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Abstract
Recurring outbreaks of emerging and re-emerging zoonoses serve as a reminder that the health of humans, animals, and 
the environment are interconnected. Therefore, multisectoral, transdisciplinary, and collaborative approaches are required 
at local, regional, and global levels to tackle the ever-increasing zoonotic threat. The ongoing pandemic of COVID-19 
zoonosis has been posing tremendous threats to global human health and economies. The devastation caused by the 
COVID-19 pandemic teaches us to adopt a “One Health Approach (OHA)” to tackle a possible future pandemic through 
a concerted effort of the global scientific community, human health professionals, public health experts, veterinarians and 
policymakers through open science and open data sharing practices. The OHA is an integrated, holistic, collaborative, 
multisectoral, and transdisciplinary approach to tackle potential pandemic zoonotic diseases. It includes expanding scientific 
inquiry into zoonotic infections; monitoring, and regulating traditional food markets, transforming existing food systems, 
and incentivizing animal husbandry and legal wildlife trade to adopt effective zoonotic control measures. To adopt an 
OHA globally, research and academic institutions, governments and non-government sectors at the local, regional, and 
international levels must work together. This review aimed to provide an overview of the major pandemics in human history 
including the COVID-19, anthropogenic drivers of zoonoses, Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-
CoV-2) reverse zoonoses, the concept of OHA and how an OHA could be utilized to prevent future pandemic threats to the 
human-animal-ecosystem interfaces. In addition, this review article discusses the strategic framework of OHA and possible 
challenges to implement OHA in practice to prevent any future pandemics. The practices of open data sharing, open science, 
and international collaboration should be included in the OHA to prevent and/or rapidly tackle any health emergencies in 
the future.
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Introduction

Pandemics are large-scale outbreaks of infec-
tious diseases that can significantly increase morbidity 
and mortality over a wide geographic area and cause 
significant economic, social, and political disruption. 
There have been many significant pandemics recorded 
in human history, and the pandemic-related crises 
have caused enormous negative impacts on health, 
economies, and even national security in the world. 
The outbreak of severe acute respiratory syndrome 
(SARS) [1] and Middle-East respiratory syndrome 
(MERS) [2] in 2002-2003 and 2012, respectively, have 
caused deadly illnesses. A  novel coronavirus, popu-
larly termed SARS Coronavirus-2 (SARS-CoV-2), 

surfaced in Wuhan province of China in December 
2019 [3,4], nearly 7 years after the MERS 2012 epi-
demic, has led to a dramatic loss of human life world-
wide and presents an unprecedented challenge to 
public health, food systems, and the world of work. 
The ongoing COVID-19 has developed to be one of 
the fatal pandemics of the past 100  years after the 
Spanish Flu of 1918 [5], and possibly stems from zoo-
notic origins. As of January 29, 2022, COVID-19 has 
affected around 370 million people across the planet, 
killing over 5.7 million people, and sending billions 
into home-lockdowns (https://www.who.int/es/emer-
gencies/diseases/novel-coronavirus-2019/advice-for-
public). Considering its unprecedented global spread 
and severity, the World Health Organization (WHO) 
declared the COVID-19 outbreak as a ‘Global Health 
Emergency’ on January 30, 2020 [6], and later – a dis-
ease of international concern (pandemic) on March 
11, 2020 [3]. The contagiousness of the SARS-CoV-2 
infection explains the rapid growth of the outbreak 
into a pandemic, expressed by the circulating strain 
heterogeneity and broad host range [7], and thus, has 
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brought the importance of pandemic preparedness and 
response.

Since its emergence, there has been intense inter-
est in understanding how SARS-CoV-2 emerged in the 
human population. Recent debate has coalesced around 
two competing ideas: A “laboratory escape” scenario 
and zoonotic emergence. Phylogenetic evidence 
shows that the genome SARS-CoV-2 is 96% identical 
to an Old-World bat CoV, BatCoV, and RaTG13 of 
Rhinolophidae [4,8]. SARS-CoV-2  mink-associated 
variant strain has also been identified in mink farms 
in Denmark [9]. Although there is no convincing 
evidence of SARS-CoV-2 transmission from bats to 
people, the whole genome of an intermediate horse-
shoe bat (Rhinolophus affinis) shares the closest rel-
ative (96.2%) sequence similarity with the genomes 
sequence of the SARS-CoV-2, suggesting the possible 
source of origin [3].

Moreover, intermediate hosts such as civets and 
camels were essential to both SARS-CoV and MERS-
CoV [8], which indicates the possibility of SARS-
CoV-2 being transmitted to humans by other animals. 
Remarkably, one pioneering research reported that 
Pangolin-CoV also showed 91% genome identity with 
the SARS-CoV-2 at the whole-genome level [8]. One 
of the retrospective studies that analyzed over 300 
infectious episodes between 1940 and 2004 [10] iden-
tified wildlife as the major source of emerging infec-
tions. Detailed understanding of how SARS-CoV-2 
jumped species boundaries to infect humans is shown 

in Figure-1. Despite the significant roles of wildlife 
in a zoonotic disease outbreak, only humans and eco-
nomically important animal species have remained 
the main focus of research.

The World Organization for Animal Health 
(OIE), Caceres et al. [11] estimated that (i) 60% of 
existing human infectious diseases are zoonotic; 
(ii) above 75% of emerging infectious diseases (EIDs) 
of humans have originated from animal sources; 
(iii) every year five new human diseases appear, and 
of them, three are of animal origin; and (iv) zoonotic 
pathogens may comprise as much as 80% potential 
bioterrorism agents. Therefore, the cross-talk and 
interactions among emerging pathogens, their hosts, 
and the corresponding environment are vital to our 
understanding of the EIDs and their treatment and 
prevention [11,12]. Emerging zoonotic diseases pose 
a huge global health burden [13]. Some of them affect 
a large number of people within a region (epidemic), 
and others spread over several countries (pandemic) 
around the globe affecting large numbers of peo-
ple [14]. The adverse effects of emerging zoonoses on 
human health and economies have recently been high-
lighted by outbreaks of the Nipah virus [15], MERS-
CoV [16], and SARS-CoV [17]. In addition, the 
zoonotic diseases that are persistent in many impover-
ished populations, thus called “neglected zoonoses,” 
still received much less attention and research or pre-
vention grants from local, regional, and international 
levels than emerging zoonotic diseases [18]. Evidence 

Figure-1: The possible mode of transmission of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). Bats can 
act as primary reservoirs for novel coronavirus; SARS-CoV-2. SARS-CoV-2 may cross the species barrier into pangolins, in 
wild and other live-animals in seafood/wet market. Consumption of infected animals as food items is the major source of 
infection transmission in humans, and human-to-human transmission through droplets/fomites, which results in community 
transmission as well as human-to pet animal spread. Dotted arrows show the possibility of virus spread from bat to animals 
or humans, whereas the solid black arrows indicate confirmed transmission of the virus⁠. [The figure was generated using 
Microsoft PowerPoint and Adobe Illustrators].
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suggests that the occurrence of pandemics has risen 
over the past 100 years due to increased global travel 
and integration, urbanization, changing patterns of 
land usage, and increasing exploitation of the natural 
environment [19]. If these issues are not addressed, 
these trends will likely continue and intensify in the 
coming years. Despite the progress made by the inter-
national community, there remains significant ground 
to be covered [20].

The One health approach (OHA) based on the 
lessons learned from the preceding and current pan-
demic outbreaks, might be a solution to halt the pro-
gression of emerging zoonotic diseases [20,21]. One 
health (OH) aims to improve human-health issues by 
working at its root, which it believes to be intertwined 
with the health of the animals around us and our shared 
environment. OH acknowledges that EIDs originate 
from wild animal reservoirs because of a few strong 
anthropogenic drivers that include a high growth rate 
of the human population, land use patterns, and natu-
ral resource depletion [14]. However, implementing 
OHA in practice is still a challenging task. Most coun-
tries lack multi-sectorial (e.g., human health, animal 
health, agricultural, and environmental sectors) coor-
dination and integration activities as these sectors tra-
ditionally have different mandates [22]. As a result, 
the practical application of OHA remains unattained.

Globally, there is recognition for the concept of 
OHA, which has led to the establishment of several 
OH initiatives around the world, including the U. S. 
National Park Service One Health Initiative, Centers 
for Disease Control and Prevention One Health Office, 
U. S. National Institute of Health, United States 
Department of Agriculture One Health Coordination 
Center, coordinated multisectoral mechanisms (such 
as Bangladesh’s One Health Secretariat and Liberia’s 
One Health Coordination Platform), international One 
Health establishments (e.g., the Food and Agriculture 
Organization (FAO)/OIE/WHO Tripartite collabora-
tion, Southeast Asia One Health University Network, 
One Health Central and Eastern Africa), and educa-
tion programs that concentrates on OH [14,23]. The 
Global Health Security Agenda was launched in 2014 
to unite countries to uphold OHAs and improve our 
ability to prevent, detect, and respond to zoonotic dis-
ease threats [24]. The US Agency for International 
Development launched the Emerging Pandemic 
Threats Program; PREDICT Project in 2009 [19] to 
strengthen global capacity for detection of viruses 
with pandemic potential that can move between ani-
mals and people, and the development of effective 
responses to those potentially zoonotic viral threats at 
their source, utilizing the OHA.

Cooperation and sharing data between differ-
ent nations are the fastest way to accrue valuable 
knowledge that may help us prepare for future chal-
lenges  [25]. The current COVID-19 pandemic has 
revealed the vital importance of open science and 
data sharing for effective emergency preparedness 

and response [26]. Since the start of the pandemic, 
different SARS-CoV-2 gene sequences have been 
shared openly through different open data-sharing 
platforms such as National Center for Biotechnology 
Information, Global Initiative on Sharing All 
Influenza Data, and Nextstrain (https://nextstrain.
org). These platforms provided the data that allowed 
scientists to decode the different properties of the 
SARS-CoV-2 and find the proper countermeasures, 
including vaccines and supportive therapeutics. Even 
though vaccine and medication technologies are at 
pace with significant advancement for the treatment, 
prevention, and control of various diseases outbreaks, 
in many cases reactive outbreak responses have 
incurred high financial costs. Regardless of its strong 
motivating rationale, implementing OHA can be chal-
lenging for a future pandemic as well. Therefore, this 
literature survey aims to review driving forces associ-
ated with outbreaks of zoonotic diseases and discusses 
how OHA could be globally adopted to prevent the 
possible emergence of a new pandemic.
Rationale and Review Methods
An overview of the past pandemics

COVID-19 has alerted the world to the cata-
strophic potential for spillover of zoonotic diseases 
and health risks at the human-animal-environment 
interface. The global pandemic has also reaffirmed 
the need for a joint, global approach to prevent EIDs. 
A  zoonosis is a communicable disease that spreads 
from non-human animals to humans [18]. It can lead to 
millions of deaths along with thousands of billions of 
dollars in economic losses annually [27]. Historic zoo-
notic disease outbreaks include the Zika virus disease, 
Ebola virus disease, MERS, the 2009 H1N1 pandemic 
or Swine Flu, SARS, the Smallpox epidemic in the 
former Yugoslavia, human immunodeficiency viruses/
acquired immunodeficiency syndrome, Spanish Flu, 
New World Smallpox, the Black Death (Bubonic 
Plague), the Justinian Plague, and the Antonine Plague 
(Table-1) [4,16,28-38]. The Black Death is considered 
the “First Great Pandemic of History,” which ravaged 
the death of 75-200 million people in Eurasia and 
North Africa, peaking in Europe from 1347 to 1351 
(Table-1). The avian originated 1918 influenza pan-
demic popularly known as the “Spanish Flu” was the 
most severe in recent history [5,39], about 500 million 
people or one-third of the world’s population became 
infected with this virus, of which at least 50 million 
died worldwide [39]. The 2002-2004 SARS outbreak 
caused by the SARS-CoV infected thousands of peo-
ple [40], and almost a decade later, the world saw the 
outbreak of another zoonotic disease, MERS, caused 
by the MERS-CoV, which had a significantly higher 
fatality than SARS [16]. Both SARS and MERS have 
a zoonotic origin from bats [41].

Many reports covering various aspects of recent 
pandemics, including SARS, MERS, and SARS-
CoV-2 have been published. However, an inclusive 
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review of the brief history of pandemics throughout 
civilization, their anthropogenic origin and route of 
transmission, reverse zoonoses of ongoing SARS-
CoV-2 pandemic, and possible integrated holistic 
approaches to tackle these zoonotic pandemics is 
required.
Methods

For this study, we conducted a rigorous literature 
survey on the history of major pandemics, the OHA 
concept, challenges for implementing OHA, and con-
ceptualization and strategic framework to implement 
OHA to prevent the next pandemic. We collected 
information from review articles published in differ-
ent peer-reviewed journals. The original research arti-
cles that discussed the evidence and implications of 
zoonotic pandemics, detection and possible molecu-
lar mechanisms of pandemic occurrences were con-
sidered for the content of this review. This literature 
survey also included case studies, case series, and 
observational studies published so far. The primary 
sources of these articles were PubMed, Medline, Web 
of Science, Scopus, EMBASE, COVID-19 vaccine, 
and therapeutics tracker (https://biorender.com/covid-
vaccine-tracker) and databases of clinical trials regis-
try. The literature search was done by screening titles, 
abstracts, and full articles for eligibility. 
Anthropogenic Drivers of the Zoonotic Disease 
Outbreaks

Zoonotic diseases established or periodically cir-
culate in certain populations are responsible for a bil-
lion cases and millions of human deaths annually. The 
majority of EIDs (and almost all recent pandemics) 
originate in animals, mostly wildlife, and their emer-
gence often involves dynamic interactions among pop-
ulations of wildlife, livestock, and people within rap-
idly changing environments. It has been reported that 
about 60% of global IEIDs are zoonotic  [42]. More 
than 30 new human pathogens have been detected in 
the last three decades, 75% of which have originated 
from animals or animal products [43,44]. The con-
spicuous emergence of human pandemics from the 
animal population has increased public awareness of 
animal and human health links. The human population 
has escalated from about 1.6 billion in 1900 to about 
7.8 billion [43], and the population of domesticated 
or peri-domestic animals (such as rats) that thrive in 
the new and modified environments also increased in 
parallel. This has, in turn, played a major part in the 
reduction of wildlife populations but paradoxically 
increased contact between people and animals. The 
dramatic increase in human population, mobility, and 
the associated social and environmental changes have 
contributed to the recent upsurge in the incidence of 
EIDs and emerging zoonotic pathogens [4,28,45,46]. 
Zoonotic diseases demised the lives of about two mil-
lion people from low/middle-income countries every 
year [47]. The Global Virome Project (GVP) recently 
estimated that 631,000-827,000 unidentified viruses Ta
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exist with zoonotic potential (https://www.globalvi-
romeproject.org/). Even with a growing understand-
ing of how species leaps happen, precise zoonoses 
outbreak predictions are not guaranteed. According 
to a recent joint effort report by the United Nations 
Environment Program (UNEP) and the International 
Livestock Research Institute (ILRI) [43], and cur-
rently available literature, there are seven drivers of 
zoonotic disease emergence, all of which are asso-
ciated with the human interaction with animals and 
encroach into the natural world. The anthropogenic 
factors that are implicated in the origin of pathogens 
or the jump of one pathogen/microbe to another host 
to rendering the emergence of zoonotic infectious dis-
eases are discussed in the following sub-sections.
Increasing demand for animal protein

Wild animal consumption is an important driver 
of new zoonoses [48], and consumption of animal 
meat containing pathogens may give rise to diseases 
in humans. The ever-increasing demand for animal 
protein, fuels unsustainable livestock farming that 
harms the natural environment and is one of the most 
important causes of the rising frequency of zoonotic 
diseases. Numerous infectious diseases, including 
some now confined to humans, have established 
themselves in human populations through domestic 
animals in the past (e.g., smallpox and tuberculosis).
Increased deforestation

Deforestation, forest fragmentation, and affor-
estation are all alterations in habitat, which change 
species composition and the interaction between wild 
animals, domestic animals, insect vectors, and humans, 
providing new opportunities for microbial transmis-
sion and potential emergence. Increasing demand for 
food from animal sources encourages the industrializa-
tion of animal products, leading to widespread defor-
estation and destruction of biodiversity, and is one of 
the root causes of zoonotic pathogen emergence [49].
Increased use and exploitation of wildlife

Wild animals are an important source of food 
(bushmeat) in some developing countries and bush-
meat has been implicated in the emergence of HIV, and 
the spillover of monkeypox, Nipah, Ebola, anthrax, 
and Simian foamy viruses [48]. Harvesting wildlife, 
bushmeat consumption, and wildlife trade are some of 
the important drivers of new zoonoses. It is estimated 
that about 72% of zoonotic pathogens have their ori-
gins in wildlife [48], and increased human-wildlife 
interactions in the form of the hunting and consump-
tion of animal products are important sources of zoo-
notic contamination.
Urbanization and human behavior

Between 2011 and 2050 the world population is 
expected to increase by 2.3 billion (a 32% increase), 
and the increase will be concentrated in urban areas 
of developing countries. Urbanization is one facet 
of changing human sociocultural systems, including 

changing consumer demands and dietary habits. 
Extensive urbanization can bring wildlife closer to 
livestock and humans and alter disease ecology [50]. 
Human activities that increase interaction between 
humans and wild animals will surely increase the risk 
of the emergence of zoonotic pathogens. However, 
the underlying epidemiological processes by which 
this occurs are not clearly understood. In addition, 
global biodiversity losses due to urbanization gen-
erally increase wildlife and zoonotic infections of 
humans [51].
Travel and transportation

Due to human movements, infectious agents 
and/or diseases can now spread throughout the world 
in extremely short periods, often quicker than their 
incubation periods (the time amid exposure to a patho-
gen and the first onset of clinical signs). Human travel 
associated with tourism, business, and other moves 
not associated with changing residence has increased 
rapidly over the past 50  years and are projected to 
continue to grow [50]. Travelers are not only at risk 
of contracting communicable diseases when visiting 
tropical countries, but they may also act as carriers for 
spreading infectious diseases, as has been the case for 
SARS, MERS, and SARS-CoV-2.
The changing food supply chains

Lengthening and evolving food supply chains have 
been inevitable due to the ever-changing and increasing 
demand for animal products and exotic wildlife foods, 
which creates new opportunities for transmission of zoo-
notic pathogens. With the global food demand predicted 
to increase drastically by the year 2100, the potential for 
the rise of new zoonotic infections and the rate of spread 
of these infections will undoubtedly increase. Moreover, 
increasing meat and bushmeat consumption also con-
tribute to biodiversity loss as it disrupts food chains in 
natural habitats and leads to what is commonly known 
as “empty landscapes” [48].
Climate change

The WHO declared that climate change and 
global warming are the most significant challenges for 
humankind in the 21st century [52]. Climate changes 
influence cholera, malaria, diarrhea, or dengue fever 
outbreaks [53]. Climate change can also modify 
human socio-demographics and move humans and 
livestock from dry, hot areas to new geographic loca-
tions [54]. This is accompanied by changes in the 
concurrent geographical distribution of wild animals 
and insects [52]. The epidemiological relationship and 
interaction between climate changes, disruption of 
ecosystems, exposure of humans and livestock insects 
that carry pathogens, and the spread of zoonoses is 
well documented [52-54].
Reverse Zoonosis of SARS-CoV-2: New 
Perspectives on the Human–animal Interface

Zoonotic pathogens can jump from an animal res-
ervoir to a human host (Figure-1), either transmitted 
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directly or through insect vectors [55]. When the patho-
gen is transmitted from humans to animals, it is called 
reverse zoonosis or zooanthroponosis. The animal 
infected through the process may, in turn, re-transmit 
the infection to humans under some circumstances. 
Humans have a long history (more than several 
decades) of relationships with animals as a part of ani-
mal husbandry practices, the growth of the pet market, 
changes in climate and the environment, changes in 
ecosystems, modification of habitats due to anthropo-
genic factors, and global travel and commerce  [55]. 
Human-to-animal transmission is plausible for many 
diseases because the pathogens concerned are known to 
infect multiple species. Studies suggestive of transmis-
sion of human parasites to animals were first published 
in 2000. The most commonly reported parasitic agents 
transmitted from humans to animals were Giardia duo-
denalis and Cryptosporidium parvum [56]. Researchers 
discovered the human strain of pandemic Escherichia 
coli strain 025:H4-ST131 CTX-M-15 in many different 
species of animals, indicating inter-species transmis-
sion from humans to pets and livestock [56,57]. The 
global scale transmission of the H1N1 virus from pigs 
to humans is known to date to represent the largest 
“reverse zoonosis” of a pathogen [58]. Many confirmed 
cases of humans with the influenza virus infecting their 
pets exist (ferrets, cats, and dogs) [59].

The milieu of cohabitation between humans, 
dogs, and cats has developed relationships among 
which few infectious agents are routinely transmitted. 
Even though the origin of the SARS-CoV-2 virus is 
still unclear, evidence from genetic studies suggests 
that bats act as a reservoir, with pangolins being 
a probable intermediate (Figure-1). SARS-CoV-2 
infection was reported in a mink in April 2020 in the 
Netherlands and subsequently in a mink farmworker. 
Thus, it has been established that human-to-mink and 
mink-to-human transmission of SARS-CoV-2 can 
occur [60]. Since then, minks have been reported to 
be infected in Denmark, the US, Sweden, Italy, and 
Spain  [11]. Recently, amid the COVID-19 outbreak, 
several reports have shown that the SARS-CoV-2 virus 
has crossed the species barrier to infect humans and 
other domestic animals and pets. Moreover, a reverse 
zoonosis of SARS-CoV-2 is more probable since 
infected humans already facilitated reverse transmis-
sion to animals, including dogs, cats, and tigers [61-
63]. Therefore, considering the importance of reverse 
zoonoses, it is important to understand how zoonotic 
viruses like SARS-CoV-2 rapidly jump among peo-
ple, animals, and ecosystems, and enter and spread in 
new hosts (Figure-1). 
The Concept of OHA

It is increasingly clear that resolving complex 
global health problems requires interdisciplinary, 
intersectoral expertise and cooperation from govern-
mental, non-governmental, and educational agencies. 
The OHA refers to a collaborative, multi-sectoral, 

and transdisciplinary approach - working at the local, 
regional, national, and global levels to achieve opti-
mal health outcomes recognizing the interconnection 
between people, animals, plants, and their shared envi-
ronment [64]. The concept of “OHA” was first intro-
duced in a symposium “Building Interdisciplinary 
Bridges to Health in a Globalized World” at The 
Rockefeller University, Manhattan in 2004, reaffirmed 
and comprehensively updated in the Berlin Principles 
in 2019 [21,65]. Current human lifestyle and other 
anthropogenic factors make zoonotic disease out-
breaks almost unavoidable. Hence, professionals and 
organizations believe there is a need for improved 
public policy models to prevent zoonoses through 
a preventive approach known as “OHA.” Given the 
interconnectedness of our global community in which 
humans, animals, and the environmental impact on 
each other and do not respect geopolitical boundaries, 
it may be time for all countries and their neighbors 
to follow OHA and consider incorporating OH princi-
ples into their national strategic health plans.
The Key Players for the Implementation of OHA

Several identifiable factors are important for the 
successful execution of OHA: (i) Prudent public health 
interventions, which requires the working together of 
human, wildlife, and environmental health partners, 
(ii) communication and collaboration between human 
health professionals (doctors, nurses, public health 
practitioners, and epidemiologists), animal health 
professionals (veterinarians and agricultural work-
ers), and environmentalists (ecologists and wildlife 
experts) (Figure-2), (iii) law enforcement and policy-
makers, and (iv) agricultural communities. Globally, 
three geopolitical organizations from diverse sectors: 
The WHO, OIE, and FAO work in tandem to imple-
ment the OHA, and indeed, the implementation of 
such a holistic approach requires large collaborations. 
Noteworthily, The Berlin Principles (2019) for OHA 
recommended some key points crucially relevant to 
the management of pandemics, including the current 
COVID-19 pandemic. These include (i) holistic, pro-
gressive, and adaptive approaches to combat emerging 
and re-emerging diseases, realizing the importance of 
the interplay between different animals, humans, and 
ecosystems; (ii) infrastructural changes should be 
implemented to be better prepared for pandemics, and 
develop an understanding of the relationships between 
human and animal health, and that of the environment 
through investment in improved technology, poli-
cy-making, and application; and (iii) quick dissemina-
tion of information between sectors and disciplines of 
health needs to be ensured, and coordination between 
governments and NGOs, and other health-related 
institutions should be enhanced [66].
OHA to Prevent the Future Pandemic

The OHA, accounting for the interconnectiv-
ity of humans, animals, and the environment, is an 
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approach to prevent the emergence of new zoonotic 
reservoirs from the current COVID-19 pandemic and 
propose targeted interventions to tackle future pan-
demics. Organizations such as the WHO and FAO rec-
ommend focusing on the drivers upstream of diseases 
caused by zoonoses to prevent potential spillover 
events. It can help identify possible zoonotic patho-
gens that carry the risk of a possible outbreak, essen-
tially working as an “early warning system,” allowing 
us to develop and implement preventive measures 
and ready the health sector for a possible outbreak. 
As of World Zoonoses Day (July 06, 2020), a joint 
effort by the UNEP and the ILRI published a report on 
preventing the next pandemic after COVID-19. This 
paper, therefore, focuses on recommendations from 
the UNEP and ILRI [43] and others [67,68]. These 
recommendations can assist governmental organiza-
tions, businesses, and other players to respond to and 
prevent future disease outbreaks and reduce the risk 
arising due to the outbreaks. The report identifies ten 
important implementable steps that governments can 
take to prevent future zoonotic outbreaks:
Investing in interdisciplinary approaches, including OH

The OH paradigm has been gaining momen-
tum over the last decades as a mechanism for 
cross-sectorial and interdisciplinary engagement and 
cooperation in health matters in its broadest sense. The 
advancements in health made over the past century 
are threatened by emerging diseases including zoo-
notic diseases, and hence is under pressure to reform 
and adapt to these challenges. Moreover, certainly, 
environmental and ecosystem health is an important 
factor that determines the health of wildlife. Hence, 

developing a multidisciplinary outlook that brings 
together and funds experts in the relevant fields and 
upholding the importance of environmental factors in 
the WHO, FAO, and OIE tripartite collaboration are 
urged.
Expanding scientific inquiry into zoonotic diseases

Expansion of scientific inquiry into the complex 
interactions between the various dimensions of soci-
ety, economy, and ecology of emerging diseases to 
gauge the risks and develop meaningful solutions at 
the interface of the environment, animal, and human 
health.
Evaluating and improving the cost-benefit ratio of 
interventions to encompass complete-cost account-
ing of impacts of diseases on society

Improved financial analyses of emerging disease 
prevention interventions to encompass complete-cost 
accounting of impacts of diseases on society (includ-
ing the cost of “side-effects” of the interventions) are 
suggested to be essential to enhance investments and 
reduce trade-offs.
Raising awareness of zoonotic diseases

Raising awareness of zoonoses through cam-
paigning, electronic, and print media, etc., is crucial 
since many people do not understand the principles 
and risk factors underlying zoonotic diseases and 
require a concerted effort from the government, pri-
vate, and international organizations.
Implementing stricter monitoring and regulatory 
practices associated with zoonoses, including food 
systems

Demand for animal protein has been rising glob-
ally, and global production has been steadily growing 

Figure-2: One Health disciplines cover the key sets in the transmission of zoonotic pathogens. Arrows indicate pathogen 
movement or transmission; multiple arrows indicate spread of pathogens from the initially infected host to multiple hosts 
through multiple transmission events; colors and patterns in the boxes adjacent to discipline names correspond to specific 
aspects of the pathway that each discipline typically works within [The figure was generated using Microsoft PowerPoint 
and Adobe Illustrator].
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to keep up. Moreover, about 30 billion food animals 
are being maintained by about 8 billion humans world-
wide [69]. Hence, strict monitoring and regulation of 
meat safety and quality is essential to avoid the emer-
gence of zoonotic pathogens.
Promoting sustainable management of natural 
resources and biodiversity

The increasing demand for food, living space, 
and grazing space for animals has drastically increased 
deforestation. The FAO Global Forest Resources 
Assessment 2020 indicates the deforestation rate to be 
a mammoth 10 million hectares per year. This leads to 
the mass destruction of wildlife habitats and reduces 
biodiversity. The encroachment of wild animals’ nat-
ural habitats by humans has also brought humans 
and animals into close contact, increasing the risk of 
animal-to-human disease transmission. Preservation 
of the natural barriers between wildlife reservoirs of 
disease pathogens and human populations, promoting 
ecosystem health and biodiversity through imposing 
strict restrictions and regulations on trade in wild-
life for food will be essential in stopping the next 
pandemic.
Improving biosecurity and control

Identifying key drivers of EIDs, taking biosecu-
rity measures in production-driven animal husbandry, 
and zoonotic disease control measures for industrial 
and disadvantaged smallholder farmers are all sug-
gested to be important to lessen the prevalence and 
emergence of zoonotic diseases.
Promoting sustainability in the management of land 
and seascapes

Promoting sustainable co-existence of agricul-
ture and wildlife through investing in food production 
methods that mitigate waste production and pollution 
while also reducing the risk of transmission of zoonotic 
diseases will play a pivotal role in zoonotic outbreak 
prevention. Conservation and restoration of wildlife 
habitats and realizing the importance of biodiversity 
in governmental and private sector decision-making 
and planning will be extremely important.
Improving health

The COVID-19 outbreak raises questions on the 
resilience of health systems and countries’ emergency 
preparedness and response. Strengthening existing 
and building new capacities and investing in research 
in all countries to tackle health needs during outbreaks 
and help understand the human, animal, and environ-
mental health dimensions of zoonotic and other dis-
eases will be paramount to dealing with upcoming 
outbreaks.
Operationalizing the OHA

OH needs to be realized and implemented in the 
field-level, mediating land use, and sustainable devel-
opment planning, among other fields.

Despite these broad recommendations, imple-
menting OHAs in practice remains challenging. For 

instance, most countries (especially developing coun-
tries) lack clear-cut directives for coordination and 
collaboration between the compartmentalized gov-
ernmental sectors of human health, agriculture, and 
environment [14]. Thus, practical implementations of 
OHAs have largely been need-based, causing delayed 
or incomplete implementation. However, more stud-
ies and assessments, and awareness-raising programs 
are required to demonstrate the social, health, and eco-
nomic benefits to convince decision makers.
Issues and Challenges for Globally Adopting 
the OHA

Implementation of OHAs is often a complex 
issue that requires collaboration between various dis-
ciplines [70]. It is usually much more complicated at 
the international level and can be hindered by dys-
functions that characterize current global health gov-
ernance forms. The most important aspect of imple-
menting OHA is building sufficient science-based risk 
management policies that consider cross-boundary 
regulations. Building capacity to implement OHA 
is essential to quickly recognize emerging health 
threats. Successful development of capacity requires 
strengthening of networks at the global, regional, and 
local level and close collaboration with institutes of 
research, academia, cross-boundary governmental 
organizations, the private sector, NGOs, civil societ-
ies, and other stakeholders [71]. To implement OHA 
to prevent future pandemics, viewpoints of key stake-
holders regarding the efforts to increase capacity, and 
their priorities must be given importance. A successful 
OHA designed for zoonotic pathogen surveillance on 
a global scale, and prevention of the next pandemic 
must include awareness building program regarding 
the role wildlife plays in human disease, the recog-
nition of important human-animal interfaces, and 
the encouragement of science and evidence capacity 
building [72]. Leadership is also an important issue in 
the implementation of OHAs. The Tripartite collab-
oration between the WHO, FAO, and OIE provides 
a framework for building international leadership. 
Health-care organizations applying responsible lead-
ership should think beyond their employee wellbeing 
and sustainability. For example, after tackling national 
challenges presented by the COVID-19 spread in 
Wuhan, China is sending their specialized and expe-
rienced health-care professionals to other affected 
countries to help overcome the global challenge of the 
COVID-19 pandemic presents [73,74].

It is important to recognize that OH requires a 
massively interdisciplinary approach to be success-
fully implemented. In the past decade, the OH move-
ment has been driven primarily by veterinarians; 
however, involving professionals in human health 
and the public health sector in developing coun-
tries is a big challenge that OH faces [75]. There 
has long been a need to develop infrastructures such 
as interdisciplinary laboratories and structures that 
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promote interdisciplinary and instrumental collabo-
ration focused on problem-solving (e.g., childhood 
diarrhea linked to bovine mastitis in Rwanda). The 
OHA provides an opportunity for educating medical 
(human and veterinary) students and trainees in a sys-
tem approach to extend their traditional concepts of 
inter-professional education [76,77]. The use of infor-
mation and communication technology and modern 
communication channels to transfer and disseminate 
new and important findings is vital for mounting 
effective preventive measures against disease out-
breaks [64]. Communication channels, networks, and 
scientific knowledge can be applied to human or ani-
mal health, and the knowledge and expertise to utilize 
these technologies have a clear OH dimension.

Finally, to make a globally concerted effort by 
engaging the global scientific community, open data 
sharing and open science practices have effectively 
tackled any health emergency. Since the emergence 
of SARS-CoV-2, one of the greatest contributors in 
the battle against this pandemic was the international 
sharing of information. Sequences of the SARS-CoV-2 
from different countries have instantly been shared by 
GISAID (https://www.gisaid.org/). A large proportion 
of the research articles were published as preprints and 
all published articles were open access irrespective of 
the publishers. These practices have been found effec-
tive in tackling a Zika virus outbreak [78] and discov-
ering diagnostic methods and vaccines for tackling the 
COVID-19 pandemic [26]. One of the salient lessons 
learned during the Ebola outbreak in West Africa was 
the importance of data sharing [79]. All research dis-
coveries of SARS-CoV-2 outbreaks published in jour-
nals and preprint portals and sequences of the viral 
isolates are available in public that helped to achieve 
a breakthrough in the development of the diagnostic 
protocols and several vaccines at an unprecedented 
rate speed. Therefore, to rapidly tackle any emergen-
cies in human, animal, and plant health, the practices 
of open data, open science, and international collab-
oration should be practiced [80,81]. The open data, 
open science, and international collaboration success-
fully tackled a plant health emergency, the wheat blast 
epidemic in Bangladesh in 2016 [81].
Conceptualization and Strategic Framework to 
Implement OHA

OH is a validated, integrated, and holistic 
approach that is being advocated by the WHO, FAO, 
and OIE for combating health threats to humans 
and animals through a human-animal-plant-envi-
ronment interface. OHA aims to establish general 
good health and wellbeing of the public, domestic 
and wild animals, plants, and the environment by 
utilizing cutting-edge knowledge and technologies 
made available via researchers and their studies in 
public health, clinics, and other different disciplines 
at national and global levels. Recently, this broad 
idea of health in socio-ecological systems gained 

traction, adopting an interdisciplinary applica-
tion-first stance, and joined hands with sustainability 
sciences [29,82]. However, the conceptual and insti-
tutional challenges that hinder the practical imple-
mentation of OHAs remain to be addressed, requir-
ing an evidence base to inform policy developments 
effectively [83]. For example, significant efforts 
have been made to implement OH in Rwanda by 
adopting a three-pronged approach. This comprised 
collaborations at the government level, improving 
surveillance for early detection of emerging zoonotic 
pathogens, and expanding capacity for all areas, 
including research at the human-animal-ecosystem 
interface [84]⁠. Zambia and Cambodia have utilized 
OHA in mitigating outbreaks of avian influenza and 
pandemic influenza in the past [85]⁠. The Democratic 
Republic of the Congo and Tanzania strategically 
utilized the OHA to combat Ebola and Rift Valley 
fever, respectively [82].

Framework for effective implementation of OHA 
incorporates political commitment, policy formula-
tion, sustainable financing, program development, 
knowledge sharing, institutional collaboration, capac-
ity enhancement, engagement of civil society, and 
active participation of the communities [86]. A frame-
work based on these principles would log case-based 
experiences and present the dynamics of EIDs, and 
promote collaboration and knowledge growth, includ-
ing integration of research and survey-based knowl-
edge on social, cultural and economic impacts, con-
trol measures, and challenges  [82,87]⁠. This strategic 
framework should be adaptive and responsive to 
change. However, strategic changes have to be fueled 
by support from informed political leaders (Figure-3). 
Robust and sustained advocacy, mainly by interna-
tional partners such as FAO, OIE, and WHO, dis-
seminating evidence-based data, projected economic 
gains, and best practices should be shared among 
the prominent national leaders [88]. The Sustainable 
Development Goals being intertwined offer a unique 
opportunity for advocacy and an integrated methodol-
ogy. The political declaration by the United Nations 
General Assembly on combating AMR strongly rec-
ommends the OHA [88].

Another important strategy for implementing 
OH is to build an expert workforce dedicated to 
preparing and managing epidemiological outbreaks 
[84]⁠. Similarly, efficient surveillance of both zoo-
notic and potential zoonotic disease must be mon-
itored by a multidisciplinary, highly trained team. 
This approach will require the working together of 
community health workers, animal health workers, 
NGOs, hospitals, park rangers, farmers, and pet 
owners (Figure-3). OH curriculum should be embed-
ded in different educational degrees (Undergraduate 
level/Masters), which promotes collaboration in 
problem-solving approaches in infectious dis-
ease, epidemiology, ecology, and the environment. 
Finally, OH student clubs for students can promote 
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awareness of zoonotic diseases and epidemiol-
ogy, the importance of the balance and interactions 
between humans, animals, and the environment, and 
introduce OH, approaches to a new generation of sci-
entists and problem solvers.
Conclusion

Humankind of the 21st-century has already expe-
rienced five pandemics: SARS in 2002, “Bird flu” in 
2009, MERS in 2012, Ebola in 2013-2014; and the 
ongoing SARS-CoV-2. The COVID-19 pandemic has 
affected one-third of the world’s population and killed 
more than 50 million people. The current COVID-19 
pandemic is likely to be originated from bat, mink, 
through pangolin, or other animal species. The OHA 
suggests us to look jointly at our connection with 
the environment and collective healths (human, ani-
mal and environmental), and to implement concerted 
efforts to prevent future zoonotic, epidemic or pan-
demic disease outbreaks. The OHA has the potential 
to be a holistic and systematic approach to engage the 
next generation in farming, agriculture, and improv-
ing public health through food safety and security, 
and thereby preventing diseases of zoonotic impor-
tance and public health risk. Research needs to be pro-
moted and encouraged for a better understanding of 
risk management, economic implications, improving 
intersectoral coordination and translating global best 
practices into national action plans to provide policy 
inputs and help in the development of cost-effective 
interventions. This is indeed a long battle however, it 
can be achieved by working together with a successful 
implementation of the OHA.
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