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ARTICLE INFO ABSTRACT

Pigs are the major reservoir and natural host of Aujeszky's disease, an infectious disease caused by Suid herpes-
virus 1 (SHV-1). The illness is widespread throughout the world and has a major effect on pig farm output and
animal health. Clinical symptoms can include neurological problems in piglets, respiratory diseases during the
growth period, and reproductive disorders in pregnant sows, depending on the age and immune condition of
the host. Establishing a latent infection in sensory nerve ganglia, which permits virus reactivation and sustains
circulation within the population, is a crucial feature of SHV-1. Direct contact, aerosols, fomites, and vertical
transmission from sow to fetus are all methods of transmission. The existence of feral pigs as an extra reservoir
and farm management elements like population density and inadequate biosecurity increase epidemiological
complexity. Clinical symptoms and pathology are combined with laboratory confirmation using molecular, sero-
logical, and immunohistochemical techniques to make the diagnosis. Aujeszky's disease control depends on the
combination of active and passive surveillance, stringent biosecurity implementation, and vaccination, especially
marker vaccines based on the DIVA method. Even though some nations have attained disease-free status, prob-
lems still exist because of animal migration and reintroductions from wild reservoirs. Thus, a risk-based control
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strategy is essential to permanently lessening the effects of this illness.

Introduction

Suid herpesvirus 1 (SHV-1), a member of the Herpesviridae family,
subfamily Alphaherpesvirinae, is the infectious agent that causes Aujesz-
ky's disease, often known as pseudorabies (Duan et al., 2025). The main
natural hosts and reservoirs are domestic pigs (Sus scrofa domesticus) and
feral pigs (Ferrara et al., 2021). Other mammalian species, including small
ruminants, dogs, and cats, might unintentionally contract the infection,
which usually results in death (Salwa, 2004; Thiry et al., 2013; Papageor-
giou et al., 2025). This illness has a major influence on animal health and
pig production systems worldwide, despite not being a major zoonosis
(Zheng et al,, 2022).

According to epidemiology, Aujeszky's illness is found all over the
world and has different levels of control in different places (Cano-Terri-
za et al,, 2019). Through organized eradication campaigns, some nations
have successfully attained disease-free status, while the disease is still
endemic in other areas (Yamane et al., 2015). These variations are typically
associated with vaccination rates, the efficacy of surveillance systems, and
the degree of biosecurity implementation (Wang et al., 2026). Another
crucial element in sustaining viral circulation and perhaps resulting in re-
introduction into domestic populations is the existence of reservoirs in
feral pig populations (Wong et al., 2019).

Clinically, the host's age and immunological condition have a signif-
icant impact on how the disease manifests (Sehl and Teifke, 2020). While
respiratory discomfort, poor growth performance, and decreased pro-
duction efficiency are the main signs in older pigs, infection frequently
results in acute encephalitis with a high fatality rate in piglets (Papageor-
giou et al,, 2017). Infection in pregnant sows can result in reproductive

problems that directly affect population productivity, such as abortion,
fetal mummification, or the birth of weak piglets (Wang et al., 2025).

A major contributing element to the persistence of infection in the
population is the biological traits of SHV-1, which can create a latent in-
fection in sensory nerve ganglia (Klupp, 2021). The virus can lie dormant
for extended periods of time without producing any clinical signs, but it
can reawaken in response to stress, immunosuppression, or environmen-
tal changes (Chen and Yu, 2024). This keeps the cycle of transmission
within the livestock system going by enabling infected individuals to act
as sources of recurrent infection (Hahn et al., 1997).

Aerosols, contaminated fomites, and direct touch are the three ways
that SHV-1 is spread (Cunningham et al., 2021). The virus spreads more
quickly in intensive, high-density livestock systems, and cross-regional
distribution is facilitated by animal movement between farms (Liu et al.,
2022a). Additionally, the existence of feral pigs as an ecological reservoir
makes disease control more difficult, especially in regions where domes-
tic and wild populations coexist (Koshemetov et al., 2021).

Due to death, decreased reproductive productivity, stunted growth,
and expensive management and surveillance expenses, Aujeszky's illness
results in substantial financial losses (Miller et al., 1996). The economic
burden is made worse by the extra effects of trade restrictions on live ani-
mals and their derivatives, especially in nations with commercial livestock
systems that rely heavily on exports (Martinez-Lopez et al., 2009).

The efficacy of disease control has increased thanks to developments
in molecular diagnostics, the creation of marker vaccines based on the
Differentiating Infected from Vaccinated Animals (DIVA) method, and the
application of risk-based biosecurity (Ma et al, 2008). The existence of
natural reservoirs, the dynamics of the animal trade, and the possibility
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of dormant viruses reactivating in infected populations are still significant
obstacles (Masot et al.,, 2017).

Aujeszky's disease continues to be a crucial model for the research
of viral diseases in animals because of the intricate relationships between
the causal agent, host, and environment. In order to enable efficient and
long-lasting population-level control efforts, a thorough understanding
of this disease's features is crucial. The purpose of this review was to pres-
ent a synthesis of the latest scientific knowledge on Aujeszky's disease,
covering the characteristics of the causative agent, the mechanisms of
pathogenesis, epidemiological patterns, clinical manifestations, and strat-
egies for diagnosis, prevention, and control, to support more effective
and sustainable disease management efforts.

Etiology

SHV-1, a member of the genus Varicellovirus, subfamily Alphaher-
pesvirinae, and family Herpesviridae, is the cause of Aujeszky's disease
(Ferrara et al.,, 2021). The double-stranded DNA genome of this enclosed
DNA virus encodes a variety of structural and non-structural proteins in-
volved in virulence, immunological evasion, and replication (Mettenleiter,
2000).

SHV-1's structure consists of an icosahedral capsid encased in a lip-
id envelope that contains significant surface glycoproteins including gB,
gC, gD, and gE, as well as a tegument (Serena et al., 2013). These glyco-
proteins are involved in cell-to-cell transmission, cell membrane penetra-
tion, and viral attachment to host cells (Nauwynck, 1997). The creation of
marker vaccines utilized in the differentiation approach between infected
and vaccinated animals (DIVA) has also been based on variations in the
expression or function of specific glycoproteins, especially gk (Zheng et
al., 2022).

SHV-1 has a significant preference for lymphoid tissue, the neurolog-
ical system, and epithelial tissue (Sehl and Teifke, 2020). One important
biological feature underpinning illness development is the virus's capac-
ity to reproduce effectively in the upper respiratory tract's epithelial cells
before moving on to the central nervous system (Wong et al., 2019). Ad-
ditionally, the virus can create a latent infection in sensory nerve ganglia,
which allows it to stay in the host for an extended period of time without
causing any symptoms (Laval and Enquist, 2020).

Under farm conditions, SHV-1's biological stability is sufficient to
allow transmission through direct touch and fomites, but it is compar-
atively limited in the external environment (Ukhovskyi et al., 2022). The
virus requires favorable environmental conditions to survive outside the
host because it is sensitive to heat, common disinfectants, and severe pH
levels (Gong et al., 2020).

Despite the fact that SHV-1 often shows a high degree of genet-
ic conservation, genetic diversity across isolates has been documented
across geographical regions (Deblanc et al, 2019). Variations in strains
can affect host immunological responses, pathogenicity, and transmis-
sion patterns, which can have an impact on disease control and epidemi-
ology (Liu et al,, 2022b). Importantly, the emergence of genetically diver-
gent pseudorabies virus (PRV) variants has raised concerns regarding the
adequacy of protection provided by classical vaccines such as Bartha-K61
(Zhang et al., 2019). Since the emergence of novel PRV variants in vacci-
nated swine populations, particularly in China, several isolates have ex-
hibited genetic and antigenic differences from classical PRV strains and
have been associated with outbreaks despite extensive vaccination (Guo
et al., 2026). Molecular analyses have identified mutations and insertions
in genes encoding major viral glycoproteins, including gB, gC, gD, and gE,
which may alter antigenicity, virulence, and interactions with host immu-
nity (Zheng et al., 2022). Therefore, the observed genetic diversity of PRV
should not be considered merely a phylogenetic characteristic, but also
as a potential determinant of vaccine compatibility and disease control
(Lin et al., 2021).

However, the occurrence of vaccine-breakthrough infections should

not be interpreted as evidence that Bartha-K61 universally fails against
contemporary PRV strains (An et al., 2013). Experimental studies indicate
that Bartha-K61 can provide strong protection against classical PRV but
may provide incomplete protection against certain antigenically diver-
gent variants, with differences in clinical protection, viral replication, and
shedding (Tong et al., 2015). Thus, the relationship between PRV genetic
variation and vaccine protection is likely strain-dependent and requires
continued comparative antigenic, genomic, and immunological investi-
gation (Zhou et al., 2022).

Epidemiology

The endemicity patterns of Aujeszky's disease are highly impacted by
livestock production systems, control strategies, and the degree to which
eradication programs are carried out in each nation (Aznar et al,, 2022).
From an epidemiological perspective, the principal reservoirs that sustain
viral transmission within the population are farmed pigs and wild boars
(Liu et al,, 2022a). Figure 1 illustrates the transmission and epidemiolog-
ical patterns of Aujeszky's disease caused by SHV-1, with domestic pigs
and wild boars serving as the primary reservoirs that maintain the virus's
continued circulation in the environment.

Suid herpesvirus 1 (SHV-1)

An enveloped DNA virus with a "latent"
ability to hide in the nerve ganglia
(Trigeminal Ganglia) and reactivate
during stress.

Primary Transmission Routes

The Wild Reservoir
Wild boars act as a
permanent ecological
reservoir, posing a constant
risk of reintroducing the
virus to domestic pig farms.
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Figure 1. SHV-1 causes Aujeszky’s disease through direct contact, aerosols, fomites, and
wildlife reservoirs.

Due to effective eradication programs based on vaccination, surveil-
lance, and culling of diseased animals, disease prevalence has dramatical-
ly decreased in areas with intensive pig farming sectors, such as parts of
Europe and North America (Colomer et al., 2020). Aujeszky's disease-free
status in domestic pig populations has been attained by nations like
the United States, Germany, the Netherlands, and the United Kingdom
through a persistent, organized management strategy (Elbers et al., 2000;
Miiller et al., 2003; Hahn et al., 2010; Peiso et al., 2011). However, prevent-
ing viral reintroduction is still difficult due to the existence of reservoirs in
wild pig populations (Boadella et al., 2012).

On the other hand, Aujeszky's illness is still endemic in various parts
of Asia, Latin America, and several developing nations, with regional vari-
ations in occurrence (Sehl and Teifke, 2020; Tan et al,, 2021; Serena et
al., 2023; Li et al,, 2024). This syndrome is typically associated with in-
adequate agricultural biosecurity, inconsistent vaccination coverage, and
insufficient surveillance systems (Milicevic et al,, 2016). The virus spreads
more quickly within local communities due to traditional, high-density
livestock systems and lax animal transportation regulations (Bowden et
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al., 2023).

A further epidemiological concern is the emergence and geograph-
ic dissemination of novel PRV variants in vaccinated swine populations
(Liu et al., 2022b). Since the emergence of variant PRV strains in China in
2011, outbreaks have been reported in farms with established Bartha-K61
vaccination programs, indicating that vaccination alone may not com-
pletely prevent infection or transmission by all circulating lineages (Wang
et al, 2016). These variant viruses have subsequently been detected in
multiple regions, and their epidemiological importance is associated with
their genetic divergence, variable pathogenicity, and reduced or incom-
plete protection afforded by some conventional vaccination programs
(Favoreel, 2026). Such vaccine-breakthrough events are particularly im-
portant because apparently vaccinated populations may still contribute
to viral circulation when vaccination reduces clinical disease but does not
completely prevent infection or shedding (Mengeling et al., 1992).

In the epidemiology of this illness, feral pigs' function as ecologi-
cal reservoirs is receiving more and more attention (Papageorgiou et
al., 2025). In regions where wild habitats connect geographically with
intensive production systems, wild boar populations have the capacity
to sustain independent infection cycles and may operate as a source of
reinfection for domestic livestock (Laidoudi et al., 2022). Even if control
in domestic populations is successful, this dynamic makes attaining total
eradication at the regional level more difficult (Zhuang et al., 2025).

The coexistence of genetically diverse PRV lineages in domestic
and wild suid populations may further complicate control because wild
reservoirs can maintain viral diversity and facilitate reintroduction into
vaccinated production systems (Deblanc et al, 2019). Consequently, ep-
idemiological surveillance should move beyond serological monitoring
and include molecular characterization of circulating isolates, particularly
from outbreaks occurring in vaccinated herds (Chen et al, 2022). Inte-
grated genomic surveillance can help identify emerging variants, monitor
their geographic spread, and determine whether particular lineages are
associated with vaccine-breakthrough infections (Wu et al., 2024).

Additionally, cross-regional dissemination is facilitated by the com-
merce in live animals and their derivatives, particularly where strict animal
health inspections are lacking (Mettenleiter, 2020). One of the main ways
that the virus spreads into areas free of disease is through the movement
of infected animals, including those with latent infections (Prodanov-Rad-
ulovi¢ et al., 2011). The movement of infected or latently infected animals
may therefore contribute not only to the dissemination of classical PRV
strains but also to the introduction of genetically divergent variants into
previously controlled populations (Klupp, 2021).

Pathogenesis

The intricate process of Aujeszky's disease pathogenesis involves the
dynamic interaction of viral replication, systemic spread, and the virus's
capacity to remain latent in the host's nervous system (Zheng et al,, 2022).
Usually, infection happens by the oronasal route, when the virus first at-
taches itself to oropharyngeal or upper respiratory tract epithelial cells
(Thiry et al,, 2013). SHV-1 effectively multiplies locally during this first
stage, creating new virions that infect local lymphoid tissues such the
tonsils and lymph nodes (Freuling et al., 2023).

The virus either hematogenously or neurogenically enters the dis-
semination phase following primary replication (Pomeranz et al., 2005).
The virus enters by peripheral nerve terminals and travels retrogradely
to the central nervous system (CNS) via the neurogenic route, which is
thought to be the main mechanism of natural infection (Chen and Yu,
2024). Depending on the site of pathogen entry, axonal transport systems
facilitate this movement, which enables the virus to reach the trigeminal
or spinal ganglia (Papageorgiou et al., 2022).

SHV-1 replicates rapidly in the central nervous system, resulting in
a non-suppurative encephalitis marked by tissue edema, inflammatory
cell infiltration, and neuronal death (Gerdts et al, 2000). Particularly in

piglets, these lesions cause distinctive neurological symptoms as tremors,
ataxia, seizures, and high mortality (Mlller et al,, 2011). Due to a better
developed immune response, the infection is frequently more localized
or asymptomatic in older animals (Mettenleiter, 2020).

The virus can move systemically to other organs like the lungs in
addition to the nervous system, where it can replicate in the respiratory
epithelium and cause interstitial pneumonia (Chen et al,, 2025a). Depend-
ing on the stage of gestation at the moment of infection, SHV-1 can pass
through the placental barrier and infect the fetus in pregnant sows, caus-
ing miscarriage, mummification, or stillbirth (Iglesias and Harkness, 1988).

The ability of SHV-1 to remain dormant in sensory nerve ganglia is
a crucial aspect of the pathophysiology of Aujeszky's disease (Wojcik et
al., 2026). The viral DNA stays in the cells during the dormant phase with-
out generating active virions, which prevents the host immune system
from identifying it (Deng et al.,, 2022). However, the virus can reactivate
and re-enter the active replication cycle in response to stress, immuno-
suppression, or other triggers, creating a new source of infection in the
livestock population (Chen et al., 2022).

Importantly, SHV-1 pathogenesis is also shaped by multiple viral im-
mune-evasion mechanisms that operate during the early stages of infec-
tion (Zhu and Viejo-Borbolla, 2021). Several envelope glycoproteins and
non-structural proteins interfere with host antiviral signaling and antigen
presentation, thereby facilitating viral replication and persistence (Bude et
al., 2024). For example, gB has been implicated in modulation of host in-
nate immune signaling, whereas gC and gE/gl contribute to interactions
with host immune components and can influence complement activity,
cell-to-cell spread, and immune recognition (Pomeranz et al., 2005). The
US3 protein kinase and other viral regulatory proteins further contribute
to suppression of antiviral cellular responses, allowing productive rep-
lication to proceed despite activation of host defense pathways (Xie et
al., 2021). These mechanisms are particularly relevant because efficient
suppression of early innate responses can increase the opportunity for
viral dissemination before robust adaptive immunity is established (van
Gent et al, 2022).

At the molecular level, SHV-1 can interfere with type I IFN production
and downstream IFN-stimulated antiviral responses (Gong et al.,, 2022).
Viral proteins can target components of pathways involving pattern-rec-
ognition receptors, interferon regulatory factors, and JAK-STAT signaling,
thereby reducing the transcription or activity of interferon-stimulated
genes (Ezeonwumelu et al., 2021). This inhibition limits the establishment
of an antiviral state in neighboring cells and may facilitate viral replication
at mucosal and systemic sites (Dodantenna, 2026). The ability of SHV-1
to modulate several points within the IFN pathway rather than relying
on a single viral protein highlights the multifactorial nature of its innate
immune evasion (Su et al., 2016).

SHV-1 also interferes with antigen presentation, which can reduce
recognition of infected cells by cytotoxic T lymphocytes (Tomescu et al,
2003). Viral immune-evasion proteins have been associated with disrup-
tion of major histocompatibility complex class | (MHC-I) expression or
intracellular trafficking, thereby decreasing the presentation of viral pep-
tides on the surface of infected cells (Wu et al., 2025). Reduced MHC-I
availability can impair CD8" T-cell recognition and provide an additional
mechanism for prolonging viral replication and persistence (Gainey et al,
2012). These effects complement the virus's ability to establish latency,
during which viral gene expression is markedly restricted and immune
visibility is further reduced (Geljic et al., 2021).

The combined effects of IFN signaling inhibition, modulation of anti-
gen presentation, and reduced immune recognition therefore represent
an important molecular link between acute SHV-1 replication and sub-
sequent persistence (Lukhele et al,, 2019). Nevertheless, the contribution
of individual viral proteins may vary according to viral strain, cell type,
and experimental conditions (Danastas et al., 2020). Further compara-
tive studies using contemporary field isolates are therefore required to
determine whether differences in immune-evasion activity contribute to
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variation in virulence, tissue tropism, and vaccine protection among cir-
culating SHV-1 strains (de Freitas et al,, 2019).

Immune response

Coordination between innate and adaptive immunity is necessary for
the immune response to Aujeszky's disease (Nie et al, 2023). Together,
these immune responses define the infection's severity, the virus's ability
to be controlled, and the success of establishing latency (Mettenleiter,
1996). The innate immune system acts as the first line of defense during
the early stages of infection by producing type | interferons (IFN-a/p) and
activating infected macrophages, dendritic cells, and epithelial cells (Laval
et al., 2018). By creating an antiviral state in nearby cells and boosting the
production of antigen-presenting molecules, interferons are essential for
preventing viral replication (Song et al., 2026).

However, the antiviral activity of IFN-a/p can be substantially atten-
uated by SHV-1 immune-evasion mechanisms (Melchjorsen et al., 2009).
Viral modulation of pattern-recognition receptor signaling, interferon
regulatory factors, and downstream JAK-STAT signaling can reduce both
IFN production and the expression of interferon-stimulated genes (Flem-
ing, 2016). In parallel, interference with MHC-I antigen processing and
surface expression can diminish the ability of CD8" T cells to recognize
infected cells (Cruz et al,, 2025). Thus, SHV-1 immune evasion operates
at both the innate signaling and antigen-presentation levels, providing
complementary mechanisms that favor viral replication and persistence
(Nie et al.,, 2023).

By disrupting the interferon signaling cascade and altering dendritic
cell activity, SHV-1 can dodge or suppress the innate response, enabling
initial replication to take place before the full activation of adaptive im-
munity (Lamote et al., 2017). Pro-inflammatory cytokines like IL-1p, IL-6,
and TNF-a are produced more often at this point, which promotes local
inflammation and immune cell recruitment to the infection site (Delva et
al., 2022).

A crucial element in the management of systemic infections is the
adaptive immune response (Ye et al, 2022). The generation of special-
ized antibodies against viral surface proteins, especially the gB, gC, and
gD glycoproteins, which are involved in neutralizing virions and inhibit-
ing infection of new cells, is what defines humoral immunity (Bude et al.,
2024). Additionally, these antibodies aid in opsonization and complement
system activation, which improves the removal of viruses from the circu-
lation and peripheral tissues (Wang et al.,, 2021).

However, cellular immune response is essential for getting rid of in-
fected cells, especially when it comes to activating cytotoxic T lympho-

Table 1. Pathological features of Aujeszky’s disease across different organ systems.

cytes (CD8), which are able to identify viral antigens shown by MHC class
| (Gainey et al, 2012). By generating cytokines like IFN-y, which boost
macrophage activity and effector cell development, helper T cells (CD4")
facilitate this response (Yin et al,, 2022). However, the host's age, immu-
nological state, and the virulence of the virus strain can all affect how
effective the cellular response is (Salinas-Zacarias et al., 2020).

The interaction between viral immune evasion and cellular immunity
is particularly important during persistent infection (Wang et al,, 2024a).
By limiting IFN-mediated antiviral activity and reducing the efficiency of
MHC-I-dependent antigen presentation, SHV-1 may decrease the prob-
ability of complete elimination of infected cells (Xia et al, 2019). These
mechanisms do not act independently of latency; rather, they may fa-
cilitate the transition from productive infection to a state in which viral
replication is restricted and immune recognition is minimized (Orr et al,
2005).

SHV-1 has the special capacity to avoid total eradication through
latency in sensory ganglia, even while the adaptive immune response
can manage the acute stage of infection (Deng et al,, 2022). Viral gene
expression is so low during this stage that it doesn't cause a noticeable
immunological reaction (Maes et al., 1997). Because the immune system
is unable to eradicate the infection entirely, the virus can continue to live
inside the host for the rest of its life (Pannwitz et al., 2012).

Pathology

The pathological abnormalities caused by Aujeszky's illness are main-
ly indicative of the virus's preference for lymphoid tissue, the respiratory
tract, and the central nervous system (Narita et al,, 1991). The brain sys-
tem and respiratory organs exhibit the most consistent lesion pattern,
although pathological characteristics vary based on age, immunological
condition, and infection route (Chen et al., 2025b). Table 1 summarizes
the pathological features of Aujeszky's disease caused by SHV-1 in vari-
ous major organ systems.

Although meningeal congestion and mild to moderate cerebral ede-
ma may be present in acute cases, macroscopic alterations in the central
nervous system are typically not noticeable (Zhang et al,, 2015). Accord-
ing to histopathological analysis, the main lesion is a non-suppurative
encephalitis with neuronal degeneration, localized necrosis, perivasculitis,
and mononuclear cell infiltration, including macrophages and lympho-
cytes (Laval and Enquist, 2020). In reaction to the damage to the nerve
tissue, these alterations are frequently accompanied by reactive gliosis
(Schulze et al., 2010).

Necrotic rhinitis and interstitial pneumonia are prevalent in the re-

Organ system  Gross pathological changes Histopathological changes

Characteristic lesions Clinical implications References

Usually no obvious gross le-

Non-suppurative encephalitis, neuro-
Central nervous sions; meningeal congestion and nal degeneration, focal necrosis, peri- nuclear inflammatory

Predominantly mono- Neurological manifesta- Zhang et al. (2015);

tions including tremors, Laval and Enquist

system (CNS)  mild—moderate cerebral edema vasculitis, infiltration of lymphocytes lesions with neuronal ataxia, seizures, and high (2020); Schulze et
may occur in acute cases and macrophages, reactive gliosis involvement mortality in piglets al. (2010)
S Ipterstltlal pneumonia, degenera- Eosinophilic intranuclear Coughmg, stpqea, Sh1bgta et al. (2003);
. Necrotic rhinitis; pulmonary tion and necrosis of nasal mucosal . . . . respiratory impairment, Robinson ef al.
Respiratory tract . - . . inclusion bodies in respi-
congestion and edema epithelium, alveolar septal thickening, ratory epithelial cells and reduced perfor- (2026); Yu et al.
inflammatory cell infiltration R mance (2026)

. . . Local immunosuppres- .
Lymph01d. s- Mild enlargement or absence of Folhcglar NECTOSIS, lymphocyF c Disruption of lymphoid  sion and initiation of Ukhovskyi ?t al-
sues (tonsils and . . depletion, and early viral replication . . Lo . (2020); Narita et al.

specific gross lesions . e follicular architecture systemic viral dissem-
lymph nodes) in lymphoid tissues o (1998)
1nation
Reproductive Placental infection, fetal infection, Systemic fetal lesions Abortion, fetal mummi- Li ez al. (2026a);

Placentitis; gross lesions may be

system (preg- . .
Y (preg absent or inconspicuous

nant animals) (particularly liver and CNS)

and multifocal fetal organ necrosis

Bowden et al.
(2023)

fication, stillbirth, and
neonatal mortality

with extensive tissue
degeneration

General tissues
(multiple
organs)

No consistent gross lesions

Intranuclear inclusion bodies in epi-
thelial cells and neurons (not consis-
tently observed throughout infection)

Supports etiological
confirmation of Suid
herpesvirus 1 (SHV-1)
infection

Histological evidence
suggestive of active her-
pesvirus replication

Balasch et al.
(1998a)
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spiratory tract, especially in young pigs (Shibata et al., 2003). Herpesvi-
rus infection is characterized by degeneration, necrosis, and eosinophilic
intranuclear inclusions in the nasal mucosal epithelium (Robinson et al.,
2026). Alveolar septa thickening in the lungs as a result of edema and
inflammatory cell infiltration can lead to poor gas exchange and clinical
dyspnea (Yu et al., 2026).

Significant alterations, such as follicular necrosis and lymphocyte
depletion, are also seen in lymphoid tissues such the tonsils and lymph
nodes (Ukhovskyi et al., 2020). Before the virus spreads throughout the
body, it first replicates in local lymphoid tissues, which is reflected in
these lesions (Narita et al., 1998). Intranuclear inclusions can occasionally
be observed in neurons and epithelial cells, albeit this is not always the
case throughout the course of infection (Balasch et al., 1998a).

Pathology, such as placentitis and fetal infection, can affect the re-
productive system in pregnant animals (Li et al, 2026a). Depending on
the gestational age during infection, fetal abnormalities include numer-
ous organ necrosis, especially of the liver and central nervous system,
linked to miscarriage, mummification, or stillbirth (Bowden et al., 2023).

Clinical manifestations

Age, immune status, and degree of virus infection all have a signifi-
cant impact on the clinical signs of Aujeszky's illness, with piglets usually
experiencing the most severe symptoms (Wang et al., 2026). Neurolog-
ical, respiratory, and reproductive issues are among the many clinical

symptoms of the disease that might occur concurrently or primarily affect
one system (Zheng et al., 2022). Table 2 presents the variation in clinical
manifestations of Aujeszky's disease based on age group and physiolog-
ical status of the animal.

Infection in newborn piglets is severe and frequently lethal (Casal et
al., 2004). Anorexia, sadness, tremors, and incoordination are among the
initial signs; seizures, opisthotonos, and paralysis follow (Sehl and Teifke,
2020). Due to the neurovirulent virus's high tropism for the immunolog-
ically immature nervous system, mortality in this group can approach
100% within a short period of symptom onset (Klupp, 2021). Figure 2
shows the variation in clinical manifestations of Aujeszky's disease based
on age group and physiological status of the pig after SHV-1 infection.

Clinical symptoms are more erratic and not necessarily lethal in
young piglets and growers (Prodanov-Radulovi¢ et al, 2015). Reduced
appetite and limited growth are frequently accompanied by respirato-
ry symptoms as coughing, sneezing, dyspnea, and nasal discharge (Ver-
poest et al,, 2017). Although neurological symptoms are still present, they
are usually less severe than in newborns. Sometimes an illness is asymp-
tomatic, resulting merely in a reduction in productivity (Favoreel, 2026).

Due to a highly developed immune system, infections in adult pigs
are frequently subclinical or mild. Nonetheless, mature animals continue
to be a significant viral reservoir (Zhao et al., 2018). When symptoms do
manifest, they typically include temporary fever, moderate respiratory
discomfort, and decreased productivity without overt neurological symp-
toms (Chen and Yu, 2024).

Table 2. Clinical manifestations of Aujeszky’s disease according to age group and physiological status.

Predominantly

it
affected system Severity

Animal group Main clinical manifestations

Clinical notes References

Anorexia, depression, tremors, Very severe (mor-

Acute onset with rapid progression; Casal et al. (2004); Sehl

Nie(l);z;tal SCeSIz;rril (nCeIr\;/So)us incoordination, seizures, tality may approach marked SHV-1 neurotropism in the and Teifke (2020); Klupp
pig 4 opisthotonos, paralysis 100%) immature nervous system (2021)

Young pigs Respiratory £ neuro- Coughlpg, sneezing, dyspnea, May !ae accompamed by r}‘u}d n.eur.ol.og- Prodanov-.Radulovw et
(growers) logical nasal discharge, reduced appe- Moderate ical signs or remain subclinical; clinical ~ al. (2015); Verpoest et al.
growers OBIC tite, growth retardation presentation is variable (2017); Favoreel (2026)

Mild respiratory /  Mild fever, mild respiratory Serve as an important viral reservoir with

. . . . . .. . . . N Zhao et al. (2018); Chen

Adult pigs minimal systemic  disturbances, decreased pro-  Mild to subclinical ~continued virus shedding despite limited

. . . - and Yu (2024)

involvement duction performance clinical signs

. Abortion, fetal mummifica- . . Ee.lrly gestatlol.‘lal mfectl.on is assomat.ed

Reproductive . S . Variable (depending with embryonic resorption or mummi- Yamane et al. (2015);
Pregnant sows tion, stillbirth, birth of weak ) . L X

system on gestational stage) fication, whereas late infection more Amoroso et al. (2020)

piglets

commonly results in abortion or stillbirth

Table 3. Diagnostic approaches for Aujeszky’s disease in pigs.

Diagnostic stage Method / approach Detection target

Role in diagnosis  Clinical / laboratory notes References

Clinical suspicion Clinical and

Neurological, respiratory, and reproductive

Yu et al. (2014);

Establishes initial ~Clinical signs are not specific and

(presumptive cpidemiological manifestations case suspicion require laboratory confirmation Balasch et al. (1998b);
diagnosis) observation P q Y Gu et al. (2025)

. . . Classical swine fever (CSF), porcine repro- Excludes diseases Essential during acute outbreak
Differential Evaluation of alter- . . . R .. . .

. . . . ductive and respiratory syndrome (PRRS), with similar clini- investigations due to overlapping Bo and Li (2022)
diagnosis native diseases . Lo - . .

and other bacterial or viral infections cal presentations  signs
Molecular . . . . High sensitivity and specificity; Pérez and de Arce
detection (gold ggg/ Real-time SHV-1 DNA ?;i%ﬁg;;;?;ﬁgl_ applicable for early and subclini- (2009); Cerne ef al.
standard) cal infection detection (2023)
Requires specialized laboratory ~ Moiseenko et al.

. . . . . Reference confir- s .

Virus isolation Cell culture Viable virus and cytopathic effects (CPE) facilities and longer processing  (2025); Zhou et al.

mation method

time (2022)

ELISA, serum

Serena et al. (2013);

Population surveil- Interpretation should consider

Ser9loglca1 neutralization test ~ Antibodies against SHV-1 lance and immune vaccination history and DIVA Leamcharaskgl et al.
testing . . (1991); Kondibaeva et
(SNT) status assessment  strategy implementation
al. (2021)
Diagnostic con-  Particularly useful for CNS
Tissue antigen Immunohistochem- . . . firmation in cases lesions and lymphoid tissues by ~ Grieco et al. (1997);
detection istry (IHC) SHV-1 antigen in infected tissues with inconclusive  correlating antigen localization  Yildirim et al. (2017)

results with histopathological changes
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Significant reproductive problems, including abortion, fetal mummi-
fication, stillbirth, or the birth of poor piglets, can result from SHV-1 infec-
tion in pregnant sows (Yamane et al,, 2015). The stage of gestation at the
time of infection greatly influences the severity of reproductive diseases;
early infections typically result in mummification or embryo resorption,
whereas late infections more frequently cause abortion or stillbirth (Am-
oroso et al., 2020).

Neonatal Piglets (Highest Grower & Finisher Pigs Breeding Sows (Reproductive

Risk) Primarily causes respiratory Failure)
Attacks the Central Nervous distress (coughing, sneezing, symptoms: Stillbirth,
System, causing tremors, fever and significant growth Mummification,

seizures, and incoordination,
leading to nearly 100%
mortality.

retardation, though mortality is
lower than in piglets.

Embryonic Death, and
infertility/ Abortion.

p=" s

Invisible Latent Carriers: Adult pigs
may show no symptoms but still
shed the virus, acting as a hidden
source of infection for the rest of the
herd.

Figure 2. Aujeszky’s disease affects pigs differently by age, causing neurological, respirato-
ry, reproductive, or latent infection.

Diagnosis

Given the range of symptoms that can resemble those of other
neurological and respiratory conditions in pigs, diagnosing Aujeszky's
disease necessitates a thorough approach that incorporates clinical ob-
servation, pathological investigation, and laboratory confirmation (Yu et
al., 2014). Clinical indications alone typically do not allow for a reliable
diagnosis, hence agent detection techniques are essential to case confir-
mation (Balasch et al., 1998b). Table 3 illustrates the stepwise approach
to the diagnosis of Aujeszky's disease, starting from clinical suspicion to
laboratory confirmation.

A combination of common clinical signs, including as acute neuro-
logical abnormalities in piglets, respiratory problems during the growth
period, and miscarriages in pregnant sows, can raise suspicions of infec-
tion in the early stages (Gu et al,, 2025). Differential diagnosis, however,
necessitates taking into account other illnesses such classical swine fever,
porcine reproductive and respiratory syndrome, and other neurotropic
bacterial or viral infections because these symptoms are nonspecific (Bo
and Li, 2022).

Molecular techniques, especially polymerase chain reaction (PCR),
which has a high sensitivity and specificity in identifying SHV-1 genetic
material from tissue samples such brain, tonsil, lung, or nasal swabs, are
typically used to confirm the etiology (Pérez and de Arce, 2009). Addition-
ally, viral load quantification and early subclinical infection identification
are made possible by real-time PCR techniques (Cerne et al., 2023).

Although its usage is becoming less common due to the need for
specialized laboratory facilities and the comparatively long time required,
virus isolation is still regarded as the reference approach in some circum-
stances (Moiseenko et al., 2025). Cell cultures from infected tissue can be
used to isolate the virus, which can then be identified by its distinctive
cytopathic effects and confirmed by serology or genetic analysis (Zhou
etal, 2022).

Antibodies to SHV-1 are found using serological assays such serum
neutralization tests and enzyme-linked immunosorbent assay (ELISA)
(Serena et al, 2013). These techniques are particularly helpful in mark-
er-based vaccination eradication efforts (DIVA tactics) and population
monitoring and animal immune status assessment (Leamcharaskul et al,,
1991). However, because of the potential for cross-reactions or vaccine
antibodies, vaccination history must be taken into account when inter-
preting serological results (Kondibaeva et al., 2021).

Furthermore, viral antigens in infected tissues can be directly iden-
tified using immunohistochemistry (IHC) techniques, especially in lym-
phoid tissues and diseases of the central nervous system (Grieco et al,
1997). In situations where PCR results are unclear, this technique helps to
confirm the diagnosis by establishing a link between the presence of viral
antigens and histopathological alterations (Yildirim et al., 2017).

Differential diagnosis

Because Aujeszky's disease's clinical signs are ambiguous and can
resemble a number of infectious disorders affecting the neurological,
pulmonary, and reproductive systems in pigs, a thorough differential di-
agnosis is crucial (Yamane et al, 2015). Particularly in situations of acute
outbreaks with significant piglet mortality, accurate differential diagnosis
is essential to prevent misinterpretation (Wang et al., 2024b).

Aujeszky's disease must be distinguished from porcine teschovirus
encephalomyelitis and classical swine fever (CSF) among illnesses exhib-
iting neurological symptoms (Greiser-Wilke et al, 2007). In contrast to
Aujeszky's disease, CSF usually exhibits a combination of high fever, sys-
temic bleeding, and hemorrhagic lesions in the kidneys and lymphoid
organs (Ratta et al,, 2010). Teschovirus infection, on the other hand, more
frequently causes encephalomyelitis with a distinct lesion distribution
and less respiratory involvement (Yamada et al., 2014).

When it comes to respiratory involvement, this illness can resemble
influenza A infection in pigs and porcine reproductive and respiratory
syndrome (PRRS) (Saade et al., 2020). While influenza A often manifests
as an abrupt respiratory onset and is highly contagious without signif-
icant neurological involvement, PRRS is characterized by chronic inter-
stitial pneumonia and persistent reproductive impairment (Chrun et al.,
2023). In the early stages of infection, this differentiation is crucial for
differentiating overlapping clinical presentations (Moghadami, 2017).

Aujeszky's illness must be differentiated from leptospirosis and por-
cine parvovirus infection in terms of reproduction (Pacini et al, 2021).
Leptospirosis is more frequently linked to miscarriages with evidence
of septicemia and multi-organ dysfunction, whereas parvovirus mostly
causes reproductive failure with fetal mummification without systemic
symptoms in the sow (Khairullah et al., 2024). Neurological or respiratory
involvement, which is not always present in either condition, is another
characteristic of Aujeszky's disease in both sows and piglets (Presti et al.,
2021).

Acute neurological symptoms like meningitis and encephalitis can
also be brought on by certain bacterial infections, such Streptococcus
suis (Choi et al., 2012). However, unlike the viral cause of Aujeszky's dis-
ease, bacterial infections usually react to antibiotic therapy and offer dis-
tinct bacteriological evidence (van Samkar et al., 2015).

Transmission

Pigs are the main host and epidemiological reservoir for Aujeszky's
illness, which spreads by a complicated interplay of direct, indirect, and
vertical transmission pathways (Didkowska et al., 2025). The virus's capac-
ity to excrete large amounts both during the active infection phase and
following reactivation from a dormant state has a significant impact on
successful transmission (Wong et al., 2019).

SHV-1 spreads mostly via horizontal transmission via direct contact
(Mocsari et al.,, 1989). In high-density herds, inhaling infectious particles is
a major pathway because the virus is expelled through respiratory aero-
sols, saliva, and nasal secretions (Gillespie et al., 1996). The buildup of
airborne virus particles is accelerated and the efficiency of transmission
between individuals within a population is increased in intensive rearing
circumstances with little ventilation (Christensen et al., 1993).

Apart from direct touch, polluted farm equipment, worker apparel,
feed, and transportation vehicles are examples of indirect transmission
(Ukhovskyi et al., 2022). Particularly in agricultural systems with inade-
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quate biosecurity, mechanical transmission might contribute to the
spread of the infectious agent between production units since the virus
can live for a brief amount of time under specific environmental condi-
tions (Gong et al., 2020).

Additionally, vertical transmission is important, especially in pregnant
infected sows (Pacini et al., 2020). Abortion, mummification, and stillbirth
are just a few of the reproductive outcomes that can occur when SHV-1
infiltrates the fetus across the placental barrier (Wang et al, 2025). The
stage of pregnancy at the time of infection determines how severe the
reproductive effects are; early infections are more likely to result in em-
bryonic failure, whereas late infections are more likely to cause fetal mor-
tality (Su et al,, 2024).

Furthermore, after being exposed to the virus from pigs, a number
of non-porcine species, including dogs, cats, and small ruminants, may
unintentionally become infected (Ciarello et al.,, 2020). Although the in-
fection in these species is terminal and does not contribute to the cycle of
transmission, it is nevertheless an important epidemiological indication of
viral circulation in the agricultural setting (Chen and Yu, 2024).

Transmission dynamics are reinforced at regional and cross-region-
al scales by management factors such animal mobility between farms,
the absence of quarantine systems, and inadequate biosecurity practic-
es (Zhuang et al,, 2025). Additionally, stress that causes latent viruses in
infected people to reactivate serves as a source of recurring infections,
sustaining the virus's persistence in the community (Li et al., 2023).

Risk factors

Numerous interrelated risk variables, such as biological features, farm
management, the environment, and animal movement dynamics, affect
the incidence and spread of Aujeszky's illness (Didkowska et al., 2025).
The degree of population vulnerability and the rate of virus transmission
within a production system are determined by the combination of these
parameters (Masiuk et al, 2021). Table 4 summarizes the various risk
factors contributing to the occurrence and spread of Aujeszky's disease,
caused by SHV-1.

Because it increases the frequency of direct contact with individuals
and promotes aerosol transmission, high pig population density is a sig-
nificant risk factor (Hu et al., 2016). These conditions are made worse by
intensive housing systems with inadequate ventilation, which speeds up
the virus's propagation both within and between housing units on a farm
(Kumar et al., 2021).

The risk of SHV-1 entry and transmission is also significantly in-

Table 4. Risk factors associated with Aujeszky’s disease in pig production systems.

creased by weak biosecurity (Zhang et al., 2025). Indirect transmission
channels can be created by practices including shared facilities between
housing units, insufficient equipment cleaning, and a lack of human and
vehicle access controls (Liu et al, 2022a). Additionally, the possibility of
introducing animals harboring viruses, including those with latent dis-
eases, increases when additional animals are brought in without proper
quarantine (Mettenleiter, 2020).

One significant biological mechanism that contributes to the reacti-
vation of latent viruses is animal stress (Chen et al., 2022). Transportation,
environmental changes, overcrowding, and malnutrition can all lower the
host's immunological response, which increases the likelihood of virus
excretion back into the environment and spread to other animals in the
community (Chen and Yu, 2024).

Susceptibility to infection is also influenced by immunological health
and age (Claeys et al., 2025). Due to their underdeveloped immune sys-
tems, newborn piglets are most vulnerable to serious clinical illness, but
older pigs frequently serve as asymptomatic repositories that sustain the
population's infection cycle (Papageorgiou et al., 2017). Additionally, vul-
nerable populations that promote virus persistence may be created by
inadequate or uneven vaccination status (Bo and Li, 2022).

Animal commerce and mobility across nations or regions are sig-
nificant contributors to the spread of illness, particularly in places with
patchy control initiatives (Gao et al, 2025). New outbreaks may result
from the transfer of diseased animals into groups that are disease-free,
particularly in the absence of sufficient diagnostic screening (Evans et al,
2024).

Economic impact

Due to lower productivity, higher mortality, and expensive control
and eradication expenses, Aujeszky's disease has a major financial impact
on the pig farming sector (Suprani et al, 2026). Depending on the en-
demic status and the efficacy of the management system in a given area,
economic losses may be direct or indirect and may occur over a short or
lengthy period of time (Liu et al,, 2019).

The primary causes of direct losses include the high mortality rate of
neonatal piglets, poor growth performance during the expansion period,
and reproductive issues in the mother, including stillbirth, fetal mummifi-
cation, and abortion (Yamane et al,, 2015). The number of piglets gener-
ated per reproductive cycle is reduced as a result of this combination of
diseases, greatly lowering production efficiency (Evans et al., 2024).

The necessity for laboratory diagnostics, vaccination regimens, and

Risk factor category Specific factor .
gory Sp transmission

Mechanism contributing to SHV-1

Epidemiological impact References

Increases direct animal-to-animal

Farm management High population density

transmission

contact and facilitates aerosol

Accelerates virus spread within and
between housing units

Hu et al. (2016); Ku-
mar et al. (2021)

Promotes accumulation of viral

Housing environ-
ment

Poor ventilation in intensive production
systems

particles in the air and increases
inhalation exposure

Enhances respiratory transmission and

facilitates viral dissemination Kumar et al. (2021)

Inadequate disinfection, unrestricted

Biosecurit e .
Y access, shared facilities and equipment

Facilitates indirect transmission
through contaminated fomites

Increases the risk of virus introduction Zhang et al. (2025);
and spread between production units  Liu ef al. (2022a)

Animal introduction
management

Absence of quarantine for newly intro-
duced animals

Allows entry of infected animals,
including latent carriers

Creates a source of new outbreaks in

previously disease-free populations Mettenleiter (2020)

Host biological
factors

Stress (transportation, environmental
changes, overcrowding, poor nutrition)

Suppresses immune responses and
promotes latent virus reactivation

Increases viral shedding and secondary Chen et al. (2022);
transmission Chen and Yu (2024)

Age and immune
status

High susceptibility in neonates; adults

frequently remain asymptomatic . .
q y ymp disease expression

Differences in immune competence
and infection severity influence

Neonates experience high mortality,
whereas adults may act as reservoirs
maintaining transmission

Claeys et al. (2025);
Papageorgiou et al.
(2017)

Inadequate or uneven vaccination
coverage

Vaccination status within the herd

Creates susceptible subpopulations

Supports viral persistence and contin-

ued circulation within the population Bo and Li (2022)

Trade and transportation across farms,

Animal movement . .
regions, or countries

Facilitates geographical dissemina-
tion of infected animals

Introduces SHV-1 into disease-free
areas and triggers new outbreaks

Gao et al. (2025);
Evans et al. (2024)
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extra biosecurity measures raises medical and animal health manage-
ment costs in addition to productivity losses (Parsons et al., 1990). The
use of marker vaccinations and eradication operations focused on the
removal of positive animals can significantly raise operating costs in im-
pacted livestock systems (Aznar et al., 2022).

Restrictions on the trade of live animals and products derived from
them due to the notifiable illness status in a number of nations are anoth-
er example of indirect effects (Ukhovskyi et al., 2022). These limitations
may have an impact on access to foreign markets, lower export values,
and upset the supply chain stability of the pork business (Mettenleiter,
2020). Aujeszky's disease can be a major barrier to animal health certifi-
cation in the context of international trade (Carella et al., 2023).

Disease outbreaks can also affect the overall production system, re-
sulting in higher biosecurity expenses, lower labor productivity, and the
need to reorganize livestock populations (Kouam and Moussala, 2018).
The quick spread of the virus might worsen the economic impact on
farms with intensive systems, leading to overall losses in a production
unit (Liu et al., 2022a).

Treatment

There is currently no targeted and efficient antiviral treatment to
eradicate SHV-1 in Aujeszky's disease (Zheng et al,, 2022). As a result,
population control and supporting measures are prioritized over curative
medicine in the field of disease management (Guo et al., 2024). This has
to do with the virus's capacity to spread quickly during the acute phase
and linger in latent form in nerve ganglia, making pharmaceutical treat-
ment challenging (Cohen, 2020).

In order to lessen clinical severity and enhance animal welfare, in-
fected animals are typically treated symptomatically (Laval et al, 2018).
Supportive management should be individualized according to the clini-
cal condition and may include maintaining hydration, nutritional support,
and minimizing environmental stress. However, these measures are sup-
portive rather than antiviral and have not been established to eliminate
SHV-1 infection or prevent viral latency (Spickler, 2024; Molitor, 2026).
Nevertheless, these treatments are not very effective, particularly in pig-
lets that already have serious illnesses of the central nervous system (Pa-
pageorgiou et al., 2022).

Environmental management, such as better air quality, less housing
density, and higher ventilation, is essential for promoting recovery in
infections that primarily affect the respiratory system (Bourgueil et al.,
1992). Instead of treating the viral agent directly, antibiotics should only
be used to manage subsequent bacterial infections, which frequently ex-
acerbate the clinical situation (Wong et al., 2019).

There are no treatment measures that can stop transplacental trans-
mission in pregnant sows or enhance reproductive results after infection
(Rollinson et al., 1988). As a result, management is more concerned with
preventing illness through vaccination and biosecurity than with treating
infection after it has already happened (Tan et al., 2021).

A "test and remove" strategy, also known as selective depopulation,
is frequently used in contemporary livestock systems as part of control
initiatives, especially in regions where diseases are being eradicated (Ma-
siuk et al,, 2021). In order to break the cycle of transmission, this meth-
od entails identifying diseased animals using laboratory diagnostics and
then eliminating them (Thiry et al,, 2013).

Vaccination

Aujeszky's disease control methods heavily rely on vaccination, par-
ticularly in endemic regions where complete eradication has not yet been
attained (Pensaert and Morrison, 2000). Vaccination's main objective is to
minimize the economic and epidemiological effects by lowering clinical
incidence, virus shedding, and dissemination among animal populations
(Zhang et al., 2025).

A variety of vaccinations have been created, including as live atten-
uated vaccines, inactivated vaccines (killed vaccines), and recombinant
vaccines based on marker technology (DIVA: Differentiating Infected
from Vaccinated Animals) (Nie et al., 2023). Because live attenuated vac-
cines can concurrently elicit humoral and cellular immune responses, they
often have higher immunogenicity (Liu et al, 2026). However, the possi-
bility of residual pathogenicity and possible reactivation under specific
circumstances must be taken into account when using them (Balasch et
al.,, 1998a).

Because they don't contain live viruses, inactivated vaccines have a
higher safety profile (Kondibaeva et al., 2021). However, they often evoke
a more restricted immune response and need boosters to maintain suffi-
cient protection (Xing et al.,, 2024). In order to increase immunogenicity,
these vaccines are therefore more frequently employed in conjunction
with adjuvants (Zhang et al,, 2023).

One important advancement in Aujeszky's disease control and erad-
ication initiatives is the marker vaccine method (DIVA) (Pensaert et al.,
2004). By eliminating or altering particular antigens, like the gE glycopro-
tein, this vaccine enables serological testing to distinguish between ani-
mals that are naturally infected and those who have received the vaccina-
tion (Bude et al,, 2024). Because it makes it possible to accurately identify
animals that have viruses, this tactic is essential in surveillance-based
eradication campaigns (Stegeman, 1997).

Nevertheless, the effectiveness of conventional Bartha-K61 vaccina-
tion should be critically considered in the context of emerging PRV vari-
ants (Zhou et al,, 2017). Although Bartha-K61 remains effective against
classical PRV strains and can substantially reduce clinical disease and viral
dissemination, outbreaks in vaccinated herds have been associated with
antigenically and genetically divergent PRV variants (Delva et al., 2020).
Experimental studies suggest that vaccination may provide incomplete
protection against some of these variants, particularly with respect to
preventing infection, viral replication, and shedding (Liu et al.,, 2025). This
indicates that vaccine protection is not necessarily uniform across genet-
ically distinct PRV lineages and that antigenic divergence may contribute
to vaccine-breakthrough infections (Zheng et al., 2022).

The emergence of these variants does not necessarily indicate
complete immune escape from Bartha-K61 (Nie et al, 2023). Rather, it
highlights a potential mismatch between vaccine strains and circulat-
ing field strains and suggests that protection should be evaluated using
contemporary PRV isolates rather than relying exclusively on historical
vaccine-challenge models (Zhou et al., 2022). Genetic and antigenic sur-
veillance of circulating PRV strains is therefore important for identifying
changes in major protective antigens and determining whether existing
vaccines remain sufficiently matched to prevalent viruses (Bo and Li,
2022).

Population coverage, program compliance, and integration with bi-
osecurity measures all have a significant impact on vaccination efficacy
(Segalés and Sibila, 2025). The creation of vulnerable subpopulations that
permit the virus to spread can result from unequal vaccination (Engel and
Wierup, 1999). Moreover, mother immune status, ambient infection pres-
sure, and the animal's age at the time of vaccination all have an impact
on vaccination success (Pomorska-Mol et al., 2010). Accordingly, vacci-
nation should be integrated with strict biosecurity, movement control,
DIVA-based surveillance, and molecular monitoring of vaccine-break-
through cases (Chen and Yu, 2024). The development of updated or
broadly protective vaccines targeting conserved and immunological-
ly relevant PRV antigens may also be necessary to improve protection
against genetically divergent variants and reduce the risk of continued
viral circulation in vaccinated populations (Zhou et al., 2023).

Control

In order to break the chain of transmission and reduce virus circula-
tion in pig herds, controlling Aujeszky's illness necessitates an integrated
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strategy that combines vaccination, biosecurity, surveillance, and popu-
lation management (Kit, 1990). Complete eradication is difficult because
the virus can remain dormant in nerve ganglia, necessitating a long-term,
risk-based control approach (Wéjcik et al., 2026). Figure 3 illustrates an
integrated control approach for Aujeszky's disease, emphasizing ear-
ly detection using molecular methods such as PCR, the application of
marker vaccines (DIVA) to differentiate between infected and vaccinated
animals, strengthening farm biosecurity, and the elimination of positive
animals to break the chain of transmission.

f "0'0"00"~o"
Biosecurity & Stress
Management
Control requires limiting farm
access, disinfecting equipment,
and reducing pig stress
(overcrowding/transport) to
prevent latent virus reactivation.

The DIVA Strategy Gold Standard
Using "Marker Vaccines” (gE- Diagnosis: PCR L =5
deleted) allows labs to use ELISA Polymerase Chain § > ll
tests to distinguish between Reaction (PCR)

detects viral RNA in

brain, tonsil, or nasal
swabs with high
sensitivity, even

in subclinical cases.

animals that were vaccinated and
those infected by the wild virus.

Test and Removal
Eradication is achieved by
identifying infected
individuals via surveillance
and removing them from
the population to break the
transmission cycle.

Figure 3. Aujeszky’s disease control relies on PCR diagnosis, DIVA vaccination, biosecuri-
ty, and removal of infected animals.

Implementing biosecurity is essential to stopping the introduction
and spread of SHV-1 (Ciarello et al,, 2020). Controlling animal movement,
putting in place a quarantine system for new animals, routinely disin-
fecting buildings and equipment, and limiting vehicle and human access
to agricultural areas are some of these precautions (Mettenleiter, 2020).
Infection pressure and the frequency of interpersonal contact are both
lowered by decreasing population density (Chen et al., 2025c).

In order to lower clinical incidence and viral shedding, vaccination
programs are essential (Mengeling et al., 1992). Differentiating between
naturally infected and vaccinated animals is made possible by the use of a
vaccination marker (DIVA), which supports eradication campaigns based
on serological surveillance (Pasick, 2004). High population coverage and
uniform dosage across all vulnerable age groups are critical for vaccina-
tion efficacy (Segalés and Sibila, 2025).

To track the dynamics of infection within the community, both active
and passive surveillance are required (Ouagal et al., 2010). While molec-
ular techniques like PCR are utilized to identify infected animals, includ-
ing those in the subclinical period, serological surveillance is employed
to find SHV-1 antibodies (Yang et al,, 2022). Zone-based eradication or
control decisions are based on this surveillance data (Wang et al,, 2024b).

In certain endemic nations, eradication tactics include a "test and
removal" strategy, also known as selective depopulation, which entails
locating and getting rid of animals that test positive in order to stop the
cycle of transmission (Assavacheep and Thanawongnuwech, 2022). To
stop the reintroduction of viruses, this strategy is frequently paired with
population reorganization and higher biosecurity norms (Ketusing et al,
2014).

Additionally, as stress can enhance SHV-1 excretion and cause latent
viral reactivation, managing animal stress is also essential to disease con-
trol (Tanaka and Mannen, 2003). To lower the risk of reactivation, factors
like transportation, environmental changes, and congestion should be
reduced (Li et al.,, 2026b).

Conclusion

SHV-1 is the source of Aujeszky's disease, a serious viral illness that
affects both farm productivity and animal health in pigs. The virus is diffi-
cult to manage and may remain in the population due to its neurotropic
nature, ability to replicate systemically, and formation of latent infection

in nerve ganglia.

Pigs are the main reservoir for SHV-1, which spread epidemiological-
ly through direct, indirect, and vertical transmission. Neurological diseas-
es in piglets, respiratory ilinesses throughout the growth phase, and re-
productive disorders in pregnant sows are among the clinical symptoms
that vary according to age and immunological condition.

Vaccination, biosecurity, and monitoring are the three main com-
ponents of disease control, with marker vaccines (DIVA) being crucial to
eradication efforts in a number of nations. However, the possibility of
latent viral reactivation and the existence of reservoirs in feral pig herds
continue to be significant obstacles to complete eradication.
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