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Abstract

West Nile fever (WNF) is a viral mosquito-transmitted disease caused by West Nile virus (WNV), a member of the Flaviviridae
family. WNV infects an extremely wide range of susceptible hosts and is capable of replicating in mammals, birds, reptiles and am-
phibians. The enzootic lifecycle of WNV consists of cycling between mosquitoes and birds and sporadic spillover results in disease in
horses and humans. Rare and severe neuroinvasive disease in humans and horses occurs. The epidemic significance of WNV infec-
tion is illustrated by its worldwide distribution, variable clinical prognosis of disease, and lack of therapeutic options. In Ukraine,
14 enzootic territories have been identified. While climate conditions, water sources and a large number of avian migratory routes
create optimal conditions for the pathogen circulation in the country, the epidemiological status of WNV in Ukraine is poorly defined.
Annual introduction of WNV to Ukraine likely occurs via seasonal migratory bird routes that exist regionally between Ukraine and
neighboring European countries. The genotype of historical avian Ukrainian isolate exhibits the Lineage 2 genotype, however, only
limited WNV genome sequences from Ukraine are available. Enhanced viral surveillance and serologic diagnosis of WNF in Ukraine

is warranted and remains an essential measure for a clear understanding of the current epidemic situation and the prediction of

possible WNV outbreaks in the future.
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Introduction

WNV is the causative agent of WNF and West Nile encephalo-
myelitis (WNE) in humans and horses [1]. Horses and humans are
dead-end hosts in the WNF enzootic cycle and experience severe
febrile neuroinvasive illness [2]. There are three forms of clinical
symptoms that can be differentiated based on clinical manifes-
tation. Approximately 85% of all WNF cases are asymptomatic
whereas 13 - 20% present with flu-like symptoms, and only 2%
of total cases are characterized by a severe neuroinvasive course.
WNV encephalitis in humans and mice, is characterized by pro-
nounced CNS inflammation in the parenchyma and perivascular
space. Risk factors for acute WNV infection include immunosup-
pression and increased age however the requisites for this interac-
tion remain largely unknown [3,4]. WNV is commonly transmitted

to humans through the bite of infected multiple competent species

of mosquitos with some transmission reported by soft and hard
ticks.

History and geography of disease

WNV was first isolated in 1937 in Uganda from a patient with a
febrile illness and later recognized as the most common Flavivirus
found in all continents except Antarctica. In European countries,
the first case of encephalitis caused by the WNV was described in
1960s in France in the Camargue region [5]. Up to the mid-1990s,
WNV had circulated in Central Europe though it posed no particular
threat to human health as it caused only sporadic cases of disease.
The first significant WNF outbreak occurred in 1996 in Romania
and spread to 14 administrative units in the Danube Valley and Bu-
charest [6]. Within four years, the presence of specific antibodies
to WNF virus confirmed infection in 835 patients with neurological
symptoms [7], with a mortality rate of 10% [6]. The geographical
distribution of WNF cases among European countries is variable.
While in some countries no cases among people or animals have
been reported, countries including Austria, Czech Republic, Hun-
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gary, Bulgaria, Greece, Italy, France, Spain and Portugal are rec-
ognized as endemic [8]. As of 4 December 2019, European Union
(EU) Member States and EU neighboring countries reported 463
human infections in 2019. EU Member States reported 410 cases:
Greece (N = 223), Romania (N = 66), Italy (N = 53), Hungary (N =
36), Cyprus (N = 16), Bulgaria (N = 5), Austria (N = 4), Germany
(N = 4), France (N = 2) and Slovakia (N = 1) (https://www.ecdc.
europa.eu/en/news-events/epidemiological-update-west-nile-vi-
rus-transmission-season-europe-2019). EU neighboring countries
reported 53 human cases: 27 in Serbia, 10 in Israel, 10 in Turkey
and 6 in North Macedonia. In the same time period, 50 deaths due
to WNV infections have been reported.

In Ukraine, the first reports of the WNV presence in humans
and birds appeared in the 1970s. In 1974, neuroinvasive cases
were described in humans, as well as specific antibodies were de-
tected in wild and farm animals in the South East USSR. In 1985, 38
cases were reported in Transcarpathian region, 16 of which were
neuroinvasive [9]. At the same time, virus from blood samples and
internal organs of wild birds (Corvus frugilegus) were isolated in
the north-western Black Sea region [10]. To date, the existence of
14 enzootic territories of West Nile fever has been identified in
Ukraine (Figure 3). Climate conditions, water sources and a large
number of birds migratory routes create optimal conditions for the
pathogen circulation in the country. However, the epidemiological
status of Ukraine regarding to WNF has not been established yet

[2].

Ecology and epidemiology of WNV

The ecological dynamics of West Nile fever is complex with mul-
tiple interrelated biotic and abiotic factors that may impact the ep-
idemiology and transmission of disease. Biotic factors include host
susceptibility and immunity, genetic features, vector competence,
vectors’ food preferences and their life cycle. Abiotic factors such
as environmental conditions can impact transmission dynamics
including biotic factors, such as the density and prevalence of vec-
tors and hosts in a given territory [11].

In Europe, the circulation of the pathogen occurs in persistent
natural and anthropogenic centers [8]. Rural areas with a large
amount of water resources are an ideal place for nesting, breeding
and rearing of migratory birds. Ornithophilic mosquitoes are an
integral part of such groups and may support the formation of a
stable transmission cycle of WNV in natural locations. Indeed, the
spatial relationship between landscape features and wetlands can
be traced to the human outbreaks in the Danube Delta in Romania,
Volga in Russia and along the Rhine river in France [11].
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At present, there is no clear picture of the epidemiological situ-
ation amongst the Ukrainian population due to the wide range of
clinical symptoms and lack of available diagnostic kits, which com-
plicate the initial diagnosis of the disease. Monitoring of WNF is
also complicated by a fact that only 1% of patients seek medical
support (according to WHO). Together, these challenges limit the
effective control of West Nile virus in the country, for example, in
Zaporizhzhia region the number of cases of WNF reaches up to
11% of all fever-like diseases [10].

WNYV transmission

WNV has been isolated from 60 mosquito species, among which
the Culex genus plays a major role in disease transmission [12].
Moreover, vector competence of Aedes, Anopheles, Culiseta, Coquil-
lettidia, Uranotaenia [13], also soft and Ixodes ticks [14] have been
established. It is established that the efficiency of viral transmis-
sion is determined by the viremia rate in infection reservoirs [15].

In urban areas, anthropogenic centers of WNF included birds
such as crows, pigeons, sparrows, and waterfowl [8]. According to
some reports, birds in urban areas could be reservoirs of viruses
with a higher genetic diversity than in natural areas [16]. This sug-
gests that anthropogenic factors may play an important role in the
transmission and evolution of arboviruses (arthropod-borne virus-
es) [14]. Elements of urban infrastructure such as sewage system,
such as submerged basements create ideal conditions for the prop-
agation of a synanthrope subspecies of the Culex pipiens f. molestus
mosquito [16]. Key is the fact that Culex pipiens f. molestus females
are anthropophilic with no diapause in their life cycle [17] resulting
in a lack of seasonality in human blood meal seeking. Thus, WNV
is maintained environmentally during the inter-epidemic season,
which allows new outbreaks without the re-emergence from other
territories.

As a member of Culicidae family, the Culex pipiens mosquito
exhibits a complete life cycle that is divided into four stages: egg,
larva, pupa and imago (adult). In general, the life cycle of female
mosquito lasts approximately 40 days. Once infected, the virus is
carried over the duration of its life and can potentially transmit the
virus to every vertebrate on which it feeds. Moreover, transovarian
transmission occurs in the Culicidae family, thus maintaining the
virus vertically within mosquito populations without new intro-
ductions by other infected hosts.

Ambient temperature is one of the essential factors that de-
termine the dynamics of the epizootic process, since it directly ef-
fects survival of adult mosquitoes, increases the size of mosquito
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populations, the speed of metamorphosis, and, as a consequence,
increasing a number of blood meals. In addition, higher tempera-
ture increases a speed of virus replication and the reduction of the
incubation period within the mosquito midgut and accumulation
of the virus in the salivary glands to a sufficient infectious dose
[18]. The seasonal activity period determines the number of pos-
sible generations of vector species, which is significantly different
due to latitudes [19]. It was found that an increase of WNF cases
in Europe in 2010 was preceded by abnormal heat [12]. In Volgo-
grad region (Russia), where WNF has been detected annually since
1996, the highest number of cases was also registered in 2010 and
in 2012 (413 and 210 cases, respectively), when recorded air tem-

perature was up to 40°C.

It is interesting to note that the temperature effect on the vi-
rus replication is observed only in Culex pipiens f. pipiens. Under
experimental conditions where mosquitos were kept at 28°C, the
transmission rate increased to 32% [20]. For the synanthropic
subspecies Culex pipiens f. molestus transmission rate remained at

10% and did not change despite the temperature effect [20].

Avian migration

An introduction of WNV into the new territories occurs along
with the seasonal migrations of birds. The migration process gen-
erates significant physical stress and immunosuppression and af-
fects the replication of the virus in birds [6]. In addition, during
long migrations, there is a large accumulation of migratory spe-
cies in transitional rest places, which intensifies the transmission
cycle and facilitates the pathogen transmission to aboriginal spe-
cies [21].

One of the most susceptible aves to the WNV are representative
of the Corvidae family, among which the rook (Corvus frugilegus
L., 1758) is one of the most common species, not only in Ukraine,
but also in Europe and Russia. According to the Ukrainian Center
for Birds Ringing, a significant part of the rook population winters
outside Ukraine, with birds from the northern and central regions
wintering mainly in central Europe and birds from the south win-
tering in southern Europe (Figure 1) [22].

Eastern rooks that naturally breed in Astrakhan region are also
known to winter in the territory of Ukraine (Figure 2). Together
with the Volgograd and Krasnodar, Astrakhan region are the most
well-known endemic territories of WNV in Russia [23,24]. Accord-
ing to visual observation data, birds born in Ukraine have been
found in countries with endemic status on WNF [22]. Therefore,
every year birds may fly hundreds of kilometers during seasonal
migrations and introduce the pathogen from the territories with
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Figure 1: Spatial distribution of Ukrainian rooks
during wintering season abroad [22].

Figure 2: Spatial distribution and flyways of eastern rooks
during their seasonal migration [22].

a stable enzootic cycle of WNV to territories were WNV has been
never found.

Despite the fact that WNF has been known in Ukraine since
1970s, official statistics were only launched in 2006. To date, 118
cases have been officially recorded in Ukraine (including: 56 cases
(1 of which were lethal) in Zaporizhzhia region, 39 in Poltava, 16
in Donetsk, 3 in Mykolayiv and 1 in Zhytomyr, Kharkiv, Kherson
and Cherkasy regions). Also, an investigation on seroprevalence in
Ukrainian horses revealed a high rate (13.5%) of specific antibod-
ies to WNV [2].

The analysis of the geographic distribution and the number of
cases of WNF in certain regions of Ukraine suggests a connection
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Figure 3: West Nile fever cases among Ukrainian regions.

between the territories with dense human cases (Zaporizhzhya,
Donetsk and Mykolaiv regions) and with the Black Sea migration
flyway, which connects Volga river delta (Russia) with Danube
river delta (Romania) (Figure 3). Since 1996, both territories have
been characterized by high rates of human morbidity of WNF [2].
While birds represent a significant mechanisms for WNV disper-
sal, previous clinical and pathological findings also confirm birds
mag succumb to acute neurological disease from infection for
WNV lineages with pronounced neuroinvasiveness capability [34].

Phylogenetic relationships

Based on published reports, the population structure of WNV
is classified by five genetic lineages that approximate their geo-
graphical isolation [1,25]. Lineages associated with prominent
outbreaks in humans include lineages 1, 2, and 5 [25-29]. Lineage
1 displays broad geographical distribution and is composed of two
clades from distinct geographical regions [30,31]. Clade 1a is com-
prised of isolates from Africa, Europe, the Middle East, while clade
1b is the Australian Kunjin virus (KUNV). Endemic WNV lineage 2
isolates in sub-Saharan Africa and Madagascar and have been as-
sociated with sporadic zoonotic outbreaks [30,32,33].

In Europe, WNV lineage 2 strains have been associated with
outbreaks in humans and birds [34]. This lineage is believed to
have emerged in Africa and subsequently became established in
Europe where it has become endemic in multiple regions [35]. To
date, limited genome sequences or WNV from Ukraine are avail-
able. The genotype of the single avian Ukrainian isolate from 1980
(Genbank accession: JX041631) falls within the Lineage 2 clade
and appears intermediate between European isolates and a sepa-
rate assemblage comprised of two African strains and a single iso-

34

late from Romania (Figure 4). Two WNV genotypes isolates from
mosquitoes in the Czech Republic comprise Lineage 3 and have
been experimentally shown to infect only mosquito and mosquito
cell lines [26,36]. Lineage 4 is represented by isolates present in
Russia [23,37] while lineage 5 includes isolates from India and was
previously designated clade 1c within lineage 1 [25,27,38]. More
diverse WNV lineages include Koutango virus isolated in Africa as
well as a set of isolates from Spain, Malaysia, and a Senegal [29,39-
41].

Figure 4: Phylogenetic relationships among
global WNV relatives.

Conclusion
Favorable climatic conditions, water resources and a large num-

ber of bird migratory routes create optimal conditions for circula-
tion of the WNV in Ukraine. Rooks that were born in Ukraine and
regions with enzootic cycles were also identified in countries with
a persistent circulation of the causative agent, including Greece,
Bulgaria, Romania, Hungary, the Czech Republic, Austria, France.
Such potential transmission links between Ukrainian territories
and neighboring European regions where seasonal migrations of
WNV-susceptible rooks (Corvus frugilegus) occur, suggest that the
introduction of the pathogen to Ukraine occurs from these terri-
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tories via seasonal migratory bird routes. Enhanced viral surveil-

lance and serologic diagnosis of WNF in Ukraine is therefore war-

ranted and remains an essential measure for a clear understanding

of the current epidemic situation and the prediction of possible
WNV outbreaks in the future.
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