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ABSTRACT

West Nile fever (WNF) is an acute viral, natural foci infectious disease with a zoonotic
mechanism of transmission. WNF has a high incidence in countries with a temperate climate
in the summer-fall season. The causative agent is West Nile virus (WNV), which belongs to the
Flavivirus genus of the Flaviviridae family. WNV was first isolated in the West Nile district of
Uganda in 1937 from the blood of a native Ugandan woman. Several sporadic cases were then
reported in Israel, Egypt, India, France, and South Africa from the 1950s to 1980s. However,
WNYV became a global public health concern after introduction of the virus in New York in
1999, which consequently led to its massive spillover across almost all of the United States,
Canada, and Central America. In the 1990s, several significant outbreaks of WNF also occurred
in Russia. The virus currently circulates in almost all countries of the African continent, Asia
(mainly on the Hindustan subcontinent), Israel, and Europe. In Kazakhstan, WNF cases have
mainly been reported in territories bordering Russia and in some areas of the Turkestan oblast.
Birds serve as amplifier hosts, and mosquitoes, mainly of the genus Culex, are the primary
vectors. Human and horses are the dead-end hosts of the virus. The clinical manifestations of
WNYV infection in humans range from asymptomatic illness to encephalitis, leading to various
neurodegenerative diseases. This article reviews current data on the biology, epidemiology,
ecology, geographical distribution, virology, pathology, structure, and genome characteristics
of WNYV, as well as the main laboratory diagnosis methods and further research priorities.
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INTRODUCTION

West Nile Virus (WNV) is a neurotropic hu
man pathogen that causes West Nile fever (WNF)
and encephalitis. WNF is characterized by fever, se
rous inflammation of the meninges (very rarely - me-
ningoencephalitis), systemic lesions of the mucous
membranes, lymphadenopathy and, less commonly,
a rash. WNV is classified in the serocomplex of Jap
anese encephalitis of theFlavivirus genus, the fami
ly of Flaviviridae , and is one of the most significant
flaviviruses worldwide. TheFlavivirus genus of the
tamily Flaviviridae consists of more than 70 viruses,
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most of which are arboviruses, i.e. viruses transmitted
through biological transmission by susceptible verte

bral blood-sucking arthropod carriers. In most cases,
the transmission of infection is carried out through
the bite of a carrier - a mosquito or a tick, which -al

lows to divide flavivirus infections into those trans

mitted by ticks or mosquitoes [1-4].First described in
1937 during a case of febrile illness in Uganda, WNV
caused infrequent outbreaks, usually associated with
mild febrile illness, from the 1950s to the 1980s in Is-
rael, Egypt, India, France and South Africa. The first
outbreak of neuroinvasive disease caused by WNV
was recorded among elderly people in Israel in 1957
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[3-4]. Subsequent outbreaks included cases of neuro-
invasive WNV disease in adults and children [5-8, 9].

Since mid-1990s, the frequency, severity, and
geographic range of WNV outbreaks has increased,
and outbreaks of WNM meningitis and encephalitis,
affecting mostly adults, have occurred in Bucharest,
Romania in 1996, Volgograd, Russia in 1999, and Is-
rael in 2000 [10-13]. WNYV crossed the Atlantic and
reached the Western Hemisphere in the summer of
1999, when an accumulation of patients with-en
cephalitis was recorded in the metropolitan area of
New York State, and within 3 years the virus spread
to most of the US states and neighboring countries,
Canada and Mexico [8-9]. In addition, WNV was
also detected in Central and South America as a re
sult of field surveillance studies, suggesting a poten-
tial risk of an outbreak in humans [8-9, 14-16].

The first epidemic outbreak of West Nile fever
in Russia was established in 1999 (in the Astrakhan,
Volgograd oblasts and Krasnodar region), when 560
laboratory-confirmed cases were recorded [17-18].
In 2010, there were repeated outbreaks of WNF in
the same regions with 510 cases. Over the 14-year
period (from 1999 to 2013), the expansion of the
WNEF distribution area was established. In total 2316
cases of WNF were detected, including 1253 in the
Volgograd oblast, 544 in the Astrakhan oblast, 212 in
the Rostov oblast, 104 in the Krasnodar region, 103
in the Voronezh oblast, 39 in Lipetsk, 39 in Saratov,
18 in Samara, 5 in the Belgorod [10-11,17, 19]. Over
the 77 years since its discovery, the virus had spread
in a vast region of the globe and is currently consid-
ered as the most significant causative agent of viral
encephalitis in the world.

The first laboratory-confirmed data on WNV
circulation among people in Kazakhstan were eb
tained in 1972 in the Kyzylorda oblast. To date, stud -
ies of WNF in Kazakhstan are single, they were con-
ducted only in the West Kazakhstan and Turkestan
oblasts and are mainly aimed at studying the vectors
of the WNV, screening healthy population for IgG
antibodies against WNV [20-22].

Factors of relevance of problems associated with
WNYV are the possibility of WNV transfer by migra-
tory birds, their ability to replicate in new species of
mammals, and rapid adaptation to natural condi
tions, which ensures the establishment of new nat
ural foci of West Nile fever, in which the population
living in this area is also involved [1-2,8-9].

Given the expansion of the WNF distribution
boundaries, the registration of large outbreaks in

the border areas with Russia (Volgograd, Astrakhan,
Saratov oblasts), incomplete data on the WNF in Ka -
zakhstan, the lack of sanitary and epidemiological
surveillance of this infection in Kazakhstan, the lack
of virus-specific drugs, modern effective methods
of treatment, and often the prevention of diseases
caused by WNV, there is a need for more in-depth
scientific research in this area [10-11,22].

The purpose of this review article is to pres
ent and summarize recent data on the structure of
the genome, genetic characteristics, epidemiology,
transmission and infection of people, virology as
well as diagnostic methods. We discuss and analyze
the data collected and presented over the past de
cade, and present future research directions.

Epidemiology, ecology and distribution of
West Nile virus

West Nile Virus is an etiological agent of WNE
Invertebrates and vertebrates are reservoirs of WNV
in nature, among which migratory birds are of great
importance in its distribution. In the enzootic trans-
mission cycle, WNV circulates between birds and
mosquitoes of the genu€ulex , but sometimes it
can infect humans and some vertebrates and lead to
death (figure 1) [1, 8-9].

WNYV was repeatedly, in various areas, isolated
from birds of various families and orders. Birds are
of primary importance in the circulation of the West
Nile virus due to their ability to develop high titers of
viremia in the blood, sufficient to infect mosquitoes.
Experimental studies conducted in 2003 by research -
ers from Omsk on the infection of birds of various
orders and families allowed to identify several spe
cies that are particularly susceptible to WNV (23-
24). For example, high titers of viremia develop in
birds of families Corvidae, Laridae and Charaiidae,
and then birds of familyColumbidae , Strigidae and
Picidae come with lower titers. The most important
for WNV circulation in the U.S. and other countries
are blue jay Cyanocita cristata),common grackle
(Quiscalus quiscula), house finch (Carpodacus mex -
icanus), American crow Corvus branchyrhynchos ),
and house sparrow (Passer domesticus) [25].

In Russia (Volgograd, Astrakhan oblasts) from
birds of the anthropogenic complex of great-epi
demiological importance as carriers of WNV are
corvids and pigeons, the high number of which in
settlements can lead to infection of synanthropic
mosquitoes which infect humans. It should be noted
that birds play the role not only of the WNV reser-

29



Reviews

voir, but also as its carriers (vectors) over long dis

EnZOOth
cycle
Fecal-oral

transmission

tances during the migration season [23-24].

Transfusion/
transplantation

'

//

Epidemic

e

Epizootic r

Fig. 1. Transmissive cycle of West Nile virus.

Mammals (wild and domestic animals) do not
play a significant role in maintaining the circulation
of WNYV, since the titers of viremia developing in
them are insufficient to infect mosquitoes. Among
domestic animals, only horses exhibit severe clini
cal symptoms in the form of a fever with symptoms
of meningoencephalitis and frequent death. Marsh
frogs (Rana ridibunda), common brown lemurs (Le-
mur fulvus), hamsters, fox squirrels Sciurus niger),
eastern gray squirrelsS¢iurus carolinensis ), east
ern cottontails §ylvilagus floridanus ), and eastern
chipmunks (Tamias striatus) have been reported to
develop viremia levels expected to support vector
transmission [26-29].

The main vectors of the West Nile virus are
blood-sucking mosquitoes, and in some casesir -
gasidae and Ixodidae ticks. Mosquitoes of at least 43
species of 11 genera are of primary epidemiological
importance. Mostly theCulex genus, in rare cases
mosquitoes of genera Anopheles and Aedescan be a
vectors of WNV, but their role in WNV circulation
needs to be better evaluated [8-9, 26, 30-32].

In various ecosystems, different mosquito spe
cies have varying significance in epidemiology and
epizootology. Some species of mosquitoes feed on
the blood of birds only (C. pipiens, C. restuans), pro-
viding the circulation of the virus in natural and an-
thropogenic biocenoses, others C. salinarius ) feed
on the blood of birds, mammals (including humans)
and are therefore epidemiologically significant vee
tors. In the largest epidemiological outbreaks of WNF
worldwide, the following mosquito species played a
major role as WNV vectors: in Romania in 1996 -
Culex pipiens mosquitoes, in Eqypt, South Africa
and Israel - C. univittatus, in France -C. modestus ,
in India and Pakistan - C. vishnui, C. quinquefascia
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tus, C. fatigans, in Russia - C. modestus and C. pipi-
ens [8-9, 26, 30-32]. According to the literature, the
mosquito fauna in Kazakhstan, within Mangystau,
Atyrau, Aktobe and West Kazakhstan oblasts, is rep-
resented by 25 species. In the landscape and climatic
zones of these areas, mosquitoes of four genera can
be potential vectors of the WNF virudnopheles
(A. maculipennis, A. hyrcanug, Aedes (Ae. vexans),
Ochlerotatus . caspius, O. dorsalis, O. cantans,
O. detritus, O. subdiversus and Culex (C. modestus,
C. pipiens, C. pusillus) [20].

The pathogen of West Nile fever has been repeat -
edly isolated from Ixodidaeand Argasidae ticks, con-
firmed by numerous field and experimental studies.
For example, this virus was isolated in Egypt from
Argas hermanii ticks collected in winter [8].

West Nile Fever is a sporadic, natural foci is
ease. Anthropogenic transformation of the biosphere,
epizootics among domestic or synanthropic animals,
which, in turn, develop after epizootics among wild
animals, climatic changes that have a complex and
often ambiguous effect on the areas of the infectious
diseases> spread and intensity of the epidemic process,
are some of the main causes of the occurrence of an
hmal epidemiological situations related to WNE
abnormally warm years, seasons, individual months,
favorable conditions are created for a sharp increase
in the prevalence of vector-borne infections. Regional
climate changes, especially temperature increase and
precipitation, affect a diverse set of physical and bie
logical systems of vectors that determine the epidemi -
ological situation of WNV [8-9, 26].

WNV was first isolated in 1937 in a West Nile
province in Uganda from a patient with mild fever,
and thus had been known in the Old World for over
60 years before it crossed the Atlantic [3, 8-9]. For
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many years after describing WNV, sporadic morbid-
ity and small outbreaks of WNV have been reported
in Africa, the Middle East and Asia [33-34]. The first
significant outbreaks of WNF were recorded in 1950-
1954 and in 1957 in Israel, as well as in 1974 in South
Africa, with infection of about 3,000 people. No lethal
cases were reported during these outbreaks. Cases of
WNV-induced meningoencephalitis were first -ob
served in 1957 during an outbreak in Israel (among
elderly patients), and later in India (among children)
with fatal outcomes. In 1951, WNV was also isolated
in Israel from a febrile sick child [35]

Since the 1990s the nature of the pathogenicity
of epidemic outbreaks of WNF has sharply changed
in an unfavorable direction. In 1994, an outbreak
occurred in Algeria, during which about 50 cases
of the disease were recorded with 8 deaths. A sub
sequent outbreak of WNF was recorded in Europe,
Romania in 1996, with high level of mortality (about
9%). In 1997, Israel experienced a major epizooty
of WNF with acute neurological manifestations on
a goose farm, which led to high mortality of birds.
Among people, a WNF epidemic occurred in 2000,
although as early as 1999, two fatal cases of WNF
were recorded. In total, in 2000, 417 confirmed cases
of WNF were registered in Israel, and half of cases
were characterized by lesions of the central nervous
system (encephalitis). The mortality rate was,-ac
cording to various sources, from 8 to 14%. In 1999,
almost simultaneously, outbreaks of WNF occurred
in southern Russia and in New York, USA, with a
similar mortality rate. It should be noted here that
until 1999 the American continent was free of the
virus. However, a year later, a focus appeared in Flor-
ida, and by 2003-2004 almost the entire territory of
the USA, South Canada and Latin America became
endemic with a high incidence and mortality rate for
this infection. According to the Centers for Disease
Control and Prevention, between 1999 and 2008
about 29 thousand people were infected and became
ill, 1124 of them died in the US. The maximum in
cidence was noted in 2003 - 9862 confirmed cases
in the USA, 24 of them were fatal, in Canada -1335
cases, of which 10 were fatal. In 2006, WNV was dis -
covered in Argentina [1-2, 8-15, 26].

In Russia, the sporadic incidence of WNF has
been recorded since the mid-1960s. In 1991-1996,
when the incidence was sporadic in nature, in the
Astrakhan oblast 10 cases of WNF were recorded.
In 1999, about 600 cases were confirmed, and in
addition to the Astrakhan oblast, for the first time,

patients were also registered in the Volgograd oblast
and in the Krasnodar region. Later, the incidence of
WNF was recorded in 2001-2002, but on a smaller
scale [9-11]. A new limited outbreak of WNF was
noted in the Astrakhan oblast in 2005 (about 70 cas-
es of the disease).

Until 1999, the area of WNV was limited to the
eastern hemisphere. However, now its area covers
vast territories within the equatorial, tropical and
temperate (southern part) climatic zones in Africa,
Europe, America, Asia, Oceania and Australia.

The trend of a gradual increase in the incidence
of WNF in the European Region, which began in
2015 (130 cases), in 2017 (203 cases) led to a signifi-
cant increase in the incidence [36]. According to the
data of the European Center for the Prevention and
Control of Diseases, in the countries of the European
Region, 2056 cases of WNF with a mortality rate of
8.6% were registered in 2018, of which:

- in countries of EU there were 1499 cases, in
cluding Italy - 577 cases (45 lethal), Greece - 309 (47
lethal), Romania - 277 (42 lethal), Hungary - 214 (1
lethal), Croatia - 53, France - 25, Austria - 20, Bul
garia - 15 (2 fatal), Slovenia - 3, Cyprus - 1 case;

- in countries bordering the EU there were 577
cases of WNV infection, including in Serbia 415 (35
deaths), Israel 128, Kosovo 14 cases with 3 lethal.

On August 22¢29, 2019 EU Member States re
ported 52 human cases in Greece (38), Romania (7),
Hungary (4), Cyprus (2) and Bulgaria (1). Addition-
al four cases were reported in the EU neighbouring
Serbia. All human cases were reported from areas
that have been affected during previous transmis
sion seasons. That week seven deaths were reported
in Greece [36].

Thus, in the countries of the European region,
in particular, in the countries of the south of Europe
and the Mediterranean (Greece, Italy, Romania, Ser-
bia, Israel), there has been a significant increase in
the number of registered cases of WNE

According to the U.S. Centers for Disease Con
trol and Prevention, there has been no upward trend
in the incidence of WNF in the North American
continent over the past 5 years (2014 - 2205 cases,
2015 - 2175 cases, 2016 - 1938 cases, 2017- 1984cas-
es, 2018 ¢ 2204 cases). In general, the incidence did
not exceed the level of the epidemic situation in
2012, when 4249 cases were recorded [37]. Accord
ing to the reports of the Public Health Agency of
Canada over the past five years, in Canada there has
been a tendency to an increase in the incidence of
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WNF (2015 - 80 cases, 2016 - 104 cases, 2017 - 200,
2018 - 340) [38].

In the season of 2018 on the territory of the
Russian Federation (RF), the manifestation of WNF
was characterized by the intensification of epidemic
processes in endemic territories and cases of WNF
infection were recorded in the following regions: in
Volgograd - 28 cases, Rostov - 25 cases, Astrakhan -
9 cases and the Krasnodar region - 3 cases.

Practical interest in WNV in Kazakhstan is
caused by an increase in the incidence of WNF in
the Caspian region of the Russian Federation, where
it has been registered since 1967 and the difficult
epidemic situation in the world for viral infections.
West Nile virus in Kazakhstan for the first time was
isolated fromHyalomma anatolicum ticks, which
were collected from cows in the Saryagash region
and from the internal organs of the blue roster bird
in 1974 in the Otyrar district of the South Kazakh
stan oblast. WNV is not an endemic disease on the
territory of Kazakhstan, however, specific antigens
in ticks and antibodies to the WNF virus have been
recorded in people in different years. For example,
a random serological examination of the population
of border settlements of the West Kazakhstan region
found that 5.4% of people (1135 blood serums sam-
ples from rural residents) have specific antibodies
to the WNF virus in the blood, which confirms the
circulation of the WNV in the local mosquito pop
ulation [20]. According to the data for 2019, anti
bodies to WNV were also detected in 7 regions of
the Turkestan oblast (Otyrar, Baidibek, Maktaaral,
Saryagash, Sairam, Tolebi and Tulkubas regions) ¢
51 positive samples from 475 serum samples. Also,
over the past 4 years in Almaty (Almaty region),
there has been an increase in cases of the incidence
of serous meningitis (in 2014 there were 25 patients,
in 2015 - 47,in 2016 - 59, for 7 months of 2017 - 52).
The etiological factor of these serous meningitis has
not been established [39].

Pathogenesis and clinical manifestations

The classic model for studying the pathogenesis
of WNF is newborn and adult mice of several lines
and other rodents. After an infected mosquito bite,
WNYV infects keratinocytes and Langerhans cells [2,
8-9] which migrate to lymph nodes resulting in a
primary viremia. Then the virus disseminates to kid -
ney and spleen where a new replication stage occurs,
in epithelium cells and macrophages respectively [2,
9, 26]. Depending on the level of viremia, the peak
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of which comes at day 3 post inoculation in mice, the
virus may cross the blood-brain barrier (BBB) and
enter the central nervous system (CNS), causing me -
ningo-encephalitis. WNV infects neurons in various
parts of the CNS causing loss of structure, degener-
ation and cell death. West Nile virus, like other fla
viviruses, is cytolytic and causes apoptosis in many
cells, including neurons. Several in vitrostudies have
shown that the expression of individual viral pro
teins - capsid or NS3 - also causes Casp9-dependent
apoptosis. [40].

Flaviviruses (WNYV, Japanese encephalitis virus,
Dengue virus, etc.) disrupt the cellular mechanism of
induction of IFN-dependent genes by acting on the
activation of signaling transcription factors STAT [2,
26]. Non-structural proteins of flaviviruses NS2A,
NS2B, NS3, NS4A, NS4B and NS5 act as antago
nists of IFN signals. These viral proteins interact with
the tyrosine kinases Jakl and Tyk2, preventing their
phosphorylation. The block of activity of the IFN ae
tion system caused by flaviviruses at the stage of signal
transmission to antiviral cell genes provides the nee
essary conditions for viral reproduction [1-2, 8-9, 26].

WNV is able to successfully infect a wide variety
of animal cell lines, including mammalian, bird, and
insect cells, which is apparently ensured by the abili -
ty of the virus to bind to many highly conserved cell
receptors. Such relatively wide tropism, apparently,
contributes to a wide range of clinical manifestations
of WNE

Infection of WNV in people occurs mainly
through bites of mosquitoes of various species, -al
though cases of infection during blood transfusion,
breast-feeding, organ transplantation, etc. are also
described. Human infection with WNV can have
various manifestations - from asymptomatie in
fection or mild fever to the development of severe
forms of encephalitis and meningoencephalitis with
a mortality rate of up to 12-14%. Most human-in
fections with WNV ¢80%) are asymptomatic, and
symptomatic infections may vary from flu-like mak
aise to serious neuroinvasive diseases, for which
there is no specific treatment. Less than 1% of hu
man infections progress to severe disease, for which
the most frequently reported risk factors include
age, immune suppression, and chronic medical con-
ditions including but not limited to hypertension,
diabetes, and chronic renal failure [8]. WNF disease
starts acutely with an increase in temperature to
38¢40°C, develops a general intoxication syndrome,
which manifests itself as severe headache, nausea,
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vomiting, myalgia, arthralgia, weakness and gas

trointestinal symptoms. For this period, pain in the
eyeballs is characteristic, scleritis and conjunctivitis
are often observed. In some cases, a rash and hepato -
splenomegaly are noted. The rash is predominantly
seen in younger patients. Among lesions of the ner-
vous system, benign serous meningitis is more often
observed, less often - encephalitis. West Nile fever
manifests itself in the following forms: febrile form

meningial form, and meningoencephalitis [2, 9].

WNEF virus structure and genome organization

Like most flaviviruses, the WNV represents a vi -
rion of spherical shape 50 nm in size. It has a distinct
nucleocapsid, which is located in the center of the
virus (about 30 nm in size) - this is a complex of pro -
tein C (capsid proteins) with nucleic acid. A mem
brane protein M (membrane) and surface protein E
(envelope) are interspersed in the lipid membrane.
The exodomains of envelop (E) protein dimers lie
close to the outer surface of the virion membrane
and are positioned head-to-tail. The membrane (M)
protein contains two membrane spanning domains
and a short ectodomain [9, 26, 41-42]. The E proteins
encoded by most strains of WNV are glycosylated at
a single N-linked glycosylation site (residue 154).

The genome of this virus is a ribonucleic acid with
a length of approximately 11 thousand bases. This #i
bonucleic acid is also messenger RNA, i.e. +RNA, and
it synthesizes a long polypeptide chain with a length of
about 1000 amino acids. There are about 100 non-cod -
ing nucleotides at the 5> end of this genomic RNA, and

5'UTR 3'UTR
C |PrM|E |NS1|2A |2B|NS3|4A|4B|NS5
. N -

S\
non - structural

g
structural proteins
Fig. 2. WNV genome organization: the viral genome is
represented with one ORF encoding 3 structural and 7
non-structural proteins.

The viral nonstructural proteins are responsible
for regulating viral mechanisms of transcription, trans -
lation and replication and attenuate host antiviral re
sponses. Protein NS1 functions as a co-factor for viral
RNA replication, and this protein is the only protein
secreted in blood serum of infected patients. Protein
NS2A is associated with RNA replication and-sup
pression of IFN-beta transcription. NS3 protein has
protease and helicase functions and in combination
with NS2B protein has an important role in post-trans -
lational cleavage of the viral polyprotein, releasing the
structural and non-structural viral proteins required
for replication of virus and virion assembly. NS5 acts as
a major enzymatic component of the viral replication.
The NS4A functional role has not been sufficiently in
vestigated, although evidence suggests that this protein
functions as an florganizerth of flaviviruses replication
complex [2, 9, 41-42].

WNV has the ability to replicate in various cell
cultures of mammalian, avian, amphibian and insect
tissues. Flaviviruses enter the cell by endocytosis me
diated by the receptor interaction of the host cell mem-

400 to 700 at the 3> end. The 5>-end of the WNF virus brane protein with the viral envelope protein (due to

genome contains the so-called flcapthi or methylated nu-

cleotide, and there is only a small polyA sequence at

co-receptors such as DC-SIGN and DC-SIGN-R, DIII
RGD/RGE, Rab5GTPase and Laminin Binding Pro

the polyA-end. The 3> and 5> end of the genome fold tein and others). Inside the endosome, under the in

into RNA secondary structures that are conserved
among different flaviviruses even though the majority
of the nucleotides composing these structures are not
conserved. Proteins C dimers and RNA binding do
mains are located at the C- and N-ends and separated
by a hydrophobic region. The bi layered lipid envelope
of the virion contains 180 molecules of E and prM/M
proteins organized into prM-E heterodimers. The
transition from immature to mature forms of the vi
rion is characterized by the structural change, rotation
and rearrangement of the prM-E heterodimers [41-42]

The viral genome encodes three structural pro
teins (C, prM/M and E) and seven non-structural pro-
teins (NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5)
(figure 2).

fluence of the interaction of receptors and/or acidic
pH, the process of conformational change of the viral
envelope glycoprotein E starts, as a result of which the
fusion peptide, previously located inside the protein, is
brought out and inserted into the lipid membrane of
the endosomal vesicle. After this, the fusion of the viral
and endosomal membranes occurs, as a result of which
the viral nucleocapsid opens and relocates in the cyto
plasm of the host cell. It is assumed that fusion peptide
plays a key role in the process of fusion of membranes,
while it is possible that there are other factors that en
sure the interaction of lipid bilayers [41-44].
Replication, or reproduction, of the WNV- oc
curs in the cytoplasm of cells, and the assembly takes
place in the endoplasmic reticulum, from which the
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virus then secretes from the cell by exocytosis- Ge
nome translation leads to the formation of a predeces
sor-polyprotein (3400 amino acids), from which, due
to co-and post-translational cleavage by cellular and
viral proteases, individual viral proteins (structural and
non-structural) are formed. Structural proteins are fur-
ther responsible for the formation and assembly of the
virion, and non-structural proteins are responsible for
the replication of the viral genome. Replication of the
viral genome is carried out during the processing of
non-structural proteins and carried out in two stages.
At the first stage, a negative RNA chain that is comple
mentary to the original + RNA of the viral genome is
formed. This negative chain is preserved and used as a
matrix for the production of new +RNA chains. RNA
synthesis is carried out by a replicative complex, which
consists of viral and cellular proteins. The main role in
this complex is played by the NS5 protein. The mech
anism of viral RNA synthesis has not been studied in
detail yet. However, it is known that a significant role in
this process is played by the interaction of some conser-
vative structural elements of viral RNA located at the 5>
and 32> ends. The formation of mature structural viral
proteins and the assembly of the virion occur in sev
eral stages, with the formation of intermediate protein
complexes and immature viral particles. After matura-
tion, the virions flbud oft ffi from the cell, being released
into the extracellular medium by exocytosis. It is also
important to mention that, according to some studies,
the mixture of fully mature and immature virions can
initiate infection [1-2, 41-44].

Phylogenetic classification and genotypes of
WNV
West Nile Virus is a member of the Flaviviridae

Flaviviridae
Pestivirus l :
Hepacivirus
Tick-borne Yellow fever virus

encephalitis virus

\

i

family of single-stranded RNA viruses with linear
non-segmented genomes. More than 58 members
belong to the Flaviviridae family, whose name comes
from the word flflaviffy Latin for flyellowfli because one
of the most famous flaviviruses is the Yellow Fever
Virus. This family currently consists of 3 genus: the
first genus is Flavivirus, the second genus is Pestivirus,
and the third genus iflepacivirus . Pestivirus genus
consists of 4 viral species that cause important animal
diseases: Bovine Viral Diarrhea Virus type 1 and 2,
Border Disease Virus and Classical Swine Fever Virus.
The only member of the Hepacivirus genus is Hepati-
tis C virus. The Flavivirus genus is the largest with at
least 53 species divided into 12 serologically related
groups. Nowadays 4 serocomplexes are the most com -
mon and significant in the world: tick-borne enceph-
alitis serocomplex (4 species: POW ¢ Powassan virus,
LGT ¢ Langat virus, LI ¢ Louping ill virus, TBEV ¢
tick-borne encephalitis virus); Yellow fever virus se
rocomplex, which is represented by one branch, this
is due to the fact that the virus is not very variable,
and all its varieties fit into this one branch; 5-branch
Japanese encephalitis serocomplex (West Nile fever
virus, Kanjin virus, Murray Valley encephalitis virus,
Japanese encephalitis itself and St. Louis encephalitis
virus); and the last Dengue fever virus serocomplex (4
varieties of Dengue virus 1, 2, 3 and 4).

Of these, the Japanese Encephalitis Virus (JEV)
group (8 species) is the one with the most human-as -
sociated disease viruses; Japanese Encephalitis Virus,
Sndaplis Encephalitis Virus, Murray Valley
alitis Virus and West Nile Virus are four members of
the JEV group that have been associated with wide
spread human and animal disease outbreaks (figure

12,9, 41
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Based on phylogenetic classification, WNV Laboratory methods for diagnosis of WNV
strains are divided into seven major genetic lineag infection
es [46]. Human diseases have been associated with Diagnostics of West Nile virus can be carried

lineages 1 and 2. Lineage 1 is the most widespread, out using a number of different tests: enzyme-linked
containing isolates found in Europe, North Ameri immunosorbent assay (ELISA) using immobilized
ca, Asia, Africa and Australia. This linage is further IgG antibodies, neutralization analysis, virus detee
sub-classified into 1a, 1b and 1c. la is found mainly tion by reverse transcription polymerase chain reac-
in Africa, Europe, North America (NY99 strain) and tion, cell isolation by cell culture, etc. [1-2, 8-9, 26].
Asia and is further divided in six evolution clusters Laboratory diagnosis of WNV is in most cases
[46]. 1-b contains the Australian Kunjin virus. A third serological, ELISA assay is performed for the-de
clade 1c which contains Indian isolates (one from a tection of IgM and IgG antibodies against WNV in
bat and other from a human) is now classified as Lin-  serum and CSF samples. At the same time, caution
ganedge 2 strains are mainly distributed is advised for ELISA diagnosis because of the high
in Sub-Saharan Africa and Madagascar, but in the last  degree of cross-reactivity among flaviviruses, and it
decade they have been found in Europe (Hungary, is recommended to perform neutralization or other
Italy and Greece) and Russia. Lineage 3, also known serological tests for confident determination of etiol -
as Rabensburg virus, contains a strain circulating in  ogy of disease. Other serological assays include im
certain Culex and Aedes mosquito species in southern =~ munofluorescent antibody assay (IFA), microsphere
Moravia, Czech Republic, Austria, not known to be immunoassay (MIA) and confirmatory plaque e
pathogenic to mammals. Lineage 4 is represented by duction neutralization test (PRNT).
a strain isolated from Dermacentor marginatus ticks The detection of WNV can also be performed
from Caucasus [48]. Lineage 6 contains Sarawak Kun - using PCR methods. WNV RNA may be detected
jin virus and isolates fronC. pipiens mosquitoes in  for an average of up to four days before the detection
southern Spain, while lineage 7 consists of the African  of IgM antibodies. WNV RNA is difficult to detect in
Koutango virus (Senegal). The lineages 4, 6 and 7 and  serum, plasma or cerebrospinal fluid due to the low
their pathogenesis in mammals (human) are ques or absent viremia and, thus, it was recently demon
tionable and require further deep studies. strated that WNV RNA can be detected in urine
Quantitative evaluations of the nucleotide di  samples at higher load for a long period of time com -
vergence between the listed genotypes of the WNV  pared to plasma and cerebrospinal fluid [49-50].
varies within 20-25%, and within individual geno There are several commercial PCR kits available
types - 5-15%. In general, a particular genetic line now: Roche diagnostics (Manheim, Germany) and a
correlates with the geographical distribution of the transcription mediated amplification test from No
virus. For example, cluster 1b contains only isolates vartis Diagnostics (Siena, Italy). Other PCR Kkits such
from Australia, strains from South Africa and Mada - as TagMan based on RT-PCR have been shown to
gascar belong to the second genotype, and all isolates be more sensitive. Russian analogue of RT-PCR kit
from India are combined in the fifth genotype. How - is AmpliSens WNF-L PCR test kit (Russia). Due to
ever, a complete correlation between genotypes and the fact that newly emerging WNV strains may have
their geographical distribution is not observed, and mutations, genome-wide multiple primer based re
this is apparently due to the fact that birds that carry al-time PCR quantitative assays were developed. For
the virus over long distances (to other continents) instance, in their studies Parida et al. have presented
play an important role in the circulation of WNV. new real time loop mediated isothermal amplification
An example is cluster la containing isolates of the (RT-LAMP) which has 10-fold higher sensitivity.
most diverse geographical origin (Africa, Europe, Other RT-PCR assays include newly developed
North America and the Middle East) and genotype molecular assays designed to detect all known lin
2, which includes isolates from Sub-Saharan Africa, eages of WNV. For example, the assay developed by
Madagascar, Hungary, Russia, Italy and Greece. Vazquez et al. in 2016 for the detection of all known
On the territory of the Russian Federation, the WNYV lineages and real-time PCR assay for detec
circulation of mainly three WNV genotypes was re-  tion and genotyping of WNV lineages circulating in
corded - 1, 2, and 4. Moreover, according to complex  Africa [49-50].
molecular genetic studies, genotype 1is the dominat - The WNV can be demonstrated by using cell
ing one. cultures, but these studies require biosafety level-3
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(BSL-3) laboratory conditions and cell lines such as
rabbit kidney (RK-13), pig kidney cells, mosquito
cell lines or African green monkey kidney.

Other tests used for the diagnosis of WNV -in
clude hemagglutination inhibition test, immunoblot
(western blot), microsphere immunobased assay (mi-
crofluidic system) and WNYV lateral flow assays [26].

CONCLUSION

WNYV is a re-emerging flavivirus, circulating
worldwide between birds and mosquitoes, which
impacts human and animal health. Since the mid
dle of 1990s there were several significant outbreaks
of WNV in Europe, America and Russia and now
WNYV is gaining public health importance.

Due to its geographic location and certain ci
mate conditions, Kazakhstan may be on the verge of
spreading WNV mainly from Russia - Kazakhstan>s
largest neighbor. Unpredictable situation of the West
Nile virus risk in Kazakhstan is strongly linked to the
knowledge gaps. Our knowledge on how, when and
from where WN virus is entering into Kazakhstan is
limited today. It is important to tackle questions on
WNV ecology, main vectors and WNYV strains circu -
lating currently in Kazakhstan. Major factors which
lead to WNV amplification and its distribution on
the territory of Kazakhstan are also unknown. An
other important knowledge gap is the impact that
other co-circulating flaviviruses (and perhaps ar-
boviruses) may have on WNV epidemiology in Ka
zakhstan. There are also knowledge gaps in laborato -
ry-based diagnosis methods of WNV. The challenges
with diagnostics methods are associated with WNV
diversity, its ability to acquire mutations and short
time to detect WNV RNA. Characterization of ¥i
rus strain, in particular, virulence studies and ider
tification of virulence determinants demand proper
experimental animal models. Although interactions
between many cellular proteins and virus compo
nents have been identified, the functions of most of
these interactions have not been delineated yet and
also require further studies.

Currently, the lack of comprehensive epidemio-
logical data on WNV circulation in Kazakhstan, ef
tective diagnostic methods, virus-specific drugs, ef
fective treatment methods, and often the prevention
of diseases caused by WNV, explains the scientific
interest in this problem. It is necessary to intensify
research efforts for WNV studies and maintain ex
isting research capacities in Kazakhstan. This may
36

help in the design and implementation of more efft
cient and cost-effective control strategies since intro -
duction of WN virus is an ongoing risk and reality.
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TYUIH

Bbarbic Hun 6e3reri (BHB) - Oy skemes1 BHUPYCTBIK, TaOMFU-OIIAKTBHIK, TPAHCMHUCCHUSIIBIK
TapajJy MeXaHM3Mi 0ap, ka3Ja KoHe Ky3/lAe KOHbIp:KAH aliMaKTapaa TipKeJeTiH MHQeKIHAJIbIK
aypy. by aypy ko3asipreimbl — bareic Hua 0esrerinin Bupycol (BHBB)Y laviviridae TyKbIMBbIHBIH
Flavivirus tykpiMaacbiHa karaabl. BHBB aaram per 1937 xbuibl Yranpaga (barsic Hua
OKpyri) Yranga TymacbIHbIH KaHblHaH OejinreH. 1990-mb1 :kpuigapra geiin ocel Bupyc 1950-
1980 :xblLigap apaabirbinaa Mspaunbae, Erumerre, Ynaicranaa, ®@pannusiga koHe OHTYCTIK
Adpukana Gipmeme per kesgecken. Byn Bupyc Amepukxa Kypama Illtarrapbima, Huio-Hopxk
KagacblHaa 1999 xpuibl mbIKKaHbIHAH Oactan AKII-ThiH 0apablKk Jepiaik mITATTAPBIHIAA,
Kanana kone OpranblKk AMepHMKaAa KANMal TapajgyblHa JKeJIl KOHe [IeHCAYJbIK CAKTayAblH
s;kahanabIKk mpodiaemacbina ailHadabL. 1990-xkbu11apsbl Peceiine ae dipkarap manbizasl barsic Hun
Oe3rerinin Tapaysl Tipke/jaresd. Bupyc AQppuka KOHTHHEHTIHIH 0apJbIK Aepiaik eaaepinge, A3usiaa,
HeridiHeH YHAICTaHHBIH CyOKOHTHHeHTIHAe, U3panabae kone Eyponana rapanaran. Kazakcranaa
BHBB Peceiimen mexkapajaac aiiMakTapaa xdHe TypkicTan 00JbICHIHBIH Keil0ip aynanpapbiHaa
TipkeiaredH. Kycrap BHBB Herisri pezepByapiapbl skoHeCulex TYKbIMBIHBIH MacajJapbl Herisri
TachIMAJIAylIBLIAPBI 00JIBIN caHAJAAbl. AJaM MeH KbUIKBLIAP — COHFbI TAaChIMAJAAYIIbLIAPBI.
barbic Hin uHeKHUACHIHBIH adaMJAapAarbl KJIHMHHUKAJIBIK KOPIHICTEPI acHMITOMATHKAJIBIK
aypyaaH. JHuedaauTKe JeiliH, IPTYpPJi HelipolereHepaTuBTi aypyJapra Jdkejeni. bya makamnana
Barbic Hua Ge3reriniH BHPYCHIHBIH OHMOJIOTHSICHI, IMUAEMHOJIOTUACHI, TeorpausiiIbIK Tapajybl,
BUPYCOJIOTHSl, ATOJIOTHA, BUPYCTBIH KYPBIIBIMBI MEH I'€HOMbI TYPaJIbl COHFbI MJIiMeTTep, COHAAI-
aK 3epTXaHAJbIK JUATHOCTHKA JIicTepi :KIHe 01aH Jpi 3epTTey OAFBITTAPbI KAPACTHIPbLIFAH.

Herisri ce3aep: barbic Hui 6e3reri (bHB), barbic Hua 6e3rerinin Bupycosl (BHBB), macCulex,
Flavivirus, renorui.
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ABCTPAKT

Juxopagka 3anaguoro Huna (JI3H) - 9To ocTpoe BUpycHOe, IPpUPOTHO-0YaroBoe MHPeKINMOHHOe
3a6o/meBaHNe C TPAHCMNUCCUBHBIM MEXaHNU3MOM Ilepefayl, 3aperucTpupoBaHHOE B CTpaHaX C
yMepeHHBbIM KIVMAaTOM B JTeTHUI U OCeHHUIT nepuoj. Bosbyaurenem saBnagerca Bupyc 3amagHoro
Huna (B3H), xoTopbiit npuHamnexut K pogyFlavivirus cemeiicrBa Flaviviridae. B3H 6b11 BiepBbie
BbIfeneH B Yranpe (oxkpyr 3amagusni Hun) B 1937 rogy n3 KpoBY KOPEeHHOI >KUTETbHUIBI YTaH/bI.
o 1990-x rogoB 3TOT BMPYC MMel HECKONbKO CHOpagmdecKmx caydaes B lspamne, Erumre,
Nuapnn, @panpun n H0xHO Adpuke ¢ 1950-x mo 1980-e rogpl. [JaHHBI BUPYC CTal ITOOATBHOM
npo61eMoit 061IeCTBEHHOTO 3[PaBOOXPaHEH M TIOC/Ie BOSHMKHOBeHus Bupyca B CIIIA, Hpro-Mopk,
B 1999 rony, 4TO NpUBEIO K €r0 MaCCOBOMY PAacCIpOCTPAHEHNIO HA TEPPUTOPUM IOYTH BCEX IITATOB
CIIIA, Kanagp1 u llenTpanbHoii AMepuku. B 1990-x rogax B Poccun Tax:ke nponsomno HeCKOIbKO
3HAYNTENbHBIX BCObIIEK. Bupyc nupKymipyer moutu Bo Bcex crpaHax AGpHUKaHCKOro KOHTMHEHTA,
B A3uu, IMaBHBIM 00pa3oM Ha cyOKkoHTHMHeHTe VIHmocTaH, B VI3pamwre n B EBpomne. B Kazaxcrane
B3H s3apermcrpupoBaH Ha TeppUTOPHUAX, IpaHm4Yamux ¢ Poccueil, ¥ B HEKOTOpPBIX palioHax
Typkectanckoit o6nactu. IITunbl ABIAIOTCA OCHOBHBIMI pe3epByapaMH, a KOMapbl, B OCHOBHOM
poma Culex, nepenocunkamu B3H. YenoBek u nmomaau - KoHeuHble HocuTenu. KmmHmyeckme
nposasieHus nHPekuu 3anaguoro Huna y mopeit Bapbupyo0TCs 0T 6€CCMMITOMHOTO 3a00/1eBaHMs
mo sHnedannTa, IPUBOJAIIETO K pa3TNYHBIM HelipoJereHepaTUBHBIM 3a60oneBaHuAM. B aToi11 cTaTbe
PaccMOTpeHBI U MPOAHATN3MPOBAHbI MOC/IEHUE JaHHbIe 0 O6MOTOTUM, SNNAEMIOIOTUY, SKOTOTNH,
reorpa¢u4ecKkoM pacipefeneHnu, BUPYCONIOruN, NaTONOInu, CTpykrype u renome B3H, a taxxke
MeTOOB Ta0OPATOPHOJI AMATHOCTUKY U JaTbHel e IPUOPUTETHI MCCTIeTOBaHMUIL.

KnroueBbie cnoBa: muxopapgka 3anmagHoro Huna (JI3H), Bupyc 3anagnoro Huna (B3H), komap,
Culex, Flavivirus, reHOTUIL.
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