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Abstract

Introduction. The relevance of the study is due to the need to assess the real expansion of West Nile fever
(WNF) in Russia, analyze the manifestations of epizootic and epidemic processes and study the population
structure of West Nile virus (WNV).

Aim. To obtain objective data on the intensity of WNV circulation in certain territories of Russia and study the
properties of the isolated strains of the pathogen.

Materials and methods. 4564 samples of field material from 23 subjects of the Russian Federation and
1547 samples of clinical material from 12 subjects of the Russian Federation were examined. A set of laboratory
diagnostic methods was used: ELISA, RT-PCR, virological, sequencing.

Results. In 20 out of 1331 (1.5%) examined febrile patients, IgM antibodies to WNV were detected, including
positive cases identified for the first time in the Karachay-Cherkess Republic, Tver and Vladimir regions. The
presence of immunity to WNV was found on average in 8.6% of 11 federal subjects' population with high
seroprevalence rates in Zaporozhye (24,5%), Tula (15,4%) and Kursk (11,1%) regions. Low-avidity IgG antibodies
were detected in 44 (33,1%) samples from a population of 9 federal subjects. Intensive circulation of WNV lineage
2 in the epizootic cycle in the southern part of European Russia was confirmed. 12 WNV isolates were obtained,
including those isolated for the first time in the Republic of Crimea, the Karachay-Cherkess Republic and the
Stavropol Territory. The heterogeneity of circulating WNF causative agent's strains related to the two clades of
the WNYV lineage 2 formed in 2021 and 2022 was established.

Conclusions. In the course of comprehensive monitoring studies, a new northern border of the WNF range was
established, which as of 2022 passes through the territory of the Tver region. Data from seroepidemiological
studies, including the detection of low-avidity IgG antibodies, confirm fairly intense, but undiagnosed contact of
the population of the European part of Russia with the WNF pathogen. In the southern region of the European
part of Russia, WNV genotype 2 predominantly circulates, belonging to at least two clades formed in 2021 and
2022.
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N3yueHune oco6eHHOCTEN LIMPKYNALNA U CBOMNCTB
Bupyca 3anagHoro Huna B Poccun B 2022 roay

Tonopkos A.B., MytnHuesa E.B., YaoBnueHko C.K.*, bopogaii H.B.,
MonuaHosa E.B., boHgapesa O.C., AHToHOB A.C.

Bonrorpagckuii HayuHo-MccnegoBaTeNbCKUN NPOTUBOYYMHBIN MHCTUTYT PocnoTpebHaa3opa, Bonrorpag, Poccua

AHHOMauus

AkTyanbHocTb paboTbl 0bycrnoBrieHa HeOoOXOAMMOCTBIO OLEHKM peanibHOro PacnpoCTPaHEHWUst FTMXOPaAKM
3anagHoro Huna (JI3H) B Poccun, aHanusa annM3o0TUYECKOro 1 3anMaeMMYEcKoro NpoLEeccoB 1 U3yYeHns nony-
NAUMOHHOM CTPYKTYpbl BUpyca 3anagHoro Huna (B3H).

Llenb — nonyunts o6bekTMBHbIE AaHHble 06 MHTEHCMBHOCTM LUmMpKynaumn B3H Ha oTgenbHbIX TeppuTopusix
Poccumn n nsyumnTb reHeTnyeckoe pasHoobpasue n CBOMCTBA BblAENEHHbIX LWTaMMoB BO30OyauTens.

Martepuanbl u metogbl. ViccnegosaHo 4564 npoObl nonesoro matepuana 3 23 cyobektoB Poccuiickon de-
aepauun n 1547 npo6 knmMHU4eckoro matepuana us 12 cyooektoB Poccuiickon ®egepauumn. Vicnonb3oBaH KoM-
nneKkc MeTodoB NabopaTopHOWN ANarHOCTUKN: MMMYHOMEPMEHTHBIN aHanu3, monMmepasHas LenHas peakumsi ¢
0o6paTHON TPHCKPULIMEN, BUPYCOIOTMYECKNIA, CEKBEHUPOBAHNE.

Pesynbratbl. Y 20 (1,5%) 13 1331 obcnenoBaHHOro nuxopaasilero nauuneHTta BoisiBrneHsl IgM k B3H, B Tom
yncne BrnepBble B KapavaeBo-Yepkecckon Pecnybnuvke, Teepckon u Bnagumupckon obnactsx. Hanuuve nm-
MyHHoI npocronkun k B3H yctaHoBneHo B cpegHeM y 8,6% HaceneHus 11 cyObekTOB C BbICOKMMMW 3HA4YEHUAMMA
ceponpeBarneHTHoCcTM B 3anopoxckoi (24,5%), Tynbckon (15,4%) n Kypckoii (11,1%) obnactsix. HuskoaBuaHble
IgG-aHTuTENa BbiIsBNeHb! B 44 (2,8%) npobax y HaceneHus 9 cybbekTos. MNoaTeepxaeHa MHTEHCMBHASA LMPKYNs-
unsa B3H 2-ro reHoTnna B aNnM300TUYECKOM LMKIE Ha tore eBponenckon yactn Poccun. BeigeneHbl 12 nsonatos
B3H, B Tom uncne Bnepsble B Pecnybnuke Kpbim, Kapayaeso-Yepkecckoii Pecnybnuke n CTaBpononbCckoMm kpae,
n3y4eHbl NaToreHHble CBOWCTBA BMpYca AnsA 6ecnopofHbix 6enbix Mbillel ¢ onpegeneHnemM MHKy6aLnoHHoro ne-
puoaa sabonesaHus, paccunTada J1[ . YcTaHOBIeHa HeOAHOPOAHOCTb LIMPKYIIMPYIOLLIMX LUTaMMOB BO3ByanTens
JI3H, otHOCAWMXCA K ABYM knagam B3H 2-ro reHotuna, cdhopmuposBaHHbiv B 2021 1 2022 rr.

BbiBoabl. B xoae KOMMMEKCHBIX MOHUTOPUHIOBBLIX NCCNEeA0BaHNI yCTaHOBIIEHa HOBas CeBepHas rpaHvua ape-
ana J13H, kotopas no coctosHuMio Ha 2022 r. npoxoauT Ha Tepputopun TBepckon obnactu. [aHHble cepoanu-
[EeMUONOrMYecknx NccrneaoBaHunii, B TOM Yncne ¢ obHapyxeHueM Hu3koaBuaHblx IgG-aHTUTEN, noaTBepxaaT
[OCTaTOYHO MHTEHCMBHBIN, HO HE ANarHOCTUPOBAHHBIN KOHTaKT HaceneHus esponenckon Yactm Poccun ¢ Bo3by-
autenem JI3H. B 10)kHOM permoHe eBponeickon 4yactu Poccmm npenmyLlectBeHHO umpkynupyeT B3H 2 reHoTuna,
OTHOCALLMIACA KaK MUHUMYM K 2 Knagam, cdopmmupoBaHHbiv B 2021 1 2022 rr.

KnroueBble cnoBa: siuxopadka 3anadHoz2o Huna, MoHumopuHz 3a 803bydumesieM, UMMYHHasi rpocriolka,
wmammebl supyca 3anadHoeo Huna

Amu4eckoe ymeepxdeHue. VlccneqoaHve npoBoAMnock Npy A06poBONLHOM MHPOPMMPOBAHHOM COrnacuy nauu-
eHToB. [MpoTokon nccnenoBaHns ofobpeH komuccuent no uoatnke ®KY3 «Bonrorpagckuii Hay4yHo-uccnegosaTernb-
CKWUI NPOTUBOYYMHbIN MHCTUTYT» PocnoTpebHaasopa (npotokon Ne 3 ot 25.04.2022).

BnazodapHocms. Bbipaxaem bnarogapHOCTb pyKOBOAUTENSIM M COTPyAHUKaM YnpasneHuin PocnoTpebHaasopa no
cybbektam Poccuiickon Pepepaumm, LieHTpoB rurveHsl 1 anvaemuonorun B cybbektax Poccuiickon ®egepauun,
Hay4HO-MCCrefoBaTenbCKMX U MPOTUBOYYMHbIX yYpexaeHun PocnoTpebHaasopa 3a opraHu3aumio n yyactune B cbope
maTepuana Ans uccrnefoBaHus.

HUcmoyHuk puHaHcupoeaHusi. ABTOPbI 3asiBNAIOT 06 OTCYTCTBUM BHELLUHETO (PMHAHCUPOBAHMS NPy NPOBEAEHUMN UC-
cnepoBaHus.

KoHgbnukm uHmepecos. ABTOPbI AeKNapypyoT OTCYTCTBUE SIBHbIX U NMOTEHLUMAnNbHbIX KOHMUKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaunen HacTosLLEeNn CTaTbu.

Ana yumupoeaHus: Tonopkos A.B., NytuHuesa E.B., Yoosuyerko C.K., Bopogai H.B., MonyaHoBa E.B., BoHpape-
Ba O.C., AHToHOB A.C. N3y4yeHne ocobeHHOCTEN LMpKynaumMm n CBOMCTB Bupyca 3anagHoro Huna B Poccun B 2022 ro-
ay. KypHan mukpobuornoeuu, anudemuonoauu u ummyHobuonoauu. 2024;101(1):114—126.
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Introduction

The wide territorial distribution of West Nile fe-
ver (WNF) in Russia, annual registration of disease ca-
ses, including epidemic outbreaks, detection of severe
forms and fatal outcomes determine the necessity for
constant and systematic epidemiological surveillance
of this infection [1, 2]. However, the significant reduc-
tion in the volume and quality of monitoring studies
of WNF pathogen in Russia observed in recent years
makes it difficult to conduct an objective analysis of
WNF symptoms and to develop a forecast of the epi-
demiological situation. Thus, the number of examined
patients with WNF-like symptoms in 2020 and 2021
decreased by 5.7 and 4.2 times relative to the figures for
2019, and the volumes of zoological and entomological
study material decreased by 2.1 and 1.5 times, respec-
tively. During the same period, WNF pathogen markers
were detected by practical institutions of Rospotreb-
nadzor only in 3 and 7 subjects of Russia [3].

Given the above, one of the key objectives of the
Reference Center on WNF pathogen monitoring is to
conduct active reconnaissance monitoring of WNF,
which allows obtaining reliable information on the in-
tensity of epizootic and epidemic processes. Our stud-
ies conducted in 2020-2021 against the background of
a low level of officially registered WNF incidence in
Russia (10 and 6 times lower than the average annual
value, respectively) confirmed the ongoing intensive
contact with the pathogen among the population of the
Republics of Kalmykia, Crimea, Adygea, Krasnodar
Territory, Volgograd and Astrakhan regions [3].

There is a serious problem of establishing the
range of WNF in Russia, which is justified by the con-
firmation of local cases of West Nile Virus (WNV)
infection only in 26 federal subjects, while in most of
the country (48 federal subjects) only fragmentary data
have been obtained, indicating signs of immunity to the
WNYV among the population and/or detection of mark-
ers of the pathogen in zoological and entomological
material. As of 2022, the circulation of WNV has not
been confirmed in the territory of 11 federal subjects.

The study of the population structure and distribu-
tion of various genetic lines of WNYV in Russia remains
arelevant area of research. It is known that the circula-
tion of WNV genotypes 1, 2 and 4 has been confirmed
in Russia [1, 4]. A study of the genome structure of the
WNF pathogen circulating in the early 2000s in the
south of the European part of the country, the south
of Western Siberia, and the Far East demonstrated the
predominance of WNV genotype la [5-7]. Subse-
quently, circulation of WNV of two epidemically sig-
nificant genotypes — 1a and 2 with the predominance of
the latter, and genotype 4 in the southern regions was
demonstrated in a number of territories of the European
part of Russia [4, 7]. Nowadays, due to a decrease in the
volume of WNF pathogen monitoring studies, there are
only limited data on the circulation of WNV genotype 2.

ORIGINAL RESEARCHES

At the same time, the discovery in 2021 of the WNV
genotype 2 variant, which has never been found
in Russia before [3], determines the necessity to
strengthen the WNF pathogen monitoring system to
obtain information on the properties of circulating
strains, to assess their impact on the clinical picture
of the disease and specific features of the epidemic
process, and to understand the probable ways of virus
entry and spread.

The aim of the study is to obtain objective data
on the intensity of WNV circulation in certain territo-
ries of Russia and study the genetic diversity and pro-
perties of isolated strains of the pathogen.

Materials and methods

Active monitoring of the WNF pathogen in the
2022 season was conducted in 23 federal subjects of
Russia by the Volgograd Anti-Plague Scientific Re-
search Institute of Rospotrebnadzor in cooperation with
specialists from the Center for Hygiene and Epidemio-
logy, research and anti-plague institutions of Rospo-
trebnadzor. Collection of blood-sucking arthropods,
capture of small mammals and birds, preparation of
samples for examination were carried out in accor-
dance with Sanitary rules and regulations 3.3686-21,
MG 3.1.3.2600-10 and MR 3.1.0211-20. Arthropods
were pooled by species, date and place of collection:
mosquitoes — from 2 to 30 specimens, ticks — from 1
to 7 specimens.

Blood samples were collected in 11 federal sub-
jects of the Russian Federation in July—August 2022
from febrile patients undergoing outpatient or inpatient
treatment for diseases unrelated to WNF (acute respi-
ratory viral infections, COVID-19, somatic diseases,
etc.). In the Zaporozhye region, blood serum samples
of donors received from the Melitopol Regional Blood
Center in October 2022 were used. The study was con-
ducted with voluntary informed consent of patients. The
study protocol was approved by the Bioethics Commis-
sion of the Volgograd Anti-Plague Scientific Research
Institute (protocol No. 3 of 25.04.2022).

Laboratory tests were conducted at the Volgograd
Anti-Plague Scientific Research Institute, except for
material from the Zaporozhye region and the Republic
of Crimea, which was examined in the laboratory of
the mobile complex of the Specialized Anti-Epidemic
Brigade of Rospotrebnadzor. A total of 1,547 samples
of clinical material and 4,564 samples of field materi-
al (3,181 samples of mosquitoes of 28 species, 1 sam-
ple of blood-sucking midges of 1 species, 2 samples
of blood-sucking flies of 1 species, 1,373 samples of
ixodes ticks of 15 species, 10 samples of argas ticks
of 1 species, 283 samples of bird brain of 29 species,
325 samples of small mammal organs of 14 species)
were examined.

Screening of biological material samples for
the presence of WNV RNA was performed using the
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AmpliSens WNV-FL reagent kit (Central Research
Institute of Epidemiology of Rospotrebnadzor), WNV
typing — Ampligen-WNV-genotype-1/2/4 (Volgograd
Anti-Plague Scientific Research Institute).

The VectoNil-IgG and VectoNil-IgM (Vec-
tor-Best) commercial kits were used for detection of
IgM and IgG antibodies to WNV in sera. In samples
positive for the presence of IgG antibodies, the avidity
index was determined using the VectoNil-IgG-avidity
kit (Vector-Best). In cases of detection of IgM and/or
IgG antibodies to WNV in serum samples from persons
living in areas endemic for viral tick-borne encephalitis,
paired quantitative studies of antibodies to WNV and
tick-borne encephalitis virus (TBEV) were performed.
Determination of antibodies to TBEV was performed
using VectoTBEV-IgM and VectoTBEV-IgG reagent
kits (Vector-Best). In cases of a significant excess of se-
rum antibodies to WNV compared to TBEV or absence
of antibodies to TBEV, a decision was made in favor of
the specificity of the detected antibodies to WNV.

The sources of information on the number of re-
gistered WNF cases were statistical surveillance forms
No. 2 "Information on Infectious and Parasitic Diseas-
es" in the Russian Federation for 2009—2022. Informa-
tion on the level of immunity to WNV among the pop-
ulation of the surveyed territories was the reported data
submitted by the Rospotrebnadzor offices in the sub-
jects of the Russian Federation to the Reference Center,
and materials of scientific publications.

Virus isolation was performed according to the
classical protocol by infecting a monolayer of Vero cell
line with the supernatant of biological material sam-
ples in which WNV RNA was detected [8]. To achieve
sufficient infectious activity, each isolate was passaged
three times on the Vero cell line culture. The study of
pathogenic properties was carried out in relation to 22
WNV strains isolated from 2018 to 2022 from samples
of field material and stored in the working collection of
the Volgograd Research Anti-Plague Institute of Rospo-
trebnadzor (Table 1). In order to study the pathogenic
properties of these strains, mongrel white mice were
injected intramuscularly with 100 pl of ten times-pas-
saged virus-containing material. The animals were
monitored and their deaths were recorded for 21 days
after infection. The LD, was calculated using Kerber's
formula modified by Ashmarin. Statistical processing
of the data was performed using the Mann—Whitney
criterion.

Total RNA was isolated from the inactivated fil-
tered supernatant of the Vero cell line using the RNeasy
Mini Kit, RNeasy Mini Spin Columns kit (Qiagen).
Preparation of libraries for sequencing was performed
according to the method proposed by L.A. Moser
et al. [9]. Sequencing was performed on the Illumi-
na MiSeq platform (Illumina corp.) using the MiSeq
Reagent Kit v3 (600 cycle) (Illumina corp.). Sequenc-
es were assembled de novo and to the reference ge-

nome of WNV (GenBank accs. NC 001563.2) using
Cutadapt 2.9, Samtools 1.9, Bcftools 1.9, bwa 0.7.17-
r1188 and SPAdes v3.15.1 software products, combined
into pipelines using custom scripts implemented in Py-
thon 3 language. Nucleotide sequences of the complete
genomes of WNV isolates with a potential glycolysis
site identified at position N1433 of the NS2B protein
were deposited in the international GenBank database
(https://www.ncbi.nlm.nih.gov/genbank) under regis-
tration numbers OP345101, OP345085, OP345086,

OP345087, OP345088, OP345089, OP345090,
OP345091, OP345092, OP345093, OP345094,
OP345098, OP345099, OP345100, OR159869,
0Q214888, ORI159871, ORI159873, 0Q214890,
OR159872, 0Q214891.

Results

When examining 1331 blood serum samples from
febrile patients, IgM antibodies to WNV were detect-
ed in 20 (1.5%) cases (Table 2). Based on the clinical
picture of the disease and the results of laboratory exa-
mination, all patients whose sera contained IgM antibo-
dies to WNYV, indicating the acute phase of the infectious
process, were diagnosed with WNF by medical specia-
lists. WNV RNA was not detected in the tested samples.

In the Karachay-Cherkess Republic, Vladimir and
Tver regions, local cases of WNF were registered for
the first time, which allows us to speak about the estab-
lished expansion of the area of this infection.

Studies conducted by the Reference Center spe-
cialists confirmed human WNV infection in the Tam-
bov region (Table 2), where the first local case of WNF
was detected by specialists of a medical organization in
April 2022.

In the rest of the Russian regions, the incidence
was officially registered earlier. Manifestations of WNF
had an outbreak character only in the Lipetsk Region
(2012 — 35 patients) with subsequent registration of
sporadic cases in 2013 (4), 2015, 2017, 2021 (1 each),
2016 (3), 2019 (6) [10]. In Ulyanovsk Region until
2022, WNF cases were detected in 2009 (1 patient),
2012 (4); in Belgorod Region — in 2012 (5), 2013 (2),
2014 (1); in Kursk Region — in 2012 (1) and 2019 (4);
in Tula Region — in 2021 (1); in Samara — in 2012—
2014 (9 each), 2015 (4), 2016-2017 (3 each), 2019 (2);
in Zaporozhye — in 2009 (11), 2011 (5), 2012 (10),
2018 (8), 2019 (4); in Stavropol Territory — in 2012
(2), 2018 (2), and 2019 (4) [11].

The presence of immunity to WNV was found in
an average of 8.6% of the population living in the terri-
tory of 11 subjects (Table 2). The data obtained indicate
the continued contact of the population with the WNF
pathogen and the necessity to strengthen epidemiologic
surveillance activities.

When comparing the results of our studies with
the average level of immunity to WNV among the pop-
ulation of the surveyed subjects for 2009—2022, similar
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Table 1. West Nile virus strains from the collection of the Volgograd Anti-Plague Scientific Research Institute,

used in the study

Strain name
No. collection of the Volgograd Department of collectio.n of microorggnisms, S:(I)eucr’::ign Location of vector/host
Plague Control Research | State Research Center of Virology and Biotechnology
Institute VECTOR
1 Volg601/18 V-959 Culex modestus Volgograd Region
2 Volg696/18 V-960 Culex pipiens Volgograd Region
3 Volg723/18 V-961 Culex pipiens Volgograd Region
4 Volg774/18 - Culex spp. Volgograd Region
5 Volg829/18 V-962 Culex pipiens Volgograd Region
6 Volg840/21 V-1203 Culex pipiens Volgograd Region
7 Voronezh796/21 — Culex pipiens Voronezh Region
8 Volg701/21 V-1202 Culex pipiens Volgograd Region
9 Astrahan962/21 - Culex modestus Astrakhan Region
10 Rostov 362/21 - Corvus frugilegus Rostov Region
11 Krim221/22 - Culex pipiens Republic of Crimea
12 Krim233/22 - Culex pipiens Republic of Crimea
13 Krim245/22 - Culex pipiens Republic of Crimea
14 Kimk499/22 - Culex pipiens Republic of Kalmykia
15 Kimk 502/22 - Culex pipiens Republic of Kalmykia
16 Volg 565/22 - Culex pipiens Volgograd Region
17 KCHR755/22 - Culex modestus Karacgzgﬁ‘igrkess
18 Volg 912/22 - Culex pipiens Volgograd Region
19 Volg 911/22 V-1388 Culex modestus Volgograd Region
20 Stavropol1516/22 - Culex pipiens Stavropol Territory
21 Stavropol1451/22 V-1389 Culex pipiens Stavropol Territory
22 Astrahan1031 /22 - Culex pipiens Astrakhan Region

seroprevalence rates were found in Stavropol Territo-
ry (5.9%), Belgorod (8.1%), Lipetsk (3%), Ulyanovsk
(2.9%), and Samara (3.9%) regions. A noteworthy re-
sult is the high percentage of positive findings for IgG
antibodies to WNV in Tula (15.4%) and Kursk (11.1%)
regions, where only a few WNF patients have been ob-
served. As for the Tver Region, the presence of antibod-
ies to WNV in the local population during routine moni-
toring was detected once in 2014 (1.3%), in the Tambov
Region — in 2012 (2.6%), in the Vladimir Region — in
2016 (3%). There were no official reported data on the
immunity to WNV among the population of the Kara-
chay-Cherkess Republic and Zaporozhye Region.

In the samples positive for IgG antibodies, avidity
was assessed in order to determine the age of contact
with the pathogen. It was found that 44 blood serum
samples from the population of 9 subjects contained

low-avid IgG antibodies, indicating infection with
WNV in the previous 2—3 months.

Circulation of WNV in the epizootic cycle in 2022
in the south of European Russia was confirmed in all
the surveyed territories, except for the Republic of Ady-
gea (Table 3). A high proportion of positive findings
among blood-sucking mosquitoes was found in Stav-
ropol Territory (8.2%), Volgograd Region (5.9%) and
Karachay-Cherkess Republic (3.8%), which indicated a
significant epidemiologic risk for the population there.

In the oldest WNF focus, Astrakhan Region, while
the percentage of PCR-positive samples of bloodsuck-
ing mosquitoes was low (0.3%), a high proportion of
positive findings (3.2%) was found in samples of ixodid
ticks. The detection rate of WNV among ixodid ticks
of H. marginatum species taken from cattle was 16%
(4 out of 25 samples).
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Table 2. The total results of serosurvey for the antibodies to WNV in certain territories of European part of Russia

Detection of antibodies to WNV
No. Name of the constituent entity Nsl;Tnt;ﬁ(ra:f IgM I9G low avidity IgG

n % n % n %
1 Karachay-Cherkess Republic 105 1 0,9 6 57 0 0
2 Tula Region 104 0 0 16 15,4 4 3,8
3 Ulyanovsk Region 146 2 1,4 5 3,4 2 1,4
4 Tver Region 100 7 7,0 3 3,0 1 1
5 Samara Region 101 0 0 6 6,0 1 1
6 Tambov Region 108 4 3,7 1 0,9 0 0
7 Kursk Region 117 2 1,7 13 11,1 6 5,1
8 Stavropol Territory 239 3 1,3 12 5,0 5 2,1
9 Vladimir Region 54 1 1,8 0 0 0 0
10 Belgorod Region 154 0 0 13 8,4 1 0,6
1" Lipetsk Region 103 0 0 5 4,9 1 1
12 Zaporozhye Region 216 - - 53 24,5 23 10,6
Total 1547 20 15 133 8,6 44 2,8

Note. The dash means no studies have been conducted.

In the Volgograd Region, the detection of WNV
markers in mosquitoes in 2022 was comparable to the
indicators of previous years. However, for the first time
in the long-term period of the Reference Center studies,
78.6% of all positive findings in the Volgograd Region
were in Ae. vexans and Ae. caspius mosquitoes collect-
ed in late June, which confirmed the active epizootic
process and was considered by us as a harbinger of pos-
sible epidemiological ill health.

The detection rate of WNV markers of blood-suck-
ing mosquitoes in 2022 in the Republic of Kalmykia
amounted to 2.3%. With signs of epizootic process
activity almost annually observed in this territory, the
disease incidence has not been officially registered here
since 2013. The species composition of mosquitoes
as potential vectors of WNV in the Republic of Kal-
mykia remains poorly studied. In 2022, based on the
results of the entomological survey by the Reference
Center specialists, the species composition of mosqui-
toes was supplemented with Anopheles algeriensis and
Cogq. richardii species.

In the Republic of Adygea in 2022, the infesta-
tion of carriers and vectors with WNV has not been
determined. Unlike other subjects of southern Russia,
where high numbers of Cx. pipiens species mosquitoes
are maintained due to the presence of water reserves in
artificial tanks on household plots, in Adygeya, due to
the high level of moisture, such breeding sites are prac-

tically absent. One of the competent vectors of WNYV,
Cx. modestus, was not detected here either. However,
in the Republic of Adygea we detected Ae. koreicus
species mosquitoes (Maykop), the presence of which
in this area is not described in available publications.

In the Republic of Crimea, the proportion of mos-
quito samples positive for WNV RNA was 2%, while in
urbanized habitats this indicator was significantly high-
er, reaching 4.1%. The majority of positive findings
were made by Ae. caspius species mosquitoes, which
was the common eudominant species in urbanized and
suburban biotopes. All findings in 2022 were detect-
ed in vector samples captured in the north of Crimea
(Krasnoperekopsk district), where WNYV circulation
had not been previously established.

Among the subjects of the center of European
Russia and Western Siberia, markers of WNF pathogen
in zoological and entomological material were detected
only in the territory of the Tula Region (Table 3).

Summarizing the data of field studies using
the molecular genetic method, we note that in vector
samples, WNV RNA was detected predominantly in
low concentrations. In 43 (79.6%) of 54 samples, the
threshold cycle (Ct) value exceeded 28 and indicated
the prevalence of relatively low viral load among in-
fected mosquitoes and ticks. High concentrations of
WNV RNA (Ct values: 8.98; 10.2; 14.55; 15.55; 15.77)
were detected only in 5 vector samples (4 samples of
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Table 3. The volumes and results of laboratory tests for WNV RNA presence in entomological material

Mosquitoes Knewwuwm | Ticks
No Name of the constituent
’ entity number | number of positive structure of positive pools number number of structure of
of pools pools, % P P of pools | positive pools, % | positive pools
12 — Aedes vexans,

10 — Ae. caspius, 1 — Hvalomma

1 Volgograd Region 474 28 (5,9) 1 — Anopheles hyrcanus, 372 1(0,3) mar };natum
2 — Culex modestus, g
3 — Cx. pipiens
. - 4 —
2 Astrakhan Region 338 1(0,3) 1 — Cx. pipiens 124 4 (3,2) H. marginatum
3 Rostov Region 27 1(3,7) 1 — Ae. caspius 21 1(4,8) 1— Ixodes
ricinus

4 Zaporozhye Region 203 6 (3) 6 — Cx. pipiens 192 0

9 — Ae. caspius,
5 Republic of Crimea 693 14 (2) 4 — Cx. modestus, - - -

1 — Cx. pipiens
6 Republic of Kalmykia 174 4 (2,3) 4 — Cx. pipiens 95 0 -
7 Republic of Adygea 91 0 57 0 -
8 Karachay-Ch_erkess 78 3(3,8) 2 —Cx. modgstus, 7 0 _

Republic 1 — Cx. pipiens
9 Stavropol Territory 110 9(8,2) 9 — Cx. pipiens 99 0 -
10 Belgorod Region 18 0 - 0 0 =
1 Kursk Region 166 0 - 59 0 -
12 Lipetsk Region 315 0 - 61 =
13 Tambov Region 20 0 - 11 0 -
14 Tver Region 11 0 - 23 0 -
15 Tula Region 142 1(0.7) 1 — Coquilletticia 5 0 -
richiardii
16 Vladimir Region 40 0 - 57 0 -
17 Samara Region 171 0 - 36 0 -
18 Ulyanovsk Region 110 0 - 0 0 -
19 Kemerovo Region 0 0 - 16 0 -
20 Novosibirsk Region 0 0 - 36 0 -
21 Omsk region 0 0 - 12 0 -
Khanty-Mansi

ee Autonomous District 2 Y B e v -
23 Tyumen region 0 0 - 72 0 -
Total 3181 67 - 1383 6 -

Cx. pipiens and 1 sample of H. marginatum).
According to the results of typing of positive sam-
ples, the isolated RNA fragments of WNV were found
to belong to genotype 2 in 27 (50%) out of 54 samples:
in samples of Cx. pipiens mosquitoes caught in the Re-
public of Kalmykia, Astrakhan Region and Stavropol
Territory; Cx. pipiens, An. hyrcanus, Cx. modestus,
Ae. vexans, Ae. caspius mosquitoes in the Volgograd

Region; Ae. caspius mosquitoes and 1. ricinus ticks in
the Rostov Region. Genotypes 1 and 4 of WNV were
not identified in the samples

Genotyping of samples in which the concentration
of WNV RNA was below the limit of detection of the
Ampligen-WNV-genotype-1/2/4 reagent kit (1 x 10*
copies/mL) was difficult. In samples with a Ct value
> 30, genotyping was possible in 6 (21.4%) of 28
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samples, Ct = 28-30 — 66.7%, while in samples with
Ct values < 28 — in 100% of the samples tested.

Given the low concentration of the pathogen in the
native material, in order to obtain isolates of WNV and
study their biological and molecular genetic proper-
ties, the virus was accumulated in cell culture. In 2022,
12 WNV isolates were obtained: 3 from the Republic
of Crimea, 2 from the Republic of Kalmykia, 1 from
the Karachay-Cherkess Republic, 3 from the Volgograd
Region, 1 from the Astrakhan Region, and 2 from the
Stavropol Territory.

For the strains of WNV isolated in 2022, we have
established the features of the course of infection in
mongrel white mice with the determination of the in-
cubation period of the disease and calculated the LD, .
As a result of infection of laboratory mice, regardless
of the used strain of WPN isolated in 2022, the animals
developed only influenza-like form of the disease and
showed the following symptoms: wet fur, adynamia,
chills, drowsiness. In contrast, 20% of mice infected
with the strains isolated in 2018 and 2021 developed
the disease with signs of nervous system damage in the
form of monoplegia and serous meningitis [12].

Animal mortality was observed on average from
day 10 to day 14, which, when compared with the da-
ta obtained for the strains isolated in 2018 and 2021
(day 3-14 and day 6-14, respectively), suggests a
trend towards longer incubation periods. The mean
LD, of the strains isolated in 2022 was 10*-10° BOU,
while the LD, of the strains isolated in 2018 and 2021
was 10°-10* BOU. Lethality for the strains isolated
in 2022 averaged 22% and was statistically signifi-
cantly different from that of the strains isolated in
2018 (60%) and 2021 (40%) at a significance level of
p = 0.05. However, when infected with strains from
the Astrakhan Region and Stavropol Territory, lethali-

N138 N1293

ty amounted to 57% and was comparable to previous-
ly isolated strains.

Comparative analysis of the full-genome sequen-
ces of 12 isolates of WNV showed that 2 of them, iso-
lated in the territory of the Republic of Kalmykia and
Stavropol Territory in 2022, form a new distinct clade.
The topology of the phylogenetic tree indicates a pos-
sible African origin of WNV. This genetic variant was
probably introduced into Russia by migratory birds.
The remaining 10 isolates belonged to the virus clade
formed in 2021 by isolates isolated in Volgograd, As-
trakhan, Rostov, Voronezh regions and the Republic of
Dagestan. It is noteworthy that in 2022, simultaneous
circulation of isolates of both the clade of WNV geno-
type 2, formed in 2021, and isolates of a new genetic
variant was detected in the territory of the Republic of
Kalmykia and Stavropol Territory.

We analyzed 44 amino acid complete coding se-
quences of WNYV isolates isolated in 2018-2022 in
Russia and performed a comparative analysis with the
genotype 2 reference NC_001563, as well as with iso-
lates circulating in Europe. We have identified a num-
ber of glycosylation sites that are common to WNV
isolates circulating in Russia and European countries. It
is known that glycosylation sites play a key role in the
interaction of the virus with host cells and they are the
so-called hot spots in the adaptive variability of WNV.
Also, a potential glycosylation site at position N1433
of the NS2B protein was identified for the first time in a
number of isolates isolated in 2021 and 2022 in Russia
(Figure). Interestingly, this mutation is absent both in
the genotype 2 reference and in isolates from European
countries. The study did not show that isolates possess-
ing this glycosylation site are confined to specific ter-
ritories or to currently known genetic variants of geno-

N16‘33 N19‘70

5'UTR

type 2 of WNV.
I J'UTR

1 |
N2577 N2763

T
N444 N1433
1. Volgogiad Reb VLG 07 H |V SGKSTDUWI ERT/JDMMWE SDAE | TGSSERVDVRLDDDG 21 Astrakhan 962/21 SGKSTONWIERTANITWESDAE DVRLDDDG
2. Volgograd 601/18 SGKSTDMWI ERTADITWESDAE  TGSSERVDVRLDDDG 22 Voronezh 794121 SGKSTDMWIERTAN | TWESDAE DVRLDDDG
3. Volgograd 829/18 SGKSTDMW I ERTADITWE SDAE | TGSSERVDVRLDDDG 23. Volgograd 843/21 SGKSTDMWIERTANITWESDAE DVRLDDDG
4. Volgograd 627/18 SGKSTDMW I ERTADMNWE SDAE | TGSSERVDVRLDDDG 24. Volgograd 840/21 SGKSTDMWIERTANITWESDAE DVRLDDDG
5. Volgograd 662118 SGKSTDMW I ERTADUIWE SDAE | TGSSERVDVRLDDDG 25. Volgograd 839/21 SGKSTDMWIERTANIETWE SDAE DVRLDDDG
6. Volgograd 592/18 SGKSTDMW I ERTADITIWE SDAE | TGSSERVDVRLDDDG 263V oigoorad 632121 SGKSTDMWIERTAREEEFE SDAE DVRLDDDG
7. Violgograd 594/18 SGKSTDMW I ERTADUTWE SDAE | TGSSERVDVRLDDDG ZiAVolgoaadis 0] SGKSTOMWIERTARuF S0 AE DMRLDDDS
8. Volgograd 623/18 SGKSTDMWIERTADUTWE SDAE  TGSSERVDVRLDDDG P Ve il el SGKSTOMWIERTAREEEF SOAE ODVRLDDDS
9. Volgograd 625/18 SGKSTDMW I ERTADITWE SDAE | TGSSERVDVRLDDDG O SSKSTD WIERTAREEEY® SO AE bR nnni
10. Volgograd 439/21 SGKSTDMW I ERTADITIWE SDAE | TGSSERVDVRLDDDG z?x:szs::;gfﬁ: 2;&§¥B tv EZ; z 1%523 E B E ggg;
11. Volgograd 437121 SGKSTDUWI ERTADITWESDAE  TGSSERVDVRLDDDG & oo G coxstomwicnT AN - c Py
12. Volgograd 72121 SGKSTDMWI ERTADUTWE SDAE  TGSSERVDVRLDDDG S R soksTomwierTANEEEE soAr BVRLDDDBG
13. Volgograd 312120 SCKSTDUWI ERTADITWESDAE  TGSSERVDVRLDDDG 4. Dagestan 767721 soksTomwiERTANMEE soAc bUR. DDDG
14. Rostor 297/20 SGKSTDMWI ERTADUTWE SDAE  TGSSERVDVRLDDDG 35, Ralmiria 498022 scksTomwiERTATEEEE soAc OVRLDDDG
15. Volgograd 120120 SGKSTDMWIERTADITWESDAE  TGSSERVDVRLDDDG = emn e soksToOMWIERTANEEEE soAe DVRLDDDG
L5 Mgl Sl SGKSTDI'w ERT (UG~ SD-F TGSSER.D R.DDDG 37. Karachay-Cherkessia 755/22 SGKSTDMWIERTANITWESDAE DVRLDDDG
17. Volgograd 5/20 SGKSTDMWIERTADITWE SDAE  TGSSERVDVRLDDDG 38, Stavwopol 1616/22 SGKSTDMWIERTAN | TWESDAE DVRLDDDG
18. Kalmikia 502/22 SGKSTDUWI ERTADUTWE SDAE  TGSSERVDVRLDDDG 39, Volgograd 1031122 SGKSTDMWIERTAN | TWESDAE DVRLDDDG
19. Volgograd 81019 SGKSTDMWIERTADITWE SDAE I TGSSERVDVRLDDDG 40 Volgograd 911/22 SGKSTDMWIERTAN | TWESDAE DVRLDDDG
20. Stavropol 1451/22 SGKSTDUWI ERTADITWESDAE [ TGSSERVDVRLDDDG 41, Volgograd 912/22 SGKSTDMWIERTANITWESDAE DVRLDDDG

Results of the analysis of glycosylation sites of WNV genetic variants circulating in Russia.

Glycosylation sites identified using NetNGlyc-1.0 are indicated by coordinates on the map of the WNV genome. The green color indicates
the glycosylation site in a number of isolates identified in the period from 2021 to 2022. The NS2B protein sequence of isolates lacking this
glycosylation site is highlighted in purple.
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Discussion

Laboratory-confirmed cases of WNF in the Tver
and Vladimir regions are the first evidence of local
transmission of WNV in these territories. It cannot be
excluded that cases of the disease among the popula-
tion here could have occurred earlier but were not diag-
nosed by medical specialists, since only a few patients
have been tested for WNF markers in these subjects.
Our assumption can be supported by the data on immu-
nity to WNF among residents of the Vladimir Region
(3% 1in 2015), as well as the confirmation in 2021 of
autochthonous cases in the Moscow Region [13]. In the
Tver Region, negative results were obtained according
to the data from previous serological and epidemiolo-
gical studies (2013) [14].

In the territory of the Karachay-Cherkess Repub-
lic, WNV circulation has not been established until
2022, which is probably due to the lack of compre-
hensive monitoring of the WNF pathogen. At the same
time, the incidence, including outbreaks, has been con-
firmed in the neighboring territories — Krasnodar and
Stavropol. Summarizing our data on local case detec-
tion, vectors infected with WNV and immunity among
the population, the territory of the Karachay-Cherkess
Republic was proved to be endemic for WNF.

The failure to detect WNV RNA in clinical sam-
ples is likely to be due to the fact that the material was
collected for testing late in the course of the disease,
when the concentration of the virus in the blood de-
creases sharply. According to the data submitted to the
Reference Center by the Rospotrebnadzor offices in
the constituent entities of the Russian Federation, the
average period of sampling from the onset of clinical
symptoms was 6 days, and the maximum was 14 days.
The short duration of viremia can be inferred from the
course of the disease, which in 85% of patients was
mild and characterized by short-term fever.

The values of seroprevalence to WNV obtained
by the Reference Center in the Ulyanovsk, Lipetsk,
Belgorod, Samara, and Stavropol regions are generally
comparable to the values detected during routine sero-
logical monitoring. In Kursk Region, the level of im-
munity to WNV was significantly higher than the indi-
cators established in 2017-2021 during serologic mon-
itoring by Rospotrebnadzor institutions (0.5-1.3%).
A similar pattern was noted for the Tula Region,
where negative results were obtained in serosurveys
performed among healthy population in certain years.
However, according to scientific publications, the eti-
ologic role of WNV was confirmed here in 4 febrile
patients hospitalized in medical organizations of Tula
back in the summer of 2012, and IgG antibodies were
detected in 1.5% of those examined [15]. Thus, the
seroprevalence of the population of these territories
established by us can characterize the high degree and
frequency of their contact with the WNF pathogen in
the season of 2022.

ORIGINAL RESEARCHES

It is interesting to note that the level of population
immunity to WNV in the Zaporozhye Region was com-
parable to the indicators obtained in the territories of
Russia with high epidemic danger, such as Volgograd,
Rostov, Astrakhan regions. So far, data on the spread
of WNF in Zaporozhye Region have been limited. In
available sources there are reports on sporadic cases
disease, and there is no information about the immunity
of the population to the WNF pathogen in the modern
period.

The intensity of the epizootic process in almost all
the surveyed territories in the south of European Russia
did not correspond to the number of officially registered
cases of the disease, which did not exceed 1-3 WNF
patients per subject. Apparently, this observation may
be associated with a decrease in the efficiency of de-
tection of WNF patients by specialists of medical orga-
nizations. The total number of patients with symptoms
similar to WNF in 2022 in the territories of the south
of European Russia amounted to 542 people, which is
2.8 times lower than the annual average (1,516 people).
At the same time, in certain federal subjects of south-
ern Russia (Stavropol Territory, Karachay-Cherkess
Republic) in 2022, medical specialists did not actively
identify WNF patients.

The high proportion of PCR-positive samples
among H. marginatum ixodid ticks in the territory
of the Astrakhan Region in our study and the data of
scientific publications on WNV infestation of 2.6% of
H. marginatum collected from cattle in the middle delta
of the Volga River, as well as detection of WNV RNA in
hungry imago collected in early spring, allow us to con-
clude about their significant participation in the epizootic
process and preservation of the pathogen during the in-
ter-epizootic period [16]. The role of this tick species
in the epidemic process has not been studied, and this
seems to be an actual direction of scientific research.

The high proportion of positive findings among
mosquitoes of the genus Aedes indicates their import-
ant role not only in the course of the epizootic process
of WNF, but also, possibly, in the infection of human
WNV. However, to understand the epidemiological
significance of mosquitoes of the Aedes genus or other
genera, comprehensive studies are needed to investigate
their vector competence, as well as the relationship be-
tween the dynamics of vector abundance and the mor-
bidity of the population during the transmission season.

The detection of the Asian Ae. koreicus species in
Adygea fits into the general trend of expansion of the
range of this vector species observed in recent years in
southern Russia. The presence of Ae. koreicus was es-
tablished in 2013 and 2018 in Krasnodar Territory, in
2018 — in the Republic of Crimea [17, 18]. The vec-
tor competence of this species with respect to WNV in
Russia has not been investigated.

Low detectability of WNV markers in the study of
zoological and entomological material collected in cen-



KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUN N UMMYHOBUOJOIMNI. 2024; 101(1) 123

DOI: https://doi.org/10.36233/0372-9311-432

OPUTVHANbHbBIE NCCJTIEAOBAHNA

tral Russia could probably be associated with a complex
of factors affecting its volume and quality (unfavorable
climatic conditions at the time of material collection,
choice of biotopes, conditions of collection, storage and
transportation of material, etc.). At the same time, the
results of the examination of feverish patients presen-
ted above testify to the intensive circulation of WNV in
the central part of Russia and contact of the population
with it.

The lack of positive findings in field samples from
Western Siberia is also due to the insufficient volume
for the detection of WNV markers, which averaged
33 samples fromonesubject. In2021, withasignificant-
ly larger volume of material examined (135 samples
from the Omsk Region), WNV RNA was detected in
1 sample of Cogq. richiardiimosquitoes and 2 samples of
1. persulcatus ticks. Data on the circulation of WNV
in Western Siberia are limited to the Omsk, Novo-
sibirsk, Tomsk regions, Krasnoyarsk and Altai Ter-
ritories [19, 20]. For an objective assessment of the
WNF situation in Western Siberia, it is necessary to
conduct targeted studies that will provide up-to-date
information on the fauna of potential participants in
the enzootic cycle of WNV and the activity of WNF
foci in these territories.

As a result of the study of pathogenicity of WNV
strains isolated in 2022, when infecting white mice
with them, the majority of mice showed an increase
in the incubation period of the disease and a decrease

in lethality compared to the data obtained for strains
isolated in other years. Strains from the Astrakhan Re-
gion and Stavropol Territory were an exception, being
highly virulent for laboratory animals and characterized
by a lethality rate of 57%. Similar studies conducted
with strains isolated in Australia, the USA, Canada,
and Europe also noted the fact of circulation of WNV
strains that differed significantly in virulence and neu-
roinvasive properties [21, 22].

The heterogeneity of WNV strains in terms of
pathogenicity is due to their genetic diversity and is a
consequence of adaptation to the change of hosts and
vectors in the enzootic cycle, in which the virus repli-
cates in cells of evolutionarily distant species.

Conclusions

1. In the course of comprehensive monitoring
studies, a new northern border of the WNF range was
established, which as of 2022 passes through the terri-
tory of the Tver region.

2. Data from seroepidemiological studies, includ-
ing the detection of low-avidity IgG antibodies, con-
firm fairly intense, but undiagnosed contact of the pop-
ulation of the European part of Russia with the WNF
pathogen.

3. In the southern region of the European part of
Russia, WNV genotype 2 predominantly circulates, be-
longing to at least two clades formed in 2021 and 2022.
respectively.
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