 
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Background & objectives: Issues such as emerging and re-emerging infectious diseases, antimicrobial 
resistance, food security, biosafety and biosecurity are associated with changes in land use, population 
growth, urbanization, global travel and trade and climate change. As a result, a trans-disciplinary 
approach among human, animal and environmental health disciplines gained support. The Indian 
Council of Medical Research (ICMR) and Indian Council of Agricultural Research (ICAR) decided 
to establish a National Institute of One Health at Nagpur, Maharashtra, India. In this context, 
two collaborative research projects, funded by the ICAR and ICMR were initiated to conduct the 
epidemiological surveillance of selected zoonotic diseases in Central India.
Methods: Disease surveillance and molecular detection employing standard techniques like enzyme 
linked immunosorbent assay (ELISA), immuno-fluroscent assay (IFA), standard tube agglutination test 
(STAT) , Rose Bengal plate test (RBPT) and polymerase chain reaction (PCR) were undertaken based 
on the disease to be screened.
Results: In animals, the seropositivities for listeriosis (7.66%) and brucellosis (11.69%) were recorded. 
The occurrence of tuberculosis (3.8%) and leptospirosis (6.33%) was detected by PCR. Through cross-
sectional studies from suspected human population with associated risk factors for zoonotic diseases, 
the seropositivity of brucellosis (1.83-11%), listeriosis (1.01-10.18 %), leptospirosis (8.14-12.67%) and 
scrub typhus (1.78-20.34%) was recorded. The investigations on scrub typhus indicated bimodal pattern 
during the months of pre-monsoon and post-monsoon season with a peak in post-monsoon in human 
cases. Ornithonyssus bacoti mites were identified from the rodents as a vector harbouring Orientia 
tsutsugamushi. The bovine tuberculosis was detected in 1.43 per cent human cases employing molecular 
assay.
Interpretation & conclusions: The data indicated the occurrence of important zoonotic diseases adversely 
affecting the livestock health and human wellbeing. The scientific collaboration between veterinary and 
medical faculties has set an example for effective implementation of One Health (OH) programme for the 
establishment of National Institute of OH.
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The public health challenges in today’s world 
such as emerging and re-emerging infectious 
diseases, antimicrobial resistance, food security, 
biosafety and bio-security are associated with 
the changes in land use, population growth, 
urbanization, global travel and trade and climate 
change. As a result, a trans-disciplinary approach 
among human, animal and environmental health 
disciplines has gained support and visibility. On July 
6, 2010 in Nagpur, India, the experts and scientists 
from medical and veterinary sciences in a national 
conference organized by the National Association of 
Welfare of Animals and Research in collaboration 
with Indian Medical Association (Nagpur Chapter) 
conceived the concept of establishing of a National 
Institute for Zoonoses (NIZ) at Nagpur. Since then, 
deliberations were held at the levels of the Indian 
Council of Medical Research (ICMR) and Indian 
Council of Agricultural Research (ICAR). Both the 
apex organizations were committed towards creating 
this imperative facility at Maharashtra Animal and 
Fishery Science University (MAFSU), Nagpur. 
Discussion on the setting up a dedicated facility 
was initiated. Subsequently, in March 2019, the 
ICMR declared to establish ‘Centre for One Health 
(OH)’, a satellite centre under National Institute 
of Virology, Pune in Nagpur. It is contemplated to 
be an independent institute though nomenclature 
may change from the NIZ to the National Institute 
for OH (NIOH).  As a step towards activities of the 
institute, two research projects, funded by ICAR 
entitled ‘Centre for Zoonoses under Niche Area of 
Excellence’ to Nagpur Veterinary College (NVC), 
Nagpur, and another by ICMR to Mahatma Gandhi 
Institute of Medical Sciences (MGIMS), Sewagram, 
and Central India Institute of Medical Research 
(CIIMS), Nagpur, were sanctioned.

Material & Methods

The study was conducted under the projects ‘Centre 
for Zoonoses’ sanctioned by the ICAR and ICMR to 
NVC and CIIMS, Nagpur, and MGIMS, Sewagram, 
during 2015 to 2019. The zoonotic diseases namely 
brucellosis, listeriosis, tuberculosis, leptospirosis and 
scrub typhus were studied at the Centre for Zoonoses 
at NVC, Nagpur. the MGIMS, Sewagram, was 
assigned brucellosis, leptospirosis and scrub typhus, 
CIIMS worked on brucellosis, listeriosis and bovine 
tuberculosis. The research work with respect to disease 
surveillance and molecular detection of the pathogens 
was undertaken. 

These studies were approved by the 
Institutional Ethics Committees (vide reference No. 
NVC/IAEC/19; MGIMS/IEC/MICR/118/2014 and 
01/CIIMS/ICMR/09/14) of NVC, CIIMS and MGIMS. 
The samples were collected with prior consent of the 
animal owners and with written consent from human 
participants.

The team from the NVC, over a period of four 
years, collected the clinical samples from livestock 
(blood, serum, nasal swabs and vaginal swabs), other 
animals (blood and serum) and their human contacts 
(blood  and  serum)  from  different  regions  of  Central 
India (Maharashtra, Madhya Pradesh, Chhattisgarh 
and Telangana). The samples were collected randomly. 
Further the number of samples included for screening 
for particular disease was based on the clinical 
symptoms. The details of clinical samples are presented 
in Table I.

At MGIMS, Sewagram, of the 3454 individuals, 
1726  (49.97%)  suspects  with  acute  undifferentiated 
fever (AUF) were recruited from a tertiary care 
hospital. From the community, out of 10,000 population 
belonging to seven villages, 98 individuals were 
recruited by house-to-house visits over a period of one 
and a half year. Further, 166 individuals were selected 
from 8808 patients attending a rural hospital. The blood 
samples (2.5 ml) collected from these individuals were 
screened for seropositivity for brucellosis, leptospirosis 
and scrub typhus. The CIIMS, Nagpur, collected 
clinical blood samples from Central Indian population 
having animal–human interface. A total of 7026 blood 
samples were collected through cross-sectional studies 
from suspected populations with associated risk factors 
for seroprevalence against brucellosis, listeriosis and 
bovine tuberculosis.

The seroprevalence of listeriosis was studied by in-
house standardized listeriolysin-O based indirect IgG 
ELISA1,2. Screening for brucellosis was conducted on 
the basis of the detection of antibodies against Brucella 
spp. by using in-housed standardized indirect IgG 
ELISA against lipopolysaccharide (LPS)3. Standard 
tube agglutination test (STAT) and Rose Bengal plate 
test (RBPT) were performed according to the procedure 
described by the World Organization for Animal Health 
(OIE)4. The samples from animals were screened for 
tuberculosis and leptospirosis by targeting the IS1160 
gene5 and secY gene6, respectively.

Scrub typhus among various occupationally 
exposed patients, abattoir workers, sanitary workers 
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and livestock owners was detected employing IgM-
ELISA (InBios International, USA) and Immuno 
Fluroscent assay (IFA) (Fuller Laboratories, USA) as 
per the manufacturer’s instructions. The samples from 
rodents (blood and tissue) and vectors were investigated 
for the 56 and 47 kDa outer membrane protein genes of 
Orientia tsutsugamushi7.

Results

Brucellosis: Of 9855 serum samples collected from 
animals, a total of 1152 (11.69%) and 898 (9.12%) 
samples were found to be positive for brucellosis 
by ELISA and by RBPT, respectively. Of the 3051 
human serum samples tested, 56 (1.83%), 43 (1.40%) 
and 12 (0.39%) were positive by ELISA, RBPT and 
STAT, respectively (Table II). The antibodies for 
brucellosis were detected in 6.31 per cent samples 
collected from the human cases of AUF attending 
a tertiary care centre. In the samples collected from 
seven villages to central India, the occurrence of 
brucellosis was 11 per cent. Through the hospital-
based observational retrospective studies, in 
suspected human cases with associated neurological 
morbidities, the presence of neurobrucellosis was 
found to be 8.4 per cent.

Listeriosis: In the present investigation, seropositivity 
for Listeria IgG was observed to be 7.66 per cent among 
animals (755/9855), whereas, of the 3346 human serum 
samples, 1.01 per cent were found to be positive. Of the 
88 samples from women with spontaneous abortion, 
five  (5.68%)  were  positive.  Among  the  98  samples 
collected from Central Indian human population, 9.3 
per cent were positive for Listeria.

Leptospirosis: From endemic regions of leptospirosis, 
namely Konkan region and East Vidarbha of 
Maharashtra and Telangana, animal (1783) and human 
(1252) blood samples were tested. The secY gene was 
detected in 113 (6.33%) and 102 (8.14%) samples, 
respectively (Tables II and III). Among the 1726 
human cases of AUF attending a tertiary care centre, 
12.67 per cent (218 were positive for leptospirosis. 
Among the community of seven villages, the positivity 
for leptospirosis was seven per cent.

Tuberculosis: A total of 8363 samples from animals 
were screened for tuberculosis by targeting the IS6110 
gene, wherein 318 (3.8%) were found to be positive. 
Among the Central Indian human population who 
were in contact with animals; the overall occurrence of 
tuberculosis was 1.43 per cent and the hospital-based 
observational retrospective studies showed 12.3 per 
cent human cases of tuberculus meningitis.

Scrub typhus: A study on scrub typhus among various 
occupationally exposed patients, abattoir workers, 
sanitary workers and livestock owners was carried out. 
Of the, 462 serum samples, 94 (20.34%) were found 
to be positive by IgM-ELISA and 24 (5.14%) samples 
turned out to be positive by IFA (Tables II and III). The 
IFA could identify the infection of O. tsutsugamushi at 
strain level, viz. Karp, Gilliam, Kato and Boryong.

Blood and tissue samples of rodents trapped from 
different  locations  in  Central  India  were  processed 
for the detection of scrub typhus. The 56 kDa outer 
membrane protein gene of O. tsutsugamushi was 
detected from 10 of 59 samples, and the 47 kDa 

Table I. Details of the clinical samples collected
Region Animals Human Total

Cattle Buffalo Goat Sheep Pig Dog Rodents Other Total
Nagpur 2081 928 1265 29 106 137 15 4561 2644 7205
Amravati 226 0 121 0 16 0 363 83 446
Aurangabad 2 118 71 191 72 263
Nashik 914 118 1032 53 1085
Pune 1422 104 10 30 92 15 4 1677 109 1786
Konkan 436 369 54 57 61 15 992 168 1160
Chhattisgarh 582 130 2 21 735 204 939
Madhya Pradesh 214 289 15 518 108 626
Telangana 200 94 294 29 323
Species total 5877 2138 1583 281 92 200 173 19 10,363 3470 13,833
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protein gene was detected from four of 59 samples 
by nested-PCR. Ornithonyssus bacoti mites from 
the  rodents  were  identified  as  a  vector  harbouring 
O. tsutsugamushi. The seasonal variations in the 
occurrence in O. tsutsugamushi in rodents and mites 
were studied by PCR detection targeting the 56 
and 47 kDa genes. During pre-monsoon season, O. 
tsutsugamushi was detected in 12 and 10 per cent 
samples, whereas during post-monsoon season, the 
respective detection rates were 13.33 and 26.66 per 
cent predicting a bimodal pattern during the months 
of pre- and post-monsoon season with a peak in post-
monsoon. The study conducted on the human cases 
having AUF attending a tertiary care centre indicated 
15.79 per cent cases of scrub typhus. In the community 
of seven villages, four per cent positivity for scrub 
typhus was recorded.

Discussion

The global threats of zoonotic diseases are well 
known. Surveillance data help to identify areas and 
populations at increased risk for infection, improving 
ability to direct and prioritize health interventions, 
to  monitor  the  effectiveness,  timeliness  and  cost-
effectiveness  of  prevention  and  control  efforts  and 
to identify gaps and new prevention strategies. In 
recent years, the OH approach to manage endemic 
and emerging/re-emerging zoonotic diseases has been 
promoted by international human and animal Health 
agencies. The presence of important zoonotic diseases, 
viz. listeriosis, brucellosis, tuberculosis, leptospirosis 
and scrub typhus, recorded in the present collaborative 
research was in accordance with Indian reports1,8-21. The 
study on vectors revealed novel findings, especially in 
scrub typhus and listeriosis.

Table II. Region wise per cent positivity to targeted diseases in humans and animals
Region Serology PCR

Brucellosis Listeriosis Leptospirosis Mycobacterium 
bovis

Mycobacterium 
tuberculosis

Rickettsia

Animals Human Animals Human Animals Human Animals Human Animals Human Animals Human
Nagpur 5.91 0.42 6.29 0.66 65.38 40.83 8.63 0.33 1.80 0.33 5.37 6.44
Amravati 5.26 0.00 0.62 0.00 0.00 0.00 0.00 0.00
Nashik 21.71 5.66 11.43 0.00 25.28 0.00 3.93 0.00
Pune 13.05 3.36 6.98 3.66 0.00 0.00 0.00 0.00
Aurangabad 9.95 0.92 0.00 0.00 0.00 0.00 0.52 1.38
Konkan 13.13 1.98 4.53 0.00 60.99 92.30 0.00 0.00 0.00 0.00 0.00 0.00
Chhattisgarh 16.36 1.14 15.03 0.98 0.00 0.00 2.24 7.35 28.57 1.785
MP 12.07 7.41 18.15 10.18 0.00 0.00 0.00 0.00
Telangana 3.23 21.84 4.76 0.00 0.00 0.00 0.00 0.00

Table III. Species-wise per cent positivity to targeted diseases
Species Brucellosis Listeriosis Leptospirosis Tuberculosis Rickettsia
Human 3.64 1.01 45.86 1.04 5.92
Cattle 26.95 10.67 23.52 4.83 -
Buffalo 10.90 1.40 45.61 0.61 -
Goat 7.39 5.56 - 1.26 -
Sheep 10.32 3.56 - 0.36 -
Pig 0.00 0.00 - 0.00 -
Dog - - 80.00 - -
Rodent - - 69.23 - 6.95
Other 0.00 0.00 0.00 0.00 1.00
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Listeria monocytogenes has potential to infect 
humans and animals, resulting into septicaemia, 
gastroenteritis, meningitis, meningio-encephalitis, 
still birth and abotions22,23. The Listeria strains have 
been isolated from women with poor obstetric history 
and premature births24,  buffaloes  with  reproductive 
disorders2,25  and  foods  of  animal  and  fish  origin26. 
The present study reported 7.66 and 1.01 per cent 
seropositivity in animals and humans for Listeria 
IgG, respectively, along with 5.6 per cent cases of 
spontaneous abortions in women and 9.3 per cent of 
Listeria meningitis in human patients.

The seropositivities for brucellosis in animals 
by ELISA and RBPT were 11.69 and 9.12 per 
cent, respectively. Earlier investigations recorded 
6.5 per cent prevalence in organized farms27; flock-wise 
incidence rate in sheep and goats was around 
50 per cent3 and 17.8-55.5 per cent in occupationally 
exposed veterinarians28,29. Although brucellosis in 
animals is involved in orchitis, arthritis, still births 
and late abortions, the most human cases exhibit 
undulant fever, headache, back pain, myalgia and 
arthralgia. Occupationally exposed people have more 
chances of getting infected during animal handling 
and care. Higher positivity was recorded among the 
individuals from the regions where livestock farming 
was intensified29.

Tuberculosis has been a challenge to healthcare 
system. Our explorations indicated 1.43 and 
3.80 per cent positivity of M. bovis in humans and 
farm animals, respectively. High occurrence of bovine 
tuberculosis was recorded in the persons living in 
tuberculosis-endemic region. These patients lived 
in poorly ventilated houses and exhibited similar 
symptoms to M. tuberculosis30. Our reports in animals 
contradicted with  earlier  finding  reporting  15-28  per 
cent infection of M. tuberculosis in animals31; however, 
0.4-51.2 per cent prevalence was recorded in different 
studies32.

The occurrence of leptospirosis was reported from 
paddy areas where there are water logging conditions, 
soil pH is alkaline and rodent population is high33. Our 
findings from animal in the endemic regions of Konkan 
and East Vidarbha and Telangana recorded 6.33 and 
8.14 per cent occurrence in animals and humans, 
respectively, along with 12.67 per cent among the 
human cases of AUF attending a tertiary care centre. 
Additionally, seven per cent positivity was reported 
in human population of seven selected villages from 

Central  India.  Significant  reduction  in  positivity was 
reported earlier in a tertiary health care centre in north 
India from 26.90 per cent in 2000-2010 to 6.47 per cent 
in 2015-201834. Leptospiral antibodies were found in 
19.7 per cent rodents and dogs from Mumbai, India of 
which only 5.93 per cent samples showed the presence 
of the pathogen as confirmed by quantitative PCR and 
isolation35.

Rickettsiosis has been reported from almost 
all parts of India36. We reported 20.34 per cent 
seropositivity  of scrub typhus among various 
occupationally exposed patients, abattoir workers, 
sanitary workers and livestock owners of Central India 
with involvement of O. tsutsugamushi in 5.14 per 
cent cases. O. tsutsugamushi was detected in rodents, 
ticks and O. bacoti mites from the study area37. Our 
study demonstrated that the O. bacoti mites harboured 
this pathogen which could be transmitted among 
rodent population via bites and rodents might further 
perpetuate the infection to human being. Earlier, flea-
borne rickettsiosis was reported in human from the 
Western Himalayan region38.

The major highlight of the study was the 
collaborative work conducted which provided 
important links towards strengthening of the One 
Health approach that linked human and animals for 
prevention and control of zoonotic infections and 
their drivers through holistic and interdisciplinary 
approaches. The infrastructure and technical expertise 
developed at the Centre for Zoonoses at NVC could 
be utilized for addressing the public health issues. The 
training programmes could develop skilled workforce 
in the various aspects of zoonoses wherein participants 
from veterinary, medical and other allied fields would 
participate as a part of capacity building programmes.

In conclusion, the present study indicated the 
occurrence of important zoonotic diseases that affected 
both animal and human health. The upcoming NIOH 
will be developed to serve as national leader in 
zoonoses and the think tank devoted to One Health 
involving animals, human, wild life and environment 
by providing inter-sectoral and inter-disciplinary 
approach for surveillance, response, research, capacity 
building and advocacy/communication for prevention 
and control of zoonotic diseases. 
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Health in common parlance refers to the total fitness 
of an individual, which would ensure performance of 
social roles to one’s optimum efficiency. Health is an 
aspect of culture like economic, political, social and 
religious aspects of life. Culture being an integrated 
whole, all aspects are inter-related. In any traditional 
society, like the tribal society, the integration is close 
knit, the static or equilibrium spirit overriding the 
dynamic nature of culture. Health aspects could be 
classified  into  softer  or  visible  aspects  such  as  ill 
health or disease, which needs treatment, with or 
without drugs. Ideas about prevention of disease and 
promotion of health, and causation of illness are part 
of hard core of culture, which would manifest in the 
area of faith. Cause and effect relationship about health 
and illness therefore, fall in the areas of belief system.  
The treatment, which may be herbal or of synthetic 
drugs in modern medicine, is guided by results, which 
could be classified as material culture, or soft aspects 
of culture. Magico-religious procedures are also 
followed in health, more so in tribal society, but not 
totally absent in the developed societies. There is no 
vacuum of knowledge or practices, in matters of health 
and medicine in any society. There are professionals 
in tribal society, generally referred to as  bhagats (a 
ritualistic medicine man) and vaidu (herbalist), who 
have good knowledge of herbal medicine. A dai 
(midwife) who conducts deliveries also possesses good 
knowledge of medicine, specially related to women 
and children. Tribal people have faith in them since 
these are members of the local community, as their kin, 
and are always available.

Conceptual issues

In  classical  anthropology,  there  is  no  specific 
ethnography about health issues. There is description 
about  foods  offered  to  gods,  guests  at  rituals. 
There is also documentation about the shamans 
(spiritual healers), bhagats and their magico-religious 

practices, not as much about their knowledge and 
practices about treatment of diseases and about 
the  medicinal  herbs,  which  were  later  classified 
as ethnomedicine and ethnobotany, respectively. 
Although the magico-religious practices of shamans or 
bhagats may have psychological effect about cure of 
ailment, better than the placebo effect, these practices 
are shunned in public health care, and are branded 
as superstition and exploitative. However, spiritual 
healing miracles of Mother Teresa are formally 
recognized1.

The basic philosophy and principles of life, which 
help to evolve cultures through historical process, 
would be similar, for all communities including the 
Indian tribal communities and American Indians. 
The universals of man–environment, man–man, and 
man–supernatural relationships create distinctive 
cultures of respective communities. This has also 
been referred as ‘Psychic Unity of Mankind’ by some 
anthropologists2. The tribal communities living in 
isolation in  the forest, hill  tops  in difficult  terrain, on 
islands, not too much disturbed by the invaders in 
historical times, lived autonomous lives establishing 
symbiotic relationship with nature. Now, they are 
citizens of respective Nation-States.

It  is  obvious  that man had  to find his  food  from 
the environment in the neighbourhood. Studies on 
humankind,  food  and  environment  at  different  time 
points suggest that early man (now referred to as 
indigenous or tribal people) as collector of food, like 
other living beings in nature, had to get his nutrition 
and food from the geographical area of his habitat. Man 
learnt the technique of collecting roots, tubers, fruits, 
leaves and game by processing it to make it edible. 
Even now, in the tribal belts, during rainy season, 
several types of leafy and fruit vegetables are collected 
by the tribals as food. They know how to detoxify the 
harmful elements of food products. The following are 
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a few excerpts chronologically presented to highlight 
related observations:
(i) 1955- “In many areas of the world, people whose 

nutritional pattern appears, according to Western 
standards, to be inadequate, actually present a 
picture of health. In sections of Africa where mixed 
cultivation is still practiced and cash crops have not 
been taken up, the nutritionists have been surprised 
to find such health and growth as presupposes 
adequacy of diet”3. 

(ii) 1965- “Tubers of all sorts, grubs, ant eggs, bird 
nests, mushrooms, berries, and teas brewed from 
the buds of evergreen and other plants have supplied 
diets adequate in proteins and vitamins to countless 
generations of people who had acquired empirically 
a nutritional wisdom similar to that of wild animals. 
The diet of primitive people, quantitatively limited 
and monotonous as it may be, thus includes many 
items not recorded in textbooks of nutrition. In many 
areas, empirical but useful culinary practices have 
been developed to improve the nutritive value of 
certain products”4, and

 “In theory, all human beings have essentially the same 
nutritional requirements and suffer in a similar way 
from the various kinds of deficiencies. In practice, 
however, immense numbers of human beings all 
over the world remain healthy and vigorous on diets 
that are considered grossly deficient by nutritionists 
and would appear close to a famine ration for the 
American public. This paradoxical state of affairs 
can be explained  in part by more efficient use of 
foodstuffs  in  underprivileged populations. As we 
have seen, many primitive people have developed 
empirical practices that permit them to find fairly 
adequate subsistence under conditions where food 
supplies are restricted”4. 

(iii) 1989-“Dietary  habits  of  populations  in  different 
regions of the world have been determined mainly 
by the availability of foods locally and local 
practices. Man has evolved his habitual dietary 
pattern to maintain good health, perhaps after a 
good deal of trial and error. Satisfaction of hunger 
is usually the primary criteria for adequate food 
intake”5. 

(iv) 2011- “Man is a cooking animal. The beasts have 
memory, judgment, and all the facilities and passions 
of our mind in a certain degree; but no beast is a 
cook”6, and

 “The entire history of the human being has been 
divided into two parts, time when they used to gather 
and hunt their food that was grown naturally and 

time when they started cultivating and rearing their 
food. Gaining command over the sources of food 
through domestication has been called a revolution; 
undoubtedly that revolution has remained the most 
significant one in human history. Processing food 
for preserving or consuming the same, cooking 
is  a  part  of  that  effort, marks  another  extremely 
significant dividing  line between  the humans and 
the non-humans”6.

(v) 2014- “Early tracts by anthropologists and colonial 
administrators describe these isolated communities, 
mostly living in remote hills and forested regions, as 
distinct, relatively homogenous and self-contained 
social and cultural entities. These studies were 
mostly preoccupied with their culture and social 
arrangements, and dwelt less on their material 
conditions – of poverty, illness and hunger”7. 

Tribal ethnography

The  first  field  training  excursion  of  the 
postgraduate anthropology students of Pune University 
at Maharashtra, India, was undertaken in the interior 
tribal area at Laheri village, ahead of Bhamragad in 
Chanda District (renamed as Chandrapur and now a 
part of newly created Gadchiroli District) in the last 
week of December 1963. We were shocked to see early 
morning, the cattle in the open, with dew-drops on their 
bodies in severe winter. We were wondering why they 
were not in the cattle shade, until we found the families 
including babies, sleeping around fire in the open. We 
were also surprised and embarrassed to see all women 
topless and barely a piece of cloth covering the thighs. 
All men were wearing only langoti, a piece of cloth 
covering the genital and anus.  The Madia village 
headman, Gaita, visited us every day morning for a 
cup of black tea. We were carrying powder milk since 
the tribal people did not milch their cows. According to 
them, as mother’s milk was meant for the babies, cow’s 
milk was meant for the calves. The Gaita never carried 
any water  for going  for field defecation but used  the 
tree leaves as tissue paper. 

One of the days, I went for ritual hunting with 
the villagers to the forest on the hill. All the tribal 
residents of the village including the babes in arm 
went for hunting, except very old persons and women 
in menstrual period. The villagers had carried the 
snare-nets and spears to the forest to trap the deer. 
Simultaneously, the women were collecting the tubers, 
leaves of trees, skin of some trees and firewood. At the 
end of the day, all men and women from the village 
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were carrying some forest collection on their heads 
except me. 

Among the Madia, separate huts are provided 
behind the main house for women in menstrual cycle 
to live for four days. Similar custom has been reported 
among the American Indians. “Menstruating women 
usually occupied a separate lodge, had a special diet, 
and were relieved of work during their periods”8. 

Among the Bhils in the hilly tract of Dhadgaon 
(Nandurbar district), Maharashtra, during a ritual, three 
goats were sacrificed to propitiate their deities. As a part 
of the ritual the deities were worshiped by a representative 
of each hamlet of the village Jamana. We, students with 
teachers, as a group, were also treated as a distinct hamlet 
for  the  purpose  of  offering  worship.  The  mutton  was 
cooked in three earthen pots by the side of the river on 
slow fire with only turmeric and salt as spices. Similarly, 
during field trip in Bastar, we were supplied with two big 
earthen pots to cook rice and chicken9,10.

At a saturday weekly market, we could see an old 
woman selling three brinjals or two to three fish on a 
leaf for barter sell. Sonu Patil, a local Thakar tribal 
leader from Kortad (Mokhada taluka, Palghar District), 
showed me at a shop, from a distance, as to how the 
tribals were exploited. A woman  came with Ragi millet, 
on her head in a piece of cloth, gave it to the trader and 
asked for some salt, chilli and turmeric powders seen in 
glass bottles. There was no consideration or discussion 
about the price of her millet or of what she purchased 
(value-in-use). We have seen a tribal person walking 
five  kilometers  to  a  weekly  market  to  purchase  two 
tablespoonful of edible oil, in a small bottle. At Daskot 
village, in the same area, we saw the tribals leaving 
their cattle in a nearby forest on the hill, for grazing, 
during entire summer. They would bring them back 
only after the onset of monsoon. 

This area, though in close proximity to 
Jawhar town, was a part of Mokhada taluka. 
After the construction of road linking Sakharshet 
(having a primary healthcare center) to the villages, 
Vavar and Vangni up the hills, 135 children from 
these villages perished in an epidemic of measles. As 
Symington noted in his poverty report11, written more 
than 80 years ago about West Khandesh Bhil area, 
the problem of tribal people was not their isolation 
but increasing contact with the outside world. Raja 
of Aheri in Chandrapur (now Gadchiroli district) told 
in 1963 that the construction of roads in tribal areas 
facilitated their exploitation by the traders.

At Suryamal village in Mokhada taluka, a woman 
named Mangibai Thakar did bone setting on sheep, 
cattle and humans. She would use a bamboo stick and 
tie the bones after setting and would also give internal 
medicine  for  which  she  charged  ₹  10/  per  case. 
Patients from nearby non-tribal urban areas also came 
for treatment.

Christopher Columbus and such other sea 
voyagers from European countries, many of them 
heading towards India for its black spices such as 
black pepper and clove (black gold), navigated   to the 
shores of North American Continent, identifying the 
land as that of India and the people they confronted as 
Indians. Indigenous people got branded as ‘Indians or 
Red Indians’. Some of the voyagers, who became ill, 
were treated successfully by the ‘Indian’ medicine men 
with herbs. These examples are well documented, by 
the voyagers as follows. 
(i) “During the bitter cold winter of 1535 – 36, the 

three ships of Jacques Cartier were frozen fast in 
the fathom – deep ice of the St. Lawrence River 
near the site of Montreal. …. Soon Scurvy was so 
rampant among them that by mid March twenty five 
men had died and the others ….. were so ill that hope 
for their recovery was abandoned. …. Cartier had 
the good fortune to encounter once again the local 
Indian Chief, Domagaia, who had cured himself 
of the same disease with ‘the juice and  sappe of a 
certain tree’. The Indian women gathered branches 
of the magical tree ‘boiling the bark and leaves for 
a decoction, and placing the dregs upon the legs’. 
All those so treated rapidly recovered their health, 
and the Frenchmen marveled at the curative skill of 
the natives”. 

(ii) “These Indians had never heard of vitamin C, 
and there was no value in the external application 
of their remedy. …. More than 200 years, after 
Cartier’s experience, James Lind a British Naval 
Surgeon having read of these incident, launched 
the experiments which proved the dietary basis of 
Scurvy”. 

(iii) “Logan Clendenin reports that the Cartier account 
was noticed by James Lind of Edinburgh (1716-94), 
a British Naval Surgeon whose experiments with 
Scurvy patients led to the conclusions that lemon 
juice was the best preventive”8. 

The indigenous knowledge about the environment 
and its judicious use for the immediate needs is visible 
in a tribal village in every house. A wooden structure, 
walls of bamboo or local wooden sticks cemented and 
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plastered with the mixture of clay and cow dung, roof 
of handmade baked earthen tiles is the house. One 
big room is divided into compartments, indicated by 
mud thresholds or wooden sticks, a raised mud wall to 
keep the drinking water pots, and a kitchen in a corner. 
Opposite corner could have a bath place for women, 
made private with a mud wall. There would be a hard 
pit in the room to hand-pound paddy, millets and pulses.

One part of the room with separate entrance is 
reserved for cattle and sheep, with a drain for the urine 
to go out of the house in the backyard kitchen garden. 
The room may have a wooden ceiling with a wooden 
ladder to climb, to store the grain in bamboo baskets or 
bins made of thick ropes, made from grain husk. There 
is nothing purchased from the market. In traditional 
houses, one can see, cooking and kitchen utensils made 
from pottery and stone.

Outside the house could be seen heaps of 
palm-shaped leaves to instantly lift the dung of fowl, 
due to their movements in the room. The room and 
surrounding is cleaned at least thrice in a day with 
a hand-made broom. Size of the house is a status 
symbol. Except for the supporting beams and pillars, 
all wooden material is collected as dead wood in the 
forest, including fuel wood. Wood for beams and pillars 
is also from the forest, but from the trunk of live trees, 
and processed in water to last for decades and seem 
to be termite free. A stone slab in the forest was seen 
being revered by the tribal people, with an explanation 
that the female deity with head-load of fuel food rested 
on the slab, when felt tired of carrying the heavy load.

No child defecation is found around the house, no 
smell of urine or fecal material, in the village, unlike 
mentioned as an identity of caste-peasant village, by 
Mahatma Gandhi. Even in the forest, open defecation 
is covered with clay. Organic fertilizer by way of cow 
dung is used, or the ash of dry leaves spread and burnt 
on the farmland. Co-operative life and equality is seen 
by way of equal distribution to each family of the 
offerings made  to  local  deity,  as  also  from  the  game 
from ritual hunting expedition in the forest. No wild 
animal is killed for the pleasure of hunting.

Even among caste-Hindu peasantry, there is 
a concept of sacred trees, rivers, hills, which are 
worshipped.  The  leaves,  grass,  flowers  and  fruits 
offered to the deities are of medicinal value and used 
accordingly when the need arises.

We find the tribal communities living in symbiotic 
relationship with nature, taking care of their health, 

the health of their domestic animals as members of the 
family and of the environment around them. If there is 
an epidemic, it could be identified as due to evil spirits. 
All the villagers abandon the village for a week or so, 
migrate to the forest and return after following certain 
rituals. Periodic isolation is followed in such cases. 
In areas where every house had  bamboo compound 
walls, with a gate, we saw a wooden barrier at the gate 
indicating the new birth, to shy away the visitors. The 
gender friendly sex ratio among the tribal communities 
has never been studied by the mainstream society 
which asks tribal people to join them. This is probably 
due to the custom of bride price.

Traditionally, land and forest have never been an 
issue of ownership or property in tribal economy. Tribal 
economic organization has been labelled as primitive 
communism in Marxist literature12. Natural resources 
including land have been used for basic needs, but 
have never been owned by individual families. At 
best, there has been community ownership of natural 
resources. 

In  a  field  observation  in  1995,  among  the 
Dongria Kondhs of Odisha, it was seen that the 
land acquired by the local community through Podu 
(shifting cultivation) was found to be distributed 
equally among the tribal families in a village, on which 
about 18 varieties of crops necessary for consumption 
were cultivated. In Bastar, a riverboat in 1997 was 
found to be owned by the community for crossing the 
river from one bank to another, without any fee being 
charged, and without any assigned boatman. 

Policy corrections: tribal development

The British Raj, however, claimed ownership of the 
forests to use the resources for their opulent lifestyle and 
for creating infrastructure such as rail-roads. The tribal 
economy has traditionally been a subsistence economy 
in which food security is sought through collection of 
forest products, fishery, and seasonal cereal production 
using primitive technology. Historically, the tribals 
have never been the producers of food as they could 
get enough from nature through collection of food. The 
inseparable relationship of tribals and forest has been 
proved historically when during famines in the past, 
tribals did not suffer as much as caste peasantry, since 
the tribals continued to get food from the forests.

It is believed that current problems of hunger and 
undernutrition among the tribal people are due to denial 
of free access to their natural food resources in forests. 
Besides food shortages, there is shortage of medicinal 
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herbs  which  also  affects  commercial  production  of 
Ayurvedic and Unani drugs11.

There are tribal healers who have good knowledge 
of medicinal plants in the vicinity, and the dais who 
have been providing obstetric care during pregnancy 
and child birth. In the Government Health Care 
Programme, no consideration is given to the existing 
indigenous knowledge and practices of the people 
about health and nutrition. Probably the solution lies 
in upscaling the indigenous knowledge of the tribal 
people  and  complementing  it  with  modern  scientific 
knowledge. If the services of local healers with 
knowledge of medicinal herbs and services of trained 
dais are co-opted in health care, scenario could be 
more positive. 

Conclusion

To summarize, special treatment to tribal 
communities guaranteed by the Constitution of India 
is required due to historical and geographical factors. 
Their problems of health and nutrition are the result 
of blocking their access to traditional resources of 
livelihood. The administrative mechanism which is 
the legacy of regulatory ‘British Raj’ pattern has to be 
logistically minimized to restore back the functional 
implementation of their traditional pattern of self 
governance, bestowed by 73rd Amendment of the 
Constitution, symbolized by the Panchayat Extension 
to Scheduled Areas (PESA) Act (1996)13 and the 
Forest Rights Act (FRA)14. The benefits of science and 
technology have to be made accessible to them through 
affirmative action. Towards  this,  capacity building of 
tribal youth, female members in Panchayati Raj and 
community based organizations (CBOs) are to be 
given priority. 

Leaders like Mahatma Gandhi have been aware 
about the heritage of tribal communities living in 
communion with the environment. The proverb, 
“nature provides for everyone’s need, but not for 
everone’s greed” originated in this realization of 
traditional tribal life. Gandhiji’s communications with 
Leo Tostoy and Rabindranath Tagore have been about 
these philosophical issues. Gandhiji had studied the 
lives of Zulu tribals in South Africa from close quarters. 
He had named the village, he established, following 
the principle of self-help in South Africa, as ‘Tostoy 
farm’. His term ‘Daridranarayan’ refers to the tribal 
people. The term, ‘Adivasi’ coined by his disciple, Sri 
Thakkar Bappa, to denote tribal people, was adopted by 
Gandhiji. Adivasi has been one of the 18 constructive 

programmes of Gandhiji15. In this context, the debates 
in the Constituent Assembly concluded to provide 
special treatment to tribal communities guaranteed 
by the Constitution of India. The 73rd Amendment 
of the Constitution, symbolized by the PESA13 and 
FRA14 were designed to restore back the functional 
implementation of their traditional pattern of self 
governance. 

Mahatma Gandhi’s talisman about remembering 
the last man will always provide direction to plan the 
holistic and integrative development programmes, 
for the tribal communities, “according to their own 
genius”, as Jawaharlal Nehru advocated16.  In the 
context of integrated and holistic tribal culture as a role 
model, One Health has to be understood as a universal 
value of humanity.
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Humans, animals and plants coexist, thrive 
and eventually succumb in a state of mutual 
interdependency. Various cultural traditions and 
lifestyles may either respect or disregard the balance 
among these interdependencies in different ways and to 
varying degrees. The concept of One Health, building 
on an earlier formulation of One Medicine, provides a 
framework for responding to ecological and zoonotic 
priorities.  Current  efforts  to  unify  human,  animal, 
social and environmental health interests were initially 
associated with work and achievements in Europe and 
North America1. But the concept is also relevant for 
consideration and adaptation in India, where health and 
environmental challenges and a rich cultural history 
indicate the value of a One Health approach. To inform 
prospects and planning, we consider relevant cultural 
traditions in India and the historical background of the 
One Health concept. 

Cultural concepts of place and health in India

Indigenous  peoples  influenced  by  their  cultural 
traditions are typically more sensitive and attentive 
to their environment and more diligent in sustaining 
its ecological balance, both as a practical matter for 
protecting their livelihoods and as a matter of respect for 
the sanctity of special places. In coastal Maharashtra, 
sacred groves (devrai) are valued by virtue of such 
traditions. They may have a temple, shrine, monastery or 
a burial ground, and they have been havens for wildlife 
and biodiversity2. Within the grove it is forbidden to 
cut plants or even the living branch of a tree, and the 
local population may feel responsible for protecting 
them. The preoccupation and compulsion to fulfil that 
responsibility was central to the delusional experience 
of a young man with schizophrenia in the plot of a 
Marathi  film,  titled  Devrai (2004). Social, cultural 
and religious studies acknowledge the significance of 
various other places, especially settings where rivers 
and their waters have restorative and healing power3. 

Commentaries on the literature of the Mahānubhāv 
religious sect, founded by Chakradhar in the thirteenth 
century, extol  the salutary and psychological benefits 
of being in Maharashtra, not just that it fosters religious 
pursuits, but because it is good for one’s health and 
morals4. 

Effects on health and medical problems represent 
aspects of broader interests in environmental harmony 
that are rooted in culturally sanctioned ecological 
values.  Places  in  the  natural  world  offer  conducive 
settings that may provide herbal and other remedies. 
A fundamental relationship between the individual  
and the world as microcosm and macrocosm, each 
identified and represented within the other, is elaborated 
in chapter 5 of the fourth of eight major sections  of the 
Charaka Saṃhitā. This section on human embodiment 
(Śārīrasthāna) explains interests of the Ayurvedic 
medical tradition in health, sickness and healing of 
the body with reference to ultimate emancipation 
from the world (Mokṣa)5. Based on the authoritative 
Sanskrit  texts  and  anthropological  fieldwork,  social 
and humanistic study of the ecology of varied wet and 
dry landscapes and nonherbal medicines shows how 
setting is related to health and remedies6. It explains 
how zoology and pharmacy are related, considering the 
nature of animals and their pharmaceutical properties. 

Addressing health problems that result from 
interactions with animals, the major texts of Ayurveda 
devote  sections  to  the effects of poisons and venoms 
from snakes, scorpions and spiders. Exposure from 
contact with the teeth, excreta or semen of various 
mammals may be toxic. They elaborate effects of poison 
in the semen  of rats and mice  and their treatment. In 
sections describing such animal bites, two of the three 
major texts of Ayurveda, the Suśruta Saṃhitā (chapter 7  
of the Kalpasthāna section) and the Aṣṭāṅgahṛdaya 
Saṃhitā (chapter 38 of the Uttarasthāna section), 
include accounts of rabies. They refer to it by a term 
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translatable as hydrophobia (jaltrāsa), based on 
well-known symptoms that include fear of water. The 
condition was attributed to the bites of dogs and jackals, 
as well as other species, including hyenas, bears and 
tigers. Affected persons may imitate behaviours of the 
biting animal, and for them the condition is fatal5.

Historical background in Europe and 
North America

As in the fields of pathology and social medicine, 
key features of the concept of One Health are 
traceable to seminal contributions of Rudolf Virchow 
in the nineteenth century. His studies of epidemic 
typhus and cholera in the mid-1800s highlighted 
social and political determinants of health problems, 
boldly presented in the 14 issues of his short-lived 
but  influential  weekly  periodical,  Medical Reform, 
which he established in 18487. His interests and 
achievements in conceptualizing principles of social 
medicine, detailed in his report after investigating a 
typhus epidemic in upper Silesia earlier in that year, 
emphasized  the  definitive  role  of  social  conditions, 
rather than pathogens, for explaining and controlling 
that and other epidemics. His ideas and work in 
an activist medical reform movement motivated 
rethinking of disciplinary boundaries between 
biomedicine, politics and anthropology. 

Virchow also highlighted the interdependencies 
of  human  and  animal  health.  In  1855,  he  identified 
and discussed rabies, anthrax and glanders, using 
the term zoonoses8. He included these three in a list 
of causes of death that he had prepared in Berlin 
for  use  on  death  certificates.  As  a  pathologist  and 
scientist, he exhorted doctors in 1875 to document 
deaths more conscientiously for better statistics9. 
In a lecture in Brussels in 1877 on the prevention of 
animal epidemics, he further emphasized the need for 
research involving the collaboration of physicians and 
veterinarians, highlighting implications for controlling 
epidemic lung disease  in animals, which he thought to 
be transmissible to humans9. He explained the need for 
legislation to ensure quarantine and/or culling livestock 
herds, with compensation for farmers, to prevent spread 
within Germany and across international borders from 
Austria and Russia: 
 “Now in my opinion it would be a matter of 

great importance for observers to direct more 
attention to ascertaining whether the disease arises 
spontaneously anywhere … We would thereby 
obtain much more certitude for the legislative and 

administrative measures that must be taken against 
the spread of this disease, one that affects an animal 
of great importance in human nutrition; we would 
perhaps proceed with more justice could science 
fill  this  gap … by  the  combined  activity  of  the 
physicians and veterinarians of Europe”9. 

On further considering zoonotic transmission, 
Virchow suggested that bovine tuberculosis, which 
had been shown to be an infectious disease, was 
communicable to humans. “If so,” he explained, “it 
would follow that far more stringent sanitary measures 
must be directed against this disease than heretofore”9. 
With that in mind, he cautioned against human 
consumption of meat and milk from infected animals, 
especially milk because it posed a particular risk for 
newborns. As a politician seated in parliament, he was 
well-placed to advocate for regulating the movement 
of livestock across international borders. 

A century later, Calvin Schwabe, a veterinary 
epidemiologist at the University of California, Davis, 
elaborated the concept of One Medicine in the 1980s, 
based on ideas he had been developing over the prior 
two decades. He argued that medicine and health 
science should not be compartmentalized according 
to species because advances from consideration of 
each inevitably contributed to the other. His ideas in 
the 1960s germinated from his experience in Lebanon 
as a consultant on parasitology for WHO and while 
working at the American University of Beirut10. He 
first used the term One Medicine to explain his views 
in the third edition of his textbook, Veterinary Medicine 
and Human Health, in 1984, though not in the earlier 
editions in 1964 and 196911. 

Acknowledging the preventive, policymaking 
and research interests of public health beyond clinical 
medicine, the term One Health came into use in 2003.  
The concept of One Health strengthened a broader 
range of collaborations in teaching and research, and it 
led to the appearance of new journals and textbooks1,12. 
The WHO and other international agencies have 
acknowledged the complementary relationship and 
lent their support to integrating development of human 
and animal health systems13.

Priority and current status

Pandemic diseases originating in animals 
regardless of whether they require animal vectors to 
sustain their spread - including COVID-19, Ebola 
and SARS in recent years have heightened awareness 
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and contributed to the current timely priority of 
the One Health framework. It is now clear that an 
exclusive focus on either humans or animals without 
considering the other will be inadequate to counter 
zoonotic threats and related concerns. Complementary 
challenges, notably the complexity of climate change, 
also demonstrate the need for a cross-disciplinary 
systems theory approach14. From a cultural historical 
perspective, ecosystems theory may be regarded as a 
secular complement to traditional cultural values, and 
a  concerted  approach  is  now  required  for  effective 
responses to the most pressing challenges of our age. 

To guide a joint initiative of the Government of 
India, Ministry of Health and Family Welfare and 
the Ministry of Agriculture and Wildlife Institute, 
a priority-setting exercise was initially undertaken 
in 2008. The activity involved the Public Health 
Foundation of India and international collaboration, 
enlisting a group of 17 experts to develop a Roadmap 
to Combat Zoonoses in India (RCZI) and establish 
a  five-year  strategic  research  agenda15. Though 
the research team concluded that multisectoral 
collaboration was required, the composition of the  
expert group and lack of community involvement was 
an acknowledged limitation. The group comprised only 
one environmental scientist and one social scientist 
working with eight veterinary scientists; the rest were 
trained in wildlife and public health sciences. 

Other agencies of the Government of India have 
also been advancing a One Health agenda. The Indian 
Council of Medical Research (ICMR) and the Indian 
Council of Agricultural Research have jointly pursued 
efforts to establish One Health activities at the national 
level for over a decade. In August 2019, a Centre for 
One Health in Nagpur, Maharashtra, was approved 
as a satellite of the Pune-based ICMR-National 
Institute of Virology16. Another Centre for One 
Health was inaugurated on  November 3, 2020 at the 
National Institute of Animal Biotechnology (NIAB) 
in Hyderabad, which is an autonomous research 
institute of the Government of India, Department of 
Biotechnology17. The NIAB is conducting translational 
research based on the theme “animal health for 
human welfare” to develop vaccines, diagnostics and 
molecular medicines for livestock18. 

Establishing a national institute would provide 
an opportunity to rethink the scope and innovate a 
more interdisciplinary and systems-based approach 
that is sensitive to national and local environmental 

and cultural contexts. The case of brucellosis control 
illustrates that need. The economic loss and broad 
impact of brucellosis in low- and middle-income 
countries is well documented19. Interventions based 
on sanitation, calfhood vaccination, testing, quarantine 
and slaughter are known to be efficacious. Acceptable 
and  effective  use  of  these  interventions,  however, 
involves considerations that extend beyond health 
system preparedness and economic and environmental 
priorities. Questions concerning the social and religious 
milieu and political commitment are also critical.

Rabies control has so far dominated One Health 
activities in India20, and it is included among the 
11 priority zoonotic diseases or classes of disease 
identified  in  the  RCZI.  Although  global  concerns 
focus on emerging and resurging infectious diseases, 
but various other aspects of human, animal and 
environmental health-related interactions have long 
been recognized, and remain relevant, for a One Health 
ecosystems approach, especially in India. The cultural 
mix of agricultural and pastoral practices has varied 
across regions of India and over time. For example, 
mechanized farming and economic incentives have 
favoured a shift towards rearing smaller animals—goats 
for mutton and sheep for wool—among  farmers in 
northwestern India21.  

Snake bites and other non-infectious toxic 
exposures are priorities that have been  addressed 
by the indigenous medical system. Human-wildlife 
conflict  is  recognized  as  a  serious  problem  that  has 
been exacerbated both by rural land development 
encroaching on animal habitats and urban hazards 
resulting from expanding populations of monkeys 
in cities22. Such issues may be more likely to be 
acknowledged by community stakeholders than by 
biomedical health scientists. Repelling monkeys, 
which are regarded as a menace in the “urban jungle” of 
Lutyens’ Delhi, is central to the plot of a recent popular 
Hindi  film, Eeb Allay Ooo! (2019)23. Environmental 
and  health  effects  of  development,  such  as  open 
mining activities, road construction and dam projects 
are also relevant for consideration on the One Health 
agenda. High-impact decisions may cause serious 
problems for beleaguered communities, and ecosocial 
considerations and ecosystem experts are, therefore, 
required to guide policy. Human health and livelihood 
effects of disrupted environments, constrained animal 
habitats and threats to the health of livestock have 
been mainstream interests of the One Health approach. 
Mental health, however, is also an important, though 
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relatively neglected, aspect of these considerations24. 
Notably, research shows that climate change has 
substantial effects on suicide25. 

Prospects for One Health in India

A suitably adapted strategy for a National Institute 
for One Health in India should consider global, national 
and local priorities in formulating an appropriate 
policy for the country. Planning should be attentive 
to social, cultural, economic and technical issues, 
acknowledging needs, constraints and resources. 
Innovative opportunities should be developed to 
encourage multisectoral collaboration among experts 
from various relevant fields beyond human and animal 
health sciences, including basic sciences, social 
sciences, humanities and unique potential in India for 
advancing public health through performing arts and 
entertainment26.

The proposed National Institute of One Health in 
India offers a welcome opportunity for a broad agenda 
to address needs and draw upon cultural, health and 
scientific resources. Though advancing health priorities 
by addressing human, animal and environmental 
interdependencies is a challenging task, doing so is 
critical both for reimagining India’s future health 
system and to ensure that One Health contributes to 
global health.
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Emergence and re-emergence of zoonotic 
diseases is a major health problem. The latest was 
SARS-CoV-2 in December 2019, crossing species 
to infect humans. The concept of One Health deals 
with the interdependence of human, animal and 
environmental health. This review is to express 

experiences dealing with two emerging zoonotic 
infections viz. Crimean-Congo haemorrhagic fever 
(CCHF) and Kyasanur forest disease (KFD) in the 
country.  It  defines  how  collaboration,  coordination 
and commitment of relevant principal stakeholders 
are sought for joint efforts to build laboratory capacity 
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Emergence and re-emergence of several pathogens have been witnessed by this century in the form 
of outbreaks, epidemics and pandemics. In India, the influencing factor that promotes dissemination 
of emerging and re-emerging viral infections is the biogeographical zones: a megadiverse country, 
characterized by varied geographical, climatic conditions and ever-changing socio-economical and 
geopolitical issues. These influence the movement of humans and animals and add layers of complexity 
for the identification and timely management of infectious diseases. This review focuses on two tick-borne 
infections: Crimean-Congo haemorrhagic fever (CCHF) and Kyasanur forest disease (KFD). In the last 
two decades, these viruses have emerged and caused outbreaks in different parts of India. KFD virus 
was initially identified in 1957 and was known to be endemic in Karnataka State while CCHF virus was 
first identified during 2010 in Gujarat State, India. These viruses have managed to emerge in new areas 
within the last decade. With changing epidemiology of these arboviruses, there is a probability of the 
emergence of these viruses from new areas in future. The investigations on these two diseases under the 
One Health focus involved early detection, quickly developing diagnostic tools, identifying stakeholders, 
capacity building by developing collaboration with major stakeholders to understand the epidemiology 
and geographical spread in domestic animal reservoirs and tick vectors in the affected areas, developing 
laboratory network, providing diagnostic reagents and biosafety and laboratory diagnosis training to the 
network laboratories to control these diseases.
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and developing laboratory networks for quick 
diagnosis to assess the impact of these diseases in 
the affected areas. The  training and coordination has 
helped to minimize the impact of these diseases on 
human health. Particularly, various biorisk mitigation 
trainings helped in prevention of secondary cases and 
containing the outbreaks of the highly infectious risk 
group-4 pathogen. This review shares the experiences 
working with these two emerging zoonotic infectious 
diseases, focusing on One Health.

Appropriate infrastructure to deal with emerging 
zoonotic infections

The National Institute of Virology (ICMR-NIV), 
Pune, is one of the premier institutes of the Indian 
Council of Medical Research (ICMR), New Delhi. 
The mission of the institute is to carryout high calibre 
research in the areas of diagnostics, epidemiology, 
molecular biology and immunological aspects of the 
viruses of public health importance. Cutting edge 
Biosafety level (BSL)-3 and -4 facility is available 
with the mandate to investigate outbreaks caused 
by emerging and re-emerging viral infections. The 
establishment of the state-of-the-art laboratory 
provided  improved  zoonotic  disease  identification, 
response capacity and prevention. This institute 
does not only serve the country but also caters to 
the needs of neighbouring South-East Asian Region 
(SEAR) countries for laboratory capacity building 
for preparedness of dealing with unusual outbreaks 
and epidemic. The ICMR-NIV is recognized as 
the World Health Organization (WHO) Regional 
Collaborating Centre for Reference and Research 
on  Arboviruses,  Influenza  and  Measles  as  well  as 
National Reference Centre for Polio, Hepatitis, 
Avian  Influenza  and  emerging  infectious  diseases. 
This institute is a designated Polio Essential Facility 
under the Ministry of Health and Family Welfare, 
Government of India, for storage of the virus isolates 
of eradicated wild type and attenuated vaccine strains 
of poliovirus in the country. It is also a resource centre 
for providing training related to virological diseases 
for their detection and diagnosis as well as control 
with the back-up of Virus Research and Diagnostic 
Laboratories (VRDL) network and State Integrated 
Disease Surveillance Programme (IDSP) network in 
the country. 

Kyasanur forest disease

Kyasanur forest disease (KFD) virus was 
discovered in 19571. It belongs to the tick-borne 

encephalitis virus sero-complex, genus Flavivirus 
and family Flaviviridae1. Extensive work was carried 
out during the 1960s and 1970s to explore the natural 
cycle, transmission cycle, host-vector biology and 
disease seasonality. Initial investigations showed 
the  prevalence  of  this  disease  only  in  five  districts 
of Karnataka State (Shimoga, Chikamagalur, Uttara 
Kannada, Dakshina Kannada and Udupi) with average 
cases of about 400 to 500/year2. Indigenous KFD 
vaccine was also developed in the 1960s. The National 
Institutes of Health/Centers for Disease Control and 
Prevention, USA, established the biosafety concept 
in 1960s3. But during 1957-1970, more than 100 
researchers got infected while working on KFD in the 
laboratory and field, hence the work on the KFD virus 
was completely stopped in ICMR-NIV due to a lack of 
containment facility and proper and adequate personal 
protective gears4.

National collaboration with stakeholder on the 
investigation of KFD

After the establishment of BSL-3 laboratory 
in ICMR-NIV in 2005, work on this virus was 
resumed. Quickly the time-sensitive and cost-
effective  molecular  and  serological  assays  were 
developed  for  KFD  virus  (KFDV)  identification, 
including nested RT-PCR, real-time RT-PCR and IgM 
and IgG ELISA5.  The  ICMR  identified  Karnataka 
Health department as the main stakeholder and 
provided support for the on-time screening of 
human, monkey and tick samples. Coordination with 
health services of various States and public health 
laboratories with the availability of better laboratory 
diagnostic  tests  led  to  the  identification  of  newer 
areas affected by KFDV from Western Ghats of India 
(Kerala, Tamil Nadu, Goa and Maharashtra States)6. 
With expanding laboratory network from 2012 in 
southern States, the prevalence of KFD was identified 
in further new areas (Bandipur National Park), 
with monkey deaths and human cases from 
Chamarajanagar district, Karnataka State (2012); 
Mudumalai Tiger Reserve, Tamil Nadu State (2012)7,8. 
In 2014, a massive KFDV outbreak was reported 
from Thirthahalli taluk, Shimoga District, Karnataka 
State, India. Monkey and tick pools were also tested 
positive for KFDV9.  Soon  after  confirmation  of  this 
outbreak, necessary preventive measures were taken 
by the Karnataka State Health authorities10. In May 
2014,  an  outbreak  of  KFDV  was  confirmed  in  the 
tribal population of Nilambur, Malappuram district, 
Kerala, bordering the Nilgiri district of Tamil Nadu. 
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The  outbreak  investigation  in  the  affected  areas 
showed febrile illness and KFD positivity in the tribal 
population11. In 2015, retrospective screening of the 
acute febrile illness cases showed the presence of 
anti-KFD IgG antibody among the human population 
of Wayanad (7.1%) and Palakkad district (33.9%) 
(ICMR-NIV unpublished data). In 2016, an outbreak 
of KFD was jointly investigated by the ICMR-NIV 
and State Health Department, Dodamarg taluka, 
Sindhudurg district, Maharashtra State. Higher KFDV 
positivity (22.8%) with 2.3 per cent case fatality rate 
(CFR) was recorded during this outbreak12. This was 
the first report of the KFD outbreak from Maharashtra 
State. Based on this, the health services, Government 
of Maharashtra took policy decision regarding KFD 
vaccination for those who were at high-risk covering 
health workers and forest workers12. During 2016, 
outbreak investigations in Belgaum district, Karnataka 
showed that cashew nut harvesting workers contracted 
the KFD infections while working in Sattari taluk, 
Goa. This  further confirmed  that certain occupations 
like farming, collecting the dried leaves and wood 
as well as grazing animals in the forest were the 
major risk factors for tick-bite and thereby acquiring 
the infection13. In 2017, the outbreak of KFD was 
confirmed  from  the  Banda  taluka of Sindhudurga 
district, Maharashtra with the highest recorded CFR of 
12.3 per cent (ICMR-NIV unpublished data). With its 
widespread prevalence along the Western Ghats, KFD 
emerged as a disease of public health importance in 
India. Till 2021, human cases, monkey and tick pool 
positivity have been detected from all the five affected 
States of the country (ICMR-NIV unpublished data).

Phylogeography of KFD virus in India

During 1957–2017, several strains of the KFD 
virus were isolated from humans, ticks and monkeys. 
The KFD vaccine was prepared in the Virus Research 
Laboratory, Karnataka, with the collaboration of 
ICMR-NIV, Pune. The prototype strain isolated in 
1957 was used for vaccine preparation. The emergence 
of KFD in many other States other than Karnataka 
raised the issue of the possibility of strain variation 
during the last 5-6 decades14. Therefore, a study was 
undertaken on phylogeography analysis of 48 whole 
genomes and additionally 28 E gene sequences of 
KFDV  isolated  from  different  regions  spanning  the 
period 1957–2017 that revealed that mean evolutionary 
rates based on the E gene were marginally higher 
than that based on the whole genomes14. A subgroup 
of KFDV strains representing earlier and the recent 

isolates of duration 2006–2017 differing from the early 
strains from Karnataka isolated during 1957–1972 by 
about  2.76 per cent at their whole-genome level. This 
could be the reason for the spread of KFD to different 
geographical areas that were genetically diverged 
around 198014.  Maximum  nucleotide  difference 
between the two groups was noted in the capsid gene 
(3.27%), followed by the E gene (3.22%) and NS2 gene 
(2.91%). The highest per cent amino acid differences 
between the two groups were noted in the capsid 
protein (3.17%), followed by the prM (1.66%), and 
NS2 (1.4%) proteins14. The study indicated dispersal 
of the virus from Karnataka to Goa and Maharashtra 
while Maharashtra strain represented a new source 
for  transmission of KFDV since    2013. The findings 
indicated the need to curtail the spread of KFDV by 
surveillance measures and improved vaccination 
strategies14 India where the disease was first identified 
and in Tamil Nadu, Maharashtra, Kerala, and Goa 
covering the Western Ghats region of India. The 
incidence of positive cases and distribution of the 
KFDV. The Fig. 1 depicts the States affected by KFDV.

Crimean-Congo haemorrhagic fever (CCHF)

Identification of major stakeholders and national 
collaboration on outbreak investigation

In 2011, the presence of CCHF virus was confirmed 
for  the  first  time  during  a  nosocomial  outbreak  in  a 
tertiary care hospital in Ahmadabad, Gujarat15. With 
evidence-based surveillance and collaboration with 
Gujarat State Health Authorities, the investigations 
revealed the circulation of Tajikistan strain of CCHF 
virus in this outbreak15.  After  the  first  outbreak,  the 
Department of Animal Husbandry, Gujarat government 
was  identified  as  the  main  stakeholder  and  screening 
of livestock and tick pools was initiated. The team of 
Integrated Disease Surveillance Programme (IDSP), 
Gujarat, worked in collaboration with ICMR-NIV, Pune 
to confirm the epidemiological linking of the CCHF cases. 
This set-up led to the investigation of another dreadful 
outbreak of CCHF in 2013, in Karyana village, Amreli 
district, Gujarat16. This outbreak investigation showed the 
cause of secondary cases among the close contacts who 
were performing the last rituals of the CCHF case. This 
outbreak made a huge impact on public health, hence, 
the State government in consultation with ICMR decided 
for the procedure for safe last rituals of the suspected and 
confirmed  cases  by  the  health  authorities.  The  CCHF 
clinical management guidelines 2013 were formulated 
in collaboration with IDSP, Emergency Medical Relief 
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(EMR), National Centre for Disease Control (NCDC) 
and ICMR-NIV, Pune (guidelines not available in public 
domain).

The establishment of state-of-the-art containment 
BSL-4 facility at ICMR-NIV, Pune in 2012 made it 
possible to develop indigenous serological assays for 
diagnosis of IgM and IgG for humans and IgG for 
the livestock17. Before this, the source of reagents 
supplied was only the Centers for Disease Control and 
Prevention, USA. These indigenous technologies not 
only helped in the timely diagnosis of suspected CCHF 
cases; but also rendered a help in surveillance of CCHF 
in human, livestock, and ticks in the country. 

The Gujarat State and Central Health Authorities 
initiated a survey of antibodies in domestic animals 
(bovine, sheep, and goat), which revealed a high 
proportion of animal population positive for anti-CCHF 
IgG antibodies from 15 districts of Gujarat17. The high 
prevalence of this virus in Gujarat during 2011-2014 
caused almost 34 CCHF cases and 16 deaths15,16. In 

2014, samples from a suspected viral haemorrhagic 
fever (VHF) case from Veravilapur village, Sirohi 
District, Rajasthan was confirmed to be CCHF positive. 
This  was  the  first  outbreak  of  CCHF  in  Rajasthan, 
which raised the question of whether the CCHF virus 
has spread to Rajasthan State or it already existed but 
was not detected before18.

Following  the  first  confirmed  CCHF  case  from 
Rajasthan, a nosocomial outbreak was reported from 
Jodhpur in January 201519. After this episode, a 
three-member medical team from the State ministry 
visited the hospital and on their recommendations, 
contact tracing was initiated, and a total of five cases 
were confirmed. Data on the genetic analysis suggested 
the CCHF viral strain responsible for this outbreak to 
be new which could be a recent introduction from the 
neighbouring countries19. 

To understand its prevalence in the rest of the 
country, the main stakeholder, Indian Council of 
Agricultural Research (ICAR) was identified and with 

Fig. 1. Pictorial presentation of States positive for Crimean-Congo haemorrhagic fever and Kyasanur forest disease reported across 
India. Source: India map layout was created from mapchart.net available from https://mapchart.net/india.html. Source: Refs. 
1,2,4,5,7,9,10,11,13,14,15-19.
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their help the countrywide survey of CCHF antibodies 
was carried out with samples from bovine, sheep and 
goats from 22 States and one Union Territory of India 
within two years. The results showed the prevalence 
of this antibody in all these areas20. Many sporadic 
CCHF cases and focal outbreaks were reported from 
Gujarat during 2015-2018 (ICMR-NIV unpublished 
data). In 2016, an Indian migrant worker who returned 
from Muskat, Oman to Kutch, Gujarat was confirmed 
as an imported CCHF case21. Phylogenetic analysis 
revealed that this imported strain belonged to the Asia-
1 IV group, along with strains of CCHFV from Oman, 
Afghanistan, Pakistan and Iran20. 

Another imported CCHF case with a travel history 
from Dubai, the United Arab Emirates to Thrissur, 
Kerala, was  confirmed  in December  2019. The  high 
vigilance of the airport authority and public health 
system in India with the strengthened laboratory 
network helped in identifying, isolating and 
management of this case (ICMR-NIV unpublished 
data). During 2019, maximum numbers of CCHF 
cases were detected in India from Gujarat and 
Rajasthan States with a 50 per cent CFR (ICMR-NIV 
unpublished data). Considering the higher number of 
secondary cases in this outbreak, the CCHF clinical 
management  guidelines  2013  were  modified.  The 
enhanced network of the surveillance system under 
IDSP helped in the detection of CCHF cases in the 
country. From 2011 to 2020, a total of 125 CCHF 
cases were  confirmed with 53 deaths  (CFR-42.40%) 
(ICMR-NIV unpublished data). 

Figure 1 depicts the States affected by CCHF virus 
including the imported cases, and Figure 2 emphasizes 
the concept of the One Health approach needed for 
zoonotic diseases control and prevention in India.

International cooperation and human resource 
development

With the help of the Ministry of Health and 
Family Welfare, Government of India, international 
collaboration with CDC, USA was established under 
Global Health Security Agenda, USA, for enhancing 
laboratory capacity for quick detection and identification 
of newly emerging infections22. This programme also 
helped  in  establishing  a  specific  network  for  Viral 
Haemorrhagic Fever (VHF) laboratories in India22. 

The ICMR has also extended its training support 
to SEAR countries including Bhutan, Sri Lanka, 
Myanmar, Bangladesh, Indonesia, Nepal, Maldives 
and Thailand in many bilateral programmes. The 

training and sensitization workshops included in-depth 
details on biosafety, biosecurity, and management of 
the biorisk programmes while working in the BSL-2 
and BSL-3 laboratory. Similarly, with the support 
of WHO, various trainings were conducted for the 
network of laboratories for a regulatory framework 
for sample collection, packaging and transportation 
as per International Air Transport Association (IATA) 
along with biomedical waste management dealing 
with a high-risk group of pathogens. This also 
included simulation exercises to provide glimpses 
and real scenarios of the outbreak containment 
and response for these laboratories network (NIV 
unpublished data). 

The ICMR-NIV, Pune, provided the expertise 
for the establishment of the BSL-3 level laboratories 
in the country. In-depth trainings on the validation of 
the facility and laboratory equipment, risk assessment 
while working with high-risk pathogens were also 
undertaken. Hands-on trainings included biosafety 
aspects while handling suspected zoonotic infection 
samples, working with biosafety cabinets, management 
of spills, handling sharps, etc. 

Quality assurance in laboratory testing for better 
surveillance & preparedness

The ICMR-NIV, Pune, established laboratory 
quality system for the CCHF and KFD 
diagnosis and National Accreditation Board for 
Testing and Calibration Laboratories (NABL) 
(ISO/IEC 17025:2005) was implemented to provide 
the quality and technical competence of CCHF and 
KFD molecular and serological diagnostic tests. Strict 
adherence to internal quality assurance, surveillance 
audit and assessment is followed. The diagnostic 
algorithms for KFD and CCHF are provided in Fig. 3. 
The Department of Health Research (DHR), Ministry 
of Health and Family Welfare, Government of India 
established a network of VRDL laboratories across the 
country to create infrastructure for timely identification 
of  viruses  causing  outbreaks  or  related  to  significant 
morbidity/mortality, which  are  significant  at  a  public 
health level. This has also helped IDSP, India in 
surveillance data23. 

Policy and collaborative programme development

The ICMR-NIV, Pune, has signed a Memorandum 
of Understanding (MoU) in 2012 with Karnataka 
State Government to help them in setting up the 
diagnosis of KFD in the State. Not only the hands-on 
training for KFDV diagnosis was conducted for Virus 



344  INDIAN J MED RES, MARCH 2021

Diagnostic Laboratory (VDL), Shimoga, but also 
technical support was provided to build a diagnostic 
facility. 

The morbidity and mortality caused by KFDV 
(monkey fever) disease in the country had made 
the policymakers and researchers to realize the 
importance of the establishment of the containment 
facility and appropriate biosafety measures for 
handling such high-risk pathogens. The advent of 
these technologies has helped in applying control and 
preventive measures for this disease. Considering 
the potential risk of CCHF in India and the threat 
of imports via international travellers and animal 
trading,  different  guidelines  were  prepared  for  case 
identification,  diagnosis,  quarantine  policies,  and 
contact tracing24. 

Conclusions

Since  there  are  no  vaccines  or  effective  antiviral 
drugs available for the treatment of CCHF, the 
treatment is solely supportive and current prevention 
strategies  focus  on  creating  awareness  in  affected 
areas25. CCHF is also listed in the WHO Research & 
Development (R&D) Blueprint list of epidemic threats 
needing urgent R&D action26. Though the vaccine for 
KFD is available, there are questions related to its 
immunogenicity6. With the unavailability of antiviral 
drugs, KFD cases are managed with supportive 
therapy6. Strategic vaccination drive  in KFD affected 
areas and adjoining regions is a requirement for 
restricting the spread of this disease6.

There is a need to increase awareness of emerging 
zoonotic infections, enhancing laboratory capacities 

Fig. 2. Concept of One Health: Prevention and control of CCHF and KFD based on a multidimensional approach including human, animal 
and environmental factors. Source: Created by BioRender.com.
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and organizing various levels of training programmes 
under the One Health programme from a public 
health point of view. Being adequately prepared to 
detect, manage and respond to emerging outbreaks 
of infectious diseases is important. The active 
surveillance of vector, reservoir and human population 
can  provide  significant  information  about  the  virus 
activity  in affected and adjoining areas. This will be 
useful both for measuring the need for interventions 
and  for  assessing  the  effects  of  interventions.  This 
will  also  help  in  efficiently  developing  emergency 
preparedness of the public health system in India to 
tackle  emerging  infections.  Different  approaches  of 

Next Generation Sequencing have been established for 
an in-depth understanding of emerging infections27. 
This will provide the backbone for preparedness for 
prediction, detection and mitigation of emerging 
zoonotic infections.
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Globally, an enormous increase in fish production 
was observed during the past 60 years. In 2018, nearly 
179  million  tons  of  fish  production  with  a  value  of 
$401 billion USD was reported1.   The per capita fish 
consumption across the globe has increased from 9.0 kg 
in 1961 to 20.50 kg in 20181. Fish being an affordable 
and rich source of animal protein is often regarded 
as a safe food. Moreover, the muscle of apparently 
healthy  fish  is  almost  sterile2-4. The microorganisms 
are often found on fish surfaces such as fish skin and 
gills, including internal organs such as the digestive 
tract, kidney, spleen, and liver. Additionally, outbreak 
reports associated with the microbial pathogens 

(bacteria, viruses, and/or parasites), their toxins, and 
vasoactive histamines, due to the consumption of raw 
or uncooked fish and fish products are also available5. 
The  pathogenic  as  well  as  spoilage  flora  can  be 
introduced into aquaculture at any point throughout 
the value chain6.  Besides, the role of the environment 
in regulating the microbiota of aquaculture has been 
unraveled7. Pathogens of public health importance as 
well as spoilage microbes are known to produce safety 
concerns and have been recovered from various points 
of  aquaculture  such  as  fish-rearing  environments 
(water and sediment) and processing areas6. The 
presence of antibiotic-resistant genes (ARGs) among 
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Fisheries comprise the fastest growing sector meeting the global protein requirements. Being an 
affordable enterprise, it is considered a safe source of food and the muscles of healthy fishes are almost 
sterile. However, a multitude of hazards (biological, chemical, and environmental) can be introduced 
into aquaculture throughout the production and supply chain. Also, it can originate from unsuitable 
farming practices, environmental pollution, and socio-cultural habits prevailing in various regions. 
Hence, with an increasing global population and demands for aquacultural products, assessment and 
regulation of food safety concerns are becoming significantly evident. Ensuring safe, secure, affordable, 
and quality food for all in a global context is pragmatically difficult. In this context, it is quite imperative 
to understand the ecology and dynamics of these hazards throughout the entire production chain in a 
One Health approach. Here, we discuss the issues and challenges faced in the fisheries sector as a whole 
and the need for a One Health approach to overcome such hurdles.
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such microbes has been a cause of concern8-10. Also, 
environment, storage, transportation, including 
hygiene issues of the processing plants and the persons 
involved in the production chain play a crucial role 
in food safety. Therefore, taken together, diverse 
sources and factors may contribute to the food safety 
issues throughout the production, processing as well 
as supply chain.  To combat these food safety issues, 
it is important to understand the occurrence, ecology, 
concentration, and dynamics of various pathogenic 
and spoilage microorganisms present throughout the 
entire aquacultural production chain10. Another major 
food safety issue over the past few decades has been 
the dearth of intersectoral collaboration within the food 
production, processing, and supply chain. Therefore, it 
is imperative to have an interdisciplinary collaboration 
between  different  sectors  either  directly  or  indirectly 
involved in this food supply chain to ensure maximum 
food safety. Here, we discuss the issues and challenges 
faced by the fishery sector as a whole and one health 
paradigm to overcome these issues and challenges.

Issues and challenges in food safety with special 
reference to aquaculture

The World Health Organization11 estimated a 
global burden of nearly 600 million cases due to 
food-borne illnesses, which accounted for 4,20,000 
deaths. Besides, 33 million years of healthy lives are 
lost due to the consumption of unsafe food, which is 
regarded to be an underestimate11. The documented 
global foodborne outbreaks are primarily due to the 
consumption of contaminated food. While earlier 
outbreaks were accorded to the chemical contaminants 
(Minamata, Itai- itai and Yusho disease in Japan, 
mercury poisoning of Iraq, polychlorinated biphenyl 
poisoning of Taiwan, etc.), the recent ones were due 
to microbes (Salmonella Typhimurium DT 104 around 
the world, hepatitis-A outbreak in China, E. coli 
infection in Germany, paragonimiasis in North East 
India, listeriosis in South Africa, etc.)12.

The available evidence of foodborne illnesses 
indicates  that  those fish  species harvested  from open 
oceans can be regarded as nutritious and safe, only if 
they are handled and stored properly and quickly. The 
risk of contamination by chemical as well as biological 
agents is also higher in fresh water and coastal belts as 
compared to the open seas. However, the possibility 
of  food  safety  issues  associated  with  the  fisheries 
sector  varies  between  different  regions  and  habitats. 
Moreover, it varies according to the production and 

management practices along with the associated 
environmental conditions.

The issues and challenges in food safety could be 
categorized broadly into microbial, chemical, personal, 
and environmental origin12,13. The possible food-borne 
hazards in the aquaculture sector (infections, toxins, 
agrochemicals,  residues,  heavy  metals)  are  briefly 
enlisted in the Table14-72. These hazards may originate 
from unsuitable farming practices, environmental 
pollution, and socio-cultural habits prevailing in 
various regions. Hence, with an increasing population 
and demands for aquacultural products, assessment and 
regulation of food safety concerns become important. 

Microbial issues

 Foods, particularly of animal origin 
(meat,  milk,  eggs,  and  fish)  support  the  growth  of 
microbes (bacteria, viruses, and parasites) that can serve 
as potential sources of food-borne illnesses. Although 
viruses are grossly accounted for the majority of food-
borne illnesses, but hospitalisation and mortality rates 
are associated either due to bacterial agents or their 
toxins. The illnesses may range from mild gastroenteritis 
to neurological, hepatic, and renal syndromes. It has 
been reported that more than 90 per cent of food-borne 
illnesses are due to various species of Staphylococcus 
aureus, Escherichia coli, Salmonella spp., Listeria, 
Vibrio, Clostridium, and Campylobacter12,73. 

In aquaculture, bacteria, viruses, and trematodes 
are the major biological hazards73. The bacterial agents 
of public health importance that can contaminate 
aquaculture and its products are broadly divided into 
two viz., indigenous microbiota i.e., those which are 
naturally present in the aquaculture environment 
(C. botulinum, V. parahaemolyticus, V. cholerae, 
Aeromonas, Listeria)  and  non-indigenous microflora 
i.e., those introduced into the environment by way 
of excreta (Salmonella spp. and E. coli). Intensive 
aquaculture practices have promoted the growth 
of several bacterial infections (E. coli, Salmonella 
spp., Shigella spp., Aeromonas hydrophila, V.  
parahaemolyticus, V.  cholerae, V. vulnificus, 
Plesiomonas shigelloides, Edwardsiella tarda, and 
Streptococcus iniae), which would lead to increased 
use of antimicrobials14-22. However, it is not easy 
to determine the levels of antimicrobial usage in 
aquaculture as the quantum and compounds put 
in  practice  differ  significantly  among  countries. 
Consequently, antimicrobials would be employed 
in aquaculture therapeutically, prophylactically, and 
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Table . Food safety hazards in aquaculture products
Food safety hazards Species involved Region Reference
Bacterial agents
Salmonella (S. Aberdeen; S. Stanley; S. 
Wandsworth; S. Typhimurium)

Mussels, Fish Shrimp, 
Shellfish

China 45

Salmonella (S. Weltevreden; S. Newport; S. 
Senftenberg)

Seafood, Blue anchovy, 
freshwater fish

USA 46

Salmonella (S. Typhimurium, S. Anatum, S. 
Weltevreden)

Shrimp, freshwater fish Vietnam 47

Salmonella spp. shrimp Imported to USA 20
Shigella spp. Fish 

Seafood
Winam Gulf of Lake Victoria, Kenya 
Imported to Jordan

48 
19

S. dysenteriae Fish India 49
S. dysenteriae Fish Zimbabwe 50
Escherichia coli O157:H7 Carps India 51
E. coli O157:H7 Farm fishes Turkey 22
Vibrio cholerae Fish samples India 21
V. cholerae Fish, crabs, bivalves Haiti 52
V. parahemolyticus Oysters Alaksa 53
V. parahemolyticus Shellfish and sea food US Atlantic coast 54
V. parahemolyticus Shrimp Spain 18
V. vulnificus Raw oysters USA 55,56
V. vulnificus Raw oysters Japan 16
Listeria monocytogenes Salmon Norway 57
L. monocytogenes Tilapia Taiwan 58
L. monocytogenes Fish, shrimp, and 

ready-to-eat seafood
Iran 17

Clostridium botulinum Type- E Fish from trout farms Finland and Sweden 59
C. botulinum Type- E Tilapia USA 60
C. botulinum Type- E European river lamprey Finland 14
Mycobacterium marinum Rainbow and brown trout Italy 15
Viruses
Norovirus Seafood (shellfish, oyster) China 34,44
Hepatitis A virus Shellfish, raw clams Spain; Shanghai, China 35,61
Hepatitis E virus Shellfish Scotland 36
Parasites
Nematodes: Anisakiosis Sardine Italy 33
Anisakiosis Squids Central and western North Pacific Ocean 62
Capillariosis Black porgy Shikoku Island, Japan 30
Gnathostomosis Raw seafood Southeast Asia and Latin America 32
Cestodes: Diphyllobothriosis Trouts Chile, Russia, Finland, Ireland, Scotland, 

USA
28

Trematodes: Chlonorchosis Freshwater fishes Pearl River Delta region of China, 
Taiwan, South Korea and North Vietnam

27,28

Opisthorchosis Fish Thailand, Lao, Cambodia and Central 
Vietnam

31

Contd...
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metaphylactically not only to manage the infections 
but also to promote growth23. 

The surge in the food-borne infections caused 
by drug-resistant bacteria was correlated with the 
antibiotic usage in food animals and the emergence 
of resistant infections among humans and animal 
pathogens. Such drug-resistant pathogens could be 
directed to the human food chain either by way of 
direct contact (aquatic biota or drinking water), or 
through the consumption of contaminated seafood. 
Furthermore, the antibiotic selection pressure alters 
the biodiversity of the aquatic environment and 
commensal  flora  of  aquatic  biota23-26. Additionally, 
the exchange of genetic material may take place 
between the aquatic and terrestrial bacterial pathogens 
on exposing the terrestrial bacteria in the aquatic 
environment  to  residual  antimicrobials  and  biofilm. 
This fact could be evidenced by the sharing of genetic 

material and resistance determinants for antibiotics 
such as beta-lactamases, tetracyclines, and quinolones 
between  aquatic  bacteria,  fish  pathogens  as  well  as 
human pathogens73.

The concern over antimicrobial usage in 
aquaculture could be aggravated with the incidence 
of antimicrobial residues in aquatic species. The 
antibiotics could accumulate as residues in tissues, even 
before these are metabolised wholly or excreted from 
the system. This can occur when the aquatic species 
are harvested for consumption while on medication 
or before the appropriate withdrawal period. Such 
cases of residues in aquaculture products have been 
reported from countries like India23, Bangladesh24, 
Nigeria25, and Iran26. The occurrence of antimicrobial 
residues has raised apprehensions over the recent 
years owing to public health concerns (drug resistance, 
hypersensitivity, mutagenicity, carcinogenicity, 

Food safety hazards Species involved Region Reference
Parasites
Paragonimosis Freshwater crabs or 

crayfish
China, Liberia, Nigeria, Venezuela, 
Japan, Northeastern India

29,63

Biological toxins
Scombrotoxin Fish (Mackerel, Tuna, 

mahi-mahi, Spearfish, 
Scad, Oilfish etc.)

USA 64

Ciguatoxin Fish USA, Spain 64,65
Brevetoxin Shellfish Gulf of Mexico, Southeast US coast, 

New Zealand
65,66

Domoic acid Mussels New England 67
Tetradotoxin Bivalve shellfish, 

Marine pufferfish
English Channel, 
Japan, China, Taiwan

66,68

Yessotoxin Scallop Spain, Italy 69,70
Cyanobacterial toxins (microcystin). Freshwater fish China, Dhaka, Bangladesh 71,72
Agrochemicals
Fertilisers, water treatment agents, flocculants, 
pesticides etc.

Shrimp, Salmon North Eastern Australia, North Pacific 
American coast, Atlantic Ocean

37,38

Veterinary and aquaculture drug residues
Antibiotics, parasiticides, growth 
promoters (hormones), feed additives

Fish, Shrimp India, Bangladesh, Nigeria, Iran 23-26

Heavy metals
Lead, Cadmium, Mercury Freshwater fish, White 

shrimp
Indonesia, India, Zhanjiang Harbour Bay 41-43

Persistent organic pollutants
Dioxins and polychlorinated biphenyls (PCBs) Farmed Scottish and 

European salmon, Shrimp
Europe, 
Central Java coast

39,40
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teratogenicity, aplastic anaemia, and dysbiosis of 
commensal gut flora) among seafood merchandise23-26.

Besides  bacteria,  a  wide  range  of  fish  species 
harbour parasites; some of them are highly pathogenic 
and are transmitted by way of consumption of raw 
and  inadequately cooked fish.  In general, fish serves 
as intermediate hosts for these parasites; humans act 
as  a  definitive  host  when  the  infectious  stages  are 
consumed. Such parasitic infections are more often 
prevalent in those communities which prefer eating raw 
or  undercooked fish, mainly  in  eastern  and  southern 
Asia27,28. Freshwater fisheries are commonly associated 
with parasitic infections; little is known about the 
role of farmed aquaculture species. The two major 
genera of medical importance include Chlonorchis 
and Opisthorchis; Paragonimus, Heterophyes, and 
Metagonimus are of lesser importance27-32.

Apart from bacterial and parasitic infections, viruses 
(commonly norovirus, and hepatitis viruses types- A 
and E) are also associated with disease outbreaks34-36. 
Contamination of aquaculture species, especially the 
bivalves occur from the discharges of sewage effluents, 
urban runoff, and wastes from boats and through animal 
sources. Viral contamination is regarded as a public 
health hazard and hampers sustainable aquaculture 
practices. The issue attains complication as the current 
risk assessment and regulations rely only on bacterial 
indicators (predominantly, coliforms, E. coli, and 
faecal streptococci) for the detection of faecal pollution 
in aquaculture. Such bacterial indicators could not 
represent the public health risk of aquaculture from 
enteric viral pathogens34-36, 44.

Chemical issues

 Chemical additives (colourants and preservatives) 
and contaminants (heavy metal, pesticide, and 
antibiotic residues) have been found plentiful in 
foods. These agents often used to eradicate and 
control vermins, are found in the foods and associated 
environment. Besides, biotoxins such as mycotoxins, 
marine biotoxins, cyanogenic glycosides can enter the 
food chain causing impairment in the immune system 
and can lead to cancer37,38.

In countries where aquaculture forms the 
backbone, a plethora of chemicals (antibiotics, 
pesticides, disinfectants, and water conditioners) are 
employed to sustain the production. Such strategies 
would not only lead to the emergence of antimicrobial 
resistance, particularly, multi-drug resistance but also 

tend to infect the non-target species. Such chemicals 
could  turn  out  to  be  disruptive  and  find  their  way 
into the natural ecosystem that would eventually 
lead to irreparable damage to the aquatic system38. 
Plastics (often micro-and nano- plastics) resulting 
from the degradation and fragmentation of larger 
plastic items may enter the aquatic matrices (surface, 
sediments, beaches, etc.). Even though removal of the 
gastrointestinal tract of seafood would alleviate the 
risk of microplastics in humans, consumption of these 
aquatic  species  (bivalves and small fish) wholly may 
result in microplastic exposure. However, their fate 
in the human gastrointestinal tract is not completely 
understood1.

Environmental hygiene issues

 The most important element determining the 
aquacultural microflora  is  its environment7. Improper 
disposal and recycling facilities in food-producing and 
processing plants would lead to an increased risk of 
the pest as well as insect population, resulting in food 
spoilage and contamination. The water temperature, 
harvesting techniques, season, and processing methods 
may  also  influence  the  spoilage.  The  predominant 
bacterial spoilage agents are located on the slime layer 
of  the skin, gills,  and  intestine. As  the  tissues of fish 
contain higher levels of non-protein nitrogenous (NPN) 
compounds (trimethylamine oxide, free amino acids, 
and creatinine), proteins, and peptides, the growth 
of microbes results in the decomposition of proteins 
and production of metabolites which would result in 
spoilage.

Waste thrown away from the food industries into 
the environment is a cause of public health concern. 
Besides routine chemicals (antimicrobials, pesticides, 
hormones, pigments, minerals, vitamins), persistent 
organic pollutants (POPs) such as dioxins and 
polychlorinated biphenyls (PCBs) are found in the 
environment abundantly and accumulate in animal food 
chains39,40. Similarly, heavy metals (lead, cadmium, 
mercury) could pave their way in foods mainly through 
pollution of air, water, and soil41-43.

Inappropriate aquacultural practices could result 
in environmental degradation; eutrophication and 
organic pollution constitute common adverse impacts. 
Together with chemical pollution, these could deplete 
oxygen, reduce water quality, coral death, and habitat 
disruption of water bodies. Such a hostile environment 
would sustain the growth of harmful microbes to 
aquatic life73.
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Personal hygiene issues

 Inadequate personal hygiene of the handlers poses 
significant occupational as well as a public health risk. 
Alike, clean water and water body, harvest equipment, 
and  containers  would  suffice  the  public  health  risks, 
if any, that would culminate in foodborne illnesses. 
Since the disease outbreaks of public health concern 
could seldom be correlated to the disease manifestation 
in  fishes,  intervention  approaches  for  assuring  food 
safety in aquaculture practices are quite difficult to be 
determined. Therefore, quantitative risk assessment 
is considered to be the best method for identifying 
pathogens. The quantitative risk assessment criteria 
employed  for  the  pathogen  identification  involve 
the formulation of the problem, assessment of 
exposure as well as health effects, and finally, the risk 
characterization. Often, stochastic techniques such as 
Monte Carlo modelling could also be devised as suitable 
microbial quantitative risk assessment methods74. 
The data thus generated, could be used in arriving at 
decisions during risk management, and employed 
for  effective  implementation  of  hazard  analysis  and 
a critical control point (HACCP)- based food safety 
assurance programmes. Although the concept of ‘farm-
to-fork’ has progressed in the aquaculture processing 
sector, yet its application in farming to ensure food 
safety remains still in infancy12. 

Role of One Health in the fisheries sector

The issues and challenges connected with the food 
safety, food security, and production systems ensuring 
a holistic sustainable development could collectively 
qualify as a societal and wicked impasse. Hence, 
ensuring safe, secure, affordable, and quality food for 
all  is  pragmatically  difficult.  However,  developing  a 
One Health (OH) lens would suit a better outlook to 
these nagging challenges75. The further extension of OH 
principle beyond the scope of zoonoses can successfully 
address food safety, especially in aquaculture practices. 
The OH principle would thereby facilitate improved 
production of aquatic species to ensure sustainable 
environmental footprints for meeting the local socio-
economic demands75.

Human health

 In general, food production systems can provide a 
wide range of public health as well as socio-economic 
benefits.  The  OH  principles  can  achieve  investment 
and optimization towards productivity, welfare 
concerns, and ecosystem health. Practically, the market 
preferences or societal goals to tolerate health will 

play a crucial role. The ever-increasing population, 
as well as urbanising trends in the human population, 
may compromise the accessibility and nutritive 
quality of natural foods; therefore, the processed foods 
are of utmost importance. Aquaculture enterprises 
can solve this issue to a greater extent by providing 
locally available nutritious foods mainly in low- and 
middle-income countries (LMICs), thereby opening up 
employment avenues to many12,76. In short, scope for 
trade, opportunities for better employability, quality 
diet and better infrastructural facilities determine 
the success metrics of aquaculture. Moreover, a safe 
supply chain (farm- to- fork) is imperative to alleviate 
the burden of public health impacts and to enhance the 
economic stability of the society and nation. Hence, 
access to an optimum quantity of safe and nutritive 
food is pivotal for the sustenance of life, promoting 
better health and thereby stabilising the economy75.

 While public health threats are emerging, early 
evaluation of such risks is essential to uphold the OH 
principles. For instance, the escalating international 
trade has impacted the bivalve mollusc production 
ever since the 1950s, the dearth in the framework, 
availability of the origin, occurrence, and characterized 
data of those pathogens of public health significance in 
the aquatic ecosystems have underestimated the supply 
chain demands and exports from LMICs75. 

Organism health

 Food production involves complex socio-ecological 
systems within an environment with a wide variety 
of species habitat. Farmed macrobiotic communities 
interact often with a wide range of eukaryotic as well 
as prokaryotic microbes inside the aquatic environment. 
Within the aquatic ecosystem involves a variety of 
known and unknown pathogens that may produce 
infection and disease. Hence, the crop-growing water 
bodies are regarded as artificial ecosystems that can act 
as a conducive environment for rapid propagation of 
pathogens and emergence of public health outbreaks6. It 
is therefore, important to consider the stock management 
in terms of public health aspects, particularly biosecurity, 
zoonoses, therapeutic and/or interventional impact on 
the limited aquatic environment. 

The intensive aquacultural practices have 
necessitated the use of chemicals (pond fertilizers, 
biocides, chemotherapeutics, and formulaic feeds) for 
improving stock performance. On the research front, 
microbial identification and hazard profiling employing 
sophisticated technologies such as metagenomic 
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analysis or next-generation sequencing of water 
bodies, feed, and host tissues are attracting wide 
momentum. Such technological advancements could 
not only identify the biosecurity risks associated with 
aquaculture but also prevent the pathogen spillover to 
the adjoining environment and wildlife per se75,76.

Environmental health

 The majority of aquaculture enterprise is fresh 
water-based, and the rest is based on marine and 
brackish habitats. However, drastic climatic changes 
have resulted in the heating up of water bodies and 
the  expansion  of  hypoxic  zones  affecting  the marine 
ecosystem77. Culture platforms for aquatic species 
(bivalves and seaweeds) enact as home grounds for 
natural biodiversity and lift the efficiency to maintain 
nutrient and microbial levels within the water column. 
On the other hand, onshore aquaculture systems 
provide a better possibility for environmental control, 
biosecurity measures, and a smaller environmental 
footprint in comparison with open systems. Besides, 
sustainable management on the pressing environmental 
sanitation  issues  (pollution  and  effluent  discharge) 
needs to be given special attention in those areas where 
petite or sparse freshwater regulatory measures exist75.

In order to ensure food safety and thereby 
preventing food-borne illnesses, rapid and reliable 
detection of pathogens and/or toxins is required. 
The farm managers, food producers, processors, 
distributors, handlers, and vendors bear the primary 
responsibility, whereas the consumers shall remain 
attentive. The governing agencies must enforce and 
implement pragmatic food safety regulations to 
safeguard public health. Medical practitioners need to 
remain enthusiastic to prevent such illnesses and treat 
those diseases with a safe diet under proper supervision. 
Veterinarians, aquaculturists, and agriculturists shall 
shoulder collaboration with all their stakeholders in 
the light of chemical and pathogen spillover with an 
ultimate aim to ensure food safety in the larger interest 
of the society.

Conclusion and perspectives

Seafood being one of the most merchandized global 
supplies, the unaccounted international burdens of 
socio-economic practices require special consideration 
within the aquaculture enterprise. The achievement of 
success metrics in the aquaculture sector at national 
levels, together with the international collaboration 

would form a firm foundation for the adoption of OH 
principles in practice. 

 The food safety has now become a pressing and 
burning global issue. Hence, stakeholders from diverse 
domains (government agencies, industry experts, 
researchers, academicians, and the community) should 
involve themselves to simplify the food systems to 
uncouple  the  public  health  benefits  of  consuming 
good quality aquatic protein sources from adverse 
impacts on the environment, organism, and the society. 
Integration of good aquacultural practices with the 
existing regulations may deliver encouraging impacts. 
The convergence of various sectors in a holistic pattern 
under ‘One Health umbrella’ would facilitate increased 
production  of  aquaculture  species  for  effective  food 
production and sustainable environmental footprints 
meeting the regional socio-economic demands.

Taking leads from this approach and the past 
successes involved in various other domains like 
zoonotic infections, it is the need of the hour to inculcate 
a OH approach in food safety, especially the fisheries 
sector with an ultimate aim of achieving health and 
well-being for humans, co-existing non-humans and 
their communal environment for achieving planetary 
health.
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The rapid urbanization, deforestation and enhanced 
human forays into forested land for leisure/livelihood 
coupled with changing climatic patterns have all 
colluded to fatally influence the complex dynamics of 
vector-borne, zoonotic and other infectious diseases1,2. 
The fragile human-animal-vector interactions play a 
critical role in the spread of these infectious diseases 
into newer geographical expanses and also in the 
exponential rise in the number of outbreaks of these 
diseases1,2. The importance of ‘One Health’ concept 

cannot be more clearly deciphered and understood in 
the present context, with a large number of re-emerging 
vector-borne and zoonotic diseases, poised to radically 
impact human lives and challenge the already burdened 
public health system of India.

 With its innate geographical vulnerabilities, the 
State of West Bengal is favourable for outbreaks of 
a large number of infectious diseases. The northern 
districts of West Bengal (Figure) mainly Alipurduar, 
Jalpaiguri, Cooch Behar and Darjeeling, are heavily 
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India is perilously poised on the threshold of an explosion of infectious diseases, some of which have 
witnessed re-emergence while others await apposite opportunity to do so. The State of West Bengal 
is uniquely positioned with its innate geographical vulnerabilities that favour outbreaks of a host of 
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in the effective management of these emerging public health challenges.
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forested, rich in wild life biodiversity and share 
international borders with countries like Bangladesh, 
Bhutan and Nepal and inter-State borders with Indian 
States like Bihar, Assam and Sikkim (which shares 
the international border with China and Bhutan) 
which are also well-known endemic areas for many 

outbreak prone communicable diseases3-11. Jalpaiguri 
and Alipurduar districts of West Bengal are endemic 
for malaria with reports of outbreaks, deaths and 
drug resistant Plasmodium falciparum cases12-14. 
The North Bengal districts are endemic for Japanese 
encephalitis (JE) too with reported outbreaks in 2011 

Figure. Map of West Bengal State of India showing outbreak-prone northern districts. Source: Reproduced with permission (https://drive.
google.com/file/d/1CcvTlnFnqFGjOyZGFaDqhJYqtHhDNq3V/view?usp=sharing).
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and 201415,16. Scrub typhus (ST) outbreak was reported 
for the first time in the State from Darjeeling district 
in 200417,18. A dengue outbreak was also reported in 
Siliguri town of Darjeeling in the year 2005 and since 
then dengue has been endemic in the area19. In 2001 
and 2007 Nipah virus (NiV) outbreaks took place at 
Siliguri in Darjeeling district and in Nadia district, 
respectively with similar outbreaks also reported 
from the neighbouring country, Bangladesh since 
200120,21. Kala-azar was restricted to two adjacent 
community development blocks in Darjeeling, 
which is in turn adjacent to Bihar State, Nepal and 
Bangladesh, all three of which are endemic for kala-
azar22. These diseases pose an incessant public health 
challenge with recurrent surge in cases and threats of 
outbreaks.

Although malaria has been brought under control,  
it nonetheless is responsible for causing high morbidity 
and mortality in West Bengal. After the JE outbreaks 
in Jalpaiguri (including Alipurduar, which became 
a separate district in 2014) and Cooch Behar and 
Darjeeling in 2011 and in 2014, vaccination against 
JE was conducted in campaign mode for children and 
adults between 2012-2013 and 2015-2016 respectively 
and also introduced in the Routine Immunisation 
programme as per the Operational Guidelines under 
the National Programme for Prevention and Control 
of Japanese encephalitis/Acute Encephalitis Syndrome 
(2014)23.  ST,  a  re-emerging  disease  in  India,  first 
reported from West Bengal in 2004 from Kurseong in 
Darjeeling district, has remained endemic since18. The 
area is now well recognized as a veritable hot spot of ST. 
Till date, the West Bengal State Health department has 
officially declared malaria  (2018),  JE  (2017), dengue 
(2017)  and  kala-azar  (2017)  as  notifiable  diseases 
entailing their reporting by all government and private 
hospitals/laboratories, including non-governmental 
organization (NGO) run hospitals, as well as individual 
medical practitioners to strengthen capturing of 
surveillance data24.

The northern districts of West Bengal share porous 
international borders with Bhutan and Nepal and inter 
State borders (Figure);  this coupled with the presence 
of a large number of army units in the region, ensures 
a  steady  perennial  influx  of  large  populations  in  the 
region. Additionally, Siliguri being the gateway to 
the North-Eastern States of India and a business hub 
also encourages enormous, movement/migration, thus 
setting the stage for outbreaks of many communicable 
diseases25. Thus, this review was undertaken to tabulate 

the status of outbreak prone communicable diseases in 
the region to highlight the issues at hand and emphasize 
the need for strategic planning of public health actions, 
which in turn would ease the burden of the emerging 
and re-emerging diseases.

Data Collection

Annual consolidated data on JE, scrub typhus and 
dengue  for  five  North  Bengal  districts  (Darjeeling, 
Kalimpong, Jalpaiguri, Alipurduar & Cooch Behar) 
and the State along with consolidated district data 
on malaria and kala-azar for the years 2018-20 were 
collected (personal communication). Data on malaria 
and dengue outbreaks from the five districts was also 
collected from published literature. Data on clinically 
suspected ST cases were collected  from the treating 
physicians from two hospitals in Kurseong (personal 
communication) sub-division catering to areas of high 
risk for ST in Darjeeling district. Published literature 
online using medical journal search engines (PubMed 
and Google Scholar) on ST, malaria, dengue, JE, 
NiV and kala-azar disease burden for the year 2019 
and reported outbreaks of these diseases in India, 
Bangladesh, Nepal and Bhutan since 2000 were 
searched. Entomological studies done in relation 
to these diseases, and abstracted information on 
reported outbreaks, hospital and community based 
serosurveillance data were also covered along with 
government documents related to disease control from 
the State health website.

Observations

Malaria: Malaria is endemic in India, Bangladesh, 
Nepal and Bhutan, with reported 3,38,494 [Plasmodium 
falciparum  (Pf)  cases  45.7%  and  77  deaths)] 
17,225 (Pf 85.6% and 9 deaths), 1,438 (Pf 0.6% and 
zero deaths) and 42 (Pf 9.5% and zero deaths) cases 
respectively in 20193. Bhutan and Nepal, which were 
among the 21 countries earmarked for elimination of 
malaria by 2020, reported one and 127 indigenous 
malaria cases respectively in 2019. West Bengal 
contributed to 7.5 per cent of the total malaria cases in 
the country and is one of the four high burden States for 
malaria in India where the High Burden High Impact 
(HBHI) approaches are to be implemented under 
NVBDCP (National Vector Borne Disease Control 
Programme)26.  No spurt in the number of cases or 
outbreaks of malaria was reported from any district of 
the northern part of West Bengal during 2018-2020. 

Dengue: Many outbreaks of dengue are reported from 
India, Bhutan, Bangladesh and Nepal since 20004-6,19,27. 
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Dengue incidence in these four countries in 2019 was 
1,36,422 (till November 2019), 1,01,000, 14,662 and 
5935 respectively6,27-29.

A visible rise in dengue cases  was reported 
across the State of West Bengal in 2019 (47,928), with 
Darjeeling district recording 1,244 cases in 2018 and 
1,279 cases in 2019, with  Cooch Behar  and Alipurduar 
districts reporting 576 and 2,542 cases respectively 
in 2019 (unpublished data). There was an upsurge of 
cases in 2019 at Jaigaon town (Alipurduar) adjacent 
to Phuntsholing city (Bhutan), which experienced a 
huge outbreak in 20196. The West Bengal State Health 
department has, since 2017, enforced implementation of 
Integrated Vector Management strategies for prevention 
and control of dengue and strengthened Inter-sectoral 
coordination by actively roping in the urban local 
bodies (ULBs), department of Urban Development & 
Municipal Affairs,  Panchayat & Rural Development, 
Animal Resource,  School Education, Public Health 
Engineering, Women and Child Development and 
Social Welfare led by the District Magistrate at the 
district level24. Weekly house visits to check for vector 
breeding and fever surveillance followed by prompt 
treatment and vector control measures as applicable 
have been the key features for dengue prevention and 
control activities in the State24. 

Other infectious diseases: India, Bangladesh, Nepal and 
Bhutan reported 2822, 97, 185 and 1 cases of kala-azar 
respectively in 201930. India and Bangladesh still have 
90 and 16 endemic kala-azar blocks respectively while 
Nepal was able to achieve the elimination target in the 
12 previously endemic blocks by 201331. Kala-azar 
is still endemic and confined in blocks of 54 districts 
of Bihar, Jharkhand, West Bengal and Uttar Pradesh, 
which contribute to a major chunk of the kala-azar 
load of the country32. However, no recent outbreaks 
of kala-azar have been reported from any of the two 
endemic blocks of Khoribari and Phansidewa in 
Darjeeling district, which are adjacent to the State of 
Bihar. 

West Bengal witnessed outbreaks of NiV in 2001 
(in Siliguri, Darjeeling district with 66 cases and 
case fatality ratio of 74%) and 2007 in Belechuapara 
village (in Nadia district with 5 cases and case fatality 
ratio of 100%) but none since then20,21. NiV outbreaks 
were reported during the same years in Bangladesh 
too. Bangladesh, which shares international borders 
with many districts of West Bengal, has reported 
more  than  16  outbreaks  of NiV  since  its  first  report 

in 200121. There are reports of similarity in the strains 
of NiV involved in the outbreaks in West Bengal and 
Bangladesh, as well as, the geographical features of 
the two regions and the practice of consumption of 
date palm sap as a delicacy21. Similarities in clinical 
features of cases in both regions with evidence 
of human to human transmission too have been 
reported20. There are reports of presence of fruit eating 
bats (Pteropus giganticus) in both the regions with 
evidence of their being reservoirs of NiV and playing 
an important role in disease transmission with no 
role of pigs evidenced yet21. No reports of NiV were 
available from Nepal and Bhutan. 

JE & acute encephalitis syndrome (AES): India, 
Bangladesh, Nepal and Bhutan reported 2496, 86, 
71 and 0 cases of JE respectively in 201933-36. These 
countries are endemic and high risk for JE and 
have been reporting cases since many years7. Many 
outbreaks of JE have been reported from  India and 
Nepal11,37. JE vaccination has been incorporated in 
the routine immunisation programme  in India only 
in select endemic States including West Bengal and in 
Nepal nationally7. Ten districts each of West Bengal 
including Darjeeling, Jalpaiguri (including the newly 
formed Alipurduar district) and Assam and 15 districts 
of Bihar are high priority districts for JE in India11. 
Outbreaks of JE have been reported in Bankura, 
Burdwan, Darjeeling and Jalpaiguri districts of West 
Bengal11,15-16. The JE cases in the five districts and the 
State as a whole, however, show a declining trend from 
2018 till 2020 (Table I).

Children and adults were vaccinated against JE 
in the years 2013-14 and 2015-2016 respectively. 
Routine JE vaccination for infants was also started 
from 2013-2014 in all the districts of North Bengal. 
Incidence of JE in Uttar Pradesh was also reported to 
have come down appreciably after the JE vaccination 
campaigns and introduction of JE vaccine under 
routine immunisation38; similar benefits are evident in 
this State as well.

Scrub typhus (ST): Numerous outbreaks of ST across 
India and two outbreaks each from Nepal and Bhutan 
were reported since 20009, 39-41. Bangladesh is yet to 
report any outbreak of ST. Among India, Bangladesh, 
Nepal and Bhutan, only Bhutan has declared ST as 
a  notifiable  disease  so  far.    Community  and  hospital 
based serosurveillance reports are available from these 
four countries providing evidence of endemicity of 
ST8,10,42-44. Similar reports are also available for Assam 
and Bihar45,46.
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West Bengal State Health Department 
commissioned 15 sentinel sites in March 2019 to 
screen all cases of AES and acute febrile illnesses 
(AFIs) using ST ELISA based IgM kits. Management 
protocols for ST were issued in September 201947,48.

Studies from Gorakhpur (Uttar Pradesh) and 
Assam to determine non-JE aetiologies of AES found 
antibodies against Orientia tsutsugamushi in 62.7 per 
cent and 20.3 per cent of the cases respectively43,45. The 
case fatality ratios (CFRs) in the studies from Assam 
and at North Bengal Medical College & Hospital, 
Siliguri, (NBMCH) in West Bengal, India showed high 
CFRs of 32.7 per cent and 49 per cent, respectively45,49.

Another such study from the northern part of 
West Bengal, jointly conducted by the State Health 
department and National Institute of Mental Health 
& Neurosciences (NIMHANS) at NBMCH, Burdwan 
Medical College & Hospital (BMCH), Burdwan, and 
Bankura Sammeleni Medical College & Hospital 
(BSMCH), Bankura showed a seropositivity of 36 
per cent50. Similar hospital based sero-surveillance 
studies for scrub typhus showed seropositivity against 
O. tsutsugamushi viz. Bangladesh (16.6%), Nepal 
(52.6%), Bhutan (22.6%),   and in the Indian States 
of Assam (20.3%), Bihar (25%) and  West Bengal 
(10.5%) (at NBMCH) among AFIs8,10,44-46,49.

A community based study among febrile persons 
in Gorakhpur showed a seropositivity of 19.7 per 
cent against O. tsutsugamushi42 Reports on annual 
incidence  of  ST  in  the  five  North  Bengal  districts 
and the total incidence in the State were obtained 
from 2018 to 2020. Personal communications of the 
physicians at Mirik Rural and Kurseong sub-divisional 
hospitals in Darjeeling district on estimated incidence 
of clinical ST cases encountered and managed 

revealed more than 200 cases annually from 2018 
to 2020. Data on ST obtained from the State Health 
Directorate for years 2018, 2019 and 2020 indicate 
a gradual increase in the number of ST cases in the 
district of North Bengal with more than six and four 
fold rise in total case load in the State in the years 
2019 and 2020 respectively compared to the year 2018 
(Table II). The estimated number of clinical ST cases 
encountered by the physicians at Mirik Rural and 
Kurseong sub-divisional hospital in Darjeeling district 
in the years 2018 to 2020 was more than 8 times than 
that reported by the district annually in those years. 

The presence of dedicated national programmes 
for prevention and control of malaria, JE, dengue and 
kala-azar as also the presence of orders of the West 
Bengal State Health department declaring them as 
notifiable diseases along with the presence of structured 
mechanisms for early detection, comprehensive data 
capture of  cases and their timely management as per 
the laid down national protocols and State’s initiatives 
have all led to better prevention and control of these 
enlisted diseases in the State24. However, there are 
certain concerns with regards to dengue and ST.

Though only two outbreaks of NiV have been 
encountered in West Bengal so far with 71 confirmed 
cases, the occurrence of numerous NiV outbreaks 
year after year in neighbouring Bangladesh, makes 
it imperative that surveillance for NiV infection 
be strengthened, sero-surveys be carried out in the 
bordering districts amongst the fruit eating bats and 
other potential vertebrate hosts in the region and spread 
awareness about the disease and safeguards while 
harvesting  date palm saps.  

 The initiatives of the State have indubitably led 
to a decline in the number of JE cases in the North 

Table I. Trend of Japanese Encephalitis (JE) cases in districts of Northern part of West Bengal, India, 2018-2020
District/
State

2018 2019 2020
# JE cases # JE deaths # JE cases # JE deaths # JE cases # JE deaths

Alipurduar 10 3 6 2 3 1
Jalpaiguri 11 5 2 0 3 1
Darjeeling 7 2 2 0 3 1
Cooch Behar 20 9 4 2 1 0
Kalimpong 0 0 0 0 0 0
Total 48 19 14 4 10 3
State 140 35 82 12 41 4
Source: State Public Health wing of the Directorate of Health Services, Department of Health & Family Welfare, Government of West 
Bengal (personal communication)
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Bengal districts and the State as a whole.  The decrease 
in JE is likely due to the JE vaccination campaigns and 
its introduction under routine immunisation, which has 
been seen in Uttar Pradesh (UP) as well38. 

Scrub typhus has emerged as one of the major 
causes of morbidity and mortality in West Bengal49. 
Scrub typhus has re-emerged and is brazenly 
challenging the public health professionals with 
newer and varied clinical presentations, elusive 
epidemiology and its expansion and presence in areas 
not known for its endemicity51. The recent years has 
seen an increase in the number of cases of ST in the 
entire State including the North Bengal districts which 
possibly is due to enhanced awareness of ST as an 
important cause of AES and AFI among the medical 
practitioners52. The large number of reported outbreaks 
of AES and AFIs over the last decade, coupled with the  
increased access to testing facilities for ST in at least 
tertiary level hospitals has contributed substantially to 
an enhanced awareness amongst all stakeholders.  Poor 
surveillance for ST with near absence of a system to 
send all clinical samples for testing are likely factors 
contributing to the morbidity and mortality caused 
by the disease especially in Kurseong sub-division of 
Darjeeling district. The woefully wanting situation has 
been additionally impacted by the ongoing COVID-19 
pandemic, which has further crippled the situation. 
Delayed hospitalisation of ST cases with multiple 
organ dysfunctions due to diagnostic dilemmas or lack 
of clinical suspicion and high mortality of these cases 
have been widely reported45,49. 

There is only one epidemiological study reported 
from  West  Bengal  which  identified  the  local  risk 
factors for ST and also  recommended measures for 
prevention, including personal protection measures18. 

More such epidemiological, entomological,  and sero-
surveillance studies  are required to identify the local 
risk factors, the predominant vertebrate hosts and 
vector mites and the endemicity of O. tsutsugamushi 
to help plan appropriate interventional strategies 
involving different non-health sectors including animal 
resource, agriculture, irrigation, forest, environment 
departments, etc. to control ST under the “One Health” 
concept. Enrolment of the Armed Forces for taking a 
lead in the effective management and establishment of 
a surveillance system in the affected area, at this crucial 
juncture, cannot be overemphasized. The Armed Forces 
Medical College (AFMC), Pune, India has been in the 
forefront of rickettsial research especially ST for the 
past 70 yrs with a live trombiculid mite colony to boast. 
Their expertise in training personnel for rickettsial 
survey,  vector  studies  and  identification,  evaluation 
of various preventive modalities and outbreak 
investigations is well recognized. The enormous 
presence of Armed Forces in this border area exhorts 
their enhanced cooperation by sharing their expertise 
in  formulation  of  area  specific  strategies,  innovative 
preventive modalities and targeted recommendations 
for the effective containment of ST.  

It is pertinent to highlight that a majority of the 
clinically suspected ST cases in the hospitals at Mirik 
and Kurseong did not have any laboratory confirmation 
to confidently assume that the recorded ST cases were 
true ST cases. However, as the hospitals at Mirik 
and Kurseong have been encountering cases of ST 
regularly since 2004, and the healthcare providers are 
well versed in detecting these cases with or without 
the pathognomonic eschar in the backdrop of negative 
tests for malaria, typhoid and dengue and the fact that 
all the suspected cases promptly responded to the 
empirical treatment with doxycycline/azithromycin as 

Table II. Trend of Scrub Typhus (ST) cases in districts of Northern part of West Bengal, India, 2018-2020
District 2018 2019 2020

# ST # ST deaths # ST # ST deaths # ST # ST deaths
Alipurduar 15 2 13 0 17 0
Cooch Behar 5 1 28 1 17 1
Darjeeling 19 3 21 0 23 0
Kalimpong 0 0 1 0 3 0
Jalpaiguri 10 2 27 2 21 2
Total 49 8 90 3 81 3
State 579 NA 3148 NA 2002 NA 
Source: State Public Health wing of the Directorate of Health Services, Department of Health & Family Welfare, Government of West 
Bengal (personal communication)
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per the Government of India and State guidelines, left 
no room for doubt regarding the diagnosis of ST. 

On the basis of extensive review of published 
literature, documents and records on ST and related 
topics, the following recommendations are put forth:
(i) awareness to be increased on ST being an important 

cause for AES and AFI in the region and capacity 
building of the healthcare providers on early 
detection and management of ST; (ii) use of 
empirical treatment of clinically suspected ST 
cases with doxycycline/azithromycin, as applicable, 
to prevent delayed treatment and complications 
prior to laboratory confirmation; (iii) promotion of 
personal protective measures including avoiding 
woods/forests/shrubs, wearing protective clothing 
and gumboots to work, use of mite repellents and 
insecticide  treated clothes during work, avoiding 
sitting on grass or shrubs, bathing after work and 
changing clothes, rearing cattle away from home, 
avoiding close contact with peri-domestic animals 
and strict avoidance of open-air defecation18,42; 
(iv) Institution of rodent control measures and proper 
disposal of dead rodents17; (v) The State Health 
department may consider the following:

 a)  providing facilities for Weil-Felix test (which is 

not cost intensive) for confirmation of ST in the 
primary and secondary tier hospitals in the high 
risk areas, which have no ELISA facility for IgM 
testing. This would help early confirmation of ST 
cases and early referral of complicated cases

  b)   issuing  of  order  declaring  ST  as  a  notifiable 
disease so that there is a comprehensive capture 
of data on ST to help understand the true burden 
of the disease and plan appropriate public health 
action

 c)  strengthening disease surveillance (case based 
reporting, reporting of all cases – lab confirmed 
as well as clinically suspected cases and efforts 
to get all suspected cases tested for confirmation) 
in the region given its strategic location, the 
heavy population movement and it being a tourist 
destination, business hub and gateway to the 
North Eastern States of the country

 d)  Undertaking epidemiological, entomological, 
and sero-surveillance studies  in different parts 
of the State to identify the local risk factors, 
the predominant vertebrate hosts and vector 
mites and the endemicity of O. tsutsugamushi 
to help plan appropriate interventional strategies 
involving different non-health sectors to prevent 
and control ST42.

Conclusion

The northern districts of West Bengal are 
known endemic areas for many outbreak prone 
communicable diseases like malaria, JE, ST, dengue, 
and kala-azar. Amongst these, malaria, JE and kala-
azar are well in control, whereas dengue and ST are 
showing an upward trend. The risk of NiV infection 
too remains and so heightened surveillance for it is 
required. Multi-sectoral initiatives with emphasis 
on understanding the complex and rapidly evolving 
human-animal-vector dynamics as envisaged under the 
‘One Health’ concept are indubitably important pillars 
in the effective management of these emerging public 
health challenges and necessitate prioritization.
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Introduction

The International Union of Geological Sciences 
terms the current period on earth as the Holocene 
epoch1. This period in earth’s history began nearly 
11,700 years ago, after the last major ice age. However, 
it is often called the Anthropocene, which indicates 
the dominance of Homo sapiens on the planet. Since 
man embraced settled agriculture, the ecological 
footprint of humanity, on the planet’s resources2 has 
been continuously increasing. While bestowing a 
more secure and comfortable life for ourselves, the 
consequences of this lifestyle upon the living and 
non-living entities of the biosphere, have largely 
been ignored. The 7.6 billion humans represent just 
0.01 per cent of all living organisms by weight, but 
the agricultural and economic activities required to 

maintain the population have led to the loss of 83 
per cent of all wild mammals and half of all known 
plants3. This decline in biodiversity has had multiple 
consequences, some immediately noticeable, like 
species extinction, and others which could manifest in 
the long run. The alarming rise in the incidence of novel 
diseases, specifically the recent COVID-19 pandemic, 
is one such short run consequence. 

The Stockholm Conference of 1972 was termed 
as the ‘birth of the green generation4, as it created a 
consensus among nations that the loss of biodiversity 
and degradation of ecosystems are national and global 
problems. These issues are captured in the Sustainable 
Development Goals (SDG) as critical to sustainable 
development. Fiona Harvey5 is optimistic that the 
signatories to the Conference of Parties (COP) will 
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work on the nationally determined commitments, 
leading to pollution reduction, species conservation and 
ecological restoration. It is expected that these would 
keep a check on climate change and improve ecological 
services on the planet. However, in light of the current 
pandemic, research showing the interconnectedness 
of declining biodiversity and the occurrence of novel 
pathogen in humans, is offering compelling arguments 
for conservation of natural systems. 

Humans and biodiversity: a crucial relationship

By  definition  the  biodiversity  is  the  variability 
among living organisms on the planet. It includes 
diversity within species, between species and of 
ecosystems6. It is a critical element in earth’s life support 
system, and determines the sustenance of human 
societies7,8. India hosts a rich biological and physical 
diversity, being home to eight per cent of the world’s 
living organisms. The diversity of natural ecosystems 
ranges from forests, mountains, wetlands, estuaries and 
mangroves, grass lands, swamps, deserts and glaciers. 
The Western Ghats and the Eastern Himalayas are 
enlisted in the global 25 hotspots of biodiversity on the 
earth. The country hosts a population of rare animals 
and nearly 2.9 per cent of world’s threatened species9. 

Much like the external environment, the human 
body is also an ecosystem of microbes, and comprises 
bacteria, archaea, fungi, protozoans and viruses10,11. 
They inhabit human organs and our body provides 
them with food12. From an evolutionary perspective, 
Rook13 has proposed that any organism that has 
survived  a  significant  part  of  mammalian  evolution 
might have been ‘written into’ the mammalian genome. 
Many relatively harmless microorganisms have been 
present throughout mammalian evolution. Human 
body recognizes them as harmless friends and this is 
poetically referred to as the ‘Old Friends Hypothesis’14. 
Their metabolism inside human body, has an important 
function in human health.

Our relationship with other life forms is carried 
into the external environment. Our needs of food, 
water, clean air and benign climatic conditions are 
fulfilled  through  the  ecosystem  services.  These 
services arise from the exchange of matter and energy 
between the living organisms and their surroundings. 
This interaction begets the life sustaining ecological 
services, on which human societies rely on for their 
existence. On the planet, only plants produce their own 
food and other organisms live off the surplus food that 
they produce. There is mutualism and competition in 

this relationship, which is the backbone of ecosystem 
productivity. Many studies show that the resilience 
of the ecosystems increases with a larger functional 
biodiversity15,16. 

Biodiversity  offers  not  just  cultural  and  spiritual 
values, but is also critical in human agriculture. 
Diversity of birds, insects, reptiles and amphibians 
keep a check on crop diseases while microorganisms 
in the soil break down minerals into usable form for 
crops. This assistance from other life forms enables 
agricultural production, maintenance of livestock 
and provisioning of insects for pollination or disease 
control. When aiming for a robust and sustainable 
farming system, it is essential to preserve, support, use 
and promote biodiversity17. 

Human  health,  as  defined  by  the  World  Health 
Organization (WHO) is “a state of complete physical, 
mental and social well-being and not merely the 
absence of disease” or  infirmity18. It has been shown 
that a proximity to nature and biodiversity has beneficial 
effects  on  human  health  and  wellbeing19,20. Several 
studies have demonstrated how a contact with nature, 
including urban green spaces, can lead to measurable 
psychological21, physiological22  and  health  benefits23. 
A brief visit to forests, parks or natural environments 
has shown to reduce stress and fatigue24,25 and trigger a 
positive mood26.

Ostfeld and Keesing27 have suggested that 
biodiversity provides sources of preventive and 
therapeutic agents and nutrition. The existence of 
high species diversity increases the barriers to the 
transmission of infectious agents. This reduces risk of 
human disease. Biological and physical diversity and 
their interactions are critical for social and ecological 
resilience28. Human health and wellbeing is largely 
dependent on ecosystem functioning and the provision 
of goods and services that is supported by biodiversity. 
Ecosystems also render services including food, clean 
air, fresh water, medicines, climate regulation, pest and 
disease control and disaster risk reduction. Therefore, 
biodiversity is considered to be an important determinant 
of human health and its conservation and sustainable 
use can support human health29. The Convention on 
Biological  Diversity  (CBD),  ratified  by  196  States 
and the European Union, considers biodiversity as 
the foundation for human health, as it underpins the 
functioning of the ecosystems on which we depend for 
our food and fresh water; aids in regulating climate, 
floods  and  disease30. Furthermore, it is because of a 



 NULKAR et al: BIODIVERSITY & HUMAN HEALTH 369

healthy biodiversity that we derive recreational benefits 
and aesthetic and spiritual enrichment30.

Loss of biodiversity and emerging diseases

All living beings in nature have natural predators. 
Within a landscape, diverse communities coexist 
and the prey-predator relationship keeps a check on 
populations. The food chain has evolved in a way that 
no species can dominate the chain. It is thus critical 
to conserve and retain the physical and biological 
diversity in its natural composition. The ‘Biodiversity 
Hypothesis’ proposes that contact with natural 
environments and biodiversity, including microbiota, 
enriches the human microbiome, promotes immune 
balance  and  protects  from  allergy  and  inflammatory 
disorders31.  The human body is protected with two 
layers of biodiversity - microbes within human body 
and those in the environment we live in32,33. The outer 
layer is dependent on the variety of life in soil, waters, 
plants and animals around us. The inner layer is in the 
gut, skin and air passages. The inner layer is dependent 
on colonization from the outer layer34. Viruses, bacteria 
and other  types of microbes  are  capable  of  inflicting 
diseases in plants, animals and humans. In a healthy 
ecosystem, they are usually constrained geographically 
and seasonally by ecological relationships and the 
regulatory functions of ecosystem services. Researchers 
have established an association between biodiversity 
loss and human health25,35,36. Keesing et al37 reported 
that in several case studies, the species most likely to be 
lost from ecological communities as diversity declines 
are those most likely to reduce pathogen transmission.

The contiguous existence of humans with 
domesticated and wild animals, happens through 
food, shared landscapes and companionship. This 
enables the transmission of microbiota to humans. 
The diseases such as rabies, leptospirosis, plague, 
scrub typhus, Nipah virus, Kyasanur forest disease, 
Japanese  encephalitis,  and various  types  of  influenza 
are causing small and consistent outbreaks in animal 
and human populations across India. The sharp rise 
in  industrialized  domestication  of  animals  offers 
increasing opportunities for pathogens to pass to 
humans, through the biophysical environment. This 
has resulted in a worldwide increase in outbreaks of 
potentially epidemic-causing zoonoses. Around 60 per 
cent of all infectious diseases and 75 per cent of all 
emerging infectious diseases18 in humans are zoonotic. 

Hammen and Settele38 have noted that some of 
major global changes that have developed, including 

deforestation and climate change, are able to impact 
the biodiversity–human health relationship. Ostfeld 
and Keesing27 state that biodiversity provides sources 
of preventive and therapeutic agents and nutrition. 
Sandifer et al23 have suggested that humanity is at 
a key juncture, as biodiversity loss increases with 
population growth, climate change and uncontrolled 
development. They examined the existing research on 
the  relationship  between  human  health  benefits  and 
nature and biodiversity and developed an extensive list 
of documented health effects.  

Human interventions in landscapes alter the 
species composition and population sizes, resulting 
in reduced ecosystem productivity and the ensuing 
ecosystem services.  Interventions alter the natural 
influencers  on  infectious  agents  range  and  activity39. 
Economic activities release toxic substances which 
harm ecosystems at local levels; and accelerate climate 
change at the global level. The resource consumption 
of seven billion individuals has changed the structure 
and functioning of the planet’s ecosystems. There 
has been an irreversible loss of species leading to an 
accelerated decline in ecosystem services. Over time, 
the complexity of the ecosystem is compromised and 
organisms are forced to seek out new habitats. Some of 
the potentially pathogenic microbes hitchhike on newer 
animal hosts from their original habitats and enter human 
ecosystems giving rise to new diseases40. How many of 
these novel, potentially pathogenic microbes are able 
to reach humans, is influenced by climatic and micro-
environmental conditions. The 2016, United Nations 
Environment Programme (UNEP) report has suggested 
that  the  risk of new diseases and  their “amplification 
increases with  the  intensification  of  human  activities 
surrounding and encroaching into natural habitats”. 
This enables pathogens in wildlife reservoirs to 
spill over to livestock and humans. Ecological 
disturbances  such  as  agricultural  intensification  and 
human settlement, or encroachments into forests and 
other habitats41 can trigger the spill over. The World 
Economic Forum42  has attempted to quantify the loss 
of species on the planet. The numbers, while shocking, 
reveal what human interventions have done to the 
biological diversity of the planet.

Change in biodiversity and zoonoses in India

The deadly Kyasanur forest disease (KFD), is 
an example of such spill-over case in India. KFD is 
caused by the KFD virus identified in 1957. The virus 
was isolated from a sick monkey from the Kyasanur 



370  INDIAN J MED RES, MARCH 2021

forest in Karnataka State of India. Since then, about 
400-500 human cases per year have been reported. 
Hard ticks (Hemaphysalis spinigera) are the reservoir 
of KFD virus and once infected, remain so for life43, 
contributing to disease transmission. Rodents, shrews, 
and monkeys are the other common hosts for KFDV. 
These animals share landscapes and food with people, 
and thus enable the passage of the pathogen into human 
species. 

Rabies, another disease with a 100 per cent fatality 
rate, is not an emerging infectious disease, but has 
existed for a long time. As a rabies-endemic country44, 
India is estimated to have 20,000 rabies deaths every 
year, among 20 million dog bite cases a year. Nearly 
36 per cent of the world’s rabies deaths occur in India 
every year. This disease has the potential to spill-
back into healthy populations of wild canids, small 
mammals and bat species through dog bites, as free-
ranging dogs are  increasingly found to have conflicts 
with wild animals44. 

Nipah virus (NiV) which causes severe acute 
febrile encephalitis in humans, is another emerging 
infectious disease. This virus is known to be shed in 
the faeces and urine of bats (predominantly of genus 
Pteropus). The NiV is speculated to have emerged 
in Malaysia owing  to  two  important  reasons, firstly, 
deforestation and planting of fruit orchards thus 
enabling increased interactions of fruit bats and 
humans, and secondly, the growth of industrialized 
pig farms where pigs act as reservoirs of the virus, 
enabling the persistence of the virus. Following the 
first outbreak in Malaysia40, seroprevalence studies in 
bats showed prevalence of antibodies to NiV and other 
closely related viruses of the family Paramyxoviridae 
across most of Southeast Asia. Studies of transmission 
patterns of Nipah in North-East India showed a higher 
and easier chances of virus spill over from bats to 
human population45. Studies in Bangladesh showed 
the transmission of NiV from bats to human through 
date palm sap collection46. The sap is harvested from 
in incision in the tree trunk. The sap oozes out into 
an open clay pot. Studies using infrared camera have 
shown that Pteropus giganteus bats frequently visit 
date palm sap trees and lick the sap during collection47. 
NiV can survive for days on sugar-rich solutions such 
as fruit pulp48. As some of the palm is consumed a 
fresh juice, a pathway to enter human systems46 opens 
up for the virus.

Growing economy, increasing consumption: 
Drivers or biodiversity change and emerging 
diseases

Jones et al40 studied disease records from United 
Kingdom in the period between 1940 to 2004 and 
found an increase in the rate of emerging infectious 
disease during this period. Of the 335 documented 
events, 60.3 per cent were zoonotic and 71.8 per 
cent of the zoonoses originated in wildlife. Loss of 
biodiversity and ecosystem productivity have been 
negative externalities of the global economic system49. 
Changing land use for economic reasons has resulted 
in the loss of habitat, fragmentation and reduced food 
availability to non-human organisms. As production 
of goods and services rises, the industries which feed 
the growth, consume more resources. The economy 
is fed with minerals, many of which come from open 
cast mines. Increasing mining has led to a sharp 
decline in natural forests, which has forced out apex 
predators and increased human-animal conflicts. This 
has denuded millions of hectares of forests all over the 
world. Nearly 10 per cent of the deforestation in the 
Brazilian Amazon between 2005 and 2015 was due to 
mining activities50. The Indian government, in 2019, 
released 1.7 lakh hectares of forest land in Chhattisgarh 
for open cast coal mining51. Economic growth requires 
infrastructure. Roads, railways, airports and dams have 
caused severe deforestation. Three major infrastructure 
projects sanctioned in 2020 in Goa, will go through the 
Mollem National Park, diverting over 250 hectares 
of forest land for commercial purposes. Of this, 170 
hectares falls within protected areas. Mollem is host 
to a large biodiversity and several threatened species 
are found here52. The proposed Hubballi-Ankola rail 
project in North Karnataka will divert 727 hectares 
of pristine forests and 2.2 lakh trees will be fallen. 
This is part of the ecologically fragile Western Ghats, 
home to rare and endangered flora and fauna53. Severe 
deforestation in Chhattisgarh has pushed herds of 
elephants to areas where people are not used to 
living with them54. Without extensive surveillance for 
potentially pathogenic microbes in wildlife, scientists 
cannot predict which pathogen will be displaced in 
these assaults on their habitats. 

The majestic Himalayan mountain range is the 
provider of fresh water to people, farms, and estuarine 
ecosystems. For millions of years, the rivers originating 
here have brought  alluvial  soil  onto  the flood plains. 
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However, the spate of large dams built on the rivers has 
nearly stopped the flow of nutrients from the hills to the 
plains. This has had severe impact on the downstream 
ecosystems, as is seen from the loss of key riverine 
species. 

Intensification  of  agriculture  and  the  use  of 
chemicals has stressed insect populations. Large dams 
built to support intensive farming, have submerged 
forests and created new breeding grounds for various 
species of mosquitoes. Urban sprawls have broken 
wildlife corridors, fragmented habitats and displaced 
fauna. Moreover, urban sewage comprising of faecal 
matter and household chemicals have impacted the 
diversity of riverine ecosystems. Large windmill farms 
have killed several apex birds and this has contributed 
to weakening the food chain. Climate change is another 
factor  affecting  biodiversity.  The  most  vulnerable 
terrestrial ecosystems tundra, boreal forest, mountain, 
and Mediterranean-type ecosystems; mangroves 
and salt marshes; coral reefs and sea ice biomes are 
virtually certain (>99% probability) to experience 
severe impacts55. The biodiversity in these regions 
will  decline  significantly,  displacing  new  microbes 
out of their habitats, and could also unlock potential 
pathogens from deep permafrost as they thaw out. 
The alarming rise in the frequency of extreme climate 
events, demands immediate and urgent measures to 
improve the resilience of ecosystems. 

Scientists from all over the world have warned 
that maintaining the health and wellbeing of the human 
population will be increasingly difficult on a planet with 
polluted resources, deteriorating biodiversity and social 
instability56. Nine out of 14 terrestrial biomes have 
breached the safe limit of 90 per cent of biodiversity 
intactness57. The juggernaut of economic growth is 
backfiring on humans,  in  the  form of  diseases,  social 
inequalities, crime and wars, all of which go against 
the concept of welfare. The ecological costs of current 
lifestyles are being paid by a burgeoning healthcare 
industry58. The Indian healthcare market is expected to 
have done a business of over US$ 193 billion in 202059. 
Beyond  human  health,  scientific  evidence  around  the 
world shows that biodiversity is critical to sustaining the 
businesses around the world. The natural environment 
has a crucial role in the health of anation’s economy and 
biodiversity provides critical inputs to industry60.

The way ahead

Several zoonotic disease outbreaks in the past 
few decades have highlighted the need to approach 

the issue of health across the globe in a holistic way. 
The need is more urgent in a country like India, which 
has some of the highest diversity of life forms, with 
many communities living in biodiverse areas, having 
a high interface of wildlife, humans and livestock. 
In a megadiverse country like India, it is prudent to 
assume that the diversity of potential disease-causing 
organisms is also greater, only a fraction of which 
are currently known to science. The zoonotic disease 
outbreaks  in  India  like Nipah virus, Swine flu, KFD, 
etc. have pointed to a need for continuous surveillance 
for detecting zoonoses early and initiating timely and 
efficient  management  of  these  diseases.  However, 
the field of  studies  concerning  zoonotic  diseases  and 
their implications are largely isolated, institutionally, 
with studies undertaken by ecologists, public health 
experts, and agriculturists, all working in isolation and 
there is hardly any public awareness and engagement 
seen. National Centre for Disease Control (NCDC) of 
India has a Division of Zoonotic Diseases Programmes 
(DZDP). There are three programmes being run 
through this: Inter-sectoral Coordination for Prevention 
and Control of Zoonotic Diseases; National Rabies 
Control Programme and the Programme for Prevention 
and Control of Leptospirosis61. In the recent national 
budget of 2021-2022, the government has made a 
provision for establishing The Institute of One Health, 
to manage endemic and emerging epidemic threats of 
zoonotic diseases.

The concept of One Health is a holistic approach 
for combating the emerging global health concerns 
with transdisciplinary efforts, especially with respect to 
zoonotic diseases. The One Health approach considers 
health at three levels, namely, the individual level, the 
population level and the ecosystem level62. It considers 
the rapidly evolving environments which enable 
emergence and support the transmission of infectious 
diseases  affecting  any  living  system  capable  of 
harboring disease-causing organisms, while allowing 
the opportunity to use data to visualize predictive 
models of disease spread and control. 

International  efforts  to  control  biodiversity  loss 
started  off  with  the  formation  of  The  Convention 
on Biological Diversity (CBD) on December 29, 
199363. Currently there are 196 parties. The CBD is 
comprehensive, but national reporting has not been 
encouraging. This needs to strengthen as biological 
diversity knows no national boundaries. Without close 
cooperation, conservation will not be easy. Many 
countries are already undertaking species and habitat 
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conservation.  However,  this  is  hardly  sufficient. 
A  significant  change  must  be  made  to  reduce  the 
ecological impacts of human economic activities. For 
this, multiple strategies must be deployed. Reforestation 
on degraded landscapes, conservation of wetlands, 
estuaries and mountains, species conservation, dealing 
with  human-animal  conflicts,  preserving  habitat 
diversity, pollution abatement, programmes to remove 
non-native and invasive species, native plantations, 
are just some of the various approaches which can 
influence  improvement  in  biological  diversity.  In  a 
diverse country like India, it is not possible just for the 
Ministry of Environment, Forests and Climate Change 
(MoEFCC) to carry out this work single-handedly. 
Concerted  efforts  and  cooperation  between  multiple 
Ministries including that of Agriculture, Health, 
Water resources, Earth Sciences, Fisheries, Animal 
Husbandry & Dairying, Mining, Commerce and 
Industries, and others, are critical to the success. This is 
critical to warding off new diseases. If this urgent need 
is not recognized, humanity, as a whole must prepare 
to face the threat of diseases even more lethal than the 
COVID-19 pandemic. This will undoubtedly lead to an 
unhealthy society, and also impose a mammoth burden 
on national economies.
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Gorakhpur division consisting of Gorakhpur and neighboring districts Deoria, Kushinagar and 
Maharajganj in Uttar  Pradesh, India, have been witnessing seasonal outbreaks of acute encephalitis 
syndrome (AES) among children for the last three decades. Investigations conducted during 
2005 identified Japanese encephalitis (JE) virus as an aetiology of AES. With the introduction of 
JE vaccination and other control strategies, the incidence of JE in the region declined, however, 
outbreaks of acute febrile illness with neurological manifestations continued to occur. Subsequent 
investigations identified Orientia tsutsugamushi, as the major aetiology of AES outbreaks in the region. 
This review details clinical, epidemiological, animal and entomological investigations conducted 
for AES due to O. tsutsugamushi during 2015 and 2017 in Gorakhpur region. Surveillance of acute 
febrile illness among children attending peripheral health facilities identified scrub typhus as an 
important aetiology of febrile illness during monsoon and post-monsoon months. Population-based 
serosurveys indicated high endemicity of scrub typhus. Entomological studies demonstrated natural 
infection of O. tsutsugamushi in small animal hosts and vector mites. Children acquired this infection 
through recent exposure to outdoor environment, while playing, or visiting fields or defecating in 
open fields. A few of the children with scrub typhus progress to develop CNS manifestations. Hence, 
early administration of appropriate antibiotics is crucial in preventing progression of AFI due to 
scrub typhus to AES. The investigations conducted by the multi-disciplinary team helped understand 
the transmission dynamics of scrub typhus in Gorakhpur division and recommend strategies for its 
control.

Key words Acute encephalitis syndrome - acute febrile illness - One Health - scrub typhus - vector 

Review Article
Practice



376  INDIAN J MED RES, MARCH 2021

For the last three decades, Gorakhpur and its 
neighbouring districts Deoria, Kushinagar and 
Maharajgunj have been witnessing seasonal outbreaks 
of acute febrile illness (AFI) with neurological 
manifestations such as altered sensorium and new 
onset of seizures, among children1,2. Between 2004-
2013, around 1500 - 2000 acute encephalitis syndrome 
(AES) patients get admitted every year to BRD 
Medical College (BRDMC), Gorakhpur - the tertiary 
care hospital in the region3.  These outbreaks occurred 
in monsoon and post-monsoon (June–October) months 
and were associated with high case fatality, in excess of 
20 per cent3-5. The region experienced one of the worst 
outbreaks in 2005, where more than 5,737 cases of 
AES were reported from Gorakhpur and neighbouring 
districts, with 23 per cent deaths6. etiological 
investigations indicated that this outbreak was due to 
Japanese encephalitis virus (JEV)6. Following these 
investigations, the Government of India introduced live 
attenuated JE vaccine (SA-14-14-2) in the area, initially 
as mass vaccination campaigns targeting children aged 
1-14 years and subsequently introduced the vaccine 
in the Universal Immunization Programme7. In 2013, 
a two-dose vaccination schedule was introduced, with 
first dose given at the age of 9-12 months and second 
dose at the age of 16-24 months8. 

With vaccination and Information Education 
and Communication (IEC) campaigns, the incidence 
of JE declined5,7, however, outbreaks of AFI with 
neurological manifestations continued to occur in 
the region. Investigations conducted by a team of 
researchers  from  different  ICMR  institutes;  Manipal 
Centre for Virus Research, Manipal; Christian 
Medical College (CMC), Vellore and Jawaharlal 
Institute of Postgraduate Medical Education & 
Research  (JIPMER),  Puducherry  identified  Orientia 
tsutsugamushi, the causative agent of scrub typhus, as 
the major aetiology  of AES outbreaks in the region9. 
It was observed that nearly half of the AES cases had 
serological or molecular evidence of O. tsutsugamushi 
infection, while JEV and dengue virus accounted for 
about 10 and 7 per cent AES cases, respectively9. The 
presence of higher levels of O. tsu tsugamushi IgM 
and IgG antibodies among AES patients than among 
controls further confirmed the role for scrub typhus in 
the aetiology  of AES in Gorakhpur10.

Scrub typhus is a vector-borne zoonotic disease 
with the potential of causing life-threatening febrile 
infection in humans. It is transmitted by the bite 
of trombiculid mite infected with Gram negative 

O. tsutsugamushi. Mites are the vectors and the primary 
reservoir for scrub typhus. The infected mite population 
is maintained usually by a number of small rodents and 
shrews. The disease is endemic in several countries 
in Southeast Asia and Western Pacific region11. Scrub 
typhus patients with multi-system involvement may 
have high case fatality and hence early treatment 
with appropriate antibiotic is important12. Following 
the diagnosis of O. tsutsugamushi as the major 
aetiology of AES outbreaks in Gorakhpur region, the 
ICMR recommended administration of intravenous 
azithromycin to all hospitalized AES cases at BRD 
medical college, in September 2014 (unpublished 
data). Considering the zoonotic nature of the illness, 
a transdisciplinary team was constituted consisting 
of human and animal health experts and a number of 
studies were initiated to describe the clinical spectrum 
of children with AES due to O. tsutsugamushi infection, 
estimate disease burden, understand the transmission 
dynamics, and identify risk factors to develop control 
strategies. The  results of  these findings  characterized 
the scrub typhus transmission dynamics in the affected 
region and recommended appropriate interventions. 
Several  of  these  efforts  have  been  documented  as 
individual  research findings and warrant a composite 
presentation to describe the in-depth and multi-faceted 
studies done by different research teams. This review 
details the clinical, epidemiological, animal and 
entomological investigations conducted for AES due to 
O. tsutsugamushi during 2015 and 2017 in Gorakhpur 
region. 

Clinical spectrum of AES patients with 
O. tsutsugamushi infection (2016)

To strengthen the AES surveillance, the ICMR 
established an AES Cell in the department of Paediatrics 
in BRD Medical College, Gorakhpur in 2016. This 
Cell coordinated collection of clinical details from 
AES cases on a standard case report form, collection 
and aliquoting of blood and CSF samples and ensured 
biochemical, haematological as well as aetiological 
investigations of all samples collected. In a case series 
of 230 AES cases with O. tsutsugamushi infection 
(based on PCR/IgM positivity in serum and/or CSF), 
the median age of patients was 61 (IQR: 36-120) 
months. All cases were from rural areas and males and 
females were equally affected. AES patients developed 
CNS manifestations such as seizures (88.7%) and 
altered sensorium (69.6%) after a median interval of 
six (IQR: 4-9) days after fever onset. Other presenting 
symptoms among AES patients included vomiting 
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(46.5%), headache (13.9%), abdominal pain (15.2%) 
and diarrhoea (4.8%). The median Glasgow Coma 
Scale (GCS) score at admission was eight (IQR: 8-10). 
Important  findings  on  physical  examination  included 
hepatomegaly (43.5%), peri-orbital oedema (33.0%), 
splenomegaly (10.4%) and rash (5.2%). None of these 
patients had eschar. Thrombocytopenia, abnormal 
liver and kidney functions were the commonest 
haematological and biochemical abnormalities. CSF 
was clear, with pleocytosis and mildly raised proteins. 
Most patients received intravenous azithromycin. 
The case fatality ratio (CFR) was lower among AES 
patients positive for O. tsutsugamushi infection 
(35/230=15.2%) as compared to those negative for OT 
infection (51/141=36.2%, P=0.001)13.  

Aetiology of AFI among children (2016)

All the studies about the aetiology  of AES were 
conducted among patients hospitalized at the BRD 
Medical College, Gorakhpur. About one fourth of these 
patients gave a history of febrile illness for at least a 
week before developing neurological manifestations13. 
A qualitative study conducted to understand the health 
seeking behaviour for febrile illness revealed that 
most parents took their children to traditional healers 
first,  and  parents  took  the  child  to  BRD  Medical 
College or district hospital if the child developed 
seizures or altered sensorium (unpublished data). It 
was  therefore,  considered worthwhile  to  find  out  the 
aetiology of children presenting with AFI attending 
peripheral health facilities during monsoon/post-
monsoon months. A facility-based surveillance for 
AFI was established in three peripheral health facilities 
and all children presenting with fever of four days or 
more were enrolled in the surveillance. Analysis of 
serum specimen from 224 children with AFI during 
August to October, indicated that about one-fourth 
had IgM antibodies against O. tsutsugamushi14. Three 
children also had eschar, which is pathognomonic 
of scrub typhus. The other common aetiologies of 
AFI were dengue fever14 (8%), spotted fever group 
rickettsiae (SFGR) infection15 (6%) and leptospirosis14 
(3%). These findings  indicated  that O. tsutsugamushi 
infection was the commonest aetiology of AFI among 
children during monsoon/post-monsoon months14. 

Seroprevalence in the community (2016)

Scrub typhus outbreaks have been reported 
in occupational groups with frequent exposure to 
outdoor environment, such as military personnel, 
agriculture workers, etc16. Most AES cases seen at 

the tertiary care hospital in Gorakhpur were children 
aged  ≤14  years.  This  age  distribution  of AES  cases 
suggested exposure to O. tsutsugamushi infection 
during childhood. Population based serosurveys 
were  conducted  to  estimate  age-specific  prevalence 
of O. tsutsugamushi  infection  in different villages  in 
Gorakhpur district reporting AES cases17.  The  first 
survey was conducted during April-May (n=1085), 
and second during October-November (n=906), 
corresponding respectively with the lean and epidemic 
period. The overall seroprevalence of IgG antibodies 
during AES epidemic period was higher (70.8%) as 
compared to that of lean AES period (50.6%, P<0.001). 
In both survey periods, seroprevalence increased with 
age, with higher prevalence among females. The serial 
nature of the serosurveys also provided opportunity to 
estimate sero-incidence of O. tsutsugamushi infection. 
Of the 254 seronegative cases for serological markers 
of O. tsutsugamushi infection during April-May, 19.7 
per cent seroconverted; more than half of whom had 
no history of febrile illness during the intervening 
period suggesting subclinical nature of infection. The 
sero-incidence of new  infection was not different by 
age-group and sex. 

O. tsutsugamushi infection in small animals and 
mites (2015)

Although  the  clinical  and  laboratory  findings 
among AES and AFI patients indicated the role of 
O. tsutsugamushi infection, evidence of the presence 
of the pathogen in animal hosts and vector mites was 
considered confirmatory to its transmission to humans. 
A cross-sectional survey of trombiculid mites was 
carried out during July and October 2015, in randomly 
selected villages in Gorakhpur with recent report of 
AES cases18. In the selected villages Sherman live 
traps were set in peri-domestic areas to catch rodents/
shrews. Blood sample was collected from the trapped 
rodents/shrews and serum samples were tested using 
Weil–Felix test for antibodies against three antigens: 
OX-19 (Rickettsia typhi), OX-2 (Rickettsia conorii), 
and OX-K (O. tsutsugamushi). The trapped rodents 
were euthanized and ectoparasites, including chigger 
(larval) mites, were collected by combing the animals. 
Also, the ears, limbs, and axillary regions of individual 
rodents were examined for mite attachment. Based 
on the exoskeleton structure, mites were  identified to 
species level following standard taxonomical keys, and 
the tissue samples were pooled and subjected to PCR 
assays. Molecular diagnosis of the scrub typhus was 
targeted  for  two different gene  fragments, groEL and  
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56 kDa type-specific antigen (TSA) of O. tsutsugamushi, 
by conventional PCR and nested PCR, respectively 
for rodent/shrew blood samples. Detection of gene 
encoding  56  kDa  protein,  which  amplifies  483  bp 
segments, was carried out by nested PCR for mite 
samples18.

Suncus murinus (shrew) was the commonest 
animal trapped. More than 80 per cent trapped shrew/
rodent were infested with trombiculid mites, with 
Leptotrombidium deliense Walch as the predominant 
species.  The  overall  chigger  index,  defined  as  the 
proportion of shrews/rodents having trombiculid mite 
infestation, was highest for S. murinus (21.3%)18. 

In the Weil–Felix test, 57 per cent (65/114) serum 
samples from the shrews/rodents tested were positive 
for antibodies against O. tsutsugamushi, with higher 
seropositivity among S. murinus compared to Rattus 
sp. On PCR assay, about 20 per cent (25/128) rodent 
blood samples were positive for the groEL gene while 
one sample was positive for the 56 kDa gene. The 
identities  of  these  genes  were  confirmed  as  that  of 
O. tsutsugamushi by DNA sequencing. Seven of the 
315 pools of mite tissue samples were positive for 56 
kDa gene on nested PCR. All the O. tsutsugamushi 
infected L. deliense specimens were from S. murinus. 
Phylogenetic analysis confirmed circulation of Gilliam, 
Karp, and TA678 serotypes of O. tsutsugamushi in 
Gorakhpur.  This study provided information on the 
relative abundance of small animal hosts, chigger 
mite vectors, and the prevalence of the scrub typhus 
pathogen, O. tsutsugamushi, in the animal and vector 
hosts18.

Seasonal abundance of Leptotrombidium deliense 
(2016-17)

A year-round study was conducted in 2016-2017 
to examine the seasonal abundance of L. deliense in 
rural areas of Gorakhpur district. During the monthly 
collections, a total of 903 animals (rodents/shrews) 
were collected using 6484 Sherman traps. S. murinus 
was predominantly (67%) trapped. A total of 5526 mites 
belonging 12 species under nine genera of trombiculids 
were collected from the trapped rodents/shrews. 
Leptotrombidium (L) deliense was the predominant 
species (64.7%) followed by Schoengastiella ligula 
(17.4%), the suspected vector of scrub typhus. 
The overall chigger index was 5.3 per animal. The  
L. deliense index was relatively higher during July 
to November with a peak in October (Fig. 1).  The 
index of S. ligula was very low particularly during this 

season. The natural infection of O. tsutsugamushi was 
detected only in L. deliense specimens, collected during 
rainy months (July - October).  Among the 5526 mite 
samples tested as 352 pools in nested PCR, four pools 
were positive for 56 kDa gene. The peak abundance 
of L. delicense coincided with peak incidence of AES 
cases in the area (Unpublished data).

Risk factors for scrub typhus infection (2018)

The next  step  in  the  investigation was  to find out 
household characteristics and behavioural risk factors 
associated with scrub typhus infection among children. 
In this case control study, 155 febrile children positive 
for IgM antibodies against O. tsutsugamushi were 
compared with 409 febrile children seronegative for IgM 
and IgG antibodies19. Cases, controls and their parents 
or guardians were interviewed to collect information 
on socio-demographics, household characteristics, 
behaviours, and environmental exposures during the 
preceding two  weeks before fever onset. The findings 
of this study revealed that children residing in houses 
within  or  adjoining  agriculture  fields  and  that  stored 
firewood  indoors  had  higher  odds  of  acquiring  scrub 
typhus. Children who had a recent exposure to outdoor 
environment while defecating in open, playing in or 
visiting  agricultural  fields  were  also  at  higher  risk  of 
scrub typhus infection19.

Summarizing the evidence 

The findings of the studies described above provided 
data about the transmission dynamics of scrub typhus 
in the area. Entomological studies demonstrated natural 
infection of O. tsutsugamushi in small animal hosts and 
vector mites. Leptotrombidium mites were abundantly 
present on shrews during monsoon and post-monsoon 
months. High seroprevalence of IgG antibodies 
indicated that the population in rural areas of Gorakhpur 
division was frequently exposed to O. tsutsugamushi 
infection. Children acquired this infection through 
recent exposure to outdoor environment, while 
playing, or visiting fields or defecating in open fields. 
Although most infections were subclinical in nature, 
scrub typhus was an important aetiology  of febrile 
illness among children, accounting for nearly one-fifth 
of febrile illness attending peripheral health facilities 
during monsoon and post-monsoon months. A few of 
the children with scrub typhus progressed to develop 
CNS manifestations. Hence, early administration 
of appropriate antibiotics is crucial in preventing 
progression of AFI due to scrub typhus to AES. 
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Presumptive treatment of AFI with doxycycline or 
azithromycin (2018)

There are limited laboratory facilities for diagnosis 
of scrub typhus infection at primary care facilities in 
Gorakhpur division. The use of rapid diagnostic tests 
for all fever patients attending these facilities could be 
cost-prohibitive. Moreover, serological tests become 
positive only after 5-7 days. In view of this, as well 
as considering the risk of progression of AFI patients 
to AES which is associated with high case fatality, 
and over-burdened public health facilities, treating 
children presenting with AFI at peripheral health 
facilities during monsoon and post-monsoon months, 
presumptively with doxycycline or azithromycin based 
on clinical suspicion was considered as a strategy for 
reducing incidence and mortality due to AES. The 
Government of Uttar Pradesh issued guidelines to the 
health facilities of districts in Gorakhpur division for 
this presumptive treatment in 201620. A pilot project 
conducted in three peripheral health facilities indicated 
that presumptive treatment of children with AFI with 
doxycycline/azithromycin had about 80 per cent 
effectiveness in preventing progression to AES21.

Disability following AES caused by Orientia 
tsutsugamushi (2018)

Survivors of infective encephalitis may have 
varying degrees of neurologic or neuropsychiatric 
sequelae. Little information was available about 
neurologic sequelae among scrub typhus patients with 
CNS manifestations. A study to estimate the proportion 
and spectrum of disability among 146 survivors of AES 
due to O. tsutsugamushi indicated that 56 (38.4%) had 

mild, whereas 19 (13%) had moderate to severe degree 
of  disability  after  median  interval  of  five months  of 
hospitalization,. Most patients had impairment in the 
domain of cognition and behaviour, while <10 per 
cent had impairment in the domain of mobility and 
activity limitation in selfcare. The study indicated that 
disabilities were frequent among the survivors of AES 
caused by O. tsutsugamushi22.

Way forward

The investigations conducted by the multi-
disciplinary team constituted by the ICMR helped to 
understand the transmission dynamics of scrub typhus 
in Gorakhpur division and recommend strategies for 
its control. The decline in the number of AES cases 
and deaths in the region (Fig. 2, unpublished data) 
observed in the last three years could be due to the 
presumptive use of doxycycline/azithromycin for 
febrile illness and administration of intravenous 
azithromycin for AES patients as well as awareness 
campaigns such as Dastak Abhiyan to seek early 
treatment for AES and strengthening of peripheral 
health facilities to manage AES cases conducted 
by the Government of Uttar Pradesh. It is however, 
necessary to closely monitor the implementation of 
the presumptive treatment strategy during monsoon 
and post-monsoon season and ensure adequate supply 
of doxycycline and azithromycin at the public health 
facilities. Reduction in the AES disease burden would 
also require sensitizing clinicians in private sector about 
early treatment of suspected scrub typhus cases with 
appropriate antibiotics. Further, as part of long-term 
approach to facilitate early treatment of scrub typhus 

Fig. 1. Reported AES cases and the estimated L. deliense and S. ligula indices in Gorakhpur district, Uttar Pradesh, 2016-2017 (Unpublished data).
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at  peripheral  health  facilities,  introducing  affordable 
point of care tests at the primary care level especially 
during AES season could help in early diagnosis of 
scrub typhus and initiate appropriate treatment23. The 
environmental factors are conducive for transmission 
of O. tsutsugamushi in the area. Measures to control 
vector mites or rodent could be challenging. Hence, 
behaviour change communication about avoiding open 
defecation and exposure to outdoor environment, as 
well as providing household and community toilets 
through the Government flagship programmes such as 
Swachh Bharat Abhiyan could also help reducing such 
infections in the region23. Considering the wide range 
and magnitude of disability among survivors of AES 
patients, it is also necessary to screen all AES patients 
to early identify disabilities and initiate appropriate 
rehabilitative care in the nearest District Disability 
Rehabilitation Centres. Lastly, continued surveillance 
for AES in the region is necessary to monitor the trend 
as well as impact of different control strategies.
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Introduction 

The coast is a highly dynamic interface between 
land  and  sea  influenced  by  land-based  and  oceanic 
processes1. India has a long coastline of 7516.6 km2. 
About a sixth of India’s population lives along the 
coast as these areas are also the preferred location for 
a large number of settlements including some Indian 
megacities. Coastal areas are also well known for their 
beaches that attract millions for recreation and sport as 
well as for other ecosystems such as mangrove wetlands 
(Sundarbans),  mudflats,  seagrass  meadows  and  coral 
reefs1. Coastal ecosystems act as a natural defense 
against high tides, tsunami and cyclones that have a 
large destructive potential1 and provide a number of 
goods and services that contribute and support human 
needs3.

A need to better understand various ecosystem 
services and the ecosystems that provide these services 

is accentuated in the recent times, especially due to 
climate change impacts as well as  the COVID-19 
pandemic4,5. Hence this review is aimed at looking at 
the coastal ecosystem services with a focus on their 
contribution to human health and wellbeing.

Coastal Ecosystems 

Ecosystems are functional units in which biotic 
and abiotic components interact dynamically3. Along 
the Indian coast (as throughout the world), a variety 
of ecosystems are seen based on the interaction 
between local geomorphology and ocean processes. 
These ecosystems possess rich biodiversity with high 
productivity and have evolved to exist in a complex 
of environmental circumstances that include tides, 
currents and wave action as well as nutrients and other 
chemicals brought down through riverine inputs1. 

Such ecosystems include estuaries, deltas, lagoons, 
mangrove wetlands, beaches, seagrass meadows, 
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seaweed beds and coral reefs. The area under various 
natural coastal wetlands in India as estimated by the 
Space Application Centre6 and are given in Table 
I. Many of the well known coastal ecosystems, 
considered ecologically sensitive are protected by the 
Coastal  Regulation  Zone  (CRZ) Notification  (2019)7 
issued under the Environment (Protection) Act, 1986. 
These are considered as CRZ - Class I, where minimal 
disturbance to the environment through development 
activities is permitted. Such ecosystems, inter alia, 
include mangroves, corals and coral-reefs, sand dunes, 
mudflats,  salt  marshes,  horse-shoe  crab  habitats  and 
seagrass beds.

Among the coastal ecosystems, sandy beaches, 
mangroves, seagrasses and coral reefs are perhaps 
best known. Mangroves are salt-tolerant coastal trees 
or shrubs found in tropical and sub-tropical inter-tidal 
regions, often growing in water-logged regions8. Indian 
mangroves are broadly classified  into  tide dominated 
such as mangroves of the Mahanadi delta, river 
dominated as in the case of Godavari and drowned river-
valley seen in Gujarat9. After the 1999 super-cyclone 
that hit Odisha and the 2004 Indian Ocean tsunami 
that  affected  large parts  of  the  east  coast,  the  role of 
mangroves as barriers to storm surges as well as rising 
sea levels has been better appreciated10. From Indian 
mangrove habitats, 46 true mangrove species belonging 
to 14 families and 22 genera have been recorded11. 
Seagrasses,  submerged  marine  flowering  plants 
occurring in shallow oceanic and estuarine habitats, 
and colonizing sandy/muddy substrates (especially 
in wave-sheltered conditions) are like mangroves, 
serving as sediment stabilizers12,13. In India, seagrass 
meadows are extensive in the Gulf of Mannar and Palk 
Bay, Chilika Lake, Gulf of Kachchh and the lagoons of 
Lakshdweep Islands. In the Gulf of Mannar alone, 13 
of the 14 species found in India have been recorded14. 
Sandy beaches are found all along the coast and attract 

large crowds for recreation and many stretches also 
serve as turtle nesting grounds. Biologically active 
mud flats are another important ecologically sensitive 
area that are protected under the CRZ. Along the east 
coast, in certain stretches from Andhra Pradesh to West 
Bengal,  mudflats  and  mangroves  are  the  habitat  for 
horseshoe crabs, highly valued in medical research15.

Ecosystem Services 

A large number of goods and services are provided 
by  the  environment  around  us,  specifically,  the 
various ecosystems. Some of these goods are easily 
recognized while the recognition for many others 
which are relatively less apparent has come over 
time. The former include food, timber and freshwater 
while the latter include varied services ranging from 
pollination to disease control and climate regulation. 
An early valuation16 for the current economic value 
of 17 ecosystem services for 16 biomes brought up 
a value in the range of USD16-54 trillion annually, 
this was, however, estimated to be a  conservative 
value17. In 2014, the estimated value for the total 
global ecosystem services in 2011 was revised to 
USD125 trillion/yr. These numbers are more for 
us to understand the value that ecosystems provide 
and therefore the cost incurred in replacing such 
services which are otherwise freely available to 
mankind.  Efforts  to  set  a  monetary  value  to  the 
services provided by the various ecosystems is a 
difficult  exercise  as  each  ecosystem  may  provide 
certain services locally, and others globally. For 
example, mangrove ecosystems along a coast may 
provide  the  habitat  for  fish  and  shellfish  that  are 
caught and consumed locally (and hence considered 
local services) in contrast with the oxygen released 
by mangrove trees into the atmosphere and the 
carbon they sequestrate which are considered global 
services. The list of services that ecosystems provide 
can be long and confusing and hence, for meaningful 
understanding, they need to be classified.

The Millennium Ecosystem Assessment3 describes 
ecosystem services as the benefits people obtain from 
ecosystems and categorised the various services from 
ecosystems into four major groups namely, provisioning, 
regulating, cultural and supporting services (Figure):  
(i) Provisioning services include goods such as food, 
timber, medicines etc.; (ii) Regulating services include 
benefits  such  as flood  control  and water  purification; 
(iii)  Cultural  services  are  the  non-material  benefits 
such as spiritual enrichment as well as recreation and 

Table I. Area under coastal wetland ecosystems
Coastal Wetland Ecosystem Area (in ha)
Lagoon 246044
Creek 206698
Sand/Beach 63033
Intertidal Mudflat 2413642
Salt Marsh 161144
Mangrove 471407
Coral Reef 142003
Source: Ref 6; ha, hectare
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education while; (iv) Supporting services are those that 
are necessary for the functioning of all other ecosystem 
services and can range from primary production to 
nutrient cycling and provision of habitat.

With respect to coastal ecosystem services, some 
of the key services from a few important coastal 
ecosystems are presented in Table II. 

Subsequently, the global initiative, The Economics 
of Ecosystems  and Biodiversity  (TEEB),  is  an  effort 
towards mainstreaming the values of biodiversity and 
ecosystem services at all levels of decision making, to 
take into account the natural capital, which includes 
all natural assets, living and non-living (https://
naturalcapitalforum.com/), into a country’s wealth 
calculation. According to the TEEB report18 ecosystem 
services may be likened to the dividend received by 
the society from the natural capital. It therefore stands 
to reason that to receive a regular dividend and ensure 
human well-being, natural capital needs to be protected.

Human well-being and ecosystem services

Understanding of the role of ecosystem services 
highlights the role of natural assets as essential for 
well-being, and sustainability16. While all the four 
groups of ecosystem services play an important role 
in human health and wellbeing, the provisioning and 
cultural services appear to take on a higher importance 
in terms of human health and wellbeing.

Provisioning services: Within this broad category, 
pharmaceuticals and nutraceuticals are of importance 
in the context of the current pandemic (also for the 
known and emerging diseases). The use of compounds 
extracted from marine animals such as cod and shark 
liver oil as health supplements is well known19. Other 
than being used as supplements, many organisms may 
also harbour compounds with various pharmacological 
properties for use as drugs20.

From coastal ecosystems, perhaps the best known 
animal in medical research is the horse-shoe crab, two 
species of which are found along the north-eastern coast 
of India21. The blood of these crabs contains important 
immune cells used in the Limulus Amebocyte Lysate 
(LAL) test to for detecting endotoxins22. These crabs are 
however, under threat by over-exploitation21. In India, 
the habitat of these crabs is under threat and is classified 
as CRZ-I under the CRZ 2019 notification as mentioned7.

A number of studies have been carried out in 
mangroves for bioactive compounds. For example, 
it is reported that pharmacological investigations 
of various extracts from the plant Excoecaria 
agallocha have shown antibacterial, antioxidant, 
anti-diabetic, and anti-nociceptive activities23. Others 
report that of 84 mangrove species, only 27 species 
were traditionally used for similar purposes24. In 
the case of seagrass, Halophila spp. appear to have 
bioactive compounds25,26. Though many metabolites 

Figure. Ecosystem Services provided by Coastal Ecosystems.
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with biological activities have been isolated from 
macroalgae (seaweeds), few products with real 
potential  have  been  identified27. This is a point 
to be documented in that there is potential for 
pharmaceuticals of marine origin, which is yet to 
be harnessed in an organised manner to contribute 
towards better health and wellbeing. 

Cultural services: These are ecosystem services such 
recreation, tourism, spiritual inspiration and education 
provided by a number of coastal ecosystems. A positive 
association between self-reported health and living 
near the coast in England was reported previously28. 
Worldwide, the move towards the coast is well recorded 
with increasing population of coastal settlements, 
especially cities, as many industries are located in close 
proximity of seaports while others prefer the more 
equitable climate of coastal locales. Among the coastal 
ecosystems, beaches perhaps rank at the top in terms 
of providing relaxation and recreation. In addition, 
boating in mangroves such as Sunderbans, Coringa 
or Pichavaram as well as boating in the open sea to 
observe corals and seagrasses through glass-bottomed 

boats29 have become preferred ecotourism options. 
Similarly, the concept of Blue Flag certified beaches30 
is also being promoted. Though these are targeted at 
specific tourist groups, encouraging visitors to beaches 
in general can result in improved wellbeing through 
relaxation and simple recreation; a concept referred to 
as the Blue Gym31,32  which has been shown to improve 
depleted emotional and cognitive resources.

Many of these coastal ecosystems are under threat 
from anthropogenic causes such as conversion for 
development33,34. When ecosystems are lost, not only 
are the various services diminished or lost, but there 
is also a reduction in the natural capital when unique 
assemblages of species are lost. Opportunities to obtain 
crucial compounds that could form part of the growing 
armoury  of  drugs  to  fight  existing  and  emerging 
diseases would be lost as well as  cultural services that 
are needed for the wellbeing of people.

Conclusion

High biodiversity within natural assets enables 
greater resilience to shocks, thus ensuring sustained 

Table II. Goods and services available from coastal ecosystems
Coastal 
Ecosystem

Provisioning Regulating Cultural Supporting

Mangroves Fish & shellfish, medicines, 
honey, timber and 
forest products, fodder, 
groundwater recharge and 
discharge

Water quality maintenance, 
climate regulation, coastal 
protection through erosion 
control, flood and flow 
control, sediment and 
nutrient retention, shoreline 
stabilization, carbon 
sequestration

Ecotourism, 
spiritual, education 
and research, 
inspirational.

Biodiversity reservoir, 
gene bank, habitat for 
birds and other animals, 
maintenance of fisheries, 
habitat for spawning and 
juvenile fish, primary 
production, oxygen 
generation

Seagrass Fish & shellfish, as food/
fertilizer, medicines

Carbon sequestration, coastal 
protection, erosion control, 
water purification, sediment 
and nutrient retention

Recreation (boating, 
swimming), 
ecotourism, education 
and research

Habitat for fish/
maintenance of fisheries, 
primary production, 
oxygen generation

Coral 
Reefs

Building materials, 
ornamental fish, coral for 
live trade, raw materials for 
medicines, seafood products, 
seaweed (agar, carrageenan) 
from rocks near reefs, shells 
(used to make jewellery, 
lime mortar)

Coastal protection (function 
like underwater breakwater), 
nutrient cycling

Education and 
research, recreation, 
tourism (e.g. 
snorkelling, diving)

Habitat for fish and 
shellfish, maintenance of 
fisheries

Sandy 
Beaches

Sand and minerals, water 
catchment and purification

Coastal protection, erosion 
control, protection from 
storm surge and tsunami, 
prevent seawater intrusion

Tourism, education 
and research, health 
benefits (Blue Gym)

Turtle nesting sites, 
habitat especially for 
burrowing organisms 
such as crabs and 
molluscs
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ecosystem services35; of these the provisioning and 
cultural  groups of ecosystem services can be seen to 
link two important Sustainable Development Goals 
(SDG), SDG-3 (good health and wellbeing, https://
sdgs.un.org/goals/goal3) and SDG-14 (life below 
water; https://sdgs.un.org/goals/goal14). In summary, 
it behoves us to conserve and sustainably use the 
oceans, coastal and marine resources in a manner that 
ensures healthy lives and promotes wellbeing for all.
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Background & Objectives: Japanese encephalitis/acute encephalitis syndrome (JE/AES) is one of the 
major zoonotic arbodiseases that has a significant effect on human and animal health. Though many 
studies have been published on the epidemiology and transmission mechanisms of JE/AES, but there is 
little evidence on health system preparedness, including community-based engagement. This study was 
undertaken to explore a multi-stakeholder perspective on health system preparedness for the prevention 
of JE/AES in a tribal district of Odisha, India.
Methods: This study was conducted at Malkangiri district of Odisha. A total of nine focus group 
discussions (FGDs) among women having under-five children, community volunteers, and community 
health workers (CHWs), and 20 in-depth-interviews (IDIs) among community leaders, healthcare 
providers, and programme managers were conducted. The FGDs and IDIs were digitally recorded, 
transcribed, translated and analysed using content analysis approach. 
Results: Health system preparedness for the prevention of JE/AES was improved, including effective 
vector management, implementation of the surveillance system, and vaccination programme. The JE 
vaccine was introduced under Universal Immunization Programme in Odisha in 2016. Behavioural 
Change Communication activities were provided with the support of community volunteers on Village 
Health Nutrition and Sanitation Day (VHNSD) under Gaon Kalyan Samiti (GKS) platforms. The CHWs 
were actively involved in vector management and raising sanitation and hygiene awareness.
Interpretation & conclusions: Community participation and coordination between different stakeholders 
have a significant impact on the successful implementation of the programme. It was suggested that 
there was a need for a sustainability approach to active participation, orientation and capacity building 
training among CHWs and community volunteers to successfully implement the programme.
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The Japanese encephalitis/acute encephalitis 
syndrome (JE/AES) is one of the major zoonotic 
arboinfections1. It has a serious impact on human 
and/or animal health in endemic regions1-3. Globally, 
there are above two billion people living in endemic 
regions who are at risk with most having mild to 
moderate symptoms3; predominantly, children between 
0 to 14 years develop encephalitis, with approximately 
50 to 175 thousand cases per year in which almost 
one-third are fatal and the rest suffer from post-infectious 
neurological deficits3. 

Globalization and extreme weather events have 
shown a significant effect on the spread of vector-borne 
diseases across the globe4,5. Human JE/AES infections 
have been documented primarily in temperate, 
subtropical and tropical regions of Asia and northern 
Australia1-3. The situation in India is aggravated 
by its diverse geographical and socio-behavioural 
environment, including rapid population growth6. 
Therefore, it is important to understand the transmission 
mechanisms and control strategies.  

Many studies from India reported on epidemiology, 
molecular epidemiology, transmission mechanisms, 
pathways and other aspects of JE/AES7-10. However, 
there is little information on the health system 
preparedness focusing on community-based 
participation for the prevention. Preparedness of the 
health system, including healthcare institutions, and 
collaborative preparedness between curative health 
institutions and public health services are crucial for 
outbreaks prevention11. This study was conducted to 
explore a multi-stakeholder perspective on the health 
system preparedness for the prevention of JE/AES in a 
tribal district of Odisha, India.

Material & Methods

A qualitative exploratory study was conducted in 
the Malkangiri district of Odisha, India in 2019. The 
district covers an area of 5,791 square kilometers with 
seven administrative blocks, and nearly 76 per cent 
of area is covered with dense forests and mountains. 
The district has a subtropical climate with monsoon 
lasting from the last week of May to October. The 
district is sparsely populated with a population density 
of 106 per square kilometer inhabited by primitive 
tribes – Bondas, Koyas, Porajas, and Didayis; half 
of the population are tribal with 48 per cent literacy 
rate. Agriculture and animal husbandry are the main 
sources of livelihood. The district was selected based 
on the frequency of outbreaks of JE12. The mapping 

of programmatic data available from the National 
Vector Borne Disease Control Programme (NVBDCP) 
showed the spread of JE/AES in the Malkangiri district 
(Figure).

Study participants and data collection procedure: This 
study was carried out among women with children 
under five,  community volunteers,  community health 
workers, medical  officers,  and programme managers. 
The technique of stakeholder mapping was adopted for 
selecting study participants using purposive sampling 
method. In-depth interviews (IDIs) and focus group 
discussions (FGDs) were used to collect the data. 
A total of nine FGDs were carried out, three each among 
women with under-five age group children, community 
volunteers (i.e., members of women self-help groups), 
and frontline healthcare providers [i.e. Anganwadi 
workers (AWWs), accredited social health activists 
(ASHAs),  and  auxiliary  nurse  midwifery  (ANMs)]. 
Twenty IDIs were conducted, eight among community 
leaders, i.e. ward members and village head, eight 
among  healthcare  providers  from  different  levels  of 
healthcare facilities: primary, secondary and tertiary, 
and four healthcare programme managers. FGDs and 
IDIs were conducted using a semi-structured guide 
in the local language. Ethical clearance was received 
from the ethical committee of ICMR-Regional Medical 
Research Center, Bhubaneswar. Written informed 
consent was taken from all participants before data 
collection.

Data management and analysis: FGDs and IDIs were 
digitally recorded, transcribed verbatim, and translated 
into the English language. The average duration 
of the FGDs was 40 (range 15-60) minutes and that 
of the IDIs was 25 (range 15-40) minutes. Content 
analysis was used for data analysis13. Major units were 
identified from the original  transcripts relevant  to  the 
study objective. Then the units were condensed and 
coded. The related codes were divided into groups, 
collectively. Finally, the main theme was articulated 
based on categories. 

Results 

Three major themes emerged were: 
(i) epidemiology and outbreak investigation 
mechanisms (Suppl Table I); (ii) health system 
preparedness (Suppl Table II); and (iii) community 
participatory mechanisms (Suppl Table III). The 
content of each theme was represented with major 
categories and quotes from the participants.
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Theme 1: Epidemiology and outbreak investigation 
mechanisms

Epidemiological history, disease distribution, and 
perceived risk factors: In Malkangiri district in 2016, 
cases of JE/AES were found in 184 hot-spot villages. 
Cases were usually reported during monsoon and 
post-monsoon periods (September to November). The 
medical  officers  explained  that  the majority  of  cases 
involved  were  children  between  one  and  five  years 
of age with common symptoms like fever, vomiting, 
sudden onset of convulsions and hypoglycaemia.

According to the medical officer, JE/AES outbreaks 
were first observed  in  the Korkunda block; however, 
there more number of cases were seen in the Kalimela 
block. Although it had spread to all communities, 
but the Koya  tribe was mostly  affected. The medical 
officers  perceived  that  one of  the  risk  factors  for  the 
outbreak of AES was the consumption of half-baked 
Cassia occidentalis seeds among tribal communities, 
while poor sanitation, high mosquito density and pig 
rearing were the other possible reasons for a greater 
risk of disease in the tribal population.

Containments of outbreaks: The interviewees noted 
that  the difference between  the cases of  JE/AES was 
perplexed due to similarity in clinical presentation. 
A standard operating procedure for timely referral 
of cases and appropriate treatment was followed. At 

the peripheral level, community health workers were 
provided with all the essentials required for primary 
case management and the identified cases were referred 
to the district hospital for further treatment. All the pigs 
in the region were isolated during outbreaks with the 
help of the veterinary department. 

Theme 2: Health system preparedness

Surveillance system: Respondents described that 
information about JE/AES under Integrated Disease 
Surveillance Programme (IDSP) was routinely 
collected over the last decade. The data were collected 
weekly in endemic districts using a predesigned 
standard format developed on the basis of suspected 
symptoms which were submitted by the CHWs. 
Simultaneously, patients were referred to the primary 
health care facilities for treatment; if primary health 
providers observed hyperthermia, hypoglycaemia and 
serum negative for malaria, immediately they were 
referred to higher facilities. Respondents reported 
that all cases were treated at the District Headquarters 
Hospital; samples were taken from suspected cases 
for serological tests. The samples were also sent for 
confirmation to the Regional Medical Research Center, 
Bhubaneswar or Manipal Center for Virus Research 
(MCVR), Karnataka, as a reference laboratory.

According to the healthcare providers, there was 
a  shortage  of  staff  in  health  facilities  to manage  the 

Figure. Mapping of Japanese encephalitis/acute encephalitis syndrome outbreak in Malkangiri district during 2016. Source: National Vector 
Borne Disease Control Programme; State Task Force cum review meeting for Odisha. Map generated in QGIS version 3.8.
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outbreak. Paediatricians and community medicine 
specialists from the nearest medical college, supported 
during the outbreak. Patients who reported to primary 
healthcare facilities were also counselled by physicians 
and referred to tertiary health care facilities for 
treatment. Many family caregivers perceived that there 
was a help-desk in the healthcare facility during the 
outbreak to assist them in their admission, diagnosis 
and prompt treatment.

Introduction of vaccination: The respondents stated 
that earlier, JE vaccine was not a part of the routine 
immunization schedule. However, following the 
outbreak of AES, JE vaccine was introduced as a part 
of the routine immunization programme in 2017 in the 
endemic districts of Odisha. To prevent outbreaks, a 
mass vaccination campaign along with community 
awareness campaign was conducted in endemic 
districts among children aged 1-15 years. ASHAs, 
AWWs, ANMs and school teachers were trained to 
conduct household surveys to count vaccine recipients 
under the supervision team. 

One of the challenges described by the participants 
was the transport of vaccines to remote areas due to 
poor road connectivity. The other challenge was the 
lack  of  accommodation  facilities  for  the  staff  during 
mass-vaccination. 

Vector control mechanisms: The participants reported 
that various vector control measures were used at the 
community level to control outbreaks, such as the 
distribution of long-lasting insecticide mosquito nets 
(LLNs), indoor residual spraying, fogging, cutting of 
Cassia plant bushes, Bacillus thuringiensis serotype 
israelensis  (BTI)  spray  in  the  rice  field  to  control 
mosquito bites.

Theme 3: Community participatory mechanisms

Community understanding of risk factors and perceived 
barriers for healthcare: The most common term used 
for JE in the community was ‘pig fever or Japanese 
fever or foreign fever’. The majority of the community 
members pointed out that it was caused by mosquito 
bites or by pigs. A few community members also 
mentioned poor hygiene and consumption of Cassia 
occidentalis seeds as a risk factor for JE fever. Most 
participants were aware of JE symptoms viz., vomiting, 
diarrhoea and fever among children. Many participants 
were aware of the prevention strategies for JE infection. 
They referred to the use of mosquito nets, wearing of 
full sleeves clothing, and cleanliness as measures to 

prevent JE infection. They also proposed the provision 
of shelters for the rearing of pigs to maintain distances 
between community members and animals.

Medical officers pointed out that the lack of trust 
among community members in public health facilities 
was a challenge. Patients were identified by active case 
search and taken to the hospital for treatment. One 
of the barriers encountered by a community member 
was the lack of ambulance services, particularly in 
hilly regions. They also mentioned an increase in the 
out-of-pocket expenditure on treatment and referral, 
which was not borne by all the families of the villages. 
Poor road connectivity was another challenge raised by 
the respondents.

Behavioural change communication (BCC) strategies: 
Behavioural change communication activities were 
carried out in the affected JE districts with the support 
of community volunteers. The Village Health Nutrition 
and Sanitation Day (VHNSD) and Gram Kalian 
Samiti (GKS) meetings were the best platforms for 
raising awareness among villagers. In addition, CHWs 
were assigned the responsibility to monitor the use 
of impregnated nets in households and maintaining 
distance from pigs.

ASHAs and school-teachers were key players 
involved in ground-level awareness-raising activities. 
The ASHA workers pointed out that audio-visual 
aid was  the most  effective  and  sustainable means  of 
information, education and communication; but they 
were not provided to them. 

Participation of community health workers and 
community volunteers: Most CHWs and community 
volunteers had some knowledge of JE. They reported 
on various activities they were engaged in during 
the outbreak, such as active case search, referral of 
patients, and community awareness activities. 

One of the major challenges expressed by the 
respondents was the lack of manpower; a few felt that 
peripheral health centers were not sufficiently equipped. 
Some of them, however, perceived that health workers at 
the peripheral level were not trained to deal with cases. 
They also mentioned three main barriers: one of these 
was poor information, education and communication 
(IEC) training activities, the other barriers were limited 
orientation on health issues, and field visits to hilly areas. 

Self-help groups (SHGs) are a robust instrument 
for promoting effective community participation. They 
perceived that, as they were not from the medical field, 
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their role during the outbreak was limited to raising 
awareness among villagers. They were also assigned 
the duty to close the potholes and to isolate the pigs at 
a distance of three kilometers from the village. 

Discussion

The JE/AES is one of the important public health 
problems affecting  the paediatric population  in many 
parts of north and north-eastern India14-18. Odisha State 
reported the first JE outbreak during 1989 followed by 
seasonal  sporadic  cases  in  different  parts  and  major 
outbreaks in Malkangiri in 2012 and 20167,14. Previous 
studies have shown that wading and water birds are 
natural hosts and carriers of JE; and Culex and Aedes 
mosquitoes transfer JE between birds and other species, 
including humans in temperate regions1-3.

The World Health Organization has recommended 
standards guidelines for the introduction or 
enhancement of surveillance systems19. The JE/AES 
surveillance has been developed since 2006-2007 
by the Government of India20,21. The JE vaccination 
was implemented in the Universal Immunization 
Programme (UIP) during 201122. In India JE vaccine 
was implemented in routine immunization under UPI 
in 181 endemic districts22,23. Previous studies in India 
have shown that addressing community misconceptions 
about vaccination is essential to improve coverage22,24.

The JE emergence involves a complex interplay 
of vectors, hosts, and the environment, including 
human behaviour, such as close contact with animals, 
particularly pigs, and poor hygiene and sanitation 
practices2,4.9. Considering to stay indoors during day 
time to avoid mosquitoes should be advised during 
outbreaks25. Research and policy in some Asian 
countries have encapsulated the ‘One Health’ principle 
of ensuring optimal protection for humans, animals and 
the environment25,26. The previous studies emphasized 
the need for an integrated multi-pronged approach on 
vector control, hygiene and sanitation among tribal 
populations with inter-departmental cooperation to 
prevent outbreaks27-29.  Our  findings  suggest  the  need 
for periodic orientation and training among healthcare 
providers in endemic districts.

Although this study was conducted in Odisha, 
the  findings might  be  useful  for  any  similar  context. 
The major limitation of this study was that only the 
mothers’ perceptions was explored, and the fathers 
and other male family members were not taken into 
account.

In  conclusion,  with  the  effective  efforts  from 
the health system towards prompt response and 
implementation of control measures including 
vaccination, surveillance, vector control, and public 
awareness programmes, JE/AES cases may be 
prevented. Community-participation and coordination 
between  different  stakeholders  have  a  significant 
impact on the successful implementation of the 
programme. 
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Suppl Table I. Theme 1: Epidemiology and outbreak investigation mechanisms
Categories Epidemiological history, disease distribution, and perceived risk factor Containments of outbreaks
Codes Alternate years pattern 

184 hotspot villages 
Koya tribe 
Half-baked Cassia occidentalis consumption 
High mosquito density 
Practice of pig rearing

Perplexity between JE and AES 
Standard treatment protocol 
Nutritional support at the facility 
Primary case management by CHWs 
90% JE positive pigs 
Isolation of pigs

JE, Japenese encephalitis; AES, acute encephalitis syndrome; CHWs, community health workers

Suppl Table II. Theme 2: Health system preparedness
Categories Surveillance system Introduction of vaccination Vector control mechanisms
Codes Integrated Disease Surveillance 

Programme (IDSP) 
Weekly reporting 
Standard format 
Treatment at District Headquarter Hospital 
Major symptoms- hypogylcaemia and 
malaria negative 
Cerebrospinal fluid biomarker analysis 
ELISA 
Reference laboratory 
Reduction in cases

2017- National Immunization 
Programme 
Endemic districts 
Two doses 
Mass vaccination campaign 
Target: 0-15 years 
Household surveys 
Supervision team 
Community awareness campaigns 
Tracking of left - outs 
Departmental coordination 

Long-lasting insecticide 
nets (LLNs) distribution 
Indoor residual spraying 
Fogging 
BTI spraying 
Peri-domestic measures 
Integrated vector 
Management strategy

Suppl Table III. Theme 3: Community participatory mechanisms
Categories Community understanding on risk factors 

and perceived barriers for healthcare
Behavioral change communication 
strategies

Participation of community health 
workers and community volunteers

Codes Common term: pig fever or Japenese fever 
Poor hygiene 
Host- aquatic and domestic animals 
Sanitation as best measure 
Provision for pig shelters 
Village health sanitation and nutrition 
day meetings 
Lack of trust in public health facilities 
Out-of-pocket expenditure

Integral part of prevention 
Community volunteers 
VHSND and Gram Kalian Samiti 
meetings 
Pamphlets distribution 
Debate in schools 
Behavior change monitoring by ASHA 
No provision of Audio visuals aids 
Proper waste disposal

Primary treatment 
Awareness activities 
Referral to DHH 
High workload in hospital and 
laboratories 
Weekly reporting 
Limited orientation on health 
issues 
Self-help groups

DHH, District Headquarter Hospital; VHSND, village health nutrition and sanitation day; ASHA, accredited social health activists
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A qualitative exploratory study using One Health approach for 
developing an intervention package for elimination of human anthrax 
in an endemic district of Odisha, India
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Background & objectives: Anthrax is a zoonotic disease of public health concern in India.  One of the key 
predisposing factors is linked to the behaviour of the community. This study was nested within a baseline 
survey to understand the risk perception, attitude, socio-cultural and behavioural practices among 
different communities in an anthrax endemic tribal district of Odisha, India. It was aimed to explore the 
systemic gaps from the officials of different departments while addressing the animal and human anthrax 
cases and the knowledge, attitude, and behavioural practices among the tribal communities with regards 
to both animal and human anthrax signs, symptoms, and transmission from animal to human. 
Methods: A qualitative exploratory study was carried out in the district of Koraput, Odisha. Insights from eight 
focus group discussions (FGDs) and 42 in-depth-interviews (IDIs) with the stakeholders from health, veterinary, 
forest, general administrative departments and community were collected and analyzed thematically.
Results: Major themes that emerged were inter-departmental coordination, livestock vaccination, 
surveillance network, laboratory facilities, prevention and control strategies with regards to the animal 
and human anthrax cases. The study also emphasized setting up the surveillance system as per the 
standard guidelines, and strengthening the diagnostic facilities for timely detection of confirmed cases. 
It also highlighted the current needs and the gaps among inter-sectoral coordination, collaboration, and 
sensitization among Health, Veterinary, Forest, Education, Nutrition, and Tribal Welfare Departments 
at various levels to reduce the prevalence and control the outbreaks of anthrax in the district and State.
Interpretation & conclusions: The coordination gaps, financial burden, insufficient relevant knowledge 
and information among the concerned stakeholders were the issues found in this study in addition to non-
availability of proper diagnostic facility. The coordination among different departments adapting One Health 
approach may be one of the best possible ways for the elimination of anthrax cases in an endemic region.

Key words Anthrax - endemic regions - FDG - One Health - surveillance - zoonotic disease 
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Anthrax is an important zoonotic disease caused 
by spore-forming Bacillus anthracis, which is a 
Gram-positive, rod-shaped bacterium. It is primarily 
known as a disease of herbivores as it causes 
uncontrolled death in cattle, sheep, goats, horses and 
pigs worldwide1,2. Infection in humans occurs when 
there is a contact with carcasses or animal products 
infected by vegetative bacilli, inhalation of spores and 
consumption of undercooked infected meat3. Three 
types of anthrax are found in human beings which 
are  classified  according  to  the  route  of  transmission 
including cutaneous,gastrointestinal, and inhalational 
forms of anthrax. Among these, cutaneous anthrax 
accounts for almost 95 per centof the total human 
anthrax cases reported. If left untreated, cutaneous 
anthrax may progress in up to 20per cent of cases to 
septicaemia with a potentially lethal outcome2,4,5.

The annual occurrence of human anthrax cases 
is estimated between 20,000 and 100,000 globally4. 
In India, anthrax is enzootic in states like Andhra 
Pradesh, Jammu and Kashmir, Tamil Nadu, Odisha and 
Karnataka1. The actual incidence of anthrax in India is 
not known accurately since many cases go unreported 
and only a fraction of human cases receives medical 
attention in a hospital. Many of the tribal areas have 
poor public health infrastructure which makes the 
perfect amalgamation and interface of risk factors that 
are conducive for zoonotic transmission of anthrax to 
the human population. Hence, the incidence of anthrax 
in human is likely to be higher than reported in the 
literature6,7.

In the last 15 years, 14 out of 30 districts in Odisha, 
have witnessed outbreaks of anthrax affecting at least 
1208 people of which 436 had total outcome6. Koraput 
district tops the list with more than 300 human cases 
and  more  than  10  deaths  with  confirmed  anthrax 
infection during the last sixyears8. Potential exposure to 
this zoonotic pathogen combined with limited medical 
diagnosis facilities and trained personnel in the tribal 
district inevitably assign substantial responsibility 
for disease prevention to individuals9. This study 
was focused on anthrax disease that was occasionally 
diagnosed from surveillance systems or research 
projects in humans living in tribal areas. One Health 
strategy was adopted and various intervention packages 
were deployed to stop the disease transmission from 
animals to humans.This study was nested within a 
baseline survey to understand the risk perception, 
attitude, socio-cultural and behavioural practices 
among  different  communities  in  an  anthrax  endemic 

tribal district of Odisha, India. The perceptions of 
the tribal community regarding cause, transmission, 
symptoms, and preventive measures both for human 
and animal anthrax were also studied.

Material & Methods

This study was conducted in the anthrax endemic 
Koraput district of Odisha, India. The district was 
selected purposively for demonstration of the 
intervention package developed by using One Health 
approach for elimination of human anthrax and was 
carried in coordination with Saheed Laxman Narayan 
Medical College and Department of Public Health, 
Koraput. The district is divided among 2028 villages, 
240 Gram panchayats, and 14 blocks administratively. 
All the 14 blocks were covered during the study for in-
depth interviews (IDIs) and focussed group discussions 
(FGDs) (Figure). 

Study design: The FGDs and IDIs were carried out with 
all the key stakeholders (Table I). A total of eight FGDs 
and 42 IDIs were conducted among the stakeholders 
from the Health Department, Veterinary Department, 
Forest Department, general administrative departments, 
and participants from the community. Four FGDs were 
conducted with the community from the four blocks 
of Koraput i.e. Dasmanthpur, Boipariguda, Lamtaput 
and Laxmipur having reported anthrax cases in the last 
three years and other four FGDs were carried out in the 
blocks of Kundra, Semiliguda, Kotpad and Bandhuga 
on with no anthrax cases in the recent past. The 
consolidated criteria for reporting qualitative research 
(COREQ) guidelines and triangulation methods were 
followed while carrying out this qualitative study.

Sampling and participant selection: Purposive and 
convenient sampling was used for the selection of 
participants for FGDs and IDIs. About 9-12 participants 
were taken for each FGD, and 24 IDIs were carried 
out  with  officials  from  the  four  departments  and  18 
IDIs were carried out with the key participants from 
the communities. The demographic characteristics of 
IDIs and FGD participants are provided in the Tables 
(Tables I & II). All the participants were contacted before 
and prior meeting appointment was scheduled. For focus 
group discussions key persons were identified from the 
communities in consultation with ASHA worker and 
invited participants with representation of youths, elders, 
and women with a balanced gender ration. A designated 
place was chosen to carry out FGDs, all the participants 
were intimated before carrying out the discussions. 
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This study was ethically approved by the 
Institutional Ethics Committee of ICMR - Regional 
Medical Research Centre, Bhubaneswar. Before the 
interview, the purpose of the study was explained to the 
interviewees and they were being informed about their 
right to withdraw participation from the study at any 
point of time. Informed written consent was obtained 
from each participant, prior to participation.

Data collection: FGD and IDI questionnaire guide was 
developed for the study. The interview guide consisted 
of open-ended questions and probes as per requirement. 
Socio-demographic questions such as age, gender, 
occupation, and other related questions were included. 
Information regarding livestock animals, food habits 
and vaccination of animals was enquired. The guide was 
developed to assess the knowledge and awareness about 
the anthrax disease, its sign and symptoms, attitudinal 
and behavioural practices and prevention among the 
communities and perceptions about the disease from the 
participants. An audio recorder was used for recording 
the interviews. All participants were intimated before 
interviews. Each interview was for a duration of 30-40 
minutes. The data were subjected to content analysis. 
Initially, meaning units were extracted from the original 
transcripts and were condensed to form codes. The 
meaning units which were selected were linked to the 
aim of the study. Related codes were grouped to make 
the themes which demonstrated the core meanings of the 
texts, were identified.

Statistical analysis: All Tape-recorded IDIs and 
FGDs with  different  participants  were  transcribed  in 
Odiya (local language) and later translated to English 
for analysis. Translated transcripts were analyzed 
thematically for both qualitative and quantitative 
research.

Results

After transcribing and translation the responses 
and narratives from 42 IDIs and eight FGDs, there 
were analyzed thematically, and major themes were as 
follows:

Inter-departmental coordination: Of the 24 stakeholders 
20 perceived that improper coordination among the 
different  departments  led  to  the  greater  number  of 
anthrax cases in the district and caused its transmission 
from animals to humans. The management of anthrax 
cases was possible through the coordination between 
different  departments  (Health,  Veterinary,  Forest, 
other general administrative departments) for timely 
action by the respective department. Five of the six 
stakeholders from Veterinary Department responded 
that reporting of animal anthrax was done at a later 
stage, and people in the community consumed the meat 
of  the  affected  animal which  ultimately  resulted  into 
the outbreak of human anthrax.

Officials from different Departments had responded 
that lack of communication between the grassroot level 

Figure. Focussed group discussions (FGDs) and in-depth interviews (IDIs) conducted in different blocks of Koraput district, Odisha. (QGIS 
v3.10, GIS mapping software used to generate map).
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workers of Health, Veterinary, Forest, ICDS (Integrated 
Child Development Services), Education departments, 
and PRI (Panchayati Raj Institutions) workers. Health 
department stated that spread of anthrax disease 
from animal to human could have been prevented if 
it was identified and reported early in animals, which 
was possible with a proper surveillance network and 
involvement of community workers. 

Veterinary official told that most of the ground level 
staffs were not even aware of the anthrax disease and 
due to this most case went unreported from the hard-
to-reach communities. However, Forest officials stated 
that they did share the information about suspected 
wild animal anthrax cases with Veterinary Department.
They also shared that it was tough to vaccinate wild 
animals but still they would try for maximum coverage. 
Veterinary  Department  officials  also  said  that  there 
wasa need of manpower for the proper surveillance 
and reporting of the disease. Livestock inspectors (LI) 

in position were having high workload since it was 
extremely difficult  to manage 3-4 villages by one LI 
and due to that the vaccination coverage was not as 
expected.

Livestock vaccination: Vaccination was given free of 
cost in the village’s endemic blocks in the district and 
in the non-endemic areas the vaccination was provided 
with the minimal fixed cost as per the type of livestock. 
However, the coverage of vaccination was not as 
expected in both endemic and non-endemic blocks 
defined by the district based on cases and outbreaks in 
the recent past. 

There was a belief among the villagers that their 
animals would be sick after vaccination. The villagers 
were ready to support the vaccination drive in the village 
and many of them were aware of benefit of vaccination 
and wanted their livestock to get vaccinated. Apart 
from misconceptions and beliefs, there were potential 
barriers in achieving the maximum vaccination 
coverage. Veterinary Department also found it difficult 
to organize vaccination camps in remote areas. The 
travel distance between villages was more which also 
affected the vaccination coverage. Presumption about 
the cost of vaccination and medicine was another issue.

Laboratory facilities: Anthrax diagnostic facility for 
early diagnosis of animal and human samples was 
not available at the district level, so the samples were 
such and therefore they do send the samples to the 
State level laboratories which was a time consuming 
process. Laboratory facility for testing of samples from 
suspected animals should be strengthened at district 
level for early diagnosis and confirmation. Stakeholders 
from Health Department expressed their concern about 
the lack of laboratory support at the regional level in 
providing test reports in time. 

Table I. Characteristics of participants
Study level Health Department 

(n=6)
Veterinary 
Department (n=6)

Forest Department 
(n=6)

General 
Administration (n=6)

Community 
(n=26)

IDIs (n=42) Medical Officer (n=3) Livestock 
Inspector (n=2)

Forest Guard (n=2) Education Officer 
(n=1)

18 Individuals

District Medical Officer 
(n=1)

Block Veterinary 
Officer (n=3)

Forest Range Officer 
(n=3)

Block Development 
Officer (n=2)

Epidemiologist (n=1) District Veterinary 
Officer (n=1)

Assistant Conservator 
of Forest (n=1)

Tribal Welfare 
Department (n=1)

Public Health 
Education Officer (n=1)

PRI (n=2)

FGDs (n=8) 8 Communities
IDI, in-depth interview; FDG, focussed group discussion

Table II. Demographic characteristics of focussed group 
discussion (FGD) participants
Block Name Gender Mean age (95% CI) 

in years
Dasmanthpur (n=10) M (n=6), F (n=4) 37.9 (29.47-46.33)
Boiparigiuda (n=9) M (n=6), F (n=3) 32.89 (26.93-38.85)
Lamtaput (n=10) M (n=5), F (n=5) 35.1 (29.25-40.95)
Laxmipur (n=10) M (n=7), F (n=3) 39.3 (30.6-48.0)
Kundara (n=10) M (n=5), F (n=5) 39.5 (28.79-50.21)
Semliguda (n=11) M (n=5), F (n=6) 40.73 (33.52-47.93)
Bandhugaon (n=10) M (n=5), F (n=5) 43.8 (37.85-49.75)
Kotpad (n=12) M (n=5), F (n=7) 39.18 (30.52-47.83)
Total (n=82) M (n=44), F (n=38) 38.55 (30.86-46.23)
M, male; F, female



398  INDIAN J MED RES, MARCH 2021

Four officials from Health Department responded 
that there was a lack of guidance and training among 
laboratory personnel and sample collectors on 
safety measures; they stressed periodic diagnostic 
technique orientation and training including safety 
measures. Also, these was no designated laboratory 
staff for diagnosis of anthrax which was one of the 
reasons for delay in testing of suspected animal 
anthrax samples. 

Surveillance network: No proper surveillance system 
was functional in the villages for early reporting and 
detection of animal anthrax cases. Eating the meat 
and blood of dead animals was observed as a common 
practice among the villagers in the district. 

“As this disease has happened in our village only, 
we have become more aware and that is why we do not 
eat the meat and blood of dead animals.” (Community 
participant).

Five of the six veterinary officials opined that there 
was a lack of routine surveillance in livestock. There 
is no proper reporting channel for suspected animal 
cases. Active surveillance network was not in place 
even though the Koraput is an endemic district for 
anthrax. There was no active or routine surveillance for 
livestock by the Veterinary Department. 

Community attitude and behavioural practices: 
Sixty seven of the 82 participants from the tribal 
communities expressed that there were no awareness 
activities conducted by the Veterinary or Health 
Departments in the villages with anthrax cases in the 
recent past. In addition, they were not being explained 
about the transmission or signs and symptoms of the 
disease. However, the participants from only a few 
communities reported that burial activities of dead 
animals were done in the village after informing 
the LI, also medicines were provided to suspected 
human cases, and healthcare worker followed up in 
the village. Respondents understood the common 
signs of the disease and transmission route of anthrax. 
Only 30 respondents were able to identify signs of 
cutaneous anthrax, but they were unable to respond 
about gastrointestinal or inhalational anthrax. The 
participants from the communities which had cases in 
the recent past (last 3 years) stated that they came to 
know about anthrax when it affected someone in their 
villages and nearby villages. Communities which did 
not have cases in the recent past or had cases before 
three years, did not have much knowledge on the 
diseases.

Current practices in communities: While asking about 
the practices of eating the meat and blood of dead 
animals, the participants told that the meat of the dead 
animal was one of the resources for them.Five of the 
six veterinary officials opined that the IEC (Information 
Education Communication) material prepared for 
enhancement of knowledge, awareness and to bring 
the changes in the current practices among the villagers 
was not effective as there was high illiteracy among the 
tribal communities. There were no behaviour change 
communication (BCC) strategies in place in the district 
to change the behavioural practices of communities.

Discussion

In the last few years, anthrax outbreaks have been 
reported many times in Odisha where both humans 
and  animals  have  been  affected  by  the  disease10. 
The prevalence of anthrax is higher among the tribal 
districts of Odisha like Koraput where a majority of the 
population rely on animal products for their livelihood 
and food requirement1,10. Major challenges for 
controlling anthrax were poor veterinary services with 
lack of manpower, inadequate healthcare workforce, 
vaccine shortage, delayed outbreak reporting and 
response2,11. For the prevention of a zoonotic disease 
like anthrax,  robust  laboratory  facilities and effective 
surveillance system are important and One Health 
concept to the healthcare workforce is the need of the 
hour12,13. Studies have shown that proper and timely 
diagnosis is one of the major attributes for prevention, 
control and treatment of human and animal anthrax and 
controlling epidemics. Studies conducted in Ethiopia 
have highlighted the importance of early diagnosis 
and care for controlling disease and preventing the 
spread of undiagnosed cases14,15. Capacity building 
and training for staffs for the identification of clinical 
cases is important especially in remote areas. Most 
of the laboratory facilities are situated far away from 
the  endemic  area, making  it  difficult  to  transport  the 
samples for analysis due to limited transport facilities 
in those areas1,16. Studies in Georgia has highlighted the 
importance of supervision during carcasses disposal, 
monitoring by service providers, training sessions for 
surveillance system strengthening and inter-sectoral 
coordination as key strategies to prevent anthrax17,18.

Routine vaccination policy is one of the key 
strategies for preventing and controlling any infectious 
disease like anthrax but still, it is difficult to implement 
vaccination policy including ring vaccination in 
endemic regions18-20. Vaccination needs to be provided 
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for free in endemic districts and still, it seems difficult 
to cover fully due to unavoidable social and cultural 
barriers. A study in Bangladesh showed lack of staffs as  
one of the reasons for poor vaccination of livestock21. 
One Health strategy focusses on collaborative and 
multisectoral approach for understanding the animal-
environment-human inter-relationships and plays 
important role in outbreak response and helps in 
disease-related activities22-24. 

Though this study was conducted in the Koraput 
district of Odisha but the outcomes from the study 
could be helpful in addressing the anthrax and other 
zoonotic diseases  in  India. These findings would be 
useful to develop the strategies and interventions 
for eliminations of human anthrax cases in endemic 
regions.  The  findings  from  this  study  suggests  that 
the intervention may be implemented with joint 
efforts  of  the  Health, Veterinary,  Forest,  Education, 
Panchayati Raj Institution, and other administrative 
departments  for  effective  implementation  to  combat 
the disease at district level. The One Health strategy 
may be adapted as one of the best possible ways for 
elimination of human anthrax cases from endemic 
regions in India and other countries. Important areas 
for addressing such disease include IEC (Information 
Education Communication)/BCC (Behaviour Change 
Communication) activities in the community for 
building awareness among the tribal communities 
with regards to the diseases, signs, symptoms 
and transmission modes. Capacity building and 
sensitization of stakeholders, advocacy for regular 
livestock vaccination and maximizing the coverage 
of vaccination, inter-departmental co-ordination may 
be established  for  identification,  early  reporting and 
management of suspected cases. Establishment or 
strengthening of laboratory and surveillance networks 
is also important for timely diagnosis and tracking the 
suspected cases. 
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