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Abstract

The aim of this study was to determine the level of humoral immunity to the West Nile virus (WNV) in the Moscow
region population after the end of the outbreak in October 2021, as well as to confirm the specificity of antibodies
to WNV by comparatively testing patient sera for antibodies to the antigenically related endemic tick-borne
encephalitis orthoflavivirus (TBEV) using ELISA-IgM, ELISA-IgG, and 50% plaque reduction neutralization test.
Materials and methods. We analyzed 1,594 sera from outpatients-residents of Moscow and the surrounding
region—who underwent outpatient examination in the winter of 2021 at Infectious Diseases Clinical Hospital
No. 1 in Moscow (IKB No. 1) and medical institutions of the Moscow Regional Research Institute named after M.F.
Vladimirsky Regional Research Institute (MONIKI) conducted a study without any connection to WNV infection in
the summer-autumn of 2021.

Results. All samples were negative in ELISA-IgM test with WNV and TBEV antigens. In an ELISA-IgG test with
the WNV antigen, antibodies were detected in 64 samples (4.0%). All samples were tested for IgG antibodies to
TBEV in an ELISA and neutralizing antibodies to WNV and TBEV in a 50% plaque reduction neutralization test.
Specific antibodies to WNV were detected in 44 samples (68.8%), to TBEV in eleven (17.2%), and group-specific
antibodies in nine (14.0%). According to the total data from the test of 1,594 sera from residents of the Moscow
region, specific antibodies to WNV were detected in 2.8% of cases, to TBEV in 0.7%, and group-specific antibodies
in 0.6%. Ten of the 11 individuals with specific IgG antibodies to TBEV were undergoing outpatient examination at
Moscow’s Infectious Diseases Clinical Hospital No. 1 for a history of tick-borne encephalitis or for post-vaccination
immunity testing following vaccination against this infection. The detection rate of specific antibodies to WNV in
similar studies conducted in the same region in 2013 was 0.2%, while in 2021 it was 2.8%. The difference between
these rates is statistically significant (p < 0.01).

Conclusion. Based on these data, it can be concluded that sporadic undiagnosed cases of WNV infection occurred
in Moscow and the surrounding region between 2013 and 2021.
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Pestome

Llenb paboTbl 3aknioyanace B onpegeneHun nokasaTernen MMMYHHOW MPOCMOMKM K BUMpycy 3anagHoro Huna
(B3H) y HaceneHnsa MOCKOBCKOro permoHa nocne oKoH4aH1s BCMbILLKM 3TOW MHeKumn B okTsiope 2021 ., a Takke
noaTeBepXxaeHnn cneunduyHocTn aHtuten kK B3H npu cpaBHMTENbHOM UCCNeaoBaHUM CbIBOPOTOK KPOBUW NaumneH-
TOB Ha aHTUTena K aHTUreHHO POACTBEHHOMY dHAEMUYHOMY opTodnaBMBMPYCY KnelueBoro sHuedanuta (BK3)
mMeTtogamm MMMyHodepMeHTHoro aHanmaa (UPA) ona BbisiBneHus aHtuten knacca IgM (MPA-IgM), knacca 1gG
(MPA-IgG) 1 peakumn HenTpanusauuu.

MaTtepuanbl u metoabl. bbinn nccnegoaHbl 1594 cbiBOpoTkM amBynaTopHbIX NauneHToB — xutene Mocksbl 1
MockoBckon obnacTu, KoTopble Npoxoamnu B 3uMHui nepuog 2021 r. ambynatopHoe obcnenoBaHue B MHdekum-
OHHOW KnnHu4Yeckor 6onbHuue Ne 1 1. Mockebl (MKB Ne 1) 1 neyebHbIx yupexaeHnsx MockoBckoro obnactHoro
Hay4HO-uccnegoBarenbckoro HCTUTyTa M. M.®. Bnagnmupckoro (MOHWKW) 6e3 kakoi-nnbo ceasm ¢ 3abone-
BaHueM nuxopagkon 3anagHoro Huna (J13H) B neTHe-oceHHuii nepuog 2021 T.

PesynkTathl. Bo Bcex npobax pesynsratbl uccrnegoBaHus metogom NOA-IgM ¢ aHtureHamm B3H n BKO oka-
3anucb otpuuatenbHbiMn. B NPA-IgG ¢ aHTureHom B3H aHTuTena 6binn o6HapyxeHbl B 64 npobax (4,0%).
Bce oHu Gbinu TecTupoBaHbl Ha aHTuTena knacca IgG k BKO B MPA n Hentpanusytowme aHtutena k B3H n
BK3 B peakuumn HewTpanusauun. CneundunyHocTe aHTuTen k B3H yctaHoeneHa B 44 npo6ax (68,8%), k BKO —
B 11 (17,2%), rpynnocneuunduyHocte — B 9 (14,0%). Mo cymmapHbIM AaHHbIM MccnegoBaHns 1594 cblBOPOTOK
XuTenen MockoBCKOro pernoHa crneunduyeckne aHtutena k B3H 6binu obHapyxeHbl B 2,8% cnydaes, k BKO —
B 0,7%, rpynnocneuuduyeckue aHtutena — B 0,6%. 13 11 naumneHtos, umetowwmnx cneundmdeckne 1gG k BKI,
10 npoxognnu ambynaTtopHoe obcnenosaHue B KB Ne 1 . MockBbl N0 NoBody paHee NepeHeCceHHOoro KrneLeBoro
3HUedanMTa unym uccnegoBaHust NOCTBaKUMHANBHOMO UMMYHUTETa MOCcMe BaKUMHaUMM NPOTUB 3TOW MHGEKLUM.
YactoTa obHapyxeHus crneumdudeckmx aHTuten k B3H npu nposefeHWn aHanornyHbIx nccnegoBaHuii B TOM e
pervoHe B 2013 r. coctaensana 0,2%, B 2021 r. — 2,8%. PasHuua mexay aTMMM nokasatensmy CTaTUCTUYECKM
poctoBepHa (p < 0,01).

3akntouyeHue. Ha 0cCHOBaHMM NONyYeHHbIX AaHHbIX MOXHO 3aKmniouuTb, 4To B nepuog ¢ 2013 no 2021 r. 8 Mockse
1 MockoBcKor obnactu UMenu MecTo cnopagunyeckne HegnarHoCcTUpoBaHHble criyyam JI3H.

KntoueBble cnoBa: siuxopadka SanadHozo Huna; supyc 3anadHozo Huna; supyc Kreujegozo sHuyeganuma; NOA;
peakuyusi Helimparnu3ayuu; pempocrnekmusHoe ceporioaudeckoe obcriedosaHue nayueHmos

Onsa uutupoBaHun: byteHko A.M., Xonogunos W.C., Oannak W.B., bBapaney M.C., KapraHosa I'.I., Ba3sapo-
Ba M.B., MBaHosa W.B., Bapcykosa H.A., Boromonos [1.0. Pe3ynerathl CCreaoBaHns CbIBOPOTOK KPOBU XuUTenewn
Mocksbl 1 MockoBckon obnactu nocne oKoH4YaHus BCMbilku nuxopagkm 3anagHoro Huna B 2021 rogy. Bonpocsi
supycormnoeauu. 2026; 71(1): 32—41. DOI: https://doi.org/10.36233/0507-4088-327 EDN: https://elibrary.ru/cpnsbc

®duHaHcMpoBaHue. ABTOpPbI 3a8BNSAT 06 OTCYTCTBMU BHELLHEro (ouHaHCMPOBaHUS NP NPOBEAEHUN UCCIIeN0BaHNs.
KoHdnukT uHTepecoB. ABTOpbI 3asiBNSOT 06 OTCYTCTBUM KOH(PNNKTa NHTEPECOB.

ATuyeckoe yTBepxaeHue. ViccnegosaHve npoBoamnock npu 4o6poBobHOM MHPOPMUPOBAHHOM COrnacum
naumeHToB. MNpoTokon nokaneHoro 3Tnyeckoro komuteta Ne2 ®IrbY «HULSM nm. H.®. Namanen» M3 PO ot
29.12.2021.
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Introduction

West Nile fever (WNF), associated with various gen-
otypes of the West Nile virus (WNV), is endemic to all
inhabited continents. In the USSR, the first WNV strains
were isolated in 1963 from preimaginal Hyalomma
plumbeum ticks (now known as H. marginatum) collect-
ed from rooks in the Astrakhan region [1]. In 1967-1970,
they were isolated from two species of mosquitoes, two
species of birds, and from the blood of a brown hare in
the Astrakhan region [2]. Also in 1967, 11 cases of this
infection were verified for the first time in the Astrakhan
region [3], and three strains of WNV were isolated from
hospitalized patients [2].

Until the end of the 1990s, cases of WNF were registered
exclusively in the Astrakhan and Volgograd regions [4].
In 1999, according to Rospotrebnadzor, 560 cases were
registered during an epidemic outbreak of WNF: 380 in
the Volgograd region, 95 in the Astrakhan region, and
retrospectively 85 cases in the Krasnodar region [5].
In 2000, the first cases of the disease outside the known
endemic southern regions of the European part of Russia
were registered in the Rostov region, and in 2006 — in the
Ulyanovsk region [4]. By 2009, cases of WNF had been
reported in four regions of the Russian Federation, while
circulation of WNV had been recorded in 22 regions of
the country [4].

According to Rospotrebnadzor, during the 2021 epi-
demic season, 72 cases of WNF were registered in nine
regions of the Russian Federation: 26 in Moscow and
the Moscow Region, 25 in the Voronezh Region, 13 in
the Volgograd Region, 2 each in the Rostov Region
and the Republic of Dagestan, one each in the Lipetsk
and Tula Regions, the Krasnodar Territory, as well as
the Republic of Crimea. Cases in the Moscow region
were diagnosed for the first time in the history of reg-
istration in the USSR and Russia, which indicates the
continuing expansion of the WNF area in the European
part of the country. Cases of WNF in the Moscow region
in 2021 were registered from mid-July to mid-October
[6]. During the outbreak, two strains of WNV were iso-
lated from a patient with WNF. Based on one of them, a
candidate inactivated whole-virus vaccine against WNF
was created [7]. In 2022, only one case of the disease
was diagnosed.

This study used blood serum samples from outpatients,
which were kindly provided in December 2021 by Mos-
cow Infectious Diseases Hospital No. 1 (City Clinical
Hospital No. 1) and the M.F. Vladimirsky Moscow Re-
search Clinical Institute (MONIKI). Blood serum sam-
ples were taken in the winter of 2021 from patients with
no connection to any possible previous case of WNF dis-
ease.

The aim of the study was to determine the level of hu-
moral immunity to WNYV in the population of the Moscow
region after the end of the outbreak of this infection in
October 2021, as well as to confirm the specificity of anti-
bodies to WNYV in a comparative examination of patients’
blood sera for antibodies to the antigenically related en-
demic tick-borne encephalitis orthoflavivirus (TBEV) us-
ing enzyme-linked immunosorbent assay (ELISA) meth-
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ods to detect IgM antibodies (ELISA-IgM), IgG antibod-
ies (ELISA-IgG) and neutralization reaction.

Materials and methods

Virus strains used for antigen preparation and
neutralization reaction

— TBEV — strain MOS-152-N-2017 (European sub-
type), isolated from nymphs of Ixodes ricinus ticks col-
lected in Moscow in 2017 (GenBank numbers OQ673267
and MN663429) [8];

— TBEV — strain 4072 (Siberian subtype) from the col-
lection of the Laboratory of Biology and Indication of
Arthropod-Borne Viruses of the N.F. Gamaleya National
Research Center for Epidemiology and Microbiology;

— WNV - strain SHUA-1 (genotype 2), isolated
from the saliva of a patient with WNF (Moscow Re-
gion, 2021) (GenBank number PQ679039) [7];

— WNV - strain Hp-94 (genotype 1a), isolated from
Hyalomma marginatum ticks collected in the Astrakhan
Region in 1963 (GenBank number JX041633) [1];

— WNV - strain Ast-986 (genotype la), isolated
from the blood of a patient with WNF (Astrakhan Re-
gion, 1999) (GenBank number JX041634) [9].

Blood serum

In this study, blood serum samples were collected
from 1,594 outpatients residing in the Moscow region
during the winter of 2021 by employees of Moscow Clin-
ical Hospital No. 1 and the M.F. Vladimirsky Research
Institute of Clinical Pathology and Immunology. The pa-
tients examined did not show any signs of WNF disease
in the summer-autumn period of the same year.

Enzyme-Linked Immunosorbent Assay (ELISA)

To perform ELISA for the detection of IgM and IgG
antibodies to WNYV, sucrose-acetone antigens of WNV
(strain Ast-986) and TBEV (strain 4072) prepared from
the brains of infected newborn white mice were used [10].

The ELISA-IgG method was performed according to
the description by J.M. Meegan and L.W. Le Duc [11].

The ELISA-IgM (MAC-ELISA) method correspond-
ed to the technique described in a study by C.H. Calisher
etal. [12].

Neutralization reaction

The detection of antibodies to WNV and TBEV was
carried out by a neutralization reaction, based on the
reduction of 50% of plaques in a monolayer culture of
SPEV cells (porcine embryonic kidney cell culture) un-
der an agar cover. To serial 4-fold dilutions of sera in
medium 199 on Earl’s solution (M.P. Chumakov Fed-
eral Research Center for Infectious Diseases and Vac-
cines, Russian Academy of Sciences), equal volumes
of virus suspensions at a concentration of approximate-
ly 40 PFU/0.2 mL were added. The virus titer was cal-
culated in plaque-forming units (PFU). The virus-se-
rum dilutions were incubated for 60 min at 37 °C, after
which 100 puL was added to 24-well panels with a mono-
layer of SPEV cells and incubated for 60 min at 37°C.
After incubation, the cells were covered with a 1.26%
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solution of methylcellulose in medium 199 on a solution
of Hanks (M.P. Chumakov Federal Research Center for
Infectious and Parasitic Diseases, Russian Academy of
Sciences) and Earl (2 : 1) with the addition of strep-
tomycin and penicillin (PanEco, Russia) and 5% fetal
calf serum (Gibco, Invitrogen, USA) and incubated
in a CO, atmosphere at 37 °C. After 6 days, the coat-
ing was removed, the cells were washed with medi-
um 199 in Earl’s solution and fixed with 96% ethanol.
Staining was performed with a 0.4% solution of gen-
tian violet in 10% ethanol. After drying the plates, the
number of plaques was counted. Serums that neutralized
at least 50% of the plaques compared to the negative
control were considered positive. The antibody titer was
calculated using the Reed and Mench method [13].

Results

In the first stage of the study, using the ELISA-IgG
method, where the Ast-986 strain was used as an anti-
gen, 967 blood sera samples from outpatients obtained
from the Moscow City Clinical Hospital No. 1 were ex-
amined. The results were positive in 40 cases (4.1%).
The antibody titers were: 1 : 100 (7 samples), 1 : 200
(8 samples), 1 : 400 (6 samples), 1 : 800 (10 sam-
ples), 1: 1,600 (3 samples), and 1 : > 3,200 (6 samples).

Among 627 patients undergoing outpatient examina-
tion at the M.F. Vladimirsky MONIKI, positive results
were observed in 24 (3.8%). Antibody titers were 1 : 100
(3 samples), 1 : 200 (5 samples), 1 : 400 (2 sam-
ples), 1 : 800 (4 samples), 1: 1600 (1 sample), 1 : 3,200
(3 samples), and 1 : > 6,400 (6 samples).

Overall, according to the results of the ELISA-IgG test
with the WNV antigen of 1,594 blood serum samples
from residents of Moscow and the Moscow region at
the end of 2021, 64 (4.0%) were positive, with no IgM
antibodies present.

In order to confirm the specificity of the antibodies
detected in 64 positive samples in the ELISA-IgG with
the WNV antigen, these samples were tested using an
ELISA-IgG with TBEV antigen (Siberian subtype) and
neutralization reactions with WNV (genotype 2 and
partially genotype la) and TBEV (European subtype).

The specificity of antibodies to WNV and TBEV
was determined according to the criteria adopted in
serodiagnosis of antigenically related orthoflavivirus
infections: 1) absence of IgG and neutralizing antibodies
to one of these agents; 2) 4-fold or greater predominance of
homologous antibody titers; 3) equal titers of homologous
and heterologous antibodies. In the latter case, the
presence of group-specific antibodies could be associated
with previous vaccination of patients against tick-borne
encephalitis, yellow fever, Japanese encephalitis, dengue
fever, or previous infections associated with related
orthoflaviviruses (e.g., dengue, Zika, Usutu, Omsk
hemorrhagic fever, Powassan, etc.)

When analyzing the results of testing 40 blood sera
from the City Clinical Hospital No. 1 in Moscow using
ELISA-IgG methods with antibodies to WNV and TBEV
and neutralization reactions with these viruses, WNV-
specific antibodies were detected in 24 sera (60.0%),
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and TBEV-specific antibodies were detected in 10 sera
(25.0%); group-specific antibodies were detected in 6 sera
(15.0%) (Table 1).

Among 24 sera obtained from the M.F. Vladimirsky
MONIKI, antibodies specific to WNV were detected
in 20 sera (83.3%), to TBEV in one serum (4.2%), and
group-specific antibodies in three (Table 2).

In total, out of 64 sera positive in ELISA for IgG
antibodies with WNV antigen, obtained from two
medical institutions, specific antibodies to WNV were
detected in ELISA and neutralization reactions in 44 sera
(68.8%), in 11 (17.2%) —to TBEV, and in 9 cases (14.0%)
— group-specific antibodies. Based on the results of
testing 1,594 sera using ELISA-IgG and neutralization
reactions, specific antibodies to WNV were detected in
the population of the Moscow region in 2.8% of cases,
to TBEV in 0.7%, and group-specific antibodies in 0.6%.

Discussion

WNF is a viral zoonotic disease with a vector-borne
transmission, in most cases asymptomatic and only
in 1% of cases manifesting as an acute febrile illness
with symptoms of general intoxication, in some cases
leading to damage to the central nervous system with the
development of meningitis, encephalitis, or acute flaccid
paralysis [14].

In the Moscow region, WNF disease began to be
registered in 2013 in the form of sporadic cases [15].
In 2021, 27 cases of WNF were registered for the first
time in Moscow against the backdrop of extremely intense
epizootics among birds, accompanied by their mass death
[16]. At the same time, the number of infected people
could be close to 7,000, since it has been previously
shown that for every one neuroinvasive case of WNF,
there are 256 asymptomatic cases [17].

This paper presents the results of a study of 1,594 blood
serum samples from patients in Moscow and the Moscow
region with no history of WNF in their medical records,
obtained three months after the end of the WNF outbreak in
the Moscow region in the summer of 2021. The objective
of this study was to conduct a serological examination
of this population cohort using ELISA-IgG, ELISA-IgM,
and neutralization tests to determine the indicators of
humoral immunity to WNV during the 2021 epidemic
season or previous years and to confirm the specificity of
antibodies to another antigenically related virus, TBEV.
According to the summary data of the examination
of 1,594 sera, specific antibodies to WNV were detected
in 2.8% of cases, to TBEV in 0.7%, and group-specific
antibodies in 0.6%. Ten patients with specific antibodies
to TBEV underwent outpatient examination at the First
Clinical Hospital in Moscow for tick-borne encephalitis
or post-vaccination immunity testing after vaccination
against this infection. The frequency of detection of
specific antibodies to WNV in similar studies in the
same region in 2013 was 0.2% [18], and in 2021 — 2.8%.
The difference between these indicators is statistically
significant (p < 0.01). Based on these data, it can be
concluded that between 2013 and 2021, there were
sporadic undiagnosed cases of WNF in Moscow and the
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Table 1. Results of examination of blood serum of outpatients without a history of West Nile fever from the City Clinical Hospital No. 1 of Moscow
using ELISA-IgG and 50% plaque reduction neutralization test for the presence of antibodies to West Nile virus and tick-borne encephalitis virus

Taomuua 1. Pe3ynsrarsl ncciaenoBanus CbIBOPOTOK KpoBH aMOyiaTopHbix maipenToB (6e3 JI3H B anamuese) uz UKb Ne 1 . Mocksst 8 UDA-IgG u
peakiu HeWTpanu3aliy Ha HaJIn4ue auTUTeN K BUpycam 3anagHoro Hia u kienieBoro sHiedanira

Antibodies to viruses
AHTHTETA K BUpYCaM

West Nile tick-borne encephalitis Specificity
No Sample 3anagHoro Huma KJICIICBOTO dHIe(annTa of antiquies
I/n | Dumber lineage 1a lineage 1a subtype Europ. to the virus
Nempo6 | (AST.986) (Hp-94) lineage 2 (SHUA-1) | subtype Sib. (4072) (MOS-152-N-2017) | Cneunduunocts
renorun la renorun la | redorun 2 (SHUA-1) | moxrun Cub. (4072) noxrun Esport. AHTHUTE] K BUpYCY
(ACT.986 (Hp-94 (MOS-152-N-2017)
IeG PH PH IeG PH
. Negative . . TBEV
1 19 1:100 - Orp. 1:800 1:139 BKD
5 29 1:200 B Negative 1 - 400 Negative Group-specific
’ Orp. ’ Otp. I'pynmocner.
. . . . WNV
3 53 >1:3200 - 1:104 1:400 1:64 B3H
. . Otp. Negative WNV
4 36 1':400 B 1:27 Negative Orp. B3H
. . . Negative WNV
5 57 >1:3200 - 1:104 1:200 Otp. B3H
. Negative . . TBEV
6 60 1:200 - Orp. 1:800 >1:640 BKD
7 7 1:200 B Negative 1:100 Negative Group-specific
’ Otp. ’ Otp. I'pymmocnern.
. Negative . . TBEV
8 111 1:100 - Orp. 1:800 1:93 BKD
. Negative . . TBEV
9 188 1:100 - Orp. 1:200 1:116 BKD
. B Negative . Negative Group-specific
10 194 1:400 Omp. 1:800 Orp. Tpymmocnen,
. B . Otp. Negative WNV
11 215 1:800 1:55 Negative Otp. B3H
. . . Negative WNV
12 221 >1:3200 - >1:640 1:100 Orp. B3H
. Negative . . TBEV
13 241 1:400 - Orp. >1:3200 1:309 BKD
. . . Negative WNV
14 253 1:1600 - >1:640 1:100 Otp. B3H
. B . Ortp. Negative WNV
15 288 >1:3200 1:302 Negative Otp. B3H
. . Negative Otp. . WNV
16 331 1:200 1:93 Orp. Negative 1:30 B3H
17 496 1:200 B Negative 1:100 Negative Group-specific
: Otp. ’ OTp. I'pynnocnern.
18 514 1:200 _ Negative 1:100 Negative Group-specific
’ Ortp. ’ Ortp. I'pynnocnen.
. ) ) ) WNV
19 525 1:1600 - 1:640 1:200 1:40 B3H
. _ . Negative Negative WNV
20 533 1:800 1:55 Otp. Otp. B3H
. Negative . . TBEV
21 566 1:100 - Orp. 1:400 1:79 BKD
. . Negative . . TBEV
22 573 1:800 1:24 Orp. 1:3200 >1:640 BKD
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Antibodies to viruses
AHTHTENA K BUpyCaM
West Nile tick-borne encephalitis Specificity
No Sample Bamagnoro Huma KJILIeBOro 3HIedanuTa of antibodies
I/ number lineage la lineage la subtype Europ. to the virus
Nenpob | (AST.986) (Hp-94) lineage 2 (SHUA-1) | subtype Sib. (4072) (MOS-152-N-2017) | Crmeuupuanocts
resorun la rerotun la | remorun 2 (SHUA-1) | moxrun Cu6. (4072) nonrun Espomn. AHTUTEN K BUPYCY
(ACT.986 (Hp-94 (MOS-152-N-2017)
IgG PH PH 1gG PH
. B . Negative Negative WNV
23 605 1:200 1:290 Otp. Orp. B3H
. . . Negative WNV
24 616 1:800 - 1:182 1:100 Otp. B3H
. . . Negative WNV
25 637 1:800 - 1:640 1:100 Orp. B3H
. . . Negative WNV
26 642 1:800 - 1:275 1:100 Otp. B3H
. . . Negative WNV
27 651 1:800 - 1:30 1:100 Orp. B3H
8 690 1:100 _ Negative 1:100 Negative Group-spec.
Otp. Otp. I'pynnocnen.
. . . Negative WNV
29 697 1:400 - 1:53 1:100 Op. B3H
. . . Otp WNV
30 698 1:3200 - 1:363 1:100 Negative B3H
. B Negative Negative OTtp WNV
31 701 1:200 Otp. Otp. Negative B3H
. B Negative Negative Otp WNV
32 723 1:400 Ortp. Otp. Negative B3H
. Negative . . TBEV
33 788 1:100 - Orp. 1:800 1:269 BKD
. . . Negative WNV
34 795 1:800 - 1:371 1:100 Orp. B3H
. . . Otp WNV
35 801 1:3200 - 1:333 1:200 Negative B3H
. . . Negative WNV
36 807 1:800 - 1:87 1:200 Otp. B3H
37 . Negative . . TBEV
896 1:100 - Otp. 1:400 1:93 BKD
. . Negative . . TBEV
38 906 1:1600 1:87 Otp. >1:3200 1:389 BKD
. . . Negative WNV
39 916 1:800 - 1:344 1:100 Orp. B3H
. . . Negative WNV
40 951 1:400 - 1:429 1:100 Otp. B3H

Note. NR — neutralization reaction; TBEV — antibodies against tick-borne encephalitis virus; WNV — antibodies against West Nile virus; group-spec. —
antibodies against both TBEV and WNV simultaneously; negative — negative result.

Ipumeuanue. PH — peakuus veitrpanuzanun, BKD — anTutena npotus Bupyca kiemnieoro sumedanura; B3H — antutena npotus Bupyca 3anagHoro
Hwuua; rpynmocnen. — antutena nporus BKD n B3H oqHoBpeMeHHO; OTp. — OTpUIIATENbHBINA pe3yIIbTar.

Moscow region.

Among the sera studied, three samples were found to
have antibodies to WNV-1a and no antibodies WNV-2,
based on the results of the neutralization reaction. These
data show that the neutralization reaction allows us to
differentiate antibodies to different WNV lineages, while
ELISA can detect antibodies but cannot differentiate them.
Based on the ELISA alone, these three patients would be

classified as infected in the Moscow metropolitan area,
while the neutralization test results indicate that the
infection most likely occurred in another region of Russia,
or that not only WNV-2 but also WNV-1a is circulating in
Moscow and the Moscow region.

According to a survey of 163 practically healthy
residents of Astrakhan in 1999 during an epidemic
outbreak of WNF, 5 of them were found to have IgM
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Table 2. Results of examination of blood serum of outpatients without a history of West Nile fever from Moscow Regional Research and Clinical
Institute (MONIKI) using ELISA-IgG and 50% plaque reduction neutralization test for the presence of antibodies to West Nile virus and tick-borne
encephalitis virus

Taéauua 2. Pe3ynbrarsl HCCIIE0BaHNS CBIBOPOTOK KPOBU aMOyaTopHbIX nauenTos (6e3 JI3H B anamuese) 13 MOHMKHM um. M.®. Biagumupckoro
B UDA-IgG u peakiiuu HeWTpanu3aliy Ha HATUYKME aHTUTEN K BUpycam 3anaaHoro Huma u kiemeBoro sHiedanira

Antibodies to viruses
AHTHTENA K BUpyCaM
West Nile virus tick-borne encephalitis virus Specificity
No Sample 3amagnoro Huma KnemeBoro suredanura of antibodies
/n number lineage la lineage la lineage 2 subtype Sib. subtype Europ. to the virus
Ne ipo6 (AST.986) (Hp-94) (SHUA-1) (4072) (MOS-152-N-2017) CrennduarocTs
reHoru la reHoTHI la TEHOTHII 2 noarurn Cud. noxrun Espomn. AHTHUTE] K BUPYCY
(ACT.986) (Hp-94) (SHUA-1 (4072) (MOS-152-N-2017)
IeG PH PH IeG PH
. . . Negative WNV
1 1/12 >1:6400 - 1:332 1:400 Otp. B3H
. . . Negative WNV
2 1/25 1:800 - >1:640 1:200 Omp. B3H
. . . . WNV
3 1/36 1: 6400 - >1:640 1:100 1:39 B3H
. . Negative . WNV
4 1/39 1: 6400 - 1:43 Otp. 1:10 B3H
. . . . WNV
5 1/57 1:800 - 1:331 1:200 1:21 B3H
. X . Negative WNV
6 1/83 1 : 6400 - 1:501 1:200 Orp. B3H
. . . Negative WNV
7 1/94 1:3200 - >1:640 1:100 Orp. B3H
. . . Negative WNV
8 1/151 1:3200 - 1:251 1:800 Orp. B3H
. . Negative Negative WNV
9 1/153 1:200 - 1:138 Otp. Orp. B3H
. _ . Negative Negative WNV
10 1/167 1:400 1:47 Otp. Orp. B3H
. Negative . Negative WNV
11 1/222 1:400 - Orp. 1:100 Orp. B3H
. . . Negative WNV
12 1/238 1:1600 - >1:640 1:400 Op. B3H
13 1250 1200 _ Negative 1:100 Negative Group-spec.
’ Otp. : Ortp. I'pynnocnen.
. . . Negative WNV
14 1/262 1 : 6400 - 1:98 1:200 Otp. B3H
15 1/284 11800 - 1:17 1:100 1112 [roup-spec.
pymmocmer.
. . . Negative WNV
16 1/317 1:6400 - 1:195 1:400 Otp. B3H
. . . Negative WNV
17 1/318 1:200 - 1:93 1:100 Otp. B3H
. . . Negative WNV
18 1/378 1:3200 - 1:87 1:200 Otp. B3H
. Negative . . TBEV
19 2/28 1:100 - Otp. 1:800 1:320 BKD
. B Negative Negative Negative WNV
20 3122 1:100 Otp. Otp. Otp. B3H
21 6/6 1:200 1:21 1:23 Negative 1:18 Group-spec.
’ ’ ’ Otp. ’ I'pymnocnen.
. . Negative . WNV
22 6/11 1:100 - 1:31 Orp. 1:15 B3H
. . Negative Negative B3H
23 6/15 1:200 - 1:20 Op. Otp. WNV
. B . Negative Negative B3H
24 6/16 1:800 1:27 Orp. Otp. WNV

Note. NR — neutralization reaction; TBEV — antibodies against tick-borne encephalitis virus; WNV — antibodies against West Nile virus; group-spec. —
antibodies against both TBEV and WNV; negative — negative result.

Ipumeuanue. PH — peaxius Heffrpanusanyuun; BKD — anTrTena npotus Bupyca kiemesoro sHiedanura; B3H — anTutena npotus Bupyca 3amaxHoro
Huuna, rpynnocnen. — anturena npotuB BKO u B3H onHoBpeMeHHO; OTp. — OTpULIATENbHbIN pe3ybTar.
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antibodies to WNV, which indicated a recent inapparent
form of WNF. A comparison of these results with the
relative incidence rates per 100,000 population of the
city and region (12.2%) allowed us to determine the
approximate ratio of manifest and inapparent cases of
WNF in 1999 as 1 : 300 [19].

Astudy by M. Busch etal. [17] showed that in the United
States, there were 256 asymptomatic cases for every one
neuroinvasive case of WNF. Given these similar figures
and the number of registered cases of WNF in 2021 in the
Moscow region, it can be estimated that the number of
people infected during the WNF epidemic outbreak was
in the range of approximately 6,700—7,800.

The question remains open as to what extent the
outbreak was caused by the introduction of the virus
by birds and favorable weather conditions or by the
activation of a long-standing source of infection. In any
case, close monitoring of the situation is required, as the
example of New York shows the possible consequences
of the virus entering a metropolis and forming an urban
source of infection.

Conclusion

Based on the data obtained, it can be assumed that
sporadic cases of WNF occurred in the Moscow region,
but they remained undiagnosed. In the differential
diagnosis of orthoflavivirus infection, the application of
ELISA alone may not be sufficient for a correct diagnosis.

REFERENCES

1. Chumakov M.P., Belyaeva A.P., Butenko A.M., Mart’yanova L.I.
West Nile virus in the USSR. Message 1. Isolation of West Nile vi-
rus from ticks Hyalomma plumbeum pl., Panz. In: Epidemic Viral
Infections. Proceedings of the Institute of Polio and Viral Encepha-
litis. Volume 12 [Epidemicheskie virusnye infektsii. Trudy Instituta
poliomielita i virusnykh entsefalitov. Tom 12]. USSR Academy of
Medical Sciences; 1968: 365—73. (in Russian)

2. Butenko A.M., Chumakov M.P., Bashkirtsev V.N., Tkachenko E.A.,
Rubin S.G., Stolbov D.N. New data on the study of West Nile infec-
tion in the USSR (in the Astrakhan region). In: Proceedings of the XV
scientific session of the Institute of Poliomyelitis and Viral Encepha-
litis, issue 3 tick-borne encephalitis, hemorrhagic fevers and mosqui-
to-borne arbovirus infections. Moscow; 1968. p. 175-7. (in Russian)

3. Putintseva E.V., Smelyanskiy V.P., Antonov V.A., Lipnitskiy A.V.,
Alekseev V.V. Prognosis of Epidemiologic Situation of West Nile
Fever in the Territory of the Russian Federation for 2010. Problemy
Osobo Opasnykh Infektsii. 2010; 104: 14—7. (in Russian)

4. Toporkov A.V., Putintseva E.V., Udovichenko S.K. West Nile fever
as a relevant health hazard: the history of studying and measures
of its prevention in Russia. Health Risk Analysis. 2023; 3: 138—49.
https://doi.org/10.21668/health.risk/2023.3.13.eng (in Russian)

5. Klimova E.A., Karetkina G.N., Shakaryan A K., Sayfullin M.A.,
Karan L.S., Larichev V.F., Grigoreva Ya.E., Morozkin E.S., Lya-
peikova E.A., Abramova E.N., Guseva G.D., Posukhovsky E.A.,
Ilina M.A., Smirnova T.Yu., Chentsov V.B., Tsvetkova N.A., Antipy-
at N.A., Bazarova M.V., Krasnova S.V., Smetanina S.V., Yushchuk
N.D. West Nile fever on the territory of the Moscow agglomeration.
Infektsionnye bolezni: novosti, mneniya, obuchenie. 2021; 10(4):
13-21. https://doi.org/10.33029/2305-3496-2021-10-4-13-21 (in
Russian)

6. Vorovitch MF, Tuchynskaya KK, Kruglov YA, Peunkov NS, Mosti-
panova GF, Kholodilov IS, Ivanova AL, Fedina MP, Gmyl L V.,
Morozkin ES, Roev G V., Karan LS, Karganova GG. An inactivated
West Nile virus vaccine candidate based on the lineage 2 strain. Vac-
cine. 2024; 12(12): 1398. https://doi.org/10.3390/vaccines12121398

7. Makenov M, Karan L, Shashina N, Akhmetshina M, Zhurenkova O,
Kholodilov I, Karganova G, Smirnova N, Grigoreva Y, Yankovskaya

10.

11.

12.

13.

14.

15.

16.

17.

18.

OPUTUHAJbHbBIE NCCNEAOBAHUA

Y, Fyodorova M. First detection of tick-borne encephalitis virus in
Ixodes ricinus ticks and their rodent hosts in Moscow, Russia. Ticks
Tick Borne Dis. 2019; 10(6): 101265. https://doi.org/10.1016/j.ttb-
dis.2019.101265

Lvov D.K., Butenko A.M., Vyshemirsky O.I., Gaidamovich S.I.,
Gromashevsky V.L., Larichev V.F., Morozova T.N., Skvortsova
T.M., Khutoretskaia N.V., Shishkina E.O., lashkov A.B., Platonov
A.E., Shipulin G.A., Shipulina O.Y., Zhukov A.N., Lazorenko V.V,
Rusakova N.V., Azarian A.A., Grishanova A.P., Kovtunov A.L,
Galimzianov K.M. Isolation of the West Nile fever virus from human
patients during an epidemic outbreak in the Volgograd and Astrakhan
regions. Voprosy virusologii. 2000; 3: 9—12. (in Russian)

Azaryan A.R., Grishanova A.P., Ivashchenko E.I., Shendo G.L.,
Kovtunov A.IL., Netalieva S.Zh., Burkin A.V., Arshba T.E., Larichev
V.F., Butenko A.M. Experience of application of ELISA test kids
for the serological diagnosis of West Nile fever Epidemiology and
Infectious Diseases. 2014; 12: 59—62. (in Russian)

Meegan J.M., Le Duc J.W. Enzyme immunoassays. In: Lee H.W.,
Dalrymple J.M., editors. Manual of Hemorrhagic Fever with Renal
Syndrome. WHO Collaborating Center for virus Reference and
Research (Hemorrhagic fever with renal syndrom). Institute for Viral
Diseases, Korea University; 1989. p. 83-7.

Calisher C.H., Pretzman C.I., Muth D.J., Parsons M.A., Peterson
E.D. Serodiagnosis of La Crosse virus infections in humans by
detection of immunoglobulin M class antibodies. J Clin Microbiol.
1986; 23(4): 667-71. https://doi.org/10.1128/jcm.23.4.667-671.1986
Tuchynskaya K., Volok V., Illarionova V., Okhezin E., Polienko
A., Belova O., Rogova A., Chernokhaeva L., Karganova G.
Experimental assessment of possible factors associated with tick-
borne encephalitis vaccine failure. Microorganisms. 2021; 9(6):
1-19. https://doi.org/10.3390/microorganisms9061172

Reed L.J., Muench H. A simpe method of estimating fifty per cent
endpoints. Am. J. Hyg. 1938; 27(3): 493-7.

Butenko A.M. The current state of the problem of Crimean hemorrhagic
fever, West Nile fever and other arbovirus infections in the Russian
Federation. In: The Evolution of Viruses within the Framework of the
Problem of Biosafety and Socially Significant Infections. Materials of
the Scientific Conference [Evolyutsiya virusov v ramkakh problem
biobezopasnosti i sotsial’no znachimykh infektsii. Materialy nauchnoi
konferentsii]. Moscow; 2011: 175-89. (in Russian)

Putintseva E.V., Antonov V.A., Smelyanskiy V.P., Pakskina N.D.,
Skudareva O.N., Viktorov D.V., Tkachenko G.A., Pak V.A., Zhukov
K.V., Monastirskiy M.V., Boroday N.V., Manankov V.V., Pogasiy
N.I, Shpak .M., Savchenko S.S., Lemasova L.V., Bondareva O.S.,
Zamarina T.V., Barkova I.A. The Features of West Nile Fever Epide-
miological Situation in the World and Russia in 2013 and Prognosis
of Its Development in 2014. Problemy Osobo Opasnykh Infektsii.
2014; 2: 33-9. (in Russian)

Putintseva E.V., Udovichenko S.K., Nikitin D.N., Borodai N.V.,
Shpak I.M., Fomina V.K., Nesgovorova A.V., Baturin A.A., Mol-
chanova E.V., Prilepskaya D.R., Pimenova E.V., Viktorov D.V.,
Toporkov A.V. West Nile Fever: Results of Monitoring the Pathogen
in 2021 in the Russian Federation, and Forecast for 2022. Problems
of Particularly Dangerous Infections. 2022; 1: 43-53. https://doi.
org/10.21055/0370-1069-2022-1-43-53

Busch M.P.,, Wright D.J., Custer B., Tobler L.H., Stramer S.L., Klein-
man S.H., Prince H.E., Bianco C., Foster G., Petersen L.R., Nemo
G., Glynn S.A. West Nile Virus Infections Projected from Blood Do-
nor Screening Data, United States, 2003. Emerg Infect Dis. 2006;
12(3): 395-402. https://doi.org/10.3201/eid1205.051287

Kozlova A.A., Butenko A.M., Larichev V.F., Vashkova V.V., Dz-
agurova T.K., Eliseeva S.M., Zorina D.M., Korabelnikova M.IL.,
Kudryavtseva E.N., Lebedeva S.D., Lesnikova M.V., Nedilya N.V.,
Sokolova M.V. Study of the West Nile Virus Range in the Europe-
an Part of Russia; Results of Seroepidemiological Research. Re-
port 2: Central, Volga, and North-Western Federal Districts. Epi-
demiology and Infectious Diseases. 2017; 22(2): 52—7. https://doi.
org/10.18821/1560-9529-2017-22-2-52-57

JUTEPATYPA

YymaxoB M.II., bensesa A.Il, Byrenko A.M., MaptesinoBa JLU.
Bupyc 3anagnoro Huna B CCCP. Coobuienue 1. M3onsmus Bupyca
3anagaoro Huna 3 knemeit Hyalomma plumbeum pl., Panz. B ku.:
DOnunemudeckue BUpycHble nHbekumu. Tpynsl MHCTUTYTA Monmo-

39



PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2026; 71(1)
https://doi.org/10.36233/0507-4088-327

ORIGINAL RESEARCHES

10.

40

MHeNuTa ¥ BUpyCHBIX 3HIedanuroB. Tom 12. AMH CCCP; 1968:
365-73.

Byrenxo A.M., Uymakos M.II., bamkupnes B.H., Tkauenko E.A., Py-
6un C.I, Cron6os /I.H. HoBble nanHbie 00 u3y4deHn# MHOEKIMH 3a-
naaHoro Huna 8 CCCP (B Actpaxanckoii oonactu). B ku.: Marepuaist
XV HayuHoli ceccun MHCTHTYTa MOMMOMHUENNTA U BUPYCHBIX SHIE(Da-
JIMTOB, BhImyck 3. KiereBoit sHuedanoMuennt, reMopparnieckue jau-
XOpaJKu ¥ KOMapuHble apOoBUpycHbIe HH(pekimu. M.; 1968: 175-7.
[Tyruanesa E.B., Cmensuackuii B.I1., Artonos B.A., JIumaumkmwit
A.B., AnexceeB B.B. IIporHo3 snuieMHonoruyeckoil CUTyalluy Mo
mxopajxe 3anagsoro Huna na Teppuropun Poccuiickoit denepanun
Ha 2010 ron. [Ipobnemst ocobo onachvix ungpexyui. 2010; 104: 14-7.
Tonopkos A.B., Ilyrunnesa E.B., Ynosuuenko C.K. JIuxopanka
3anagHoro Huma kak akTyasibHas yrposa 310pOBbIO: HCTOPHS H3Y-
4YeHHs: U Mepbl NpodHIakTHKU B Poccun. Ananuz pucka 300pogbwio.
2023; 3: 138-49. https://doi.org/10.21668/health.risk/2023.3.13
Kimmosa E.A., Kaperkuna I'H., lllakapsa A.K., Caiidymmme MLA.,
Kapans JI.C., Jlapuues B.®. u ap. JIuxopaaka 3anagHoro Huma Ha
TeppuTOpur MOCKOBCKOI armoMepanun. Hugexyuonnvle 6onesHu:
Hogocmu, MHeHus, o0yuenue. Kypnan umenu axademuxa H. /. FOwy-
ka. 2021; 10(4): 13-21. https://doi.org/10.33029/2305-3496-2021-
10-4-13-21 https://elibrary.ru/ilxgax

Vorovitch M.E., Tuchinskaya K.K., Kruglov Y.A., Peunkov N.S.,
Mostipanova G.E., Kholodilov 1.S., et al. An inactivated West Nile
virus vaccine candidate based on the lineage 2 strain. Vaccines (Ba-
sel). 2024; 12(12): 1398. https://doi.org/10.3390/vaccines12121398
Markenov M., Karan L., Shashina N., Akmenshina M., Zhurenkova O.,
Kholodilov 1., et al. First detection of tick-borne encephalitis virus in
Ixodes ricinus ticks and their rodent hosts in Moscow Russia. Ticks
Tick Borne Dis. 2019; 10(6): 101265. https://doi.org/10.1016/j.ttb-
dis.2019.101265

JIsBoB JI.K., Byrenko A.M., Bemnemupckuit O.W., TaiinamoBuy
C.Al., I'pomamesckuit B.JI., Jlapmues B.®., Mopozosa TH.,
Cxksoprosa T.M., Xytopeukas H.B., Illumkuna E.O., AmkoB A.B.,
ITnaronos A.E., IHumymun I'A., Iunymuna O.1O., XKykos A.H.,
Jlazopenko B.B., PycaxoBa H.B., Azapsu A.P., I'pumanosa A.IL,
KosrynoB A.U., lNammm3saoB X.M. Breinenenne Bupyca 3amagHoro
Huna ot GonmbHBIX JHO[EH B MEPUOA MUAEMHUYECKOW BCIIBIIIKH B
Bonrorpanckoit m ActpaxaHCKoil 00macTsax. Bonpocwsl supyconozuu.
2000; 3: 9-12.

Azapsa A.P., I'pumanoBa A.Il.,, Usamenko E.U., Illenmo I'JI.,
KosrynoB A.U., HeranueBa C.XK. u ap. OnbiT npumenenus MDA
TECT-CUCTEM JJIs CEPOJIOTMYECKON AMarHOCTHKHU JIMXOpaJIKky 3anaj-
noro Huna. Dnuoemuonozus u unghexyuonnvie 6oneznu. 2014; 19(2):
59-62. https://elibrary.ru/sdfmgz

Meegan J.M., Le Duc J.W. Enzyme immunoassays. In: Manual of
Hemorragic Fever with Renal Syndrom. Seul; 1989: 83-7.

11.

12.

13.

14.

16.

17.

18.

Calisher C.H., Pretzman C.I., Muth D.I., Person M.A., Peterson E.D.
Serodiagnosis of La Crosse virus infections in humans by detection
of immunoglobulin M class antibodies. J. Clin. Microbiol. 1986;
23(4): 667-71. https://doi.org/10.1128/jcm.23.4.667-671.1986
Tuchynskaya K., Volok V., Illarionova V., Okhezin E., Polienko A.,
Belova O., Rogova A., Chernokhaeva L., Karganova G. Experimen-
tal assessment of possible factors associated with tick-borne enceph-
alitis vaccine failure. Microorganisms. 2021; 9(6): 1-19. https://doi.
org/10.3390/microorganisms9061172

Reed L.J., Muench H. A simpe method of estimating fifty per cent
endpoints. Am. J. Hyg. 1938; 27(3): 493-7.

Byrenko A.M. CoBpemenHOe cocTosiHre npobiembr Kpeimckoit re-
MOppar4eckoii TMXopaaky, Juxopanku 3anagaoro Huma u npyrux
apOoBupycHbIx nHpekiwii B PO. B kH.: DBonoOIMs BUPYCOB B paM-
Kax npoOseMbl 6n06e30MacHOCTH U COLUAIBHO 3HAUMMBIX HMH(EK-
nuit. Marepuansl Hay4dHO# KoH(pepenimu. M.; 2011: 175-89.

. llyruauesa E.B., AntonoB B.A., Cmensuckuii B.II., Ilakcku-

na H.Jl., Cxymapesa O.H., Bukropos /[.B., Tkauenko I"A., [Tak
B.A., Xyxos K.B., Monactsipckuit M.B., boponait H.B., Manan-
koB B.B., IToracuii H.W., lllmax 1M.M., CaBuenko C.C., JlemacoBa
JI.B., bonnapesa O.C., 3amapuna T.B., bapkoBa U.A. OcobeHHo-
CTHU DMHJIEMHYECKON CHUTyalluu 1O Juxopaake 3anagHoro Huma B
2013 r. B Mupe u Ha Teppuropun Poccuiickoit ®eneparuu u npo-
rHO3 ee pa3sutus B 2014 1. [Ipobremst 0cobo onachvix ungexyuil.
2014; 2: 33-9.

ITytunnesa E.B., Vnosuuenko C.K., Hukntun JI.H., Boponaiit H.B.,
nak WU.M., ®omuna B.K., HecroBopoBa A.B., barypun A.A.,
MonuanoBa E.B., Ilpunenckas [.P., [Tumenosa E.B., Bukxtopos
J.B., TonopkoB A.B. Jluxopanka 3amagHoro Huma: pesyabrarsl
MOHHTOpHHTA 3a Bo30yauteneMm B 2021 1. B Poccuiickoit denepa-
LIMH, IPOTHO3 3a0oneBaemocTy Ha 2022 r. [Ipobnemsl ocobo onac-
HeIX uHOekuuit. 2022; 1: 43-53. https://doi.org/10.21055/0370-
1069-2022-1-43-53

Busch M.P., Wright D.J., Custer B., Tobler L.H., Stramer S.L., Klein-
man S.H., Prince H.E., Bianco C., Foster G., Petersen L.R., Nemo
G., Glynn S.A. West Nile Virus Infections Projected from Blood
Donor Screening Data, United States, 2003. EmerglInfect Dis. 2006;
12(3): 395-402. https://doi.org/10.3201/eid1205.051287

Kosnosa A.A., Byrenko A.M., Jlapuues B.®., Bamxoa B.B.,
Jzaryposa T.K., EnuceeBa C.M., 3opuna JI.M., Kopabenbnukopa
M.U., Kynpsiuesa E.H., Jlebenesa C./1., Jlecunkoa M.B., Henuns
H.B., Cokxonosa M.B. U3yuenue apeana Bupyca 3anagsHoro Huna
Ha TEpPPUTOPUHU eBporelickoil yactu Poccuu; pe3ynbTarsl cepodnu-
neMuonoruyeckux uccinenoBanuii. Coodmenne 2: LleHTpaibHBbIH,
TIpuBomxckuii u CeBepo-3anagHblii peaepasibHble OKpyra. Dmnuje-
MHOJIOTHUS U HHpEKIHOHHbIe Oone3nu. 2017; 22(2): 52—7. https:/
doi.org/10.18821/1560-9529-2017-22-2-52-57


https://doi.org/10.1128/jcm.23.4.667-671.1986

BOMPOCHI BUPYCOJIOTUW. 2026; 71(1)
https://doi.org/10.36233/0507-4088-327

OPUTUHAJbHbBIE NCCNEAOBAHUA

Information about the authors:

Aleksander M. Butenko - Doctor of Biological Sciences, Professor, Head of the Department and Laboratory of Biology and Detection of
Arthropod-Borne Viruses of the National Research Center for Epidemiology and Microbiology named after Honorary Academician N.F. Gamaleya
of the Ministry of Health of the Russian Federation, Moscow, Russia. E-mail: arboelisa@mail.ru; https://orcid.org/0000-0001-6152-5685

Ivan S. Kholodilov — Candidate of Medical Sciences, Senior Researcher of laboratory of biology of arboviruses the Chumakov Federal Scientific
Center for Research and Development of Immune-and-Biological Products of Russian Academy of Sciences (Institute of Poliomyelitis), Moscow,
Russia. E-mail: ivan-kholodilov@bk.ru; https://orcid.org/0000-0002-3764-7081

Irina V. Dailak — Research assistant in the Laboratory of Biology and Detection of Arthropod-Borne Viruses of the National Research Center for
Epidemiology and Microbiology named after Honorary Academician N.F. Gamaleya of the Ministry of Health of the Russian Federation, Moscow,
Russia. E-mail: lvdaylak@yandex.ru; https://orcid.org/0009-0004-4529-9453

Marina S. Baranets — Candidate of Medical Sciences, Researcher at the Molecular Diagnostics Laboratory of the National Research Center for
Epidemiology and Microbiology named after Honorary Academician N.F. Gamaleya of the Ministry of Health of the Russian Federation, Moscow,
Russia. E-mail: shizotorex@mail.ru; https://orcid.org/0000-0002-3466-3588

Galina G. Karganova — Doctor of Biological Sciences, Professor, Head of laboratory of biology of arboviruses the Chumakov Federal Scientific
Center for Research and Development of Immune-and-Biological Products of Russian Academy of Sciences (Institute of Poliomyelitis), Moscow,
Russia. E-mail: karganova@bk.ru; https://orcid.org/0000-0002-8901-6206

Marina V. Bazarova — Candidate of Medical Sciences, Epidemiologist, Organizational and Methodological Department (OMD) for Epidemiology
of the Moscow City Health Department, Moscow, Russia. E-mail: 03bmv@mail.ru; https://orcid.org/0000-0001-7322-7896

Irina V. Ivanova — Candidate of Medical Sciences, Head of the Infectious Disease Specialist’'s Office, Infectious Disease Specialist of the City
Polyclinic No. 166 of the Moscow City Heath Department, Moscow, Russia. E-mail: ivanoirina@gmail.com; https://orcid.org/0009-0000-5968-6623

Natalia A. Barsukova — Research associate in the hepatology department of the Moscow Regional Research and Clinical Institute (MONIKI),
Moscow, Russia. E-mail: kononat@yandex.ru; https://orcid.org/0000-0003-1892-2508

Pavel O. Bogomolov — Candidate of Medical Sciences, Head of Department and Leading Researcher, Hepatology Department of the Moscow
Regional Research and Clinical Institute (MONIKI), Moscow, Russia. E-mail: bpo73@list.ru; https://orcid.org/0000-0003-2346-1216

Contribution: Butenko A.M. — study concept, experiments, data interpretation, preparation of the article text for publication; Kholodilov I.S. —
experiments, data interpretation, preparation of the article text; Dailak |.V. — experiments; Baranets M.S. — experiments; Karganova G.G. — data
interpretation, preparation of the article text for publication; Bazarova M.V. — data collection; lvanova I. V. — data collection; Barsukova N.A. — data
collection; Bogomolov P.O. — data collection.

Received 12 November 2025
Accepted 09 January 2026
Published 28 February 2026

UHdopmauus o6 aBTopax:

ByTteHko AnekcaHap MuxainoBuy — a-p 6uon. Hayk, npodgeccop, pykoBoauTesb otaena u nabopatopum 6uonorum n uHavkaumm ap6osmpy-
coB ®IbY «HULIOM um. H.®. Namanen» Munagpasa Poccumn, Mocksa, Poccus. E-mail: arboelisa@mail.ru; https://orcid.org/0000-0001-6152-5685

Xonopgunos MBaH CepreeBuY — KaHA. MeA. HayK, BeQyLLMA HAy4HbI COTPYyAHWUK nabopatopum 6ruonorum apbosupycos GrAHY «dHLUMPUIM
M. M.T1. Yymakosa PAH» (MHCTMTYT nonuomuenuta), Mocksa, Poccusi. E-mail: ivan-kholodilov@bk.ru; https://orcid.org/0000-0002-3764-7081

[annak UpuHa BanepbeBHa — nabopaHT-uccnegosarens nabopatopum 6uonormn n nHankaumn apéosupycos ®reyY « HALIOM um. H.®. Nama-
neun» Munsgpasa Poccun, Mocksa, Poccusi. E-mail: Ivdaylak@yandex.ru; https://orcid.org/0009-0004-4529-9453

BapaHey MapuHa CepreeBHa — KaHA. Med. HayK, HayuYHbll COTPYAHUK nabopatopun momnekynsipHon auarHoctuku OrbY «HULSOM um.
H.®. Namaneu» Munagpasa Poccuu, Mocksa, Poccus. E-mail: shizotorex@mail.ru; https://orcid.org/0000-0002-3466-3588

KapraHoBa NanuHa MpuropbeBHa — a-p 6uon. Hayk npodeccop, 3aBeaytollas nabopatopueri 6uonorum ap6osupycos PrAHY «dHLINPUIM nm.
M.T. Yymakosa PAH» (UHcTuTyT nonvomuenurta), Mocksa, Poccusa. E-mail: karganova@bk.ru; https://orcid.org/0000-0002-8901-6206

BazapoBa MapuHa BukTtopoBHa — kaHa. Med. Hayk, Bpay-anuaeMmnorior opraHnsaumnoHHo-meToguyeckoro otaena (OMO) no anuaemuonoruu,
LenaptameHT 3gpaBooxpaHeHus . Mocksbl, MockBa, Poccus. E-mail: 03bmv@mail.ru; https://orcid.org/0000-0001-7322-7896

MBaHoBa WpuHa BuktopoBHa — KaHA. mMed. Hayk, 3aBedytollas kabuHeTom Bpaya-uHeKumMoHncTa, Bpad-nHdekumonncT; N'bY3 «lopoackas
nonuknuHuka Ne 166» A3M, Mocksa, Poccus. E-mai: ivanoirina@gmail.com; https://orcid.org/0009-0000-5968-6623

BapcykoBa Hatanus AnekcaHapoBHa — Hay4HbIVi COTPYAHMK renatonormudeckoro otaenexdus NlBY3 MO « MOHUKW nm. M.®. Bnagnmmpckoro,
Mocksa, Poccusi. E-mail: kononat@yandex.ru; https://orcid.org/0000-0003-1892-2508

Boromonoe MNaeen OneroBuY — KaHA. Mef. HayK, PyKOBOAMTENb OTAENEHUS U BeAyLUMIA HayYHbI COTPYAHMK renaTonorMyeckoro oTaeneHus
’bY3 MO «MOHWUKW nm. M.®. Bnagnmmupckoro», Mocksa, Poccus. E-mail: bpo73@list.ru; https://orcid.org/0000-0003-2346-1216

Yyactue aBTOpOB: ByTeHko A.M. — KOHLENUNA nccnefoBaHusi, NPOBEAEHWE IKCNIEPUMEHTOB, MHTEPMNPETALMS AaHHBIX, MOArOTOBKA TEKCTa CTa-
TbW Ans nyénukaumm; Xonogunos U.C. — npoBefeHne 3KCNepUMEHTOB, MHTEPNpeTaLmMs AaHHbIX, NogrotoBka TekcTa; davnak W.B. — npoBeaeHne
akcnepumMeHToB; bapaHel M.C. — npoBeaeHne akcnepumeHToB; KapraHosa .. — nHTepnpetaums AaHHbIX, NOArOTOBKA TeKCTa cTaTby Ans ny-
6nukaunun; baszaposa M.B. — c6op maTtepuana; VisaHosa WN.B. — cbop matepuana; bapcykosa H.A. — c6op maTtepuana; boromonos 1.0. — c6op
maTtepuana.

Moctynuna 12.11.2025

MpuHsaTa B neyatb 09.01.2026
Ony6nukosaHa 28.02.2026

41


mailto:arboelisa@mail.ru
https://orcid.org/0000-0001-6152-5685
mailto:ivan-kholodilov@bk.ru
https://orcid.org/0000-0002-3764-7081
mailto:Ivdaylak@yandex.ru
https://orcid.org/0009-0004-4529-9453
mailto:shizotorex@mail.ru
https://orcid.org/0000-0002-3466-3588
mailto:karganova@bk.ru
https://orcid.org/0000-0002-8901-6206
mailto:03bmv@mail.ru
https://orcid.org/0000-0001-7322-7896
mailto:ivanoirina@gmail.com
https://orcid.org/0009-0000-5968-6623
mailto:kononat@yandex.ru
https://orcid.org/0000-0003-1892-2508
mailto:bpo73@list.ru
https://orcid.org/0000-0003-2346-1216
mailto:arboelisa@mail.ru
https://orcid.org/0000-0001-6152-5685
mailto:ivan-kholodilov@bk.ru
mailto:Ivdaylak@yandex.ru
https://orcid.org/0009-0004-4529-9453
mailto:shizotorex@mail.ru
https://orcid.org/0000-0002-3466-3588
mailto:karganova@bk.ru
https://orcid.org/0000-0002-8901-6206
mailto:03bmv@mail.ru
https://orcid.org/0000-0001-7322-7896
mailto:ivanoirina@gmail.com
https://orcid.org/0009-0000-5968-6623
mailto:kononat@yandex.ru
https://orcid.org/0000-0003-1892-2508
mailto:bpo73@list.ru
https://orcid.org/0000-0003-2346-1216



