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a b s t r a c t 

Zoonotic diseases, which constitute 60% of all human infectious diseases, present substantial risks to public 
health, economies, and livelihoods. These diseases emerge at the human-animal-environment interface, with 
occupational exposure representing a critical yet underexamined dimension of zoonotic risk. Workers in high- 
risk sectors such as agriculture, wildlife management, and laboratory research face elevated exposure to zoonotic 
pathogens, often under conditions of inadequate preventive measures and resource constraints. Neurological 
disorders resulting from zoonotic infections, including Guillain-Barré syndrome, encephalitis, and meningitis, 
illustrate the severe health consequences for occupational groups. Cases linked to swine hepatitis E virus, West 
Nile virus, Streptococcus suis , and Baylisascaris procyonis underscore the urgent need for robust surveillance and 
targeted interventions. 
The Ecohealth approach, integrated with the One Health framework, provides a transformative model for man- 
aging zoonotic risks by addressing the upstream drivers of disease emergence. By emphasizing environmental 
stewardship, ecological balance, and socio-economic equity, Ecohealth fosters sustainable preventive strategies. 
Occupational medicine is crucial in linking workplace safety with public health through tailored risk manage- 
ment, enhanced surveillance, and targeted education. 
Despite these frameworks, significant barriers persist, including data gaps, underreporting of occupational dis- 
eases, and insufficient coordination among health sectors. Addressing these challenges requires implementing 
standardized occupational health surveillance systems, enhancing reporting mechanisms through digital tools, 
and promoting cross-sectoral data-sharing initiatives. Successful models, such as sentinel surveillance programs 
in agricultural sectors and integrated biosurveillance networks, demonstrate the feasibility of these strategies. 
Leveraging these approaches can facilitate early detection, improve reporting accuracy, and support evidence- 
based interventions. 
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. Understanding occupational zoonoses: Risks, 

hallenges, and global health strategies 

Zoonoses are infectious diseases transmitted naturally
etween vertebrate animals and humans and constitute
8% of all human infectious diseases, pose significant
isks to both human and animal health, and impact
conomies and livelihoods. 1 , 2 Transmission occurs at the
Abbreviations: WHO, World Health Organization; HEV, hepatitis E virus; WNV, We
V, Nipah virus; PEP, post-exposure prophylaxis. 
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1 
uman-animal-environment interface, where interactions
n shared environments facilitate pathogen spread. 2 The
mergence of zoonoses in humans traces back to the ad-
ent of agriculture and domestication, as humans began
iving close to animals. Historically, zoonoses were classi-
ed as anthropozoonoses, transmissible from animals to
umans, and zooanthroponoses, transmissible from hu-
ans to animals. However, due to frequent confusion, the
st Nile virus; CNS, central nervous system; PPE, personal protective equipment; 
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erm zoonosis has been universally adopted to refer to dis-
ases shared between humans and animals. 3 

Currently, the European Union's Directive 2003/99/EC
ffers a broad definition of viruses, bacteria, fungi, para-
ites, or other biological entities causing zoonoses, even
hose involving non-vertebrate hosts. 4 Transmission oc-
urs through direct contact, environmental contamina-
ion, vectors, as well as foodborne and waterborne routes.
arious occupational contexts, including veterinary clin-

cs, farms, meat processing plants, and wildlife reha-
ilitation facilities, present higher risk due to frequent
xposure to zoonotic agents. Occupational exposure to
oonotic agents in particular refers to the risk of encoun-
ering zoonotic pathogens in a work environment, ei-
her through direct or indirect contact. Direct exposure
nvolves physical interaction with infected animals, bi-
logical materials, or contaminated surfaces (e.g., han-
ling livestock, processing meat, conducting laboratory
esearch). Indirect exposure, on the other hand, oc-
urs through environmental contamination, vector-borne
ransmission, or exposure to airborne pathogens in occu-
ational settings where direct animal contact is absent
e.g., farm workers inhaling dust particles carrying infec-
ious agents, wildlife officers working in contaminated ar-
as). Even workers without direct contact with animals,
uch as those in outdoor environments, are at risk because
f soil, water, and air contamination or vectors. 1 Addi-
ional occupational risk factors are animal health status,
requency and type of contact, environmental conditions,
nd occupational training level. 5 

Despite the recognition of zoonotic threats, gaps in
pidemiological knowledge still hinder effective preven-
ion. Zoonotic diseases are sill often misdiagnosed. More-
ver, quantifying occupational risk requires reliable es-
imates of both infection probabilitiy and consequences.
n many contexts, lack of data on the likelihood of in-
ection hampers comprehensive risk assessments, limiting
he ability to provide workers with evidence-based guid-
nce. 6 Furthermore, demonstrating the association be-
ween zoonoses and occupational exposure is often com-
lex and requires detailed epidemiological investigations.
s a result, many occupational zoonoses are underre-
orted. 7 

Nevertheless, control and surveillance of occupational
oonoses have been longstanding concerns. As early
s 1975, the World Health Organization (WHO) rec-
gnized zoonoses as occupational hazards, emphasizing
he need for targeted prevention. 8 Subsequent meetings,
uch as the 1977 expert consultation in Rome, identi-
ed high-risk occupational groups and classified zoonoses
ased on their socio-economic and public health im-
acts. 9 These classifications highlighted zoonoses with
evere consequences for humans and economically im-
ortant animals. Moreover, recent global events, such
s the Ebola, influenza, and COVID-19 outbreaks have
2

axed global health systems, food supply chains, and
conomies underscoring the escalating threat of zoonotic
athogens. Environmental changes, including agricul-
ural intensification, climate change, and encroach-
ent into wildlife habitats are key drivers of zoonotic

mergence. 10 

The One Health approach emerged as a pivotal strategy
or addressing zoonotic diseases. This collaborative mul-
idisciplinary framework emphasizes the interconnected-
ess of human, animal, and environmental health and
eeks to optimize resource use, healthcare delivery, and
revention at local, national, and global levels. 11 Inter-
ational organizations, including the WHO, the Food and
griculture Organization (FAO), and the World Organi-
ation for Animal Health (WOAH), have endorsed One
ealth principles through initiatives like the Tripartite
oonoses Guide. 12 These efforts promote sustained col-
aboration among sectors to enhance zoonoses surveil-
ance and prevention. 

Despite the progress facilitated by the One Health ap-
roach, significant barriers remain. In many cases, coordi-
ation among human health, animal health, and environ-
ental sectors are insufficient, hindering comprehensive

trategies. Additionally, information specific to the occu-
ational risks of certain zoonoses remains incomplete or
navailable, limiting the capacity to inform public health
olicies and protect workers effectively. Addressing these
aps requires identifying high-risk occupations, integrat-
ng prevention into workplace health frameworks, and
ostering collaboration between stakeholders to ensure
vidence-based decision-making. 13 

By leveraging the One Health approach, public health
uthorities can prioritize zoonosis prevention in occu-
ational settings, mitigating risks to workers and reduc-
ng the broader societal and economic impact. Enhanced
urveillance and improved occupational training are criti-
al for safeguarding the health and livelihoods of workers
hile contributing to global health security. 

. Bridging knowledge gaps in occupational 

oonoses: Public health and economic imperatives 

Zoonotic diseases impose profound economic and pub-
ic health burdens, with direct costs exceeding $20 bil-
ion globally and indirect losses surpassing $200 billion
ver the past decade. 14 These impacts are felt across di-
erse sectors, from agriculture to healthcare, and dispro-
ortionately affect workers in high-risk occupations. The
nterplay between occupational exposure and zoonotic
iseases remains poorly understood, particularly regard-
ng long-term health outcomes such as neurological com-
lications and the broader implications for public health
ystems. Addressing these gaps is critical to mitigating
he cascading effects of zoonoses on both individuals and
conomies. 15 
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Occupational exposure to zoonotic pathogens occurs
n agriculture, livestock management, forestry, and lab-
ratory settings, where contact with infected animals,
ontaminated environments, or biological materials are
requent. Workers in these sectors often face height-
ned risks due to inadequate prevention and limited
esources. For instance, agricultural workers frequently
andle bioaerosols, infected tissues, and arthropod vec-
ors, exposing them to respiratory diseases, allergic reac-
ions, and zoonoses. Yet, the absence of robust occupa-
ional health programs and the challenges of tracing ex-
osure hinder effective management. 16 

The economic consequences of zoonotic outbreaks ex-
end into agricultural productivity, food security, and
rade. At the household level, diminished livestock pro-
uctivity due to zoonoses reduces income and impacts na-
ional economies through decreased revenue and higher
onsumer prices. 17 Recurring outbreaks, such as avian in-
uenza, further strain global trade and highlight the pan-
emic potential of certain livestock pathogens, some of
hich require only minor genetic mutations to threaten
uman populations. 18 However, these calculations often
xclude the hidden costs associated with zoonotic epi-
emics, such as psychological stress, healthcare system
isruptions, and postponed treatments, which amplify the
urden on affected communities. 

The occupational dimension of zoonoses also intersects
ith ecological disruption, where human activities such
s farming, hunting, and wildlife management increase
athogen exposure risks. For example, studies on tick-
orne typhus demonstrate that 42% of affected individ-
als are from exposure-prone professions. 19 These activ-
ties alter ecological balances, facilitating the spread of
oonotic agents and exacerbating public health risks. Fur-
hermore, the industrialization of farming practices has
ntensified worker exposure to antibiotic-resistant bacte-
ia, contributing to complex health challenges that remain
nderexplored. 

The global response to zoonotic risks reflects a dispar-
ty between industrialized and developing nations. While
ndustrialized countries invest in vaccination, health ed-
cation, and food safety measures, resource constraints
n developing nations hinder the integration of surveil-
ance systems bridging veterinary and human medicine.
his gap complicates the identification and management
f zoonotic outbreaks, particularly in high-risk occupa-
ional settings, where poor hygiene, inadequate ventila-
ion, and insufficient access to personal protective equip-
ent exacerbate vulnerabilities. 20 

Addressing the gaps in knowledge and prevention of
ccupational zoonoses requires a coordinated, multidis-
iplinary approach rooted in the One Health framework.
nhanced surveillance, education, and access to preven-
ive resources are essential to protect workers and reduce
he broader impacts of zoonotic diseases. By prioritizing
3

esearch into the health effects of occupational exposures
nd strengthening public health systems, it is possible to
itigate zoonoses' dual economic and health burdens, fos-

ering resilience in vulnerable populations and industries
like. 

. Neurological risks of occupational zoonoses and 

he relevance of workplace exposure for public 

ealth 

Neurological diseases arising from occupational
oonoses are a critical yet underexplored dimension
f workplace health, reflecting the intricate interplay
etween exposure to zoonotic pathogens and neurolog-
cal outcomes in high-risk occupational environments.
hese conditions frequently emerge in settings where

ndividuals are in direct or indirect contact with infec-
ious agents, posing multifaceted challenges due to their
iverse etiologies and the potential for severe, long-term
eurological sequelae. Understanding this intersection is
mperative for advancing public health and occupational
afety, emphasizing the urgency of interdisciplinary
pproaches that integrate neurology, infectious disease,
nd occupational health frameworks. The main zoonotic
athogens associated with neurological manifestations
re listed in Table 1 . 

The hepatitis E virus (HEV), a single-stranded RNA
irus, is primarily associated with hepatitis E, an acute
iver disease. Approximately 12.47% of the global popu-
ation has been exposed to HEV, equating to about 939
illion individuals. Recent or ongoing infections are es-

imated in 15–110 million people worldwide. 21 While
ome genotypes exclusively infect humans, others, such
s genotypes 3 and 4, have been identified in both an-
mals and humans. Pigs, in particular, act as a signifi-
ant reservoir, raising concerns about occupational ex-
osure among people who work with pigs. HEV is pri-
arily transmitted via the fecal-oral route, often through

he consumption of contaminated water or undercooked
ork products. Occupational exposure occurs through di-
ect contact with infected swine or their excretions, par-
icularly in farm and slaughterhouse environments, where
orkers handle raw meat and animal waste. This zoonotic
otential of HEV extends its impact beyond hepatic in-
olvement, as recent evidence suggests that it can also
ause neurological complications, which are still poorly
ecognized in clinical practice. 22 

HEV has been linked to a series of neurological dis-
rders, including Guillain-Barré syndrome, neuromuscu-
ar junction disease, encephalitis, myelitis and other neu-
opathies. Guillain-Barré syndrome, an autoimmune dis-
ase characterized by progressive weakness of the limbs
nd, in severe cases, respiratory failure, has been ob-
erved with a disproportionately higher frequency in sub-
ects with recent HEV infections. 23 Neuralgic amyotro-
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Table 1 

Summary of current evidence on occupational zoonotic diseases presenting neurological manifestations. 

Pathogen Epidemiological data Transmission Occupational context Neurological 
manifestations 

Preventive measures 

Hepatitis E virus Global prevalence: 939 
million 
15–110 million active 
infections 

Fecal-oral 
Direct contact pigs 
Undercooked pork 

Swine farming 
Slaughterhouses 

Guillain-Barré syndrome 
Polyradiculitis 
Encephalitis 

Enhanced protective 
measures 
Improved diagnostics 

West Nile virus 51,607 cases in the US 
1999–2019 
25,161 neuroinvasive 
cases 

Mosquito bites 
Direct contact infected 
animals 

Veterinary 
Laboratory 
Agriculture 

Meningoencephalitis 
Cognitive deficits 

Stringent safety protocols 
Occupational 
surveillance 

Nipah virus Fatality rate: 40%–75% Direct contact infected 
animals 
Bat-contaminated food 
Human-to-human 

Abattoir workers Encephalitis Protective measures in 
abattoirs 

Rabies Annual global deaths: 
59,000 

Animal bites, scratches 
Exposure to saliva, neural 
tissue 

Veterinarians 
Animal handlers 
laboratory workers 

Encephalitis 
paralysis 

Public health strategies 

Streptococcus suis Global cases: Over 1,600 
documented 

Direct contact infected pigs 
Contaminated pork products 

Swine farming 
Slaughterhouses 

Meningitis 
Hearing loss 
Paralysis 

Early and accurate 
diagnostics 
Safety training 

Campylobacter jejuni Annual incidence: 
96 million symptomatic 
infections 

Fecal-oral Poultry farming Guillain-Barré syndrome 
Paralysis 

Improved hygiene 
measures 
Occupational 
surveillance 

Group C Streptococcus n.a. Direct contact infected horses 
Unpasteurized dairy products 

Equine care 
Dairy farming 

Meningitis 
Cognitive deficits 

Awareness campaigns 

Baylisascaris procyonis Seroprevalence wildlife 
rehabilitators: ≈ 7% 

Ingestion of eggs (fecal-oral) 
Direct contact raccoons 

Wildlife rehabilitation Neuroinvasion 
Encephalitis 

Protective equipment 
Stricter biosecurity 
practices 
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since its introduction to North America in 1999. While 
hy, which manifests itself with sudden and severe pain
ollowed by weakness and muscular atrophy, has been as-
ociated in particular with HEV genotype 3, with cases
ften being bilateral, an unusual characteristic for this
isorder. Cases of encephalitis and myelitis have been
eported in immunocompromised individuals, with HEV
NA detected in the cerebrospinal fluid, suggesting the
ossibility of a direct viral invasion of the central nervous
ystem. Other neurological manifestations include mul-
iple mononeuritis, myositis, vestibular neuritis and Bel-
's palsy, further reinforcing the need to consider HEV in
atients presenting with unexplained neurological symp-
oms. 24 

The precise mechanisms underlying the neurologi-
al damage associated with HEV remain incomplete, al-
hough several plausible explanations have emerged. An
mmune-mediated response, where HEV-induced anti-
odies cross-react with gangliosides, has been implicated
n cases such as Guillain-Barré syndrome, leading to de-
yelination and nerve dysfunction. 25 Additionally, ev-

dence of HEV RNA in cerebrospinal fluid suggests di-
ect neurotropism, with potential for encephalitis and
yelitis, particularly in immunocompromised individu-

ls. 26 Viral quasi-species evolution and systemic inflam-
ation may further exacerbate neural damage by pro-
oting localized replication, cytokine dysregulation, and

lood-brain barrier disruption, facilitating viral entry into
he central nervous system. 27 

The occupational risk associated with HEV exposure is
articularly concerning for individuals employed in the
wine industry. Research indicates that workers in this
4

ector exhibit a significantly higher prevalence of HEV
nfection compared to the general population, with meta-
nalysis findings revealing that 32.85% of swine industry
orkers tested positive for HEV IgG antibodies, in con-

rast to 21.70% in the general population. This dispar-
ty suggests that individuals in these occupations are 52%
ore likely to contract the virus. 28 The increased risk is
articularly pronounced in Asia and Europe, where HEV
s highly endemic and infection rates among swine indus-
ry workers are especially elevated. Notably, no signifi-
ant difference in prevalence has been observed between
ndustrialized and resource-limited countries within these
egions, underscoring that occupational exposure remains
 primary determinant of infection risk, irrespective of
roader socioeconomic conditions. 28 

The strong evidence for zoonotic transmission of HEV
nderscores the necessity of enhanced protective mea-
ures in high-risk occupational settings. Workers in the
ork industry, including butchers, veterinarians, and
eat processors, should adopt stringent hygiene proto-

ols to reduce infection risk. Although an HEV vaccine
as been available in China since 2012, its use remains
imited, and the WHO has not recommended routine vac-
ination. Targeted immunization programs for high-risk
orkers in endemic regions could be beneficial. 29 A com-
rehensive public health strategy is essential to address
EV's dual hepatic and neurological impact and its occu-
ational implications. 

Similarly, West Nile virus (WNV) has emerged as
 significant cause of neurological disease, particularly
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ost infections are asymptomatic or present as a mild
ebrile illness known as West Nile fever, a subset of cases
rogress to neuroinvasive disease, manifesting as menin-
itis, encephalitis, or poliomyelitis-like paralysis. 30 Be-
ween 1999 and October 2019, a total of 51,607 cases
ere documented in the United States, with nearly half

25,161) involving central nervous system (CNS) mani-
estations. 31 More recently, research has underscored the
ccupational risks associated with WNV exposure, partic-
larly in veterinary, laboratory, and agricultural settings,
ighlighting the need for targeted preventive measures. 32 

Among the neuroinvasive forms of WNV, meningitis
resents classical symptoms of viral meningitis, includ-
ng fever, headache, and neck stiffness. At the same time,
erebrospinal fluid analysis typically reveals pleocytosis
ith early neutrophil predominance. Though the major-

ty of cases resolve with supportive care, many patients
eport lingering symptoms such as fatigue and persistent
eadaches. More severe is West Nile encephalitis, char-
cterized by altered mental status, confusion, and move-
ent disorders, including tremor, myoclonus, and parkin-

onian features. In some cases, cerebellar ataxia and
eizures occur, while neuroimaging frequently reveals le-
ions in the basal ganglia and thalami. 33 An equally de-
ilitating manifestation is West Nile poliomyelitis, a syn-
rome resulting from viral damage to the anterior horn
ells of the spinal cord, leading to acute flaccid paralysis.
his condition, which can progress rapidly to quadriple-
ia, also affects respiratory muscles in severe cases, ne-
essitating mechanical ventilation. 34 

Neuropathological studies indicate that WNV prefer-
ntially targets neurons in the brainstem, basal ganglia,
nd spinal cord, with histological findings including mi-
roglial nodules, neuronophagia, and perivascular inflam-
ation. Persistent viral presence in the central nervous

ystem further contributes to ongoing neuronal damage,
ith a substantial proportion of survivors reporting last-

ng cognitive impairment, including memory deficits and
xecutive dysfunction. Mood disturbances are also com-
on, with depression affecting between 21% and 56% of
NV survivors, suggesting a potential link between neu-

oinflammation and neuropsychiatric outcomes. 35 

Beyond its impact on public health, WNV also poses
 notable occupational risk, particularly for individuals
ith direct or indirect exposure to infected vectors, ani-
als, or biological materials. Military personnel, veteri-
arians, agricultural workers, and laboratory researchers
re among the highest-risk groups. Those engaged in out-
oor work, particularly in endemic areas, face heightened
xposure to mosquito bites, while laboratory and veteri-
ary professionals are at risk through direct contact with
nfected animal tissues, fluids, or aerosols. Seroprevalence
tudies indicate that occupationally exposed individuals
ave higher rates of WNV antibodies compared to the
eneral population, reinforcing the need for stringent pro-
5

ective measures. 32 Although no human vaccine is cur-
ently available, workplace safety strategies —including
nhanced biosafety protocols, personal protective equip-
ent (PPE), and mosquito control initiatives —are critical

n mitigating infection risk in high-exposure settings. 32 

Nipah virus (NV) exemplifies the occupational hazards
ssociated with zoonotic diseases and their neurologi-
al impact. Transmission primarily occurs through direct
ontact with infected animals, particularly pigs, or expo-
ure to their bodily fluids. 36 Additionally, consumption of
ontaminated food, such as raw date palm sap exposed
o bat secretions, has been implicated in outbreaks. 37 

hile human-to-human transmission was not observed
n the 1999 outbreak, subsequent outbreaks in South
nd Southeast Asia have demonstrated person-to-person
pread, highlighting the need for stringent infection con-
rol measures. NV enters the body via the respiratory
ract, disseminating through the bloodstream and target-
ng brain endothelial cells via Ephrin-B2 and Ephrin-B3
eceptors. Once in the CNS, the virus induces severe in-
ammation, increasing blood-brain barrier permeability
nd promoting neuronal infection. The resultant inflam-
atory response, driven by cytokines and chemokines,

xacerbates neural damage, contributing to vasculitis,
hrombosis, and encephalitis. 38 Neurological manifesta-
ions include seizures, cognitive impairment, gaze palsy,
nd coma, with case fatality rates ranging from 40% to
5%. Survivors frequently experience long-term neuro-
ogical sequelae, such as motor dysfunction and cognitive
ecline. 36 These findings underscore the necessity of en-
anced protective measures in high-risk occupational set-
ings, particularly abattoirs, given the continued risk of
oonotic spillover. 39 

Rabies, a fatal viral disease endemic in many regions,
s primarily transmitted through dog bites. Once neuro-
ogical symptoms emerge, the infection is almost invari-
bly lethal. It is estimated that rabies causes 59,000 hu-
an deaths per year globally. 40 Despite its severity, rabies

nduces minimal inflammation and only mild structural
amage to the CNS. Pathological changes include gan-
lion cell degeneration, neuronophagia, and perivascular
nfiltration of mononuclear cells, predominantly affecting
eripheral nerves, the spinal cord, and the brain. Inflam-
ation is most pronounced in the midbrain and medulla,
hile vascular damage, including thrombosis and hemor-

hages, is observed in the brainstem, hypothalamus, and
imbic system. 41 

A defining pathological feature is the presence of Negri
odies in infected neurons, which facilitate viral evasion
f apoptosis. As the disease progresses, neuronal damage
anifests as axonal swelling, mitochondrial abnormali-

ies, and vacuolation in cortical neurons. Rabies impairs
eurotransmission by disrupting ion channels, reducing
euronal excitability. Early in the infection, the virus in-
ibits apoptosis, allowing undetected CNS spread, but



A. Stufano, V. Schino, D. Plantone et al. Infectious Medicine 4 (2025) 100184

a  

R  

s  

t
 

p  

h  

v  

i  

v  

a  

a  

p  

p  

h  

e  

i  

s  

D  

i  

e  

t  

c
 

t  

t  

c  

w  

d  

r  

o  

o  

t  

h  

r  

e  

c  

a  

p  

t  

t  

s  

m  

a  

a  

s  

u  

a  

b  

t  

r
 

q  

l  

m  

a  

n
 

d  

C  

m  

i  

l  

i  

n  

i  

b  

g  

h  

r  

o  

r
 

k  

i  

i  

a  

f  

c  

m  

t  

p  

t  

d  

p  

a  

m  

t  

e  

p  

t  

m  

c  

i
 

t  

c  

t  

p  

p  

c  

t  

n  

w  

G  

i  

t
 

t  

t  
poptosis is induced in the later, invariably fatal stages.
outine histopathology often fails to detect significant
tructural damage, complicating diagnosis and delaying
reatment. 42 

Occupational exposure remains a critical concern,
articularly for veterinarians, wildlife researchers, and
ealthcare workers treating rabies patients. These indi-
iduals are at risk through bites, scratches, or contact with
nfectious bodily fluids. Pre-exposure prophylaxis is ad-
ised for those frequently exposed to potentially infected
nimals, reducing the need for rabies immunoglobulin
nd ensuring a rapid immune response. Post-exposure
rophylaxis (PEP) remains essential following any sus-
ected exposure. 41 While human-to-human transmission
as never been conclusively documented, theoretical risks
xist, particularly in healthcare settings. A hospital study
dentified 222 healthcare workers with potential expo-
ure, with 4% requiring PEP due to high-risk interactions.
espite established guidelines, challenges persist, includ-

ng limited awareness, delays in seeking PEP, and inad-
quate access to rabies biologics. Adherence to preven-
ive measures, including vaccination and rigorous wound
are, is essential for mitigating occupational risks. 43 

Streptococcus suis infections further reveal the devas-
ating consequences of occupational exposures in agricul-
ure and animal processing industries. Over 1,600 human
ases of S. suis infection have been documented world-
ide. However, this number is likely an underestimation
ue to underdiagnosis and underreporting, especially in
egions with limited healthcare resources. 44 Transmission
ccurs primarily through direct contact with infected pigs
r contaminated pork products. The bacterium can en-
er the body via skin wounds, mucosal surfaces, or in-
alation of contaminated aerosols, posing a particular
isk to pig farmers, slaughterhouse workers, and butch-
rs. Pig farmers and slaughterhouse workers are espe-
ially vulnerable to S. suis meningitis, which is associ-
ted with neurological sequelae such as hearing loss and
aralysis. 45 The infection triggers severe neuroinflamma-
ion, leading to neuronal apoptosis and microglial activa-
ion, particularly in the hippocampus and neocortex. De-
pite immune system activation, neural regeneration re-
ains inadequate, resulting in irreversible neuronal dam-

ge. Experimental models reveal a significant increase in
poptotic neurons and activated microglia, yet without
ubstantial microglial proliferation, suggesting a dysreg-
lated immune response. Neural progenitor cell prolifer-
tion and young neuron formation show slight increases
ut are insufficient to counteract neuronal loss. The infec-
ion progresses rapidly, leaving minimal time for neural
epair. 46 

Clinical cases highlight high rates of neurological se-
uelae, with up to 85% of survivors experiencing hearing
oss, paralysis, and visual impairment. Hearing loss is the
ost common outcome, likely due to auditory nerve dam-
6

ge. Motor deficits and paralysis result from widespread
euroinflammatory damage. 46 

The aggressive progression of S. suis infections un-
erscores the need for early diagnosis and intervention.
urrent diagnostic methods relying on bacterial culture
ay underestimate the true disease burden, necessitat-

ng improved PCR-based detection. Enhanced surveil-
ance in pig-farming regions is crucial for early case
dentification. Although diagnostic advances like metage-
omic next-generation sequencing have proven effective
n identifying pathogens in complex cases, their accessi-
ility remains limited. For instance, metagenomic next-
eneration sequencing identified S. suis in a slaughter-
ouse worker presenting with fever and progressive neu-
ological symptoms after conventional diagnostic meth-
ds failed. This case exemplifies the need for early, accu-
ate diagnostics to mitigate long-term sequelae. 47 

Campylobacter jejuni is considered to be one of the 4
ey global causes of diarrheal disease worldwide and it
s estimated it caused ≈ 96 million symptomatic cases
n 2010. 48 , 49 Occupational exposure to C. jejuni presents
 significant health risk to poultry workers and animal
armers due to repeated contact with contaminated car-
asses, feces, and processing environments. The primary
ode of transmission for C. jejuni is fecal-oral, often

hrough the consumption of undercooked poultry or un-
asteurized milk. Occupational exposure occurs in poul-
ry processing plants and farms, where workers come into
irect contact with contaminated carcasses, feces, and
rocessing environments. Cross-contamination of food
nd inadequate hand hygiene further contribute to trans-
ission. Research indicates that workers in these indus-

ries develop heightened immune responses, reflected in
levated IgG and IgA antibody levels, yet they rarely ex-
erience symptomatic infection. 50 This suggests that sus-
ained low-level exposure may induce a degree of im-
une tolerance. However, the long-term consequences of

hronic exposure remain uncertain, particularly concern-
ng the risk of autoimmune disorders. 50 

Beyond its role in gastroenteritis, C. jejuni is a major
rigger of Guillain-Barré syndrome, a severe autoimmune
ondition that leads to neuromuscular paralysis. The bac-
erium's ability to mimic human nerve gangliosides can
rovoke an immune response that mistakenly attacks the
eripheral nervous system, particularly in genetically sus-
eptible individuals. Evidence from outbreaks, including
he 2019 epidemic in Peru, demonstrates how rapidly
eurological symptoms can emerge, often progressing to
idespread paralysis within days. The axonal variant of
BS known as acute motor axonal neuropathy (AMAN)

s more frequently associated with C. jejuni infection and
ends to result in more severe and lasting nerve damage. 51 

For workers in high-exposure settings, the combina-
ion of frequent bacterial contact and immune activa-
ion raises concerns about the potential for occupation-
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lly induced-autoimmune complications. While no direct
ink has been established between occupational exposure
nd an increased risk of GBS, the known mechanisms of
. jejuni -induced neuropathy suggest a need for further

nvestigation. Given the severity of GBS and its poten-
ially fatal outcomes, implementing protective measures
n processing plants and farming environments is essen-
ial. Strengthening hygiene protocols and monitoring im-
une responses in high-risk workers may help mitigate

ong-term neurological risks associated with C. jejuni ex-
osure. 52 

Group C Streptococcus (GCS), particularly Streptococcus

qui , adds to the spectrum of occupational zoonoses with
eurological outcomes. Transmission occurs through di-
ect contact with infected horses or exposure to contam-
nated materials such as horse saliva, nasal secretions,
r unpasteurized dairy products. Workers in equestrian
nvironments, veterinarians, and dairy farmers face in-
reased occupational risks due to frequent animal inter-
ctions and exposure to infected biological fluids. Cases of
CS meningitis have been linked to horse trainers, eques-

rians, and those consuming unpasteurized dairy prod-
cts. 53 The pathogen's neuroinvasive potential and asso-
iation with high mortality and residual deficits, such as
earing loss and cognitive impairments, highlight the oc-
upational risks in equine and dairy farming contexts. De-
pite effective treatments with beta-lactam antibiotics, di-
gnostic delays often compromise outcomes. This under-
cores the need for greater awareness among healthcare
roviders and the implementation of stringent infection
ontrol measures. 54 

Baylisascaris procyonis , the raccoon roundworm, rep-
esents a significant occupational hazard for wildlife re-
abilitators due to their frequent contact with raccoons
nd their feces. Although human infections are consid-
red rare, recent serological studies in the United States
nd Canada indicate that approximately 7% of rehabil-
tators have antibodies to B. procyonis , suggesting prior
xposure without overt clinical manifestations. Occupa-
ional risk factors include inadequate hygiene practices,
nconsistent use of PPE, and environmental contamina-
ion within rehabilitation facilities. The parasite's eggs are
ighly resilient, persisting in the environment for years
nd remaining a continuous source of potential infec-
ion. Once ingested, B. procyonis larvae penetrate the in-
estinal wall, enter the bloodstream, and exhibit a strong
redilection for neural tissue, resulting in neural larva
igrans (NLM). 55 This condition leads to eosinophilic
eningoencephalitis, characterized by severe neuroin-
ammation and often irreversible neurological damage.
linical sequelae include seizures, paralysis, cognitive de-
line, and, in severe cases, coma. Survivors frequently
xperience long-term neurological deficits, including de-
elopmental disabilities, visual impairment, and motor
ysfunction. Unlike other nematodes, B. procyonis larvae
b  

7

ontinue to grow during migration, exacerbating tissue
amage and inflammatory pathology. Given these risks,
mproved biosecurity measures, including enhanced PPE
dherence, rigorous decontamination protocols, and tar-
eted educational initiatives, are essential to mitigate oc-
upational exposure and protect the health of wildlife re-
abilitators. 56 

The here reviewed zoonotic pathogens, the animals
ost commonly associated with each zoonotic pathogen,

he most common transmission routes, the most affected
orker populations and the most common neurologic

ymptoms are illustrated in Table 2 and Fig. 1 . These stud-
es collectively illuminate the profound burden of neu-
ological diseases stemming from occupational zoonoses,
ith significant implications for workers' productivity
nd well-being. The occupational contexts of these ex-
osures, whether in swine farming, poultry processing,
ildlife rehabilitation, or equine care, highlight the ne-

essity of tailored protective measures and enhanced di-
gnostic capabilities. Persistent knowledge gaps, partic-
larly regarding pathogen transmission, immune eva-
ion mechanisms, and effective interventions, call for
ustained interdisciplinary research. An integrated One
ealth approach, encompassing occupational safety, in-

ectious disease management, and neurology is essential
o mitigate the long-term impacts of these diseases on
ublic health. 

. Ecohealth: A proactive paradigm for sustainable 

oonotic disease prevention 

The Ecohealth approach, complementing the One
ealth framework, provides a critical perspective on
oonotic disease prevention by addressing the complex
nterplay between human, animal, and environmental
ealth. Recognizing the interconnections among ecolog-
cal, biological, social, and economic factors, Ecohealth
rioritizes upstream interventions to mitigate zoonotic
pillovers. Environmental degradation, habitat encroach-
ent, and high-risk human-animal interactions are key
rivers of zoonotic disease emergence. By targeting these
actors, Ecohealth fosters proactive strategies that empha-
ize prevention rather than reactive containment mea-
ures. 57 

This preventive paradigm necessitates integrating en-
ironmental stewardship with public and animal health
ystems. For instance, reducing deforestation and pre-
erving biodiversity help maintain ecological barriers
hat limit pathogen spillovers. Simultaneously, address-
ng socio-economic disparities that drive high-risk behav-
ors —such as bushmeat hunting and unregulated live-
tock farming —can reduce zoonotic risks. These measures
ighlight the importance of holistic interventions that
alance environmental conservation with socio-economic
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Table 2 

Comparison table of occupational zoonotic diseases presenting neurological manifestations. 

Pathogen Transmission Workers at risk Neurological involvement 

Fecal-oral Direct 
contact 

Animal 
bite 

Contaminated 
food 

Human-to- 
human 

Meat 
industry 

Veterinary 
medicine and 
Wildlife care 

Laboratory 
workers 

Agriculture 
workers 

CNS PNS 

Hepatitis E Virus 
√ √ √ √ √ √

West Nile Virus 
√ √ √ √ √ √

Nipah Virus 
√ √ √ √ √

Rabies 
√ √ √ √ √

Streptococcus suis 
√ √ √ √

Campylobacter 

jejuni 

√ √ √

Group C 
Streptococcus 

√ √ √ √

Baylisascaris 

procyonis 

√ √ √ √

Abbreviations : CNS, central nervous system; PNS, peripheral nervous system. 

Fig. 1. The illustration summarizes key zoonotic pathogens, 
the animals most commonly associated with each zoonotic 
pathogen, the most common transmission routes, the most af- 
fected worker populations and the most common neurologic 
symptoms in zoonoses. These zoonotic pathogens pose serious 
occupational health risks, particularly in agriculture, veteri- 
nary medicine, and food processing industries. Preventive mea- 
sures, improved hygiene, and targeted vaccination programs 
are essential to mitigate risks. (Created with Preview, Inkscape, 
and ChatGPT 4.0). 
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evelopment, ensuring both health and livelihood sus-
ainability. 58 

A key strength of Ecohealth lies in its capacity to incor-
orate uncertainty into decision-making processes. While
he precise timing and location of zoonotic spillovers re-
ain unpredictable, the approach advocates for invest-
ents in structures and practices aimed at outbreak pre-

ention. Strengthening ecosystem resilience and promot-
ng sustainable agricultural practices not only mitigate
oonotic risks but also yield additional benefits, including
nhanced food security, climate adaptation, and biodiver-
ity conservation. These multidimensional advantages en-
ance the cost-effectiveness of Ecohealth interventions,
articularly in resource-limited settings. 59 
8

Occupational medicine plays a pivotal role within this
ntegrated framework, serving as the critical link between
orkplace safety and public health in zoonotic disease
anagement. Many occupations place individuals at the

nterface of human, animal, and environmental interac-
ions, making occupational medicine uniquely positioned
o address risks associated with zoonotic pathogens. By
ocusing on the health and safety of workers in high-risk
nvironments, this field ensures that preventive measures
re tailored to specific occupational exposures in agricul-
ure, wildlife management, laboratory research, and other
ritical sectors. 60 

The integration of Ecohealth principles within the
roader One Health framework underscores the signifi-
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ance of occupational medicine as a core component of
ustainable health strategies. This synergy facilitates in-
erventions that not only protect workers from immedi-
te hazards but also address the ecological and socio-
conomic drivers of zoonotic disease emergence. Surveil-
ance, risk assessment, and education initiatives within
ccupational medicine serve as essential mechanisms for
ridging environmental stewardship with health security,
ostering resilience against current and future zoonotic
hreats. 61 

Both the Ecohealth and One Health frameworks pro-
ide comprehensive, evidence-based strategies for miti-
ating occupational zoonotic risks by addressing the in-
ersecting environmental, biological, and socio-economic
eterminants of disease transmission. Preserving ecolog-
cal buffers, such as intact forests and wetland ecosys-
ems, is a fundamental component of these strategies,
s these natural barriers limit pathogen spillover at the
uman-animal-environment interface. Such measures are
articularly crucial for agricultural and wildlife-sector
orkers, who face disproportionate exposure to zoonotic
athogens due to habitat encroachment and intensified
uman-animal interactions. 62 Additionally, strengthen-
ng biosafety protocols in research laboratories handling
eurotropic zoonoses —such as rabies, NV, and arboviral
ncephalitides —ensures rigorous containment and mini-
izes occupational exposure to high-risk pathogens. Real-

ime epidemiological surveillance in high-risk occupa-
ional settings, including continuous exposure monitoring
or farmworkers and routine serological screening for vet-
rinarians and animal handlers, further enables the early
etection of zoonotic infections. This facilitates timely
nterventions, preventing neuroinvasive disease progres-
ion and reducing long-term neurological sequelae. 

The integration of occupational medicine into
cohealth-driven interventions extends beyond individ-
al worker protection, functioning as a sentinel system
or identifying and mitigating emerging zoonotic threats
t the population level. By fostering collaboration among
ublic health authorities, environmental scientists, and
ccupational health specialists, these frameworks en-
ble targeted preventive measures, such as pre-exposure
accination programs (e.g., rabies immunization for
igh-risk professionals) and enhanced psychosocial sup-
ort services for individuals experiencing neurological
r cognitive impairments following zoonotic infections.
hese interventions exemplify a proactive, systems-based
pproach that safeguards human health while reinforcing
cological resilience and public health preparedness.
ltimately, this integrated strategy contributes to a
ore sustainable and adaptive response to the complex

hallenges posed by zoonotic diseases. 63 

Occupational medicine further strengthens public
ealth infrastructure by functioning as an early warn-
ng system for zoonotic spillover. This proactive approach
 o

9

ligns with the Ecohealth and One Health vision by priori-
izing upstream solutions that prevent outbreaks, enhance
ealth equity, and promote ecological balance. The inclu-
ion of occupational medicine within these frameworks is
hus essential for achieving the integrated and sustainable
ealth outcomes envisioned by global health initiatives. 

. Conclusions 

Addressing gaps in occupational zoonotic disease
urveillance requires a holistic approach. Implementing
eal-time digital reporting platforms, expanding sentinel
urveillance in high-risk occupational settings, and in-
entivizing reporting through regulatory frameworks can
ignificantly enhance data collection. Additionally, fos-
ering cross-sectoral collaboration —such as partnerships
mong occupational health agencies, veterinary services,
nd public health institutions —can facilitate integrated
ata-sharing mechanisms. Investing in these solutions not
nly mitigates underreporting but also strengthens early
arning systems, enabling proactive responses to emerg-

ng zoonotic threats. 
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