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IntRoductIon

Zoonoses refer to diseases naturally transmitted be-
tween animals and humans (Wong et al., 1999). These 

diseases are caused by various microorganisms, including 
bacteria, fungi, protozoa, viruses, and parasites, present 
in both domestic and wild animals. Globally, 60-70% of 
newly emerging human diseases is attributed to zoonoses. 
Many pathogens causing different infections originate 
from animal livestock and can spread indirectly through 
vectors like mosquitoes or ticks, as observed in cases like 
West Nile fever and Lyme disease. Alternatively, they can 
spread directly through interactions with animals, such as 

rabies transmitted through bites or contaminated food and 
environment ( Jones et al., 2008). Organisms causing zo-
onotic diseases may be enzootic (transmitted from animals 
to humans) or endemic (occurring within populations). 
Endemic zoonoses pose a substantial threat to human 
well-being, accounting for almost one billion cases of dis-
ease and several million fatalities annually (Bordier et al., 
2013). The severity of human diseases varies, ranging from 
relatively mild conditions like most cases of toxoplasmosis 
to highly lethal diseases such as Ebola hemorrhagic fever 
(Arango et al., 2017). The ecological conditions and evo-
lutionary history of hosts play a crucial role in shaping the 
patterns of zoonotic disease transmission (Kilpatric et al., 
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2012). Zoonoses with reservoirs in both domestic and wild 
animal populations exhibit a wide array of transmission 
patterns (Kilpatric et al., 2012). Key factors influencing zo-
onoses include host vulnerability, weather and climate con-
ditions, microbial growth and evolution, changes in ecosys-
tems, statistical considerations, population size (including 
concerns related to fauna and exotic animals), economic 
growth, land use, global commerce, transportation, techno-
logical advancements, the manufacturing sector, declines 
in livestock, human health amenities or infrastructures, as 
well as issues related to conflict and eviction (Hamburg 
et al., 2003). Given that animals are the source of these 
diseases, it is crucial to implement comprehensive and in-
novative preventive and control measures, drawing upon 
diverse areas of expertise (Kahn et al., 2006). Close collab-
oration between the animal health and medical sectors is 
crucial through clinics, public health campaigns, and re-
search, as zoonoses can impact both humans and animals. 
Enhanced collaboration among veterinarians, doctors, and 
public health experts is essential in the fields of popula-
tion health, individual health, and comparative medicine 
research (Kahn et al., 2006). Effective collaboration and 
prompt reaction are impeded by ongoing gaps in commu-
nication between physicians and veterinarians concerning 
zoonotic diseases. This lack of integration highlights the 
need for improved interdisciplinary communication and 
collaboration as it might lead to delays in the identification 
and management of zoonotic threats (Decker et al., 2011). 
In individual health settings, both doctors and veterinarians 
should actively assess the potential transmission of zoonot-
ic diseases from animals to humans, especially for individ-
uals who are immune-compromised or at significant risk. 
The One Health approach, exemplified by the Tripartite 
Zoonotic Guide (TZG), recognizes the heightened risk of 
emerging and reemerging diseases due to extensive inter-
actions among animals, humans, and ecosystems. This mul-
ti-sectoral collaboration is supported by the WHO, OIE 
(formerly WOAH), and FAO and functions as a method-
ical guide utilizing the Generalized One Health Frame-
work. It aims to reduce health risks at the intersection of 
the environment, people, animals, and plants through five 
planned phases, attaining a long-term equilibrium between 
food security, ecosystem sustainability, animal and public 
health, and fair trade (Erkyihun et al., 2022). Concerning 
population health, investigating zoonotic diseases should 
include monitoring programs that encompass human and 
wildlife populations, as well as livestock, contributing to 
effective prevention and control strategies (Kahn et al., 
2006). Therefore, the objective of this review is to offer a 
more comprehensive and thought-provoking examination 
of zoonoses, explore the roles of doctors and veterinarians 
in addressing zoonoses, and emphasize the importance of 
collaborative efforts across multiple sectors in the manage-
ment of zoonotic diseases.

historical impact of zoonotic diseases on 
human health
Zoonotic diseases have left a profound historical imprint 
on human health, involving both domestic and wild ani-
mals. The transmission of the bubonic plague, a notorious 
example, occurred through rats and fleas, contributing to 
a significant surge in global morbidity and mortality rates 
during the 14th century’s devastating “Black Death.” Orig-
inating in the Far East, this viral illness claimed the lives of 
approximately one-third of the population across Europe, 
Asia, and Africa (Benedictow, 2004; Wheelis et al., 2002).
Despite these historical outbreaks, zoonotic diseases con-
tinue to pose a threat to public health. The World Health 
Organization (WHO) reports an ongoing incidence of 
1,000-3,009 cases of plague-related deaths annually, with 
persistent infections in regions of Asia, Africa, and the 
Americas (Heitzinger et al., 2019). In the western United 
States, instances of human influenza have been linked to 
pet owners carrying mites transmitting Yersinia pestis, par-
ticularly in areas undergoing sylvatic conditions expansion 
(Perry et al., 1997).

Rabies, a disease affecting both domestic and wild animals, 
has a rich historical presence, with depictions in figurative 
art and literature showcasing rabid foxes, wolves, badgers, 
and bears during medieval Europe. The roots of rabies trace 
back as far as 2300 BC, with historical records identifying 
cases among dog hunters in Mesopotamia (Day and Mi-
chael, 2011). Rabies virus, which mostly affects domestic 
and wild carnivores, kills 60,000 people per year globally 
(Gholami et al., 2014).

In 2002, the zoonotic virus SARS-CoV caused the emer-
gence of SARS in China, followed by MERS-CoV trig-
gering MERS in 2012. Both resulted in severe pneumonia 
with SARS claiming 774 lives and 8,700 confirmed cases, 
and MERS leading to 858 deaths and 2,494 cases. In 2019, 
the zoonotic concern continued with SARS-CoV-2, lead-
ing to COVID-19 in Wuhan, China and rapidly spread-
ing worldwide. Though the virus likely originated from 
bats but human-to-human transmission is now the pri-
mary mode. This update emphasizes the zoonotic nature 
of COVID-19, with over 126,000 global cases and 5,414 
deaths reported across 166 countries (Contini et al., 2019).

magnitude of zoonotic disease
The extent of zoonotic diseases is predominantly attributed 
to viruses, particularly RNA viruses, as indicated by the 
recent discovery of numerous zoonotic pathogens. For in-
stance, it is estimated that 4×10^30 viruses exist in seawa-
ter alone, surpassing the total number of observable stars 
in the cosmos. Viral particles are also prolific on land, with 
a single duck capable of excreting thousands of avian in-
fluenza virus particles. Given the scale of newly emerging 
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viruses and the escalating challenges they present, there is 
a crucial need for collaboration between the medical and 
veterinary professions (Webster et al., 1992).

transmission routes of zoonotic diseases
In the United Kingdom, food serves as a significant source 
of zoonotic diseases (Scanes and Colin, 2018). While the 
consumption of animal byproducts is at least ten times 
lower compared to domesticated animals, human-animal 
contact resulting from hunting, cooking, and consuming 
animals contributes to the transmission of certain diseas-
es. Examples include HIV/AIDS, linked to the hunting of 
chimpanzees; SARS, which originated in a wildlife market 
in southern China and affected workers; and Ebola hem-
orrhagic fever, associated with hunting or handling infect-
ed great apes and other wild animals. Each of these disease 
outbreaks stems from an organism or pathogen exploiting 
a newly acquired host due to human behaviors (Defra et 
al., 2003).

Transmission patterns of zoonotic diseases are influenced 
by interactions among various reservoir host organisms 
and vectors, adding complexity to the understanding of 
these diseases (Kilpatrick et al., 2012). For instance, mos-
quitoes are widely recognized as vectors for various animal 
zoonoses, including Japanese encephalitis, horse encepha-
litis, and Rift Valley fever. Zoonoses originating in wildlife 
are often transmitted by insects, making it challenging to 
comprehend the ecology of vector-borne diseases. Ticks 
play a crucial role in transmitting microbes from the Ehr-
lichia/Anaplasma genus, including A. marginale, the causa-
tive agent of Anaplasmosis. Fleas can spread Yersinia pestis, 
flies can transmit Bacillus anthracis spores, and sand flies 
are capable of disseminating Leishmania (Dumbler et al., 
2001). Salmonella serves as a common example of a zoonot-
ic agent with diverse transmission methods. Salmonellosis 
associated with reptiles is well-documented, particularly in 
young individuals. Reptiles and other exotic pets pose a 
health risk to the general population as they can direct-
ly or indirectly transmit salmonellosis to humans (Marr 
and Calisher 2003). In 1987, a statewide outbreak of S. 
Typhimurium infection was traced back to contaminated 
chocolate bars during production, with rogue birds identi-
fied as the source. This contamination posed a significant 
public health issue. In 1999, another outbreak of S. Typhi-
murium was linked to a deceased seagull contaminating an 
underground water source that supplied untreated water 
(Refsum et al., 2002; Hofshagen et al., 2004). Bacillus an-
thracis, the causative agent of anthrax, is the most com-
mon pathogen affecting herbivores. Human contraction of 
anthrax can occur through skin exposure to contaminated 
objects or insect bites, inhalation of spores into the lungs, 
or consumption of meat from infected animals or contam-
inated water sources. While livestock anthrax is becoming 
less prevalent globally, it still remains endemic in several 

national parks, particularly in southern Africa and North 
America. This presents an ongoing threat to both livestock 
and public health (Hugh-Jones et al., 2002). The bacteria 
can be transmitted from animals to humans through var-
ious routes. The bacterial spores are remarkably resilient, 
remaining viable and latent in the environment for over a 
century (Stewart and George, 2015).

While the translocation of wildlife by humans is a com-
mon conservation strategy, it has also been associated with 
the spread of zoonotic diseases. In the United States, a new 
enzootic focus for raccoon rabies has emerged due to the 
relocation of rodents from the southeast to the Mid-At-
lantic region and New England (Hanlon et al., 1999). The 
recreational translocation of foxes and coyotes has also 
contributed to the spread of rabies. Additionally, animal 
translocation has implications for Multilocular Echino-
coccosis, a disease transmitted by the tapeworm Echino-
coccus multilocularis, affecting a significant portion of the 
Northern Hemisphere (Davidson et al., 2012). In 1999, E. 
multilocularis was first identified in the Norwegian archi-
pelago of Spitzbergen, likely due to the prior relocation of 
the primary host, the sibling vole, possibly through import-
ed animal feed (Fuglie et al., 2008). In 2000, E. multilocu-
laris was discovered in a red fox in Copenhagen, Denmark, 
believed to have traveled by train from central Europe, an 
endemic region for the disease (Kruse et al., 2004).

factors influencing the spread of zoonotic 
diseases
Microbes influenced by the imperative to survive and re-
produce, demonstrate a remarkable proficiency in genetic 
modification and adaptation. The adaptability of micro-
organisms to develop resistance to antimicrobial products 
is evident in both human and animal populations, with a 
clear connection between them (Gupta et al., 2001). The 
transmission of genetically modified microbes from ani-
mals to humans can occur through direct or indirect con-
tact with domesticated animals. The global wildlife trade, 
often illicit, plays a significant role in this dynamic. This 
trade involves the live sale and utilization of wild animals 
for food in farms, restaurants, and markets, bringing do-
mestic animals and wildlife into close proximity (Bell et al., 
2004). A modern example of potential microbial adapta-
tion is severe acute respiratory syndrome (SARS), believed 
to have originated in Guangdong, China, in November 
2002 and caused by the SARS-associated virus. After 
its initial discovery in Asia in February 2003, the disease 
rapidly escalated into a global epidemic before being con-
trolled. According to the World Health Organization, this 
outbreak resulted in 8,098 cases, including 774 fatalities. 
Although the virus’s reservoir is unknown, wildlife is like-
ly the source of infection. Spontaneous infection has been 
observed in wild dogs, rodents, and other native animals in 
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Zoonotic diseases Factors transmission route Evidence and citation
HIV/AIDS Human-animal contact, hunting of 

chimpanzees
Direct contact with infect-
ed blood or body fluids

Scanes and Colin, 2018

SARS Wildlife market exposure Respiratory droplets, direct 
contact

Scanes and Colin, 2018

Ebola Hemorrhagic Fever Hunting or handling infected great 
apes

Direct contact with blood 
or bodily fluids

Scanes and Colin, 2018

Japanese Encephalitis, 
Horse Encephalitis, Rift 
Valley Fever

Mosquito vectors Mosquito bites Kilpatrick et al., 2012

Anaplasmosis Ticks (Ehrlichia/Anaplasma genus) Tick bites Dumbler et al., 2001
Yersinia Pestis (Plague) Fleas Flea bites Dumbler et al., 2001
Bacillus Anthracis (Anthrax) Flies, contaminated objects, insect 

bites, inhalation, consumption of 
infected meat or water

Various routes including 
inhalation and ingestion

Hofshagen et al., 2004; Stew-
art and George, 2015

Salmonella Reptiles, contaminated food 
sources

Direct contact, ingestion Marr and Calisher, 2003

Raccoon Rabies Translocation of rodents Direct contact with saliva Hanlon et al., 1999
Multilocular Echinococcosis Translocation of animals, relocation 

of primary host (sibling vole)
Ingestion of contaminated 
food, water

Davidson et al., 2012; Fuglie 
et al., 2008; Kruse et al., 2004

the region where SARS likely emerged, as well as in palm 
civet cats in marketplaces (Guan et al., 2003).

Genetic alterations often play a crucial role in influencing 
the prevalence of specific diseases. Various animal species, 
including birds, humans, pigs, horses, and marine mam-
mals, have been observed naturally acquiring the influen-
za A virus, with its primary reservoir believed to originate 
from wild ducks. The virus has two main surface antigens: 
neuraminidase, with nine serotypes, and hemagglutinin, 
with fifteen subtypes. While only a limited number of 
combinations have been identified in mammals, all these 
subtypes have been found in birds in most cases (Kocer et 
al., 2014). It is likely that “new” pandemic strains emerge 
when avian and human virus genomes mix in a suitable 
host (Webster et al., 1992). In 2004, a severe outbreak of 
highly virulent avian influenza (H5N1 strains) in poultry 
in Southeast Asia (Li et al., 2004) demonstrated that the 
virus could also infect humans. Official records document-
ed 39 cases, including 28 fatalities (WHO, 2004).

Changes in global climate can impact various factors, in-
cluding host defense, vectors, viruses, and ecosystems, 
thereby contributing to the spread of diseases. Despite the 
multiple causes of diseases, the interplay of these elements 
can lead to the proliferation of diseases, vectors, and animal 
hosts. Particularly, rainfall events can trigger outbreaks of 
the mosquito-borne Ross River Virus, which is prevalent 
in Australia (Koolhof et al., 2020). As the global climate 
warms, diseases carried by mosquitoes, including malaria 
and plague fever, are expected to spread significantly (El-
Sayed and Kamel 2020). Additionally, zoonotic infections 
such as leptospirosis and Rift Valley fever, which are sensi-

tive to weather and climate changes, have been associated 
with numerous epidemics worldwide in the past decade 
(Epstein 2000). 

Zoonotic diseases with animal reservoirs can be signifi-
cantly influenced by human behavior and demographic 
considerations. The emergence and re-emergence of such 
diseases result from the interaction of demographic devel-
opments in the latter half of the 20th century, including 
population increases and the consumption of animals and 
animal products. Consumption patterns play a crucial role; 
for example, consuming meat from uncommon animals 
like bears increases the likelihood of acquiring trichinello-
sis (Schellenberg et al., 2003). AIDS serves as an example 
of a disease that has become a global public health concern 
due to a combination of human behavior and demograph-
ic variables. Although the exact source of the HIV virus, 
which causes AIDS, remains unknown, it likely originated 
in non-human primates in West Africa before being trans-
mitted to humans (Gao et al., 1999). Engaging in outdoor 
activities, such as camping, hiking, and hunting, may ele-
vate the risk of acquiring zoonoses like tularemia and tick-
borne diseases (Antony and Suresh, 2019).

Increased contacts between humans and different species 
resulting from human intrusion into natural areas have 
raised concerns about the spread of diseases. The transmis-
sion of infections such as AIDS and Ebola from chim-
panzees to humans is attributed to demographic factors 
like population growth, consumption of animal products, 
and contact with contaminated blood and tissues during 
slaughtering. This interaction also poses risks to the health 
of wildlife, as native species can be exposed to diseases af-
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fecting domestic animals and humans (Defra et al., 2003). 
Furthermore, deforestation brings potential sources of 
zoonotic diseases in wildlife closer to human settlements. 
The rapid destruction of forests for lumber production in 
Southeast Asia during the 1990s is believed to have con-
tributed to the sudden outbreak of Nipah virus disease 
in swine and humans. Fruit-eating bats, specifically fly-
ing foxes in the Pteropus genus, appear to be the primary 
reservoir for the Nipah virus. Deforestation limited their 
natural food sources, forcing these bats into increased con-
tact with industrial orchards and fruit trees on swine farms. 
This proximity has facilitated the transmission of viruses 
from pigs to humans (Chua et al., 2002).

The migration of infections, vectors, and animal hosts sig-
nificantly influences the incidence of zoonoses with animal 
reservoirs. Various factors contribute to these movements, 
including human travel, commerce, anthropogenic wildlife 
displacement, and ecological animal migration, particularly 
by birds. Consequently, pathogenic organisms can rapidly 
spread to distant regions, surpassing the typical incubation 
periods of many diseases. The expansion of rabies into new 
areas is primarily facilitated by the movement of infected 
domestic and wild animals (Fisher et al., 2018). A notable 
example is the introduction and establishment of the West 
Nile virus in the United States, originating in the Middle 
East and first detected in New York around 1999, subse-
quently spreading across the entire country (Rappole et al., 
2000). 

the role of physicians and veterinarians in 
zoonotic disease management
Collaboration between physicians and veterinarians is cru-
cial across various domains, such as research, public health, 
and clinical care, given the potential transmission of zoon-
oses from animals to humans. Ensuring a comprehensive 
understanding of associated risks and benefits requires in-
put from both professions. Evaluating risk-benefit ratios, 
especially in medical settings and for individuals with 
compromised immune systems, is critical (Shanko et al., 
2015). Despite scientifically proven benefits of pet owner-
ship, acknowledging and addressing potential health risks 
linked to zoonotic infections is imperative. Recognizing 
these risks emphasizes the need for collaborative efforts 
between veterinary and medical professionals to safeguard 
public health and promote responsible pet ownership. Ro-
bust systems for monitoring and controlling both animal 
and human diseases play a pivotal role in addressing the 
challenges posed by zoonoses in the realm of public health 
(Shanko et al., 2015).

Moreover, veterinary care does not address the clinical fea-
tures of human diseases, and medical treatments for hu-
mans often do not thoroughly explore the role that animals 

play in the transmission of zoonotic disease agents. There-
fore, effective control of zoonotic diseases requires collab-
oration between both professions (Glaser et al., 1994). The 
involvement of both veterinarians and physicians in the 
management of zoonotic diseases is particularly crucial due 
to the lack of comprehensive training in the clinical man-
ifestations of human diseases and the tendency of the lat-
ter to overlook the role of animals in disease transmission 
(Grant et al., 1999). To foster a broader consensus on the 
hazards and mitigation of zoonotic diseases, it is advisable 
to strengthen the connections between these two experts 
on a larger scale. Veterinarians, uniquely positioned, can 
provide pet owners with reliable information on preven-
tion and recommend timely preventive therapies for pets 
to reduce risks, given their awareness of potential hazards 
associated with zoonotic diseases and ways of their mitiga-
tion (Robertson et al., 2000).

The management of a number of zoonotic diseases has also 
resulted in remarkable outcomes through collaboration be-
tween physicians and veterinarians, demonstrating the ef-
ficacy of a One Health strategy. Veterinarians are essential 
to the prevention of rabies because they oversee large-scale 
canine vaccination efforts, whereas physicians concentrate 
on post-exposure prophylaxis and raising public awareness 
of vaccination (Cleaveland et al., 2014). Avian influenza 
surveillance and prevention benefit from veterinarians 
monitoring and culling infected poultry, complemented 
by physicians who detect and treat human cases, empha-
sizing the interdependence between animal and human 
health (Wang et al., 2017). Veterinarians carry out surveil-
lance and vaccination programs for cattle against brucello-
sis, whereas physicians focus on diagnosis, treatment, and 
public health education (Ducrotoy et al., 2017). The inte-
grated response to Ebola involves veterinarians identify-
ing animal reservoirs and implementing control measures, 
while physicians manage human cases and institute public 
health interventions (Maruyama et al., 1999). Veterinar-
ians help manage leishmaniasis in animals by decreasing 
reservoirs, whereas physicians concentrate on diagnosis, 
treatment, and public health initiatives (Palatnik-de-Sou-
sa et al., 2012). In order to effectively manage infections, 
these success stories highlight the value of interdisciplinary 
collaboration in the treatment of zoonotic diseases and the 
necessity of ongoing collaboration between the veterinary 
and medical disciplines.

Disease surveillance collaborations, exemplified by initi-
atives like ArboNet for WNV surveillance, the National 
Antimicrobial Resistance Monitoring System for enteric 
bacteria surveillance, and FoodNet for population-based 
surveillance of food borne pathogens, have demonstrated 
their efficacy in monitoring zoonotic diseases (CDC 2006; 
CDC 2006). Establishing and sustaining new monitoring 
programs for emerging zoonoses is crucial, and these in-
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itiatives should be integrated into comprehensive courses 
on zoonotic threats to human health, offered by medical, 
veterinary, and public health schools.

role of multi-sector collaboration in zoonotic 
disease control
The control of zoonoses requires a multi-sectoral partner-
ship to address the global threat to public health compre-
hensively. A successful zoonoses control program necessi-
tates a robust collaborative network among various entities, 
including medical facilities, government agencies, diagnos-
tic centers, the medical community, and the veterinary sec-
tor (Bogel et al., 1990). Given that numerous diseases can 
be transmitted by animals, it is imperative to develop inno-
vative preventive and control measures that involve the co-
operation of diverse disciplines. Enhancing collaboration 
between doctors, veterinary practitioners, and public health 
experts is particularly crucial in three key areas: population 
health, individual health, and research in relative medicine 
(Kahn et al., 2006). In certain states, the supervision and 
monitoring of animal diseases are fragmented across var-
ious agencies. Recognizing the need for improved coordi-
nation and collaboration at the federal level, a recent report 
from the National Academy of Sciences has proposed the 
creation of a centralized federal coordinating mechanism. 
This mechanism aims to enhance coordination and col-
laboration among all stakeholders involved in overseeing 
animal welfare, including federal, state, and local govern-
ments, as well as industry (Shanko et al., 2015).

collaborative strategies in individual health
Individuals who work or live closely with animals need to 
be aware of the potential risks of zoonotic illnesses to their 
personal health. Doctors may feel uneasy discussing how 
animals contribute to the spread of zoonoses and often 
prefer the involvement of veterinarians. However, the ma-
jority of patients do not consider veterinarians as reliable 
sources of information about human health (Friedmann et 
al., 2009). Research indicates that only 21% of HIV pa-
tients sought information from their veterinarians regard-
ing the health hazards associated with owning pets (Grant 
et al., 1999).

Individuals engaged in animal-related occupations, such 
as farmers, meat packers, and pet shop personnel, express 
concerns about the potential for acquiring zoonotic infec-
tions in the workplace. For example, pig farmers may face 
the risk of Streptococcus suis, leading to conditions such as 
meningitis or fulminant sepsis in rare cases (Perseghin et 
al., 1995). Pet store workers could be exposed to Strepto-
bacillus moniliformis, while chicken factory packers may 
be susceptible to Campylobacter infection. These examples 
highlight the personal health impact of owning and work-
ing with animals (Wilson et al., 2004).

Regular veterinary examinations would ensure the ongo-
ing health monitoring of companion animals. Organizing 
workshops on zoonotic threats to human health that bring 
together veterinarians and medical professionals could fos-
ter relationships and open up opportunities for collabora-
tive efforts (Tannenbaum et al., 1991).

cooperative responses to population health
Outbreaks of water-borne, food-borne, and arthro-
pod-borne diseases are often attributed to zoonotic diseas-
es at the community level. To identify the causative agent 
and implement preventive measures, it is essential to deter-
mine whether outbreaks in humans and animals occurred 
concurrently. This information is vital for facilitating com-
munication among veterinarians, public health officials, 
and physicians involved in the local outbreak response 
(Travejo and Rosalie, 2009). Effective communication be-
tween veterinarians and medical epidemiologists becomes 
especially crucial in states where regional health depart-
ments are either non-existent or not actively engaged in 
reporting or monitoring zoonotic diseases. Veterinarians 
should take immediate action by expressing their concerns 
directly to epidemiology experts at local hospitals, urging 
them to be vigilant for any potential impact on humans 
resulting from an unidentified disease that has been caus-
ing significant neurological symptoms and wildlife deaths, 
particularly among birds (Thrusfield and Michael, 2018). 
This collaborative approach enhances the overall response 
to outbreaks, ensuring a coordinated effort in addressing 
and mitigating potential health risks at both the animal 
and human levels. The severity of the zoonotic challenge 
underscores the imperative for collaboration across the do-
mains of public health, veterinary medicine, and human 
medicine (Corrales, 2023).

Research has identified that 868 (61%) of the 1,415 in-
fectious agents studied have the potential to be transmit-
ted from animals to humans (Taylor et al., 2001). Virus-
es and protozoa emerged as the most prevalent zoonotic 
pathogens, with zoonotic diseases being associated with 
newly identified or emerging infections compared to 
non-zoonotic pathogens. These agents encompass viruses 
associated with severe acute respiratory syndrome such as 
SARS-CoV-2, the Hantavirus, avian influenza virus, and 
West Nile Virus (Cleaveland et al., 2001). Improving our 
understanding of virus epidemiology may involve surveil-
lance investigations into the role of both immunized and 
uninfected horses in amplifying West Nile virus transmis-
sion to humans (Castillo-Olivares et al., 2004).

Collaborative efforts between researchers are essential for 
conducting applied public health studies, particularly in 
conjunction with ongoing monitoring initiatives. To assess 
the risk of zoonotic transmission, medical and veterinary 
teams can perform sero-surveys on individuals residing or 
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working in close proximity to animal populations that pose 
a public health threat. For example, individuals in areas of 
Colorado, Wyoming, and Nebraska where chronic wast-
ing disease is endemic among elk and deer could undergo 
extended surveillance studies (Belay et al., 2004). Collab-
orations in comparative medicine research play a crucial 
role in addressing the challenges faced by doctors and vet-
erinarians in controlling zoonoses, as their requirements 
extend beyond individual and population health settings. 
Comparative medicine involves the examination of ana-
tomical, physiological, and pathophysiological processes 
across humans and other species (Wilkinson et al., 1992).

In response to public demand, veterinary educational in-
stitutions have shifted their emphasis from livestock and 
medicine research to pet animal medicine. This change has 
resulted in a growing number of veterinary students pur-
suing careers in research. However, alongside medical in-
stitutions, many veterinary programs in comparative med-
icine have transitioned from a research-centric approach 
to a service-oriented one. This shift limits veterinarians’ 
involvement in research to roles such as laboratory animal 
caretakers. Unfortunately, this change in the focus of com-
parative medicine has impeded research on new zoonoses 
originating from various host animals. Consequently, many 
veterinary students are discouraged from considering re-
search professions (Barthold et al., 2005).

Funding for collaborative research in veterinary and med-
ical investigations focusing on zoonoses is crucial. It is es-
sential to establish initiatives that are comprehensively and 
cohesively funded, ensuring that animal health research is 
conducted through national and international collabora-
tion among veterinary and medical professionals (Kahn et 
al., 2006).

concluSIon And 
REcoMMEndAtIonS

Zoonoses, diseases and infections naturally transmitted 
between humans and vertebrate animals, constitute a sub-
stantial portion approximately 60-70% of newly identified 
infectious diseases worldwide. A significant number of 
these diseases originate in wildlife. The periodic escala-
tion of the risk of zoonoses globally is a consequence of 
shifts in human behavior and demographics. These diseas-
es not only pose threats to human and animal health but 
also entail serious socioeconomic consequences. Effectively 
managing zoonotic infections necessitates enhanced col-
laboration and communication among medical profession-
als, veterinary experts, and public health officials. Overall, 
there is a growing prevalence of zoonoses, accompanied by 
a remarkable increase in the severity of health issues im-
pacting both humans and animals over time.

Health institutions, government entities, diagnostic 
centers, the medical industry, and veterinary services need 
to forge stronger collaborations. Particularly during zo-
onotic outbreaks, it is crucial for doctors and veterinarians 
to engage in close cooperation with state and local public 
health officials. To ensure effective collaboration between 
veterinary and medical practitioners on both domestic and 
global levels, it is imperative to establish jointly funded, 
comprehensive, and unified programs for animal health 
research. The enhancement of coordination and commu-
nication between state agencies, especially between pub-
lic health and animal health, is vital. Therefore, it is rec-
ommended that public health specialists, physicians, and 
veterinarians intensify their collaborative efforts. The im-
plementation of federal-level systems is necessary to foster 
better cooperation among all stakeholders in human and 
animal health. Additionally, exploring state-level execu-
tion of such systems could further contribute to this goal. 
To encourage the formation of collaborative relationships, 
more graduates from veterinary institutions should be in-
spired to pursue careers in research. Courses on zoonotic 
threats to human health offered by medical, veterinary, and 
public health schools should integrate all three perspec-
tives for a more comprehensive understanding.

AcKnowlEdgEMEntS

The authors extend their sincere gratitude to the faculty 
members of their respective departments for their invalu-
able guidance and support throughout the development of 
this article.

conFlIct oF IntERESt

The authors declare that they have no conflict of interest. 

noVElty StAtEMEnt

This article sheds light on the intricate dynamics of zoo-
notic diseases, emphasizing the critical need for collabora-
tive strategies across diverse sectors to effectively prevent 
and control the global hazards posed by these diseases.

AuthoR contRIbutIon

The conception of the review paper was contributed by 
Kalsoom Abdulrazaq and Rimsha Mehboob. Data collec-
tion was undertaken by Bisma Arif and Rimsha Mehboob. 
The drafting process involved contributions from Kalsoom 
Abdulrazaq and Asma Mehboob. All authors participated 
in reviewing the final draft.

REFEREncES



Research Journal of Veterinary Practitioners

March 2024 | Volume 12 | Issue 1| Page 8

Antony, Suresh. (2019). Mosquito and Tick-borne Illnesses 
in the United States. Guidelines for the Recognition 
and Empiric Treatment of Zoonotic Diseases in the 
Wilderness.  Infectious Disorders-Drug Targets (Formerly 
Current Drug Targets-Infectious Disorders).,  19.3: 238-
257. https://doi.org/10.2174/187152651866618062612334
0

Arango CA., Shah N., Nalamalapu S. R. (2017). Selected 
Infectious Diseases 46.  Family Med., 561. https://doi.
org/10.1007/978-3-319-04414-9_46

Barthold SW. (2005). Musings of a Connecticut Yankee in 
King Arthur’s court: antemortem analysis of the veterinary 
profession. J. Vet. Med. Educ., 32: 306-313. https://doi.
org/10.3138/jvme.32.3.306

Belay ED., Maddox RA., Williams ES., Miller MW., Gambetti P. 
(2004). Chronic wasting disease and potential transmission 
to humans. Emerg. Infect. Dis. 10: 977-984. https://doi.
org/10.3201/eid1006.031082

Bell D., Roberton S., Hunter PR. (2004). Animal origins of SARS 
coronavirus: possible links with the international trade in 
small carnivores. Philos. Trans. R. Soc. Lond. B. Biol. Sci., 
359: 1107-1114. https://doi.org/10.1098/rstb.2004.1492

Benedictow O.J. (2004).  The Black Death, 1346-1353: the 
complete history., Boydell & Brewer.

Bogel K., Griffths RH., Mantavania., Matyas Z (edn). 
(1990). Guiding principles for Planning, Organization 
and Management of veterinary public health programs. 
Veterinary Public Health reports.

Bordier M., Roger F. (2013). Zoonoses in South-East Asia: a 
regional burden, a global threat. Anim. H. Res. Review., 14(1): 
40-67. https://doi.org/10.1017/S1466252313000017

Contini C., Di Nuzzo M., Barp N., Bonazza A., De Giorgio 
R., Tognon M., Rubino S. (2020). The novel zoonotic 
COVID-19 pandemic: An expected global health concern. J. 
Infect. Develop. Count.,  14(03): 254-264. https://doi.
org/10.3855/jidc.12671

Castillo-Olivares J, Wood J. (2004). West Nile virus infection 
of horses. Vet. Res., 35: 467-483. https://doi.org/10.1051/
vetres:2004022

Chua KB., Chua BH., Wang CW. (2002). Anthropogenic 
deforestation, El Niño and the emergence of Nipah virus in 
Malaysia. Malays J. Pathol., 24: 15-21.

Cleaveland S., Laurenson MK., Taylor LH. (2001). Diseases 
of humans and their domestic mammals: pathogen 
characteristics, host range and the risk of emergence. Philos. 
Trans. R. Soc. Lond. B. Biol. Sci. 356: 991-999. https://doi.
org/10.1098/rstb.2001.0889

Cleaveland S., Lankester F., Townsend S., Lembo T., Hampson 
K. (2014). Rabies control and elimination: a test case for One 
Health. Vet. Rec., 175(8): 188-193. https://doi.org/10.1136/
vr.g4996

Corrales N. U. (2023). The Significance of Education in the 
Preparedness for Zoonotic Diseases.

Centers for Disease Control and Prevention. NARMS website. 
[cited 2006 Jan 23]. Available from http://www.cdc.gov/
narms/

Centers for Disease Control and Prevention. FoodNet website. 
[cited 2006 Jan 23]. Available from http://www.cdc.gov/
foodnet/

Decker D. J., Siemer W. F., Wild M. A., Castle K. T., Wong 
D., Leong K. M., Evensen D. T. (2011). Communicating 
about zoonotic disease: Strategic considerations for wildlife 

professionals.  Wildlife Societ. Bullet.,  35(2): 112-119. 
https://doi.org/10.1002/wsb.29

Ducrotoy M., Bertu W. J., Matope G., Cadmus S., Conde-
Álvarez R., Gusi A. M., Moriyón I. (2017). Brucellosis in 
Sub-Saharan Africa: Current challenges for management, 
diagnosis and control. Acta Tropic., 165: 179-193. https://
doi.org/10.1016/j.actatropica.2015.10.023

Davidson R. K., Romig T., Jenkins E., Tryland M., Robertson 
L. J. (2012). The impact of globalisation on the distribution 
of Echinococcus multilocularis. Trends in Parasitol., 28(6): 
239-247. https://doi.org/10.1016/j.pt.2012.03.004

Day., Michael J. (2011). One health: the importance of companion 
animal vector-borne diseases. Parasit. Vect., 4: 1-6. https://
doi.org/10.1186/1756-3305-4-49

Defra. (2003). Zoonoses Report United Kingdom 2001. 
Department for Environment, Food and Rural Affairs, 
London.

Dumbler JS, Walker DH. (2001). Tick-borne Ehrlichioses. 
Lancet Infect. Dis., 10: 21-8. https://doi.org/10.1016/
S1473-3099(09)70296-8

El-Sayed A, Kamel M. (2020). Climatic changes and their role in 
emergence and re-emergence of diseases. Envir. Sci. Pollut. 
Res.,  27: 22336-22352. https://doi.org/10.1007/s11356-
020-08896-w

Epstein PR. (2000). Is global warming harmful to health? 
Sci. Am., 283: 50-57 https://doi.org/10.1038/
scientificamerican0800-50

Erkyihun G.A., Alemayehu M.B. (2022). One Health approach 
for the control of zoonotic diseases. Zoonoses. https://doi.
org/10.15212/ZOONOSES-2022-0037

Fisher C. R., Streicker D. G., Schnell M. J. (2018). The spread and 
evolution of rabies virus: conquering new frontiers. Nature 
Rev. Microbiol.,  16(4): 241-255. https://doi.org/10.1038/
nrmicro.2018.11

Friedmann., Erika., Heesook Son. (2009). The human–
companion animal bond: how humans benefit.  Vet. Clin. 
North America: Small Anim. Pract., 39.2: 293-326. https://
doi.org/10.1016/j.cvsm.2008.10.015

Fuglei E., Stien A., Yoccoz N. G., Ims R. A., Eide N. E., Prestrud 
P., Oksanen A. (2008). Spatial distribution of Echinococcus 
multilocularis, Svalbard Norway. Emerg. Infect. Dis., 14(1): 
73. https://doi.org/10.3201/eid1401.070565

Gao F., Bailes E., Robertson DL., Chen Y., Rodenburg 
CM. (1999). Origin of HIV-1 in the chimpanzee Pan 
troglodytes troglodytes. Nature., 397: 436-441. https://doi.
org/10.1038/17130

Glaser CA., Angulo FJ., Rooney JA. (1994). Animal-associated 
opportunistic infections among persons infected with the 
human immunodeficiency virus. Clin. Infect. Dis., 18: 14-24 
https://doi.org/10.1093/clinids/18.1.14.

Grant S. Olsen CW. (1999). Preventing zoonotic diseases in 
immunocompromised persons: the role of physicians and 
veterinarians. Emerg. Infect. Dis., 5: 159-163. https://doi.
org/10.3201/eid0501.990121

Gholami A., Fayaz A., Farahtaj F. (2014). Rabies in Iran: past, 
present and future.  J. Med. Microbiol. Infect. Dis.,  2(1): 
1-10.

Guan Y., Zheng BJ., He YQ., Liu XL., Zhuang ZX. (2003). 
Isolation and characterization of viruses related to the SARS 
coronavirus from animals in southern China. Science., 302: 
276-278. https://doi.org/10.1126/science.1087139

Gupta A. (2001). Cows, bugs, and drugs: an investigation of 
sporadic illness due to multi drug resistant Salmonella 

https://doi.org/10.2174/1871526518666180626123340 
https://doi.org/10.2174/1871526518666180626123340 
https://doi.org/10.1007/978-3-319-04414-9_46 
https://doi.org/10.1007/978-3-319-04414-9_46 
https://doi.org/10.3138/jvme.32.3.306 
https://doi.org/10.3138/jvme.32.3.306 
https://doi.org/10.3201/eid1006.031082 
https://doi.org/10.3201/eid1006.031082 
https://doi.org/10.1098/rstb.2004.1492
https://doi.org/10.1017/S1466252313000017 
https://doi.org/10.3855/jidc.12671
https://doi.org/10.3855/jidc.12671
https://doi.org/10.1051/vetres:2004022 
https://doi.org/10.1051/vetres:2004022 
https://doi.org/10.1098/rstb.2001.0889 
https://doi.org/10.1098/rstb.2001.0889 
 https://doi.org/10.1136/vr.g4996 
 https://doi.org/10.1136/vr.g4996 
http://www.cdc.gov/narms/ 
http://www.cdc.gov/narms/ 
http://www.cdc.gov/foodnet/ 
http://www.cdc.gov/foodnet/ 
https://doi.org/10.1002/wsb.29 
https://doi.org/10.1016/j.actatropica.2015.10.023 
https://doi.org/10.1016/j.actatropica.2015.10.023 
https://doi.org/10.1016/j.pt.2012.03.004 
https://doi.org/10.1186/1756-3305-4-49 
https://doi.org/10.1186/1756-3305-4-49 
https://doi.org/10.1016/S1473-3099(09)70296-8 
https://doi.org/10.1016/S1473-3099(09)70296-8 
https://doi.org/10.1007/s11356-020-08896-w 
https://doi.org/10.1007/s11356-020-08896-w 
https://doi.org/10.1038/scientificamerican0800-50 
https://doi.org/10.1038/scientificamerican0800-50 
https://doi.org/10.15212/ZOONOSES-2022-0037 
https://doi.org/10.15212/ZOONOSES-2022-0037 
https://doi.org/10.1038/nrmicro.2018.11
https://doi.org/10.1038/nrmicro.2018.11
https://doi.org/10.1016/j.cvsm.2008.10.015
https://doi.org/10.1016/j.cvsm.2008.10.015
https://doi.org/10.3201/eid1401.070565 
https://doi.org/10.1038/17130 
https://doi.org/10.1038/17130 
https://doi.org/10.1093/clinids/18.1.14
https://doi.org/10.3201/eid0501.990121 
https://doi.org/10.3201/eid0501.990121 
https://doi.org/10.1126/science.1087139 


Research Journal of Veterinary Practitioners

March 2024 | Volume 12 | Issue 1| Page 9

Newport. NARM presentation. Center for disease control 
and prevention, Atlanta G.A, USA.

Hamburg MA, Lederberg J, Cochair (2003) Microbial threats 
to health. Institutes of medicine of National Academic. 
National Academy Press, Washington DC, USA, 53-55.

Hanlon C. A., Childs J. E., Nettles V. F. (1999). Recommendations 
of a national working group on prevention and control of 
rabies in the United States. Article III: Rabies in wildlife. 
Nat. Working Group on Rab. Prev. and Ctrl. https://doi.
org/10.2460/javma.1999.215.11.1612

Heitzinger K., Impouma B., Farham B. L., Hamblion E. L., 
Lukoya C., MacHingaidze C., Fall I. S. (2019). Using 
evidence to inform response to the 2017 plague outbreak 
in Madagascar: a view from the WHO African Regional 
Office. Epidemiol. Infect.., 147, e3. https://doi.org/10.1017/
S0950268818001875

Hofshagen M., Aavitsland P., Kruse H. (2004). Trends and 
sources of zoonotic agents in animals, feeding staff, food, 
and man in Norway. Report to the EU. Oslo: Norwegian 
Ministry of Agriculture.

Hugh-Jones ME, de Vos V. (2002). Anthrax and wildlife. Rev. Sci. 
Tech., 21: 359- 383. https://doi.org/10.20506/rst.21.2.1336

Jones K. E., Patel N. G., Levy M. A., Storeygard A., Balk D., 
Gittleman J. L., Daszak P. (2008). Global trends in emerging 
infectious diseases. Nature..  451(7181): 990-993. https://
doi.org/10.1038/nature06536

Kahn LH. (2006). Confronting zoonoses, linking human and 
veterinary medicine. Emerg. Infect. Dis. 12: 556-561. 
https://doi.org/10.3201/eid1204.050956

Kilpatrick AM., Randolph SE. (2012). Drivers, dynamics, 
and control of emerging vector-borne zoonotic diseases. 
Lancet., 380: 1946-1955. https://doi.org/10.1016/S0140-
6736(12)61151-9

Koçer Z. A., Jones J. C., Webster R. G. (2014). Emergence of 
influenza viruses and crossing the species barrier.  One 
Health: People, Animals, and the Environment., 115-135. 
https://doi.org/10.1128/9781555818432.ch8

Koolhof I. S., Gibney K. B., Bettiol S., Charleston M., 
Wiethoelter A., Arnold A. L., Firestone S. M. (2020). 
The forecasting of dynamical Ross River virus outbreaks: 
Victoria, Australia.  Epidemics.,  30: 100377. https://doi.
org/10.1016/j.epidem.2019.100377

Kruse H., kirkemo AM., Handeland K. (2004). Wildlife as source 
of zoonotic infections. Emerg. Infect. Dis. 10: 2067-2072.

Lederberg., Joshua., Margaret A., Hamburg., Mark S., Smolinski 
eds. (2003).  Microbial threats to health: emergence, 
detection, and response. National Academies Press., 398.

Li KS., Guan Y., Wang J., Smith GJ., Xu KM. (2004). Genesis 
of a highly pathogenic and potentially pandemic H5N1 
influenza virus in eastern Asia. Nature., 430: 209-213. 
https://doi.org/10.1038/nature02746

Maruyama T., Rodriguez L. L., Jahrling P. B., Sanchez A., Khan 
A. S., Nichol S. T., Burton D. R. (1999). Ebola virus can 
be effectively neutralized by antibody produced in natural 
human infection.  J. Virol.,  73(7): 6024-6030. https://doi.
org/10.1128/JVI.73.7.6024-6030.1999

Marr JS, Calisher CH. (2003). Alexander the Great and West 
Nile virus encephalitis. Emerg. Infect. Dis. 9: 1599-1603. 
https://doi.org/10.3201/eid0912.030288

Perry RD., Fetherston JD. (1997). Yersinia pestis--etiologic agent 
of plague. Clin. Microbiol. Rev., 10: 35-66. https://doi.
org/10.1128/CMR.10.1.35

Perseghin P., Bezzi G., Troupioti P., Gallina M. (1995). 

Streptococcus suis meningitis in an Italian blood donor. 
Lancet., 346: 1305-1306. https://doi.org/10.1016/S0140-
6736(95)91912-0

Palatnik-de-Sousa CB (2012) Vaccines for canine leishmaniasis. 
Front. Immun. 3:69. https://doi.org/10.3389/
fimmu.2012.00069

Rappole JH., Derrickson SR., Hubálek Z. (2000). Migratory birds 
and spread of West Nile virus in the Western Hemisphere. 
Emerg. Infect. Dis., 6: 319-328. https://doi.org/10.3201/
eid0604.000401

Refsum T., Handeland K., Baggesen DL., Holstad G., Kapperud 
G. (2002). Salmonellae in avian wildlife in Norway from 
1969 to 2000. Appl. Environ. Microbiol., 68: 5595-5599. 
https://doi.org/10.1128/AEM.68.11.5595-5599.2002

Robertson ID., Irwin PJ., Lymbery AJ., Thompson RC. (2000). 
The role of companion animals in the emergence of parasitic 
zoonoses. Int. J. Parasitol., 30: 1369-1377. https://doi.
org/10.1016/S0020-7519(00)00134-X

Scanes., Colin G. (2018). Animals and human disease: zoonosis, 
vectors, food-borne diseases, and allergies.  Animals and 
human society., Academic Press, 331-354. https://doi.
org/10.1016/B978-0-12-805247-1.00021-6

Schellenberg RS., Tan BJ., Irvine JD., Stockdale DR., Gajadhar 
AA. (2003). An outbreak of trichinellosis due to consumption 
of bear meat infected with Trichinella nativa, in 2 northern 
Saskatchewan communities. J. Infect. Dis., 188: 835-843 
https://doi.org/10.1086/378094

Shanko K., Kemal J., Kenea D. (2015). A review on confronting 
zoonoses: The role of veterinarian and physician.  Vet. Sci. 
Tech., 6(2): 1.

Stewart, George C. (2015). The exosporium layer of bacterial 
spores: a connection to the environment and the infected 
host.  Micro. Mole. Biol. Rev., 79.4: 437-457. https://doi.
org/10.1128/MMBR.00050-15

Tannenbaum J. (1991). Medical-legal aspects of veterinary public 
health in private practice. Semin. Vet. Med. Surg. (Small 
Anim)., 6: 175-185

Taylor LH., Latham SM., Woolhouse MEJ. (2001). Risk 
factors for human disease emergence. Philos. Trans. R. Soc. 
Lond. B. Biol. Sci., 356: 983-989. https://doi.org/10.1098/
rstb.2001.0888

Thrusfield, Michael. (2018). Veterinary epidemiology. John Wiley 
& Sons.

Trevejo., Rosalie T., Public health for the twenty-first century: 
what role do veterinarians in clinical practice play?.  Vet. 
Clin. North America: Small Anim. Pract.,  39.2: 215-224. 
https://doi.org/10.1016/j.cvsm.2008.10.008

Webster RG., Bean WJ., Gorman OT., Chambers TM., Kawaoka 
Y. (1992). Evolution and ecology of influenza A viruses. 
Microbiol Rev., 56: 152-179. https://doi.org/10.1128/
mr.56.1.152-179.1992

Wheelis M. (2002). Biological warfare at the 1346 siege of Caffa. 
Emerg. Infect. Dis. 8: 971-975. https://doi.org/10.3201/
eid0809.010536

Wang X., Jiang H., Wu P., Uyeki T. M., Feng L., Lai S., Yu H. 
(2017). Epidemiology of avian influenza A H7N9 virus in 
human beings across five epidemics in mainland China, 
2013–17: an epidemiological study of laboratory-confirmed 
case series. Lancet Infect. Dis., 17(8): 822-832. https://doi.
org/10.1016/S1473-3099(17)30323-7

Wilkinson L. (1992). Animals and disease. An introduction to 
the history of comparative medicine. Cambridge (UK): 
Cambridge University Press.

https://doi.org/10.2460/javma.1999.215.11.1612 
https://doi.org/10.2460/javma.1999.215.11.1612 
https://doi.org/10.1017/S0950268818001875 
https://doi.org/10.1017/S0950268818001875 
https://doi.org/10.20506/rst.21.2.1336 
https://doi.org/10.1038/nature06536 
https://doi.org/10.1038/nature06536 
https://doi.org/10.3201/eid1204.050956 
https://doi.org/10.1016/S0140-6736(12)61151-9
https://doi.org/10.1016/S0140-6736(12)61151-9
https://doi.org/10.1128/9781555818432.ch8 
https://doi.org/10.1016/j.epidem.2019.100377
https://doi.org/10.1016/j.epidem.2019.100377
https://doi.org/10.1038/nature02746 
https://doi.org/10.1128/JVI.73.7.6024-6030.1999 
https://doi.org/10.1128/JVI.73.7.6024-6030.1999 
https://doi.org/10.3201/eid0912.030288 
https://doi.org/10.1128/CMR.10.1.35 
https://doi.org/10.1128/CMR.10.1.35 
https://doi.org/10.1016/S0140-6736(95)91912-0 
https://doi.org/10.1016/S0140-6736(95)91912-0 
https://doi.org/10.3389/fimmu.2012.00069 
https://doi.org/10.3389/fimmu.2012.00069 
https://doi.org/10.3201/eid0604.000401 
https://doi.org/10.3201/eid0604.000401 
https://doi.org/10.1128/AEM.68.11.5595-5599.2002 
https://doi.org/10.1016/S0020-7519(00)00134-X 
https://doi.org/10.1016/S0020-7519(00)00134-X 
https://doi.org/10.1016/B978-0-12-805247-1.00021-6 
https://doi.org/10.1016/B978-0-12-805247-1.00021-6 
https://doi.org/10.1086/378094 
https://doi.org/10.1128/MMBR.00050-15 
https://doi.org/10.1128/MMBR.00050-15 
https://doi.org/10.1098/rstb.2001.0888 
https://doi.org/10.1098/rstb.2001.0888 
https://doi.org/10.1016/j.cvsm.2008.10.008 
https://doi.org/10.1128/mr.56.1.152-179.1992 
https://doi.org/10.1128/mr.56.1.152-179.1992 
https://doi.org/10.3201/eid0809.010536 
https://doi.org/10.3201/eid0809.010536 
https://doi.org/10.1016/S1473-3099(17)30323-7 
https://doi.org/10.1016/S1473-3099(17)30323-7 


Research Journal of Veterinary Practitioners

March 2024 | Volume 12 | Issue 1| Page 10

Wilson IG. (2004). Airborne Campylobacter infection in a 
poultry worker: case report and review of the literature. 
Commun. Dis. Public Health., 7: 349-353.

Wong SK., Feinstein LH., Heidmann P. (1999). Healthy pets, 
healthy people. J. Am. Vet. Med. Assoc., 215: 335-338. 

https://doi.org/10.2460/javma.1999.215.03.335
World Health Organization (WHO). (2004). Communicable 

disease surveillance and response. Confirmed human cases 
of avian influenza A (H5N1).

https://doi.org/10.2460/javma.1999.215.03.335 

