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ABSTRACT

Introduction. West Nile fever is a zoonotic transmissible disease caused by flavivirus that primarily circulates in nature within an enzootic cycle between
mosquitoes and birds, and causes disease cases in humans, horses, and other mammals. The rapid expansion of the West Nile fever pathogen range, development
of outbreaks with severe clinical manifestations, and the lack of specific preventive tools have been the main arguments for classifying it as a potentially dangerous
threat to global health. The close interconnection between human health, animal health, and ecosystems necessitates communication and coordination across
the relevant sectors. One Health is an integrated, unifying approach aimed at optimizing the health of humans, animals, and ecosystems involving public health,
veterinary and environment protection authorities.

Objective. Analysis of basic epizootological data on the spread of West Nile fever in the Russian Federation.

Materials and methods. The following international and Russian databases were used for literature searching: PubMed, Springer, Google Scholar, CrossRef
and Russian Science Citation Index (RSCI), eLibrary, CyberLeninka, respectively. The searching was performed based on the following key words: West Nile fever,
One Health, migration of birds, invertebrate hosts, control measures.

Results. In Russia, West Nile virus was first isolated in Astrakhan Oblast in 1963. Currently, presence of the pathogen has been proven in the southern and central
regions of the European part of the country, in the south of Western Siberia and the Far East. The lack of disease monitoring in some Russian regions and small
numbers of samples tested in most subjects of the Russian Federation hinder an objective assessment of the disease situation, so there is a need to increase
the number of tests. It has been shown that the main carriers of the pathogen in our country are mosquitoes of the genera Culex, Anopheles and Aedes, ixodid,
argasid and gamasid ticks are also involved in maintaining the virus circulation. The review describes the role of birds in the pathogen transmission, provides data
on susceptibility of animals to the infection, discusses modern aspects of West Nile fever diagnosis, prevention and control.

Conclusion. Surveillance of West Nile fever presents a considerable challenge, as the virus circulates among humans, arthropods, and birds. While vaccination
is an effective preventive tool, no vaccines against the disease have yet been developed in Russia. In this context, strengthening inter-authority coordination
and implementing environmental control measures to limit the virus spread are essential priorities.
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PE3IOME

BeepeHue. ﬂmxopanKa 3anagHoro Huna — 300H03Hoe TPaHCMUCCUBHOE 3aboneBaHue, Bbi3biBaemoe (I)J'IaBI/IBI/IpyCOM, KOT0pbl|7| yalie BCero Lupkynupyer
B NpUpoJe B 3H300TUUYECKOM LiUKNE MeXAY KOMapamMu 1 NTULLAMIA U BbI3bIBAET Clly4Yalt 6onesn ymo,qe|7|, nowazei n APYrux mnekonuTaoLLux. CTpeMI/ITeﬂbHOG
paclwupeHne apeana BO36y,U,I/IT€J'Iﬂ nuxopaaku 3anagHoro Huna, pa3BuUTHE BCNbILLIEK CTAXENbIM TEYEHEM bonesHu, OTCYTCTBUE CPEACTB CHeuMd)M‘{eCKOﬁ I'IpO(bI/I-
JIAKTUKN NOCNYXWNW TNaBHbIMI apryMeHTamu npu OTHeCEHNN €ro K rpynne noTeHUUanbHOo 0nacHbIX yrpo3 rnoﬁanbuomy 3APaBOOXPaHEHNIO. TecHas B3aumocBA3b
Mexay 340poBbem TIt0fie, XNUBOTHBIX M 3KOCUCTEMOI TpeﬁyeT KOMMYHUMKaL K U KOOpAUHaL N mexay COOTBETCTBYHOLLMMU CEKTOPAMU. an/IHLl,VIH «EanHoe
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3[10POBbE» — 3T0 UHTErPUPOBAHHDIiA, 06EANHALLNIA NOAX0Z, HANPABNEHHDIA HA ONTUMM3ALIAI 3[0POBbLA NIOAEN, XKUBOTHBIX M IKOCUCTEM, BKAKOYALOLLWIA B cebA
npuBneyeHue OpraHoB 06LeCTBEHHOrO 3APaBOOXPAHEHNSA, BETEPUHAPUM U OXPaHbl OKPYatoLLiedt cpeabl.

Lienb nccnepoBaHmMA. AHann3 0CHOBHDIX 3MM300TONOrMYECKYX IAHHbIX 0 PaCIPOCTPaHeH M xopaaKm 3anagHoro Huna Ha Tepputopuy Poccuiickoil Oepepaumm.
Marepuanb! u metoabl. [1o1CK UCTOUHMKOB NUTEPATYpbl OCYLLECTBAANCA C UCNONb30BaHUEM MexXayHapoaHbIX (PubMed, Springer, Google Scholar, CrossRef)
u poceuitckux (PUHL, eLibrary, Kubep/lennnka) 6a3 HayuHoro uutposanua. 0T60p matepuana npoBOANNCA N0 KI0YEBbIM CI0BaM: InXopazka 3anagHoro Huna,
e/IVHOe 340POBbE, MUTrpaLMA NTUL, 6eCN03BOHOYHbIE X03A€Ba, Mepbl KOHTPONA.

Pe3ynbratbl. B Poccun Bupyc 3anagHoro Huna 6bin Bnepabie n30aupoBaH B 1963 r. B AcTpaxaHckoil o6nactu. B HactoALee Bpema npucyTcTaue Bo36yauTena
[0Ka3aHO B I0XHDIX 1 LlHTPasbHbIX PeruoHax eBponeiickoil YacTu CTpaHbl, Ha tore 3anagHoii Cubupu n lanbHero Boctoka. OTcyTCTBIE 3NM300TONOTNYECKOTO
MOHWUTOPYHT 3a601eBaHNA B OTAENbHbIX pernoHax Poccun n Hu3Kme 06bembl ccnegyemoro Matepiana B 60NbLUMHCTBE CYOBEKTOB He M03BOAAIT AaTb 06beK-
TUBHYIO OLIEHKY 3MU300TUYECKOI CUTYaLMy, NO3TOMY MMeeTCA Heo6X0AMMOCTb B YBEAUYEHMN YUCNIA NPOBOAMMBIX UCCNIEAO0BaHMIA. [10Ka3aHO, YTO OCHOBHBIMU
nepeHoCcyYMKaMu Bo36yAUTENA Ha TepPUTOPUN Halleid CTPaHbl ABNAIOTCA Komapbl pofoB Culex, Anopheles n Aedes, Takxe B noaAepaHuin LWAPKynALMIA BUpYyca
MPVHUMAIOT yYacThe UKCOZOBbIE, apracoBble 1 rama3oBble Kneluw. B 063ope onvcana ponb nTuu B nepeaaye Bo3byauTensa, NpUBOAATCA CBEAEHNA 0 BOCTPUNM-
UMBOCTM XKMBOTHDIX K MHOEKLMM, PACCMOTPEHBI COBPEMEHHbIE acneKTbl ANArHOCTIKM, NPOGUAAKTUKIN NMxopasKm 3anagHoro Huna n mepbl 6opbobl.
3aknioueHue. Hag3op 3a nuxopagkoil 3anagHoro Huna ABRAETCA OCTaTOYHO CNOXHOI 3adayeid, NOCKONbKY LMPKYNALMA BUPYCa MPOUCXOAUT Cpeay Niodeil,
UNEHNCTOHOTX W NTUL. BakuuHauna aBnaetca 3gdeKTMBHLIM CPEACTBOM NPOGUNAKTUKN, 0BHAKO MMMYyHONOrMYecKe NpodunakTUyecke npenaparbl NpoTus
3abonesaHna B Poccun noka He paspaboTtaHbl. B cBA3M € 3TMM 0c060e BHUMAHWE JOMKHO YAENATHCA B3aUMOAEACTBINIO MeXAY Pa3NvuHbIMU BeOMCTBaMMY,

a TaKe NpodUNaKTUYECKIIM Mepam, HanPaBREHHbIM Ha CHIKEHYE PACIPOCTPAHEHIA BUPYCa B OKpyXKatowwei cpese.

KnioueBble cnoBa: 0630p, JInXopajka 3anapHoro Huna, «<EauHoe 3A0p0BbE», MUTPaALMA NTUL, 6€Cn03BOHOYHbIE X03A€Ba, Mepbl KOHTpONA

bnaropapHocTu: Pabota BbinonHeHa npu nogaepxke MuobpHayki Poccun B pamkax rocynapcteenHoro 3apaHna OT6HY «DefepanbHblit uccnesoBatenbekiii

LIEHTp BUPYCONOTMM 1 MUUKPOGUONOTUN».
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Ha Tepputopun Poccuiickoii Oenepaumn. BemepuHapus ce200u. 2026; 15 (1): 20-27. https://doi.org/10.29326/2304-196X-2026-15-1-20-27
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INTRODUCTION

Zoonoses cause billions of human infections annually,
representing a major global public health challenge [1].
The vast diversity of animal species living on the territory
of the Russian Federation (RF) creates favourable condi-
tions for the development of infectious diseases, including
those transmitted by arthropods. West Nile fever (WNF),
caused by a flavivirus, is a zoonotic vector-borne disease.
It primarily circulates in an enzootic cycle between mos-
quitoes and birds, with spillover causing the disease in hu-
mans, horses, and other mammals [2, 3, 4]. West Nile virus
(WNV) has been detected in more than 300 bird species,
including wild, domestic, and synanthropic species. The mi-
gration routes of birds that nest across vast areas of Russia
and winter in southern countries create a pathway for the
introduction of the virus from wintering grounds, poten-
tially leading to the formation of seasonal or persistent
natural foci [5]. The rapid expansion of the WNV range,
the emergence of severe disease outbreaks, and the ab-
sence of specific preventive measures were the primary
factors justifying its classification as a potentially danger-
ous threat to global health - a consideration reflected in
the World Health Organization’s (WHO) International
Health Regulations' [6]. The interdependence of human,
animal, and ecosystem health, necessitating cooperation,
communication, and coordination between the relevant
sectors. One Health principle is an integrated, unifying ap-
proach aimed at sustainable balance and optimization of
human, animal and ecosystem health, including the in-
volvement of public health, veterinary and environmental
protection authorities [7, 8]. The application of this ap-
proach is the key to obtaining a comprehensive under-
standing of WNF situation and measures for its control.

" International Health Regulations (2005). 3" ed. WHO; 2016. 74 p.
https://www.who.int/publications/i/item/9789241580496

The purpose of the review is to analyse the main epizoo-
tological data on WNF spread in the RF.

MATERIALS AND METHODS

The literature sources were searched using internation-
al (PubMed, Springer, Wiley Online Library, Google Scholar,
CrossRef) and Russian (RSCI, eLibrary, CyberLeninka) scien-
tific citation databases. The selection of the material
was carried out according to the keywords: West Nile
fever, One Health, bird migration, invertebrate hosts,
control measures.

RESULTS AND DISCUSSION

West Nile fever is caused by a flavivirus maintained in
a natural transmission cycle between birds and mosquitoes.
Humans, horses, and other mammals are considered inci-
dental or dead-end hosts [9, 10]. According to the classifi-
cation of the International Committee on Taxonomy of
Viruses (Release 2022), WNV belongs to the genus Ortho-
flavivirus of the Flaviviridae family and is a small (about
50 nm in diameter) spherical enveloped flavivirus, the ge-
nome of which consists of a single-stranded positive-sense
RNA molecule encoding three structural and seven non-
structural proteins [11, 12]. Based on phylogenetic analy-
sis, WNV was grouped into 9 lineages [13]. Strains of
lineages 1 and 2 are the most virulent and are capable
of causing outbreaks of infection with severe neurological
signs [14, 15, 16].

In 1937, WNF agent was first isolated from a woman
in West Nile District in Uganda (Africa). Since then, the virus
has spread widely around the world, causing outbreaks in
humans and animals on all continents, including most of
Africa, Eastern and Southern Europe, North America, Western
Asia and the Middle East. Outbreaks in humans have been
reported in South Africa, the USA, Algeria, Tunisia, Morocco,
Romania, Israel, Italy, and Greece. Horse-related epizootics

VETERINARY SCIENCE TODAY. 2026; 15 (1): 20-27 | BETEPUHAPUA CETOAHA. 2026; 15 (1): 20-27

21



REVIEWS | EPIZOOTOLOGY 0B30PbI | 31IU300TONOTNA

= \Be\arus

4

- 33}
*7 u{;
18028 o

?. 21

y
g%

Russia

Kazakhstan

Human cases of WNF, 2024..* |{

1__|Astrakhan Oblast

> |Volgograd Oblast
3__|Voronezh Oblast |
4 [Donetsk People's Republic|

5 |Zaporozhie Oblast
6

7

s

anovo Oblast
aluga Oblast

ostroma Oblast
9 |Krasnodar Krai
10 |Republic of Crimea
11__|Lipetsk Oblast
12 tari EI Republic.
13 [Republic of Mordovia
14 loscow Oblast
15__|Nizhny Novgorod Oblast
16__|Novosibirsk Oblast
17__|Orenburg Oblast
18 |Oryol Oblast
19 |Republic o Adygea
20 _|Rostov Oblast
21_|Ryazan Oblast
2> _|Samara Oblast
~ 23__|Sverdiovsk Oblast
24__|Smmolensk Oblast
25_[Stavropol Krai

26__|Tambov Oblast

27__|Republic of Tatarstan

28 [Tula Oblast

/|29 |Republic of Khakassia
Khanty-Mansi Autonomous
30 [Okng

31_|Chelyabinsk Oblast

"~ /T 32 |Chechen Republic
4 33 |Yaroslavl Oblast
= Data from the Federal government
healthcare institution «Volgograd
Plague Control Research Institute» of
the Federal Service for Surveillance in
the Sphere of Consumers Rights
Human Wellfare
TP
i

7

Fig. 1. Administrative territories of the Russian Federation where West Nile fever human cases were reported in 2024
(according to the data of the Volgograd Plague Control Research Institute of the Rospotrebnadzor?)

have occurred in Morocco and Italy. In Russia, direct evidence

of WNV presence was first obtained in 1963 when studying

Crimean-Congo hemorrhagic fever fociin Astrakhan Oblast.
Southern Russian territories are historically endemic for WNF;

however, global climate change has facilitated northward

spread, with recent outbreaks documented in central regions

and the Volga basin. Currently, the presence of the WNF
agent has been proven in the southern and central regions

of the European part of Russia, in the south of Western Sibe-
ria and the Far East [6, 17, 18, 19, 20].

Humans are very susceptible to WNV, but they are con-
sidered dead-end hosts. Approximately 80% of human
infections with WNV are asymptomatic. In the majority
of symptomatic cases (20%), patients have mild fever as-
sociated with myalgia, arthralgia, headache, fatigue, intes-
tinal disorders, rash, and enlarged lymph nodes. Less
than 1% of them develop serious neurological complica-
tions, manifested by various pathologies such as meningi-
tis or meningoencephalitis, acute flaccid paralysis, and eye
diseases. Encephalitis is the most severe neurological
form, which can sometimes be fatal, especially in the el-
derly people and people with compromised immunity. As-
sessing persistent WNV infection in humans remains
challenging; however, detection of the virus in urine up
to 9 years post-infection demonstrates long-term renal
persistence. Consequently, WNV can cause chronic
human disease [11, 19].

Epidemiological surveillance of sylvatic cycle infections
having transmission mechanism in our country is carried
out by the Volgograd Plague Control Research Institute of
the Rospotrebnadzor. There are Reference Centres for WNF,
Zika fever, tick-borne infections, etc. at the Institute. Ac-
cording to the Reference Centre data on monitoring of WNF
agent, human cases were reported in 33 Subjects of the RF
in 2024 (Fig. 1). Laboratory tests of birds for WNV markers
in 2024 were carried out in 34 RF Subjects, which is only
38.2% of the total number of administrative territories of
the RF. Mosquitos were tested for the infection in 76 RF
Subjects (85.4% of the total number of administrative ter-
ritories of the RF), ticks were tested for the infection in 58 RF
Subjects (65.2%). Tests of large mammals for antibodies

22

to WNV were carried outin 5 RF Subjects, the virus markers
detection rate was 3.4%.

The absence of epizootological monitoring for WNV
in some regions of the country, combined with the low
volume of samples tested in most RF Subjects, precludes
an objective assessment of the disease situation. Conse-
quently, there is a clear need to increase the volume of
testing. Therewith, the exchange of data on the WNF sur-
veillance between different authorities would provide
a more complete understanding of the epidemiology
and epizootology of the pathogen and improve disease
prevention and control measures. To do this, it is necessary
to create a single cross-departmental database based
on integrated animal and environmental monitoring sys-
tems, and the data exchange mechanism should be trans-
parent and standardized [21].

Ecology of the virus. WNV is maintained in a “bird -
mosquito — bird” enzootic cycle, with birds serving as am-
plifying hosts. Mosquitoes become infected by feeding on
the blood of infected birds and remain contagious through-
out their lives. The disease agent is transmitted to animals
and humans through mosquito bites (mainly of the genus
Culex), but it can also be transmitted through organ trans-
plantation, blood transfusion, and from mother to foetus
during pregnancy [2, 22, 23]. The biological cycle of WNV
spread is shown in Figure 2.

After entering the mosquito’s body, the virus first infects
the midgut. It then crosses the midgut barrier, disseminates
via the hemolymph to other organs, and ultimately infects
the salivary glands - a prerequisite for transmission to new
susceptible vertebrate hosts. The virus is transmitted to hu-
mans and animals through the bites of infected mosqui-
toes. Once inside the host, it can replicate and lead
to clinical disease [19]. At the same time, WNV does not
cause apparent disease in mosquitoes [24]. The virus may
also be maintained in mosquito populations via vertical

2 Results of epizootological monitoring of West Nile fever in the Russian
Federation in 2024 (according to the Volgograd Plague Control Research
Institute of the Rospotrebnadzor). http://vnipchi.rospotrebnadzor.
ru/s/203/files/directions/centre/lixoradka/analiz/145607_505.pdf (in Russ.)
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transmission, in which an infected female passes the path-
ogen directly to her progeny. Mosquito pupae can become
infected through experimental exposure to infectious mos-
quito secretions, potentially establishing a reservoir of in-
fection within the mosquito population without
the involvement of vertebrate hosts [25].

In humans, other vertebrates, and birds, WNV multiplies
in various cell types - including keratinocytes, neutrophils,
and monocytes - following the bite of an infected mos-
quito. The virus then disseminates via the bloodstream to
peripheral organs such as liver, kidneys, and spleen.
To reach the brain, the virus must cross the blood-brain
barrier, which can occur in two main ways: the first involves
axonal retrograde transport through the spinal cord, and
the second involves transendothelial migration from the
bloodstream [19].

Of approximately 100 blood-sucking mosquito species
living in Russia, WNV markers have been detected in rep-
resentatives of the following species: Culex modestus Fic.,
Cx. pipiens L. (non-autogenous form of Cx. pipiens f. pipiens
and autogenous form of Cx. pipiens f. molestus), Anopheles
maculipennis Mg., An. claviger Mg., An. hyrcanus Pall.,
An. messeae Pall., Aedes cinereus Mg., Ae. geniculatus Oliv.,
Ae. vexans Mg., Ae. caspius Pall., Ae. pulchritarsis Rond., Ae. al-
bopictus Sk., Ae. cataphylla Dyar, Ae. flavescens Mull., Ae. ex-
crucians Walk., Ae. cantans Mg., Culiseta annulata Schr.,
Coquillettidia richiardii Fic., Uranotaenia unguiculata Edw.
Using Astrakhan Oblast as a model, it was shown that in
anthropogenic biocenoses, the epidemiologically signifi-
cant vectors include Cx. pipiens, An. hyrcanus, Coq. richiardii,
and An. messeae. In natural biocenoses, An. hyrcanus and
Coq. richiardii play this role. In another active WNF focus
located in Volgograd Oblast, high WNV infection rates were
found for mosquitoes Cx. modestus, Cx. pipiens, An. macu-
lipennis, and An. hyrcanus [6, 26]. Thus, mosquitoes of
the genera Culex, Anopheles and Aedes are the main vectors
of WNV in the RF. The genus Culex is ornithophilic and very
aggressive towards humans. The largest number of Culex
mosquitoes is observed in July and August. During the
same period, an increase in human morbidity is observed,
which is typically preceded by epizootics first among wild
birds, and subsequently among domestic and synanthropic
bird populations [27].

The high number of ticks in the region is also of epizoo-
tological importance. Ixodes ticks, argas ticks and gamasid
mites take part in maintaining WNV circulation in Russia.
Ticks of the families Ixodidae and Argasidae are believed to
play a secondary role in virus transmission; their primary
importance may lie in serving as overwintering reservoirs
for the virus. Virus markers (antigen, RNA) were identified
in entomological material and WNV isolates were recovered

from ticks of 12 species, of which most often from Hyalom-
ma marginatum, H. scupense, Rhipicephalus rossicus, and
Dermacentor reticulatus in the south of the European part
of the country [6, 28]. In some years, the infection rate in
H. marginatum ticks in anthropogenic biocenoses of the
Volga Delta significantly exceeded that of mosquitoes. In
addition, corvids exhibited heavy infestations with H. mar-
ginatum larvae and nymphs (up to 300 individuals per bird),
suggesting a key role for these ticks in viral maintenance [29].

Higher ambient temperatures enhance viral replication
within vectors and shorten extrinsic incubation periods,
thereby promoting virus circulation and outbreak occur-
rence [30]. Drought reduces water flow, forming stagnant
pools enriched with organic matter — optimal breeding
sites for mosquitoes. Birds gather around small water bo-
dies during droughts, and this enhances the interaction of
birds and mosquitoes. Although infected mosquitoes can
spread WNV over long distances - both unaided (e.g., via
wind currents) and through human-mediated transport
(e.g., on boats or airplanes) - infected migratory birds that
carry the virus to new areas remain the primary route of
WNYV dissemination [31].

Role of birds in WNV transmission. Birds have the
physical ability to travel thousands of kilometres across
continents in a few days, crossing geographical barriers
such as mountains, deserts, and seas. The intercontinental
movement of wild birds across vast geographical areas
facilitates the exchange of pathogens between regions and
populations. Migratory birds transport various infectious
agents en route and likely drive the wide-scale spread of
some arboviruses. WNF circulates in nature via a sylvatic
cycle involving wild birds and ornithophilic mosquitoes,
alongside an urban cycle involving synanthropic and do-
mestic birds. Migratory birds play a crucial role in WNV in-
troduction, while resident species living in a certain terri-
tory participate in the virus amplification and local
circulation. WNV persists through winter in infected female
mosquitoes and avian hosts, reducing reliance on migra-
tory birds for seasonal reintroduction [32, 33].

The most common route of infection in birds is through
the bite of a mosquito that has previously fed on an infec-
ted bird. Many bird species do not develop any symptoms
of the disease after infection. However, some species, such
as crows, jays, and predatory birds, may die from infection.
Another WNV transmission mechanism is contact. It can lead
to infection, as some bird species shed large amounts of
the virus with their cloacal excretions. Contact transmission
can be epizootically significant when a large numbers
of birds are concentrated in one area (in nesting colonies or
at stopover sites during migration). Predatory birds such as
hawks and owls, can transmit WNV via predation on infec-
ted birds and other susceptible vertebrates, which serve as
either live prey or carrion. The long-term persistence of WNV
in the tissues of infected animals can increase the likelihood
of infection in predatory birds, even several months after
the end of the mosquito season - providing a potential
mechanism for the virus overwintering [34].

Five main wild bird migratory routes pass through the
territory of Russia: East Atlantic, Mediterranean-Black Sea,
West Asian-African, Central Asian and East Asian-Australa-
sian®. Different populations of the same species may use
different migratory routes, or they may use one. Birds

3 Krasnova E. D. About bird migrations. ROSIP. https://birdsrussia.ru/about/
articles/e-d-krasnova-o-ptichikh-pereletakh (in Russ.)
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introduce the virus into the territory of the RF from Africa,
Southwest Asia, and Southeast Asia. WNV is introduced into
the European part of Russia from Africa by migratory birds
that follow southern and south-western flight paths in
autumn. These include lake gulls, quails, swallows, ducks,
sandpipers, rooks, starlings, and many other species. Birds
of Western Siberia: geese, ducks, sandpipers, gulls, passer-
ines, also follow the south-western direction during the
autumn migration. Differences in avian migratory routes
drive the formation of distinct WNV genotype foci in adja-
cent territories across Europe and Russia. Even between
Volgograd and Astrakhan Oblasts, both the species com-
position and migratory routes of birds differ [27].

Bird migration routes in the central regions of the Euro-
pean part of Russia run in a meridional direction, mainly
along river valleys. The bird aggregation sites are located
in water-storage basins, lakes, and wetlands. Spring migra-
tion takes place between mid-March and May, while
autumn migration occurs from September through Octo-
ber. During these periods, near-water birds - including
ducks, geese, cranes, gulls, and others — undertake con-
tinuous, round-the-clock flights. More than 50 bird species
have been implicated in the virus transmission in wetlands
and in the vicinity of the Volga Delta. In wild birds, storks
and other birds of the order Ciconiiformes, as well as great
cormorants (Phalacrocorax carbo), Eurasian coots (Fulica
atra), great cormorant (Gallinula chloropus), great grebes
(Podiceps cristatus), gulls and terns (family Laridae) were
most often identified as the virus hosts [26].

Avian species exhibit marked variation in both suscepti-
bility to WNV infection and the clinical severity of the dis-
ease. Some avian species show virtually no symptoms of
infection, but remain viremic for several days after infection,
and then develop lifelong immunity. In other bird species,
infection can lead to severe neurological disease and sud-
den death [18, 22, 35]. Most poultry species are not suscep-
tible to the disease. In galliform birds — such as chickens,
pheasants, guinea fowl, and turkeys - infection does not
result in morbidity or mortality, and viremia is minimal. In
contrast, predatory birds (such as hawks, owls, and eagles)
appear to be susceptible to natural infection and exhibit a
wide range of clinical signs [34]. In some avian species, the
virus affects the central nervous system and organs such as
the heart, liver, spleen, and kidneys. WNF clinical signs in
birds range from nonspecific symptoms — weight loss, leth-
argy, and ocular disturbances - to neurological manifesta-
tions, including weakness, ataxia, head tilt, and tremors [19].

Corvids (crows, jays, magpies) serve as key sentinels for
WNV circulation, as they develop fatal encephalitis — an
indicator of active viral spread in emerging endemic areas.
For example, in 1999, the deaths of American crows (Corvus
brachyrhynchos) near Bronx Zoo marked the first indication
of WNV introduction into the region. Since that time, these
birds have been recognized as effective sentinels for
the disease [36].

Susceptible animals. Some wild vertebrates, such as
squirrels, chipmunks, house mice, hamsters, bats, bears,
wolves, tigers, lions, striped skunks, raccoons, and croco-
diles, are also affected by WNV. Wild boars serve as ideal
sentinels for WNV circulation, frequently encountering
infected mosquitoes in forest habitats while possessing
favourable physical traits - sparse coat density and thin
epidermis — that enhance mosquito feeding success.
The use of alternative sentinels can help in the detection
of WNV transmission routes outside of the “bird - mosquito -
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bird” enzootic cycle. In particular, monitoring of wild mam-
mals can cover a variety of habitats and time intervals dur-
ing which the virus transmission may occur [37]. Among
domestic animals, horses, cattle, sheep, pigs, dogs, cats, and
other species are susceptible to WNV infection; however,
their role in the maintenance of the virus in nature has not
yet been determined [11]. As a rule, these species develop
insufficient viremia for the virus transmission, and they are
considered accidental or dead-end hosts [17].

Horse infections with WNV are predominantly subclini-
cal, though some cases manifest clinical signs of the disease.
Experimental infection has shown that the incubation pe-
riod before onset of the first neurological signs in horses
lasts for 7-9 days. The most common clinical signs are
weakness, anorexia, and lethargy. Eye disorders may also
develop, although blindness is considered one of the rarest
clinical manifestations. Common clinical signs include en-
terocolitis, colic, rectal prolapse, lameness, cervical/tho-
racic pain, anaemia, glossitis, jaundice (suggesting
hepatopathy), and dysuria (indicating nephropathology).
The onset of neuroinvasive disease occurs around day
7 post-experimental infection, the clinical manifestations
include ataxia, muscle weakness, fever, anorexia, lethargy,
gnashing of teeth, hydrophobia, anxiety, circular move-
ments, systemic muscle tremor and facial paralysis. WNV
predominantly targets motor neurons in the brainstem
(midbrain and rhombencephalon) cranial nerve nuclei, re-
sulting in clinical signs such as dysphagia, hypersalivation,
and unilateral facial nerve paralysis. In horses, the spinal
cord and grey matter of the medulla oblongata and rhom-
bencephalon are most affected, while the cerebral cortex
appears to be less involved. Mortality in neuroinvasive
equine cases varies from 22 to 36%; higher in older, im-
munocompromised horses, and foals < 12 months [38, 39].

Virus identification. WNF diagnosis plays a key role in
the virus studying and disease situation monitoring. Given
the risk of subclinical infection, diagnostic testing includes
laboratory confirmation of the virus, as well as tests for dif-
ferential diagnosis from other orthoflaviviral diseases. Ac-
curate diagnosis requires a combination of molecular, se-
rological, and virological methods, which provides an
integrated approach to the disease detection.

Recently, WNF diagnosis has undergone significant
changes with the introduction of modern molecular diag-
nostic methods. These techniques have significantly im-
proved the sensitivity, specificity, and overall effectiveness
of detecting this potentially dangerous infection. In par-
ticular, reverse transcription polymerase chain reaction
(RT-PCR) is a molecular diagnostic tool that enables the de-
tection of WNV RNA in blood, cerebrospinal fluid, or tissue
samples during the early stages of infection, particularly in
cases with severe neurological symptoms such as enceph-
alitis or meningitis. This method is highly valuable for de-
tecting WNV during acute-phase of the disease. However,
its diagnostic window is narrow, generally limited to the
first few days after infection. Real-time RT-PCR offers en-
hanced diagnostic capability by enabling viral load quan-
tification, a critical parameter for monitoring of the virus
circulation among humans, animals, and mosquito vec-
tors [38]. The introduction of real-time RT-PCR for the de-
tection of WNV RNA in urine has become an important
diagnostic tool, particularly for confirming neuroinvasive
WNF forms. Compared to blood testing, this approach
enables detection of the virus in urine at higher con-
centrations and over a longer period, thereby increasing
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the number of detected cases. Moreover, the use of whole
blood for PCR testing proved to be more effective than
using cerebrospinal fluid or serum as demonstrated during
the outbreak in Arizona in 2021. This approach provides
faster and more accurate diagnostic data, which is criti-
cally important for timely and effective treatment of neu-
roinvasive forms of the disease [40].

Enzyme-linked immunosorbent assay (ELISA) and virus
neutralization tests are the most commonly used sero-
logical methods for detection of antibodies to WNV. Anti-
bodies can be detected in horse sera with solid-phase
ELISA with IgM and IgG capture, hemagglutination inhibi-
tion test (HI test), plaque reduction neutralization test
(PRNT) and virus microneutralization test (MNT). IgM-ELISA
detects antibodies in horse serum at clinical onset. These
immunoglobulins usually develop on 7 or 10 day after in-
fection and persist for up to 1-2 months. IgG antibodies
to WNV develop shortly after the IgM response and can
persist for many years. Thus, the presence of IgG without
IgM is indicative of a previous infection only [11]. WNV-
neutralizing antibodies are detected in horse serum two
weeks after infection and can persist for more than a year.
Serological assays for WNV may exhibit cross-reactivity with
closely-related flaviviruses, including Usutu virus, St. Louis
encephalitis virus, Japanese encephalitis virus, and tick-
borne encephalitis virus. PRNT is used for differentiation of
WNV from other flaviviruses.

The virus is able to replicate in susceptible cell cultures
such as rabbit kidney cells (RK-13) and African green mon-
key kidney cells (Vero), as well as in embryonated chicken
eggs. Embryonated chicken eggs or Aedes albopictus C6/36
celllines can be used for the initial virus isolation with sub-
sequent virus passaging in mammalian cells. Several pas-
sages may be required for the cytopathic effect to become
apparent. Indirect immunofluorescence assay of infected
cell cultures or nucleic acid detection technique are used
for WNV confirmation [41].

Immunohistochemistry enables detection of macro-
scopic and microscopic lesions associated with West Nile
encephalitis in the central nervous system tissues [42].

Treatment and prevention of the disease. The princi-
ples of WNF treatment are purely symptomatic and include
maintaining adequate hydration and relieving pain associ-
ated with inflammation. Patients with severe neurological
manifestations frequently require anticonvulsive therapy
and respiratory assistance [34].

Global strategies for WNF prevention include two ap-
proaches: vaccination and mosquito control. Vaccines are
the most effective measures against flaviviruses, especial-
ly in high-risk groups. However, despite the fact that sev-
eral candidate vaccines against WNF have been developed
for humans, none of them have been licensed. Currently,
several vaccines for humans are undergoing phase land |l
clinical trials. Development strategies include live attenu-
ated vaccines, subunit vaccines, and recombinant DNA
vaccines [43].

Vaccines for veterinary use are aimed at preventing in-
fection of WNV-susceptible animals. Vaccines against WNF
for horses have already been licensed and are available on
markets of different countries. According to American sci-
entists, four anti-WNF vaccines for horses are licensed in
the United States: two inactivated whole-virion vaccines,
modified live recombinant vaccine containing the canary-
pox virus as a vector, and a chimeric one that combines the
WNV antigen with an inactivated flavivirus [44, 45].Vaccines

against WNF have proven protective efficacy, and their use
has significantly contributed to reducing the disease inci-
dencein horses in the United States. However, despite their
proven effectiveness, these vaccines still have limitations,
including the need for multiple doses during primary im-
munization and the relatively short duration of immunity,
which necessitates annual revaccination. Therefore, these
aspects should be taken into account in order to improve
existing vaccines and candidate vaccines under develop-
ment [11]. Products intended for protection of dogs, cats,
cattle, pigs, crocodiles and birds from WNV infection are
under development.

To date, no safe and effective vaccine against WNF has
been developed in Russia. This situation contributes to the
regular occurrence of outbreaks in both endemic and non-
endemic areas. Therefore, special attention should be paid
to preventive measures aimed at reducing the virus spread
in the environment, including among birds, animals and
mosquitoes. To prevent WNV infection, individuals should
take the following precautions: protect themselves against
mosquito bites by using repellents, mosquito nets, and
fumigators; eliminate standing water in containers around
gardens and suburban areas to reduce mosquito breeding
sites; avoid swampy areas, and wear protective clothing
when visiting forests or the shores of water bodies. Avoid
direct contact with sick or dead birds, including their faeces
and feathers. When it is necessary to pick up a bird (e.g., to
transport it to a veterinary centre), the persons should wear
gloves and wash hands thoroughly afterward, along with
any surfaces that may have been contaminated. When
WNF is suspected in humans, pets, or birds, official health
authorities and the state veterinary supervision service
should be promptly notified [22].

CONCLUSION

West Nile virus is not classified as a candidate virus for
a pandemic, as its spread and clinical significance vary de-
pending on the region and environmental conditions. Nev-
ertheless, it is of considerable interest to researchers in var-
ious fields, including physicians, public health workers,
environmentalists, veterinarians, epidemiologists, and
specialists in infectious diseases. This is due to the ability
of WNV to cause severe neurological conditions in humans,
especially in the elderly and immunocompromised pa-
tients, which makes it a potential threat to vulnerable
population groups. In addition, clinical manifestations
of WNF can be observed in animals and birds, which un-
derlines the importance of WNV as a zoonotic pathogen.
The trend for global climate change observed in recent
decades contributes to the expansion of the habitat of ar-
bovirus vectors and, consequently, increases the risk of
pathogens spreading to new, previously non-endemic
areas. This can lead to changes in the epidemiological con-
text and the appearance of new foci of infection. Given
these factors, WNV represents a significant concern that
demands ongoing attention from the scientific commu-
nity and health authorities. It can be classified to the group
of potentially dangerous threats to global health, espe-
cially in the context of sustainable climate change [46].

Currently, research activities are focused on the develop-
ment and improvement of new methods for WNF diagnosis,
treatment and prevention. Significant emphasis is placed
on molecular diagnostic techniques, as they allow for quick
and reliable detection of the virus in biological samples.
The immunological aspects of the disease are also being
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actively studied, including the mechanism of immunity de-
velopment and possible ways for effective vaccine creation.
Vaccination is one of the most effective tools for disease
prevention, and the development of a vaccine against WNF
could be an important breakthrough for combating this
infection, especially for at-risk groups. However, to date,
no immunological preventive products against WNF have
been developed or certified in Russia. Hence, a comprehen-
sive, unifying One Health approach involving public health,
veterinary and environmental authorities, could become
the most effective and efficient mechanism to combat WNF.
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