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Introduction. Transboundary animal diseases remain among the most 

important infectious threats to contemporary livestock production because they can 

spread rapidly across administrative and national borders, disrupt production and 

supply chains, trigger restrictions on animal movements and international trade, and 

require substantial expenditure on emergency disease-control measures. The 

epidemiology of transboundary diseases can no longer be explained solely by the 

movement of domestic animals and animal products. Globalization, landscape 

transformation, wildlife migration, human mobility, transport networks, and the 

environmental persistence of pathogens create interconnected pathways through 

which infection can reach previously unaffected areas [1]. The wildlife–livestock 

interface is therefore increasingly recognized as a critical component of 

preparedness and disease control, particularly where wild and domestic populations 

share space, water, feed resources, grazing areas, vectors, or contaminated 

environmental substrates [2]–[3]. 

At the same time, the epidemiological significance of wildlife is disease-

specific and should not be reduced to the broad assumption that wild animals 

invariably act as reservoirs. Depending on the pathogen, host species, population 

density, mobility, landscape configuration, and frequency of contact with livestock, 

wildlife may function as maintenance hosts, bridge hosts, indicators of pathogen 

circulation, or susceptible hosts affected by the outbreak [3], [5]. This distinction is 
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essential for risk assessment. A maintenance host population can sustain pathogen 

circulation over time, whereas a bridge host may connect spatially separated 

populations without independently maintaining infection. In other situations, 

pathogen detection in a wild animal may primarily serve as an early-warning signal 

rather than evidence of a stable natural reservoir. Surveillance and biosecurity 

should therefore be built around demonstrated transmission pathways rather than the 

mere presence of wildlife [5], [12]. 

African swine fever (ASF), highly pathogenic avian influenza (HPAI), and 

foot-and-mouth disease (FMD) illustrate three markedly different patterns of 

wildlife-associated transboundary risk. In Europe, ASF is closely linked to wild boar 

populations and to the persistence of African swine fever virus (ASFV) in infected 

carcasses and contaminated environments [4], [6]. HPAI has a much stronger long-

distance movement component: migratory wild birds contribute to repeated 

geographical redistribution of H5 viruses and environmental contamination around 

poultry-producing areas [7]–[10]. In FMD, the role of wildlife is more ecosystem-

dependent: some wild ungulates may act as indicators or bridge hosts, whereas the 

capacity of wildlife populations to maintain particular virus serotypes shows 

pronounced regional variation and cannot be generalized across ecosystems [5], 

[11]. 

The aim of this study was to use a comparative analysis of ASF, HPAI, and 

FMD to identify functionally distinct patterns of wildlife involvement in 

transboundary disease dynamics, compare the associated risks of pathogen 

introduction and maintenance, and systematize pathogen-specific surveillance and 

biosecurity measures at the wildlife–livestock interface. 

Materials and Methods. A narrative analytical review was conducted using 

recent peer-reviewed publications and official epidemiological documents 

addressing the wildlife–livestock interface and transboundary animal diseases. 

Priority was given to sources published in 2022–2026, including review articles, 

systematic reviews, epidemiological reports of the European Food Safety Authority 

(EFSA), guidance issued by the World Organisation for Animal Health (WOAH) 

and the Food and Agriculture Organization of the United Nations (FAO), and 

official materials of the State Service of Ukraine on Food Safety and Consumer 

Protection. The literature search was conducted in PubMed, Scopus, and Google 

Scholar. Search terms included transboundary animal diseases, wildlife–livestock 

interface, African swine fever, wild boar, highly pathogenic avian influenza, wild 

birds, foot-and-mouth disease, wildlife, biosecurity, surveillance, and spillover. 

Sources were included if they directly addressed the role of wildlife in pathogen 
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circulation, transmission pathways at the wildlife–livestock interface, 

epidemiological surveillance, or biosecurity. 

For comparative synthesis, the evidence was grouped according to five 

analytical criteria: 1) the principal wildlife species or host group; 2) the functional 

role of wildlife in pathogen maintenance or spread; 3) the predominant direct or 

indirect transmission pathway; 4) the most informative surveillance approach; and 

5) the biosecurity barrier most likely to interrupt transmission. Particular attention 

was given to current European epidemiological data and to the practical relevance 

of the identified risks for Ukraine. Because the diseases considered differ 

substantially in host ecology and transmission biology, conclusions were based on 

pathogen-specific evidence and avoided unjustified transfer of patterns from one 

wildlife–livestock system to another. The comparative framework followed the 

logic of “functional wildlife role – transmission pathway – risk point – 

corresponding biosecurity barrier,” allowing the three diseases to be assessed using 

a consistent analytical structure. 

Results and Discussion. Review of the evidence showed that wildlife-

associated risk emerges from the interaction between host ecology, pathogen 

biology, environmental persistence, and the level of exposure at farm level. Direct 

physical contact between wild and domestic animals represents only one possible 

route. In some epidemiological systems, indirect transmission through shared water 

sources, feed, grazing areas, contaminated soil, carcasses, fomites, vehicles, 

footwear, equipment, and human activity may be equally or even more important 

[3], [4]. A systematic review of pathogen transmission to domestic pigs found that 

80% of the included studies focused on wild boar, yet only a small proportion 

provided direct evidence of confirmed wildlife-to-pig transmission; most described 

quantitative or qualitative risk pathways [4]. Throughout the subsequent analysis, 

confirmed transmission, epidemiologically supported risk factors, and biologically 

plausible exposure pathways were explicitly distinguished to avoid presenting 

potential routes as proven transmission events. 

The risk of pathogen introduction should be considered separately from the risk 

of subsequent maintenance. Highly mobile wildlife can transport infection over long 

distances without establishing persistent local circulation, whereas relatively 

sedentary populations may maintain a local cycle when the pathogen persists in the 

host or environment. This distinction is particularly clear when ASF and HPAI are 

compared. In ASF, local persistence is reinforced by infected wild-boar carcasses 

and repeated exposure at contaminated sites; in HPAI, migration and seasonal 

aggregations of birds create repeated opportunities for long-distance virus 
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introduction. FMD occupies an intermediate, strongly context-dependent position 

because wild ungulates are broadly susceptible, but their ability to maintain the virus 

varies substantially by region and species [5], [11]. The comparative 

epidemiological roles of wildlife in ASF, HPAI, and FMD are summarized in Table 

1. In the analyses that follow, introduction risk and the capacity for local pathogen 

maintenance were therefore treated as separate epidemiological characteristics 

because they require different surveillance and biosecurity strategies. 
 

Table 1 

Comparative epidemiological roles of wildlife in selected transboundary animal diseases 

Disease 
Principal 

wildlife group 

Predominant 

epidemiological 

role 

Main 

transmission 

pathway 

Priority 

surveillance 

approach 

African swine 

fever 

Wild boar (Sus 

scrofa) 

Local-

maintenance 

model: 

maintenance and 

local 

amplification of 

circulation in 

affected areas 

Infected 

carcasses, 

contaminated 

environment, 

indirect 

mechanical 

introduction into 

pig farms 

Passive 

surveillance of 

dead wild boar; 

targeted PCR 

testing 

Highly 

pathogenic avian 

influenza 

Migratory 

waterfowl, 

seabirds, colonial 

species, and other 

wild birds 

Migration-driven 

dispersal model: 

long-distance 

spread, 

environmental 

contamination, 

and repeated 

introductions 

Fecal 

contamination of 

water, feed, and 

farm premises; 

indirect 

introduction into 

poultry houses 

Surveillance of 

wild-bird 

mortality, 

virological 

monitoring, risk 

assessment 

during migration 

periods 

Foot-and-mouth 

disease 

Wild ungulates; 

regionally, 

African buffalo 

and other 

susceptible 

species 

Context-

dependent model: 

indicator, 

susceptible host, 

bridge host, or 

maintenance host 

depending on the 

ecosystem 

Shared grazing 

and watering 

sites, direct 

contact, 

movement of 

infected livestock 

and contaminated 

fomites 

Risk-based 

surveillance in 

affected and 

contact areas; 

rapid 

investigation of 

clinical 

suspicions 

Author’s own compilation [4]–[12] 

 

ASF currently provides one of the clearest European examples of a wildlife-

associated infection-maintenance cycle. Wild boar are highly susceptible to ASFV 
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and may shed the virus before death; however, the post-mortem phase is particularly 

important because carcasses contain high viral loads and may remain infectious for 

prolonged periods under favorable conditions. This creates the characteristic “wild 

boar – carcass – environment” cycle, in which local persistence is sustained not only 

by contact among live animals but also by repeated exposure to infected remains 

and contaminated sites [4], [6]. Human activity can connect this wildlife cycle with 

domestic pig production when contaminated footwear, hunting equipment, vehicles, 

feed, or animal products enter pig farms. 

The latest EFSA analysis illustrates the scale of this problem. In 2025, 11,036 

ASF outbreaks in wild boar were reported in the European Union, compared with 

7,677 in 2024. Of 44,578 wild-boar carcasses tested by PCR, 28% were positive; 

detections in carcasses accounted for 71% of reported wild-boar outbreaks. By 

contrast, approximately 1% of 531,832 hunted wild boar tested positive, 

representing a much smaller proportion of detected outbreaks [6]. This contrast 

highlights the epidemiological value of passive surveillance: systematic searches for 

dead wild boar, prompt reporting, safe removal, and laboratory testing are more 

effective for detecting ASFV circulation than reliance on hunted animals alone. 

Accordingly, biosecurity on pig farms must address both direct wildlife contact 

and indirect routes of introduction with equal rigor. Perimeter fencing alone is 

insufficient if feed storage, personnel movements, vehicle hygiene, and hunting-

related risks are not controlled [4], [12]. The most defensible strategy combines 

physical separation, protected storage of feed and bedding, controlled access, 

dedicated work clothing and footwear, cleaning and disinfection, and safe carcass 

management. This is directly relevant to Ukraine: on 29 April 2026, ASFV was 

confirmed in 11 dead wild boar found in hunting grounds in Vinnytsia Oblast; this 

was the sixth ASF event in Ukrainian wildlife reported since the beginning of 2026 

[13]. 

HPAI represents a different epidemiological pattern. Wild birds should not be 

treated as a single homogeneous reservoir group: species differ in susceptibility, 

clinical course, migration distance, habitat use, and their ability to carry virus during 

movement. Detection of the virus in a given species is not, by itself, sufficient 

evidence of a maintenance or reservoir role; such a role should be assessed in 

relation to the duration of infection, migratory behavior, and the capacity for onward 

transmission. Nevertheless, the emergence and global spread of H5 clade 2.3.4.4b 

has resulted in an unprecedented panzootic in which wild-bird movements play a 

central role in spatial virus dispersal [7]. Long-distance migration can introduce the 

virus into new regions, while local aggregations of waterfowl and other birds 
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increase environmental contamination. The risk to domestic poultry is therefore 

often indirect, occurring through fecally contaminated water, soil, feed, farm 

premises, equipment, footwear, and other materials rather than only through direct 

bird-to-bird contact across a physical barrier. 

European data from the 2025 autumn migration illustrate the intensity of this 

infection pressure. Between 6 September and 14 November 2025, 1,443 detections 

of HPAI A(H5) viruses were reported in wild birds across 26 European countries, 

four times the number recorded during the same period in 2024; 99% of detections 

were H5N1 [8]. Such high detection levels reflected considerable infection pressure 

from wild birds and supported stronger poultry biosecurity, particularly measures 

aimed at preventing domestic birds from contacting potentially contaminated 

environments and at ensuring safe handling of wild-bird carcasses. During the 

subsequent period, from 28 February to 4 June 2026, 763 HPAI A(H5) detections 

were reported in wild birds in 30 European countries, confirming continued 

circulation even after the seasonal peak had subsided [9]. 

At farm level, the priority is therefore to prevent a functional link between the 

external environment and poultry houses. Feed and bedding should be stored under 

cover and protected from wild birds; surface water should not be used for drinking 

unless appropriately treated; staff and visitors should pass through sanitary barriers; 

dedicated clothing and footwear should be used in production areas; equipment and 

vehicles should be cleaned and disinfected; and access to outdoor areas should be 

managed according to the current regional risk [8], [10], [12]. In free-range systems, 

risk assessment should consider proximity to wetlands and migratory stopover sites, 

access to surface water, and the density of wild birds. Epidemiological surveillance 

should combine records of wild-bird mortality, virological findings, and seasonal 

migration patterns rather than relying solely on detections in poultry holdings. Thus, 

for HPAI, the priority is not to “control migration” itself, but to interrupt indirect 

links between potentially contaminated external environments and domestic poultry. 

FMD represents a third pattern in which the role of wildlife is strongly shaped 

by the specific ecosystem. Many wild ungulate species are susceptible to foot-and-

mouth disease virus (FMDV), but susceptibility alone does not imply the ability to 

maintain the pathogen as a reservoir. Available European evidence does not support 

the universal assumption that wild ungulates can independently sustain FMDV over 

long periods; however, they may become infected, contribute to short-range spread, 

complicate surveillance, and act as indicator or bridge hosts during an outbreak [5]. 

By contrast, in some sub-Saharan African ecosystems, African buffalo can maintain 

SAT serotypes of FMDV and form a genuine natural reservoir system requiring 

different control approaches [5], [11]. Accordingly, in the European context, the 
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term “reservoir” should be applied to wild ungulates only when independent and 

sustained maintenance of FMDV has been demonstrated in the specific population. 

This distinction is particularly important for FMD-free countries. If FMDV is 

introduced, wild ungulates should be included in surveillance where meaningful 

exposure is plausible, while the main control measures must still address movements 

of domestic animals, vehicles, fomites, and farm biosecurity. In Ukraine, FMD has 

not been recorded since 1988, and the country has maintained official FMD-free 

status without vaccination since 1992 [14]. Preserving this status requires border 

biosecurity, rapid investigation of clinical suspicions, movement controls, 

contingency planning, and targeted wildlife surveillance in contact zones rather than 

an a priori assumption that all wild ungulates act as reservoirs. For Ukraine, wild 

ungulates are therefore more appropriately treated as targets for risk-based 

surveillance following plausible exposure than as an assumed autonomous reservoir 

of FMDV. 

Comparative analysis identified three functionally distinct models of wildlife 

involvement: a local-maintenance model for ASF, a migration-driven dispersal 

model for HPAI, and a context-dependent model for FMD. Biosecurity should 

therefore be designed as a sequence of barriers aimed at specific transmission 

pathways rather than as a universal checklist. This approach is consistent with 

WOAH guidance on scenario-based risk reduction at the wildlife–livestock interface 

[12]. Accordingly, spatial separation should be combined with protection of feed 

and water, control of personnel and vehicle movements, cleaning and disinfection, 

safe carcass management, pathogen-specific surveillance, and information exchange 

among veterinary authorities, livestock owners, hunters, wildlife managers, 

laboratories, and border-control services. A multilayered approach is particularly 

important because the value of individual measures differs by pathogen: fencing is 

useful for limiting wild-boar access, but on its own it will not prevent HPAI 

introduction via contaminated materials or FMD introduction through the movement 

of infected animals. The principal risk-based biosecurity measures at the wildlife–

livestock interface are summarized in Table 2. 

Table 2 

Risk-based biosecurity measures at the wildlife–livestock interface 

Risk factor or 

pathway 
Biosecurity measures Main target diseases Expected effect 

Direct wildlife access 

to farm premises 

Perimeter fencing, 

controlled outdoor 

access, buffer zones, 

elimination of entry 

points 

ASF, FMD; HPAI 

where poultry are kept 

in free-range or open 

systems 

Reduces direct contact 

and shared use of farm 

resources 
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Continuation of table 2 

Risk factor or 

pathway 
Biosecurity measures Main target diseases Expected effect 

Contaminated feed 

and water 

Enclosed storage, 

protected feeding 

systems, safe water 

supply, avoidance of 

untreated surface 

water for poultry 

HPAI, ASF 

Reduces oral and 

environmental 

exposure to wildlife-

associated 

contamination 

Carcasses and 

biological remains 

Prompt reporting, safe 

collection, diagnostic 

testing, controlled 

disposal, and 

disinfection 

ASF, HPAI 

Reduces persistence 

of infectious material 

and improves early 

detection 

People, hunting 

equipment, vehicles, 

and fomites 

Controlled entry, 

dedicated clothing and 

footwear, cleaning 

and disinfection, 

separation of hunting 

and farm equipment 

ASF, FMD, HPAI 

Interrupts mechanical 

transfer between 

wildlife habitats and 

livestock facilities 

Seasonal or spatial 

increases in infection 

pressure from wildlife 

Risk-based 

surveillance, 

temporary 

strengthening of 

biosecurity, 

movement restrictions 

when justified 

ASF, FMD, HPAI 

Aligns control 

intensity with current 

epidemiological risk 

Fragmented 

interagency 

coordination 

Data sharing among 

veterinary, 

environmental, 

hunting, laboratory, 

and border authorities 

ASF, FMD, HPAI 

Improves early 

warning, traceability, 

and coordinated 

response 

Author’s own compilation [4], [6], [8]–[12] 

 

Conclusions. Wildlife plays an important but heterogeneous role in the 

epidemiology of transboundary animal diseases. In Europe, wild boar and infected 

carcasses support local persistence of ASFV, making passive surveillance and 

appropriate carcass management central control measures. In HPAI, migratory wild 

birds contribute to repeated long-distance virus dispersal and environmental 

contamination; therefore, protection of domestic poultry depends largely on 
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preventing indirect exposure to contaminated water, feed, farm environments, 

equipment, and personnel. In FMD, wildlife involvement is strongly region-specific 

and may range from indicator or bridge-host roles to maintenance; control measures 

should therefore be based on locally demonstrated epidemiology. 

Across all three diseases, the most defensible approach is a multilayered, risk-

based biosecurity model combining spatial separation, protection of feed and water, 

control of movements and fomites, safe carcass management, cleaning and 

disinfection, pathogen-specific surveillance, and cross-sectoral coordination. For 

Ukraine, continuing ASF circulation in wild boar and the need to preserve FMD-

free status make it important to integrate wildlife surveillance with farm biosecurity 

and transboundary preparedness. 

The comparison allowed three functionally distinct models of wildlife 

involvement in transboundary disease dynamics to be systematized: a local-

maintenance model for ASF, a migration-driven dispersal model for HPAI, and a 

context-dependent model for FMD. This distinction supports differentiated 

selection of surveillance and biosecurity measures according to pathogen biology, 

wildlife host ecology, and the dominant transmission pathways. 
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