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Abstract

The article presents historical aspects and key achievements of the Department of Virus Ecology (DVE) with the
Scientific and Practical Center for Influenza Ecology and Epidemiology, which was established in 1969 at the
D.l. lvanovsky Institute of Virology of Academy of Medical Sciences of the USSR. For over 50 years, the DVE has
been devoted to addressing fundamental issues in virus ecology, including the formation of viral populations in
nature, and conducting comprehensive large-scale studies in the interest of the state’s biosecurity. The department’s
primary focus is on particularly dangerous (arboviral) and socially significant (influenza and other acute respiratory
viral infections, parenteral hepatitis) viral infections. As a result of this extensive work in the Northern Eurasia
region, over 2,000 strains of zoonotic viruses (17 genera, 8 families), ecologically linked to various arthropod
vectors and vertebrate hosts, have been isolated. Many of them have been registered in international catalogs
as new species. The role of these isolated viruses in human pathology has been studied, new viral infections
have been described, and diagnostic preparations have been developed. The scientific results obtained by the
department are of high priority and internationally recognized.
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55 net oTAeny 3KONOrMM BUPYCOB C HAay4YHO-NPaKTUYECKUM
LLeHTPOM MO 3KONOrun 1 aNMAeMuonorum rpynna
(MHcTutyT BUpyconoruu um. [1.1. UBaHoBcKoro

droy «<HULUIM um. H.®. N'amanen» Munsgpasa Poccun)

JlbBoB [1.K. , Anbxosckun C.B.

WHcTtutyT Bupyconorun nmenn .U. MisaHosckoro ®IBY «HaumoHanbHbI nccrneaoBaTenbCKUi LIEHTP aNMaeMuonornm
1 MUKpoBMOoNorMmn nMeHn nodeTHoro akagemuka H.®. famanen» Munsgpasa Poccun, 123098, r. Mockea, Poccus

Pestome

B craTtbe npuBegeHbl UCTOPUYECKNE acneKTbl U OCHOBHblE pe3ynbTaTtbl paboThl oTaena akonorum supycos (O3B)
C Hay4HO-MPaKTUYECKUM LIEHTPOM MO 3KOMOMMM U 3NMOEMUONOrUK rpunna, KoTopbii Obin opraHnsoBaH B 1969 r.
Ha 6a3e MHctutyTta Bupyconorum um. O.1. MeaHosckoro AMH CCCP. fesatensHoctb O3B Ha npotskeHun Gonee
50 net 6blna HanpaeneHa Ha paspaboTky yHAAMEHTanbHbIX NPOBnemM 3KonorMn BUPYCOB, BKIOYas BONpock! dop-
MWPOBaHWA NOMNYNALNOHHBLIX reHOPOHAOB BUPYCOB B NPUPOAE, U NPOBEAEHUE KOMMIEKCHbIX KpynmHOMacLUTabHbIX
nccnegoBaHuii B MHTepecax bruobesonacHoctu rocyaapctea. OCHOBHOE BHMMaHWe B paboTe otaena nocssweHo
npobnemam ocobo onacHbIx (apboBUPYCHBIX) U coumanbHO 3HauuMbIX (rpunn n gpyrne OPBW, napeHTepanbHble re-
naTuTbl) BUPYCHbIX MHCDeKUMIA. B pesynstaTe aTol kpynHomacluTabHon paboTel Ha TeppuTopumn CesepHoli EBpasun
ObInn n3onmpoBaHbl 6onee 2 ThbiC. LUTAMMOB 300HO3HbIX BUPYCOB (17 podoB, 8 CeMENCTB), SKONMOrMYeckn CBA3aHHbIX
C PasnuyHbIMU BUAAMM YIIEHUCTOHOTMX NEPEHOCHMKOB 1 MO3BOHOUHbIX X035i€B. MHOrne 13 Hux 6binm saperncTpupo-
BaHbl B MeXAyHapoaHbIX KaTanorax B Ka4ecTse HOBbIX BUAOB. 3yyeHa ponb BblAeneHHbIX BUPYCOB B NATONOMM Ye-
noseka, onncaHbl HOBbIE BUPYCHbIE UHAbeKLMKM, pa3paboTaHbl AuarHocTnyeckme npenaparbl. [MonyyeHHble B oTAENe
Hay4Hble pe3ynsTaTbl MMEOT BbICOKWI NPUOPUTET U NPU3HAHbI HA MUPOBOM YPOBHE.

KnioyeBble cnoBa: 5K0/102usi 8UPYCO8; HOBble U 8038palyarolyuecss UHeKyuu, epurn; Kneuweeol sHueganum;
OPBU; apbosupycsl; napeHmeparbHble 2eramumsl; KOPOHasupycbl

Onsa uutnpoBaHusn: JlbBoB [.K., Anbxosckun C.B. 55 net otgeny akonorun BupycoB ¢ HaydHo-npaktude-

CK/M LIEHTPOM MO 3Komorun u anuaemuonorun rpunna (MHcTuTyT Bupyconorum um. O.U. MeBaHosckoro ®IBY

«HWUSM nm. H.®. Mamanen» Munsgpasa Poccun). Bonpocs! supyconozuu. 2024; 69(1): 7-21. DOI: https://doi.

org/10.36233/0507-4088-217 EDN: https://elibrary.ru/xdikxk

d’MHaHCMpOBaHMe. ABTOpr 3asABnsaT 06 OTCYTCTBUN BHELLUHEro CbVIHaHCI/IpOBaHI/Iﬂ npun nposeaeHnUn nccrnenoBaHuA.

KoHnuKT nHTepecoB. ABTOPbI AEKIapUPYIOT OTCYTCTBUE SIBHBIX M NOTEHLMANbHBIX KOH(NMKTOB MHTEPECOB,

CBA3aHHbIX C FIyGHMKaLlVIeVI HacTosLEN CTaTbu.

The article is devoted to the following anniversary events: 300" anniversary of the Russian Academy of Scienc-

es, 225" anniversary of the Military Medical Acade-
my, 80th anniversary of the D.I. Ivanovsky Institute of
Virology and 110" anniversary of the birth of the Soviet
virologist V.M. Zhdanov. A solid foundation of the medi-
cal and biological area of viral infection study in the inter-
ests of biological security of the state was created by our
great predecessors, the most prominent being academi-
cians and virologists M.P. Chumakov, A.A. Smorodint-
sev, V.M. Zhdanov and the creator of the doctrine of natu-
ral foci of infectious diseases E.N. Pavlovsky (Figure 1).
Superior intellect, broad outlook, indomitable energy and
organizational talent ensured the formation of domestic
scientific schools that were internationally recognized.
The next generations of researchers, working in the harsh
conditions of expeditions, often involving serious risks,
and in laboratories, continued to develop a broad front of
research on natural focal infections, both known and pre-
viously unknown that are potentially dangerous, posing a
threat to biosafety.

The leading role in the development of Russian virol-
ogy belongs to the D.I. Ivanovsky Institute of Virology
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(IV), established by the Decree of the Council of People’s
Commissars of June 30, 1944 No. 797 on the organiza-
tion of the USSR Academy of Medical Sciences (USSR
AMS). The USSR AMS included the Institute of Virology,
founded at the Department of Virology of the Institute of
Experimental Medicine (IEM). The name of the founder
of virology D.I. Ivanovsky was given to the Institute by
the Decree of the USSR Council of Ministers No. 4344 of
December 19, 1950. The directors of the Institute were
major health care organizers and world-famous scien-
tists: A.T. Kravchenko (1944-1950), A.A. Smorodintsev
(1950), M.P. Chumakov (1950-1955), P.N. Kosyakov
(1956-1961), V.M. Zhdanov (1961-1986) and D.K. Lvov
(1987-2016). V.M. Zhdanov turned the Institute into a
modern, world-renowned scientific center. Six WHO Cen-
ters functioned at the Institute and a system of scientific
training was organized on a national scale and abroad [1].
In the 1960s, the level of research on emerging and
re-emerging infections increased significantly in the
world, especially in the USSR and the USA [2—4]. In the
interests of biological security of the state, a consensus
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Fig. 1. E.N. Pavlovsky in the circle of teachers and students of the VI course of the General Biology and Parasitology Department of the
S.M. Kirov Military Medical Academy, 1955.
Top row: Yu.V. Chicherin, A.A. Gorovenko, D.K. Lvov, K.F. Dobrovolsky, A.A. Karyakin; middle row: B.N. Nikolaev, G.G. Smirnov, E.N. Pavlovsky,
A.V. Gutsevich; bottom row: V.N. Motorin, V.S. Nedelko, N.M. Ushakov, V.I. Shut.
Puc. 1. E.H. [TaBnoBckuii B Kpyry npernofaBateseii u ciymareneit VI kypca Bo3rmiaBisieMoi UM Kageapsl 00IIeil Ononorun u mapasuroio-
run BoenHo-menumHackoi opaena Jlenuna akanemun uM. C.M. Kuposa, 1955 .

Bepxuuit psan: }0.B. Unuepun, A.A. Toposenko, /K. JIbBoB, K.®. loOpoBonmbckuii, A.A. Kapskun; cpennuii psa: b.H. Hukomaes, I'I. CmupHOB,
E.H. ITaBnosckuii, A.B. I'yuesuy; Husxuuii psax: B.H. Moropun, B.C. Henensko, H.M. Ymakos, B.W. IyT.

was formed in academic (USSR AMS, USSR Acade-
my of Sciences) and administrative (USSR Ministry of
Health, State Committee on Science and Technology —
SCST) circles on the necessity to organize a system for
the comprehensive study of the problem regarding out-
of-state epidemic situations. The study of biological (like
radiation) background on the territory of the country and
neighboring countries was considered of great impor-
tance. For this purpose, the All-Union Center for Virus
Ecology and Anti-Epidemic Protection of Population and
Troops was established at the Virus Ecology Department
(VED) of the D.I. Ivanovsky Institute of Virology [1].
The most important vertebrate animals which are natural
reservoirs for zoonotic viruses are birds (A4ves), rodents
(Rodentia), and bats (Chiroptera). More than 200 known
arboviruses are ecologically related to birds. In certain
cases, birds are the main vertebrate host, taking an active
part in the formation of the viral population gene pool,
while in other cases, they serve as an effective amplifier
for the virus. The role of birds in the circulation of arbo-
viruses is determined by several factors, the most signif-
icant ones being: high abundance and population density
in nesting (for water birds), resting and wintering areas,
seasonal migrations with transcontinental transfer of vi-
ruses and vectors (ticks), nesting in burrows. For in-depth
study of zoonotic viruses associated with birds, taking
into account their role in the spread of viruses, the All-
Union Ornithological Committee with the Coordinating
Council on Bird Migration and Medical Ornithology was
organized. This committee was formed at the Institute
of Biology of the Biological Department of the USSR
Academy of Sciences (headed by Ilyichev V.D.) and the
D.I. Ivanovsky Institute of Virology of the USSR AMS

(headed by Lvov D.K.). The VED had a wide network
of reference bases in all regions of the USSR. A joint
research program was developed and conferences were
held twice a year to discuss the plans and results obtained.

The territorial support bases, located practically in all
regions of the USSR, were headed by energetic profes-
sionals who in a short time formed scientific teams of spe-
cialists: virologists, zoologists, arachno-entomologists,
capable of conducting complex field and laboratory stud-
ies. Almost all of the supervisors defended their doctoral
theses, and the rest of the specialists — their PhD theses: 1.
Vinograd (Lvov, Ukraine), I. Voinov (Minsk, Belarus), P.
Skofertsa (Kishinev, Moldova), F. Karas (Bishkek, Kyr-
gyzstan), T. Pak, M. Kostyukov (Dushanbe, Tajikistan),
S. Karimov (Alma-Ata, Kazakhstan), M. Kostyukov (Du-
shanbe, Tajikistan), and M. Kostyukov (Dushanbe, Uz-
bekistan), S. Karimov (Alma-Ata, Kazakhstan), N. Mir-
zoeva (Baku, Azerbaijan), V. Zakaryan (Yerevan, Arme-
nia), M. Kurbanov (Ashgabat, Turkmenistan), A. Meliev
(Tashkent, Uzbekistan), V. Zlobin (Irkutsk), F. Busygin
(Omsk), G. Leonova (Vladivostok), A. Timofeeva (Yuzh-
no-Sakhalinsk), and others.

Thus, in the USSR, research was conducted to identi-
fy, much like radiation, the biological background. These
were permanent maneuvers to predict and reduce the con-
sequences of emergency epidemic situations of natural
and anthropological origin.

The VED with the Influenza Ecology and Epidemiolo-
gy Center was organized in 1969 as part of the implemen-
tation of the State Research Program of the established
All-Russian Center for Ecology of Viruses and Particu-
larly Dangerous and Poorly Studied Infections at the D.I.
Ivanovsky Institute of Virology of the USSR AMS. The
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Fig. 2. Founder and Head of the Virus Ecology Department
(1969-2023), Dr. Dmitry Konstantinovich Lvov, Professor,
Academician of the Russian Academy of Sciences.
Director of the D.I. Ivanovsky Research Institute of Virology
(1987-2014). Honorary Doctor of the Military Medical Academy of
the Order of Lenin named after S.M. Kirov (2004).

Puc. 2. Imutpuii Koncrantunosud JIbBOB, 1-p MeJl. Hayk,
npodeccop, akagemuk PAH, cozgarens u pyKoBOOHUTEINb OT/ENA
sKonoruu BupycoB (1969-2023), nupexrop HUU Bupyconorun

M. JI.W. BanoBckoro (1987-2014), moyeTHBIi TOKTOP
Boenno-menunuuckoi opaena Jlennna akagemuun um. C.M. Kuposa
(2004).

Fig. 3. E.I. Burtseva, Dr. Sc. (Med.), Head of the Virus Ecology
Department since 2023, Head of the Influenza Etiology and Epide-
miology Laboratory.

Puc. 3. E.W. Bypuesa, a-p Men HayK, pyKOBOAMTENb OTJIENIA IKOJIO-
run BUpycoB ¢ 2023 1., pyKOBOIUTEIb JTa00PATOPUH STHOIOTHH 1
SIUAEMHUOJIOTUH I'pHIIIA.
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founder and permanent head of the Department for more
than 50 years was D.K. Lvov, Member of the Russian
Academy of Sciences, Professor, Doctor of Medical Sci-
ences (Figures 1, 2). The main goal of the Department
was to study the biodiversity and distribution of zoonotic
viruses and to identify the threats they pose to the bios-
ecurity of the country as pathogens of emerging and re-
emerging infections. The main areas of research included
a comprehensive study of ecological, later and genet-
ic, factors in the formation of population gene pools of
pathogenic viruses in nature, analysis of mechanisms for
viruses to overcome the interspecies taxonomic barrier,
study of the causes of emergence and spread of emerging
and reemerging viral infections. A great deal of attention
in the work of the department was also given to the sur-
veillance of the circulation of seasonal viruses with respi-
ratory transmission (ARVI).

The VED consisted of first-class medical and biologi-
cal specialists: virologists and biologists with vast experi-
ence in laboratory, zoological and arachno-entomological
field studies in natural foci of infections. The staff of the
related laboratories of the IV departments: Clinical Vi-
rology, State Collection of Viruses, Applied Virology and
Immunology, Arboviruses and Molecular Virology ac-
tively participated in the complex research. In the course
of its work, the Division cooperated closely with the N.F.
Gamaleya Institute of Epidemiology and Microbiology of
the Russian AMS, M.M. Shemyakin and Yu.A. Ovchin-
nikov Bioorganic Chemistry of the RAS, M.R. Kovalen-
ko All-Russian Research Institute of Experimental Vet-
erinary Science of the RAS. Furthermore, a number of
studies were carried out at the Russian Antiplague Scien-
tific Research Institute Microbe of Rospotrebnadzor, the
V.A. Engelberg Molecular Biology Institute of the RAS,
the M.M. Shemyakin and Yu.A. Ovchinnikov Russian
Research Institute of Experimental Veterinary Medicine,
V.A. Engelhardt Molecular Biology Institute of the RAS,
the Central Research Institute of Epidemiology of Rospo-
trebnadzor, the A.N. Severtsev Problems of Ecology and
Evolution of the RAS and other institutions of both sani-
tary-epidemiological and veterinary services of the Sovi-
et Union and the Russian Federation.

In 2016, the Institute ceased to exist as an independent
institution and became part of the N.F. Gamaleya Nation-
al Research Center of Epidemiology and Microbiology
of the Ministry of Health of the Russian Federation. Cur-
rently, the Department includes: Influenza Etiology and
Epidemiology Laboratory (headed by E.I. Burtseva, Dr.
Sc. (Med.) (from 2023 — head of the VED, Figure 3)),
Biotechnology Laboratory (headed by S.V. Alkhovsky,
Dr. Sc. (Biol.), corresponding member of the RAS)
(Figure 4). Virus Ecology Laboratory (Headed by L.T.
Fedyakina, PhD) (Figure 5).

The activity of the VED is related to the creation and
development of a new scientific area in virology which is
the ecology (molecular) of viruses. During our research,
we took an ecological approach and used mathematical
methods of multifactor analysis to create a new scientific
concept regarding the patterns of virus circulation in differ-
ent landscape and climatic zones of Northern Eurasia. For
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this purpose, a unique method of ecological and virological
probing of the Northern Eurasia territory and forecasting of
epidemic (epizootic) situations in different landscape-cli-
matic zones in the Soviet Union and neighboring countries
was developed and used (Figure 6) [5-16].

As a result of this large-scale work, more than 2,000 vi-
rus strains of 8 families, 17 genera, ecologically related to
various species of arthropod vectors and vertebrate hosts
were isolated. Many of them were registered in interna-
tional catalogs as new to science. The role of isolated vi-
ruses in human pathology was studied, new zoonotic in-
fections were described, and diagnostic preparations were
developed. The ubiquity of mosquito-borne viruses in the
landscape zones of tundra, taiga and deciduous forests was
shown, including viruses of the California encephalitis

Fig. 4. S.V. Alkhovsky, Dr. Sc. (Biol.), corresponding member of
the Russian Academy of Sciences, head of the Biotechnology Labo-
ratory of the Virus Ecology Department.

Puc. 4. C.B. AnbxoBckuii, o-p 01oi. HayK, wi.-kopp. PAH, pyxoBo-
JIUTEIIb J1a00paTopuK OMOTEXHOJIOTHHU OTAEINA YKOJIOTUH BUPYCOB.

PEOAKLIMOHHAA KOHLEEMNUWMA

group (California encephalitis orthobunyavirus species)
and the Bataille virus group (Bunyamwera orthobunyavi-
rus species) of the Orthobunyavirus genus, Peribunyavi-
ridae family (Figure 7). The circulation and significance
in human and animal pathology in the USSR, Finland
(Pogost’s disease) and Sweden (Okelbo’s disease) of Sind-
bis virus — the pathogen of Karelian fever and Getah virus
of the Alphavirus genus, Togaviridae family were shown
and studied for the first time (Figures 8, 9).

New viruses were discovered during surveillance in
Central Asia and Transcaucasia. Issyk-Kul fever virus
(Nairoviridae: Orhonairoviruses) associated with bats
and their argas ticks was described for the first time
(Figure 10). New viruses of Tamda and Burana fevers
(Nairoviridae: Orthonairovirus), Syrdarya fever (Picor-

Fig. 5. I.T. Fedyakina, Ph.D., Head of the Virus Ecology Laboratory
of the Virus Ecology Department.

Puc. 5. I.T. ®ensikuna, Kaua. OHON. HayK, PYKOBOJHUTEIb JIaOOpaTo-
PHH SKOJIOTHH BUPYCOB OT/IENA SKOJIOTUU BHPYCOB.

Fig. 6. Meridional sounding of the USSR
territory — studies on identification of biological
viral background similar to radiation
and landscape-climatic zoning.

Puc. 6. MepuanoHnansHoe 30HAMPOBaHKE
tepputopun CCCP — uccrnenoBanus
IO BBIBJICHUIO OMOJIOTHYECKOTO BUPYCHOTO (hoHa
QHAJIOTHYHO PATHAlIOHHOMY
U JTaHAMAPTHO-KIMMAaTHIECKOMY
pailoHUPOBaHHUIO.
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Fig. 7. Mosquito infestation and immunity in the population to California encephalitis serogroup viruses.

Puc. 7. 3apakeHHOCTh KOMapOB M HIMMYHHas! IPOCIIONKA CPEI HACEJICHHUSI OTHOCHTEIBHO BUPYCOB ceporpymibl Kanupopauiickoro sHiiedanura.

Fig. 8. Distribution of Sindbis virus, the Karelian fever pathogen
(Okelbo fever, Pogost’s disease) (Togaviridae: Alphavirus)
in Fenoscandia.

Puc. 8. Pacnpocrpanenune Bupyca Cuniouc — Bo3oyauresns
Kapenbckoii muxopanku (uxopaaka Okens60, 6osesns [Torocra)
(Togaviridae: Alphavirus) B @eHocKaHIUH.
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naviridae: Cardiovirus) were isolated from ixodal ticks
collected from goats and cows in desert biocenoses. Sev-
eral new viruses (Artashat, Chim, Geranium) were isolat-
ed for the first time from argas ticks collected from rodent
burrows. The above viruses were classified as different
species of the Orthonairovirus genus of the Nairoviridae
family. Karshi virus (Flaviviridae: Flavivirus), related to
Royal Farm virus (Afghanistan), isolated for the first time
from argas ticks, belongs to the TBE (tick-borne encepha-
litis) complex and causes sporadic cases of febrile illness
in humans. A new flavivirus, Sokuluk, ecologically relat-
ed to bats and related to Entebbe bat virus from Africa,
was isolated for the first time in Central Asia. In Kyrgyz-
stan, a new Tyulek virus, later assigned to the Qaranja-
virus genus of the Orthomyxoviridae family, was isolated
from argas ticks collected in nesting burrows of birds.

As part of a separate subprogram, ecological and viro-
logical studies of the «lxodes (Ceratixodes) uriae ticks —
colonial seabird» system were conducted in the Polar
Region. In 1969-1974, hundreds of strains were isolat-
ed from Ix. uriae ticks collected from seabird colonies
on the coasts of the Okhotsk, Bering and Barents Seas.
Up to 7,000 ticks (all phases of metamorphosis — larvae,
nymphs, adults) were collected from 1 square meter of
nesting surface, from which up to 100 strains of various
viruses were isolated, including genetically related virus-
es of tick-borne encephalitis and CCHF (Figures 11, 12).
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Xo3ssieBa 1 nepeHocyukmn ISKV
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Fig. 9. Locations of Getah virus (Toga-
viridae: Alphavirus) isolation in Eastern
Siberia, the Far East, and Mongolia.

Puc. 9. Mecra uzonsiuu Bupyca ['era
(Togaviridae: Alphavirus) B Boctounoit
Cubupu, na Jlaneaem Boctoke,
Mouronuu.

Mecta nsonsauum ISKV / ISKV isolation sites

Bcenbiwka nuxopaaku Ucebik-Kynb (22 cnyyas) B TagxukmuctaHe (1982)
Issyk-Kul fever outbreak (22 cases) in Tajikistan (1982)
BcTpeyaemocts aHtuTen k ISKV (0,3-9%)

ISKV antibodies occurrence

Kneww/Ticks

MecTo nsonsumn UZAV un3 nevenun Myotis blythi in Kazakhstan

UZAV isolation site (isolated from the liver of Myotis blythi) in Kazakhstan

Fig. 10. New Nairoviruses (Nairovirus) associated with bats Issyk-Kul (ISKV) and Uzun-Agach (UZAV) viruses.
Puc. 10. HoBsle HaupoBupycsl (Nairovirus), acCOIMUPOBAHHBIE ¢ JIETy4UMH MbliaMu: Bupychl Mcebik-Kynbs (ISKV) u V3yn-Arau (UZAV).

The circumpolar distribution of natural foci in the North-
ern and Southern hemispheres was established. The
isolated strains were mainly classified as bunyaviruses,
flaviviruses, and orbiviruses new to science, often on-
ly on the basis of virion morphology, as their antigenic
relationships with other viruses had not been identified
at that time. These included the first discovered Sakha-
lin and Paramushir bunyaviruses, which later formed the
species Sakhalin orthonairovirus of the Orthonairovirus
genus, Nairoviridae family. Several new viruses (Terp-
eniya Bay, Komandory, Rukutama) were described and
later assigned to the Uukuniemi phlebovirus species of
the Phlebovirus genus, Phenuiviridae family.

The new Tyulenii flavivirus and the closely related
Kama virus from Tatarstan were first isolated and later

became type representatives of the group of tick-borne
seabird flaviviruses (Flaviviridae: Flavivirus). The dis-
tribution and ecological features of Okhotsk and Aniva
viruses, two first described viruses of the Great Island vi-
rus species (Reoviridae: Orbivirus), have been studied in
detail [17-21].

Genetic studies of newly isolated strains of Crime-
an-Congo hemorrhagic fever viruses (Nairoviridae: Or-
thonairovirus) and West Nile fever (WNF) viruses (Fla-
viviridae: Flavivirus), which caused extensive epidemic
outbreaks with high mortality in 1999-2002 in southern
Russia, were performed. The identity of WNF viruses
during this period in Russia and the USA is shown. Year-
round population relationships of WNF virus with vectors
(mosquitoes, ticks) and vertebrates in the Volga River del-
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Fig. 11. Ixodes uriae ticks (Tyulenii Island in the Sea of Okhotsk).
Puc. 11. Knemu Ixodes uriae (0. Tronenunit B OXOTCKOM Mope).

Fig. 12. Nesting colonies of Thin-billed Buzzards (Uria aalge)
on the Commander Islands.

Puc. 12. 'He310BBIC KOMOHUN TOHKOKIIIOBBIX Kaiip (Uria aalge)
Ha KoMaHJ0pcKUX OCTpOBax.

Adpuka/Africa
BecHa o
Spring i Murpupytowme ntuybl/Migrating birds
| Oenbta Bonrn/Volga Delta |
HwxHuin nosic/Southern Zone CpepHuin nosic/Middle Zone
. . MpypoaHble buoLeHo3bl/ AHTpoOnoreHHble broLeHo3bI/
MpupoaHbie GroueHossi/Natural biocenosis Natural biocenosis Anthropogenic biocenosis
Komapel/Mosquitoes Komaphi/Mosquitoes
ROMAPLIVOSAUITOeS
Coq. richiardii Vikconosble knewu/ Cx. Pipiens
An h rcanus Ixodus ticks An. Messeae
Cx. m};destus Hyalomma marginatium An. Hyrcanus
1 ) Coq. richiardii
eTo A A / A L
Summer
Tlioan/People . .
PuiGakm/Fishermen MTuubl/Birds Mtuubl/ Birds Iloaun/People
OxotHukwHunters BaknaHbl/Cormorants, Corvidae Hacenenue B uenom/
Fa30BUKI 1 HedTAHMKN/ nbicyxu/coots, uannu/herons, 1 apyrue suabl Jlowapn/Horse General population
; Kpaukwu/terns, kynuku/sandpipers Ha3eMHOro KPC/Cattle MopToBble paboune/
Gas and oil workers
MorpanuyHukw/Border patrol| | |4 APYTve BiabI BOAHO- Komnnekca/ Osubl/Sheep Dock workers
Mopsikw/Sailors OKOMOBOAHOro Komnnekca/ and other land CBuHbMW/Pigs Mopsiku/Sailors
TypucTtbl/Tourists and other aquatic species species Bep6ntoabl/Camels Pui6aku/Fishermen
OceHb . Mwrpupytowime ntuuypl/Migrating birds|
Autumn .
Adbpukal/Africa v
A4
: WkconoBble knet/ Komapbi/Mosquitoes
Komapel/Mosquitoes Ixodus ticks Cx. Pipiens
3uma Coq. Richiardii _(Iarva) W An. Messeae
Winter An. Hyrcanus (imago) marginatium An. Hyrcanus
Cx. Modestus (imago) Cogq. richiardii

Fig. 13. Population interactions of WNF virus with arthropod vectors and vertebrate hosts.

Puc. 13. [TonynsanuoHable B3auMoneiicTBus Bupyca 3anagHoro Huma
C WICHUCTOHOTUMH II€PEHOCYHKAMH ¥ TI03BOHOYHBIMH XO3s5I€BaMHU.

ta have been established (Fig. 13) [22-24]. This is a short
list of the most notable new viruses discovered as a result
of the research program; the main results are summarized
in the Atlas of the Spread of Natural Focal Infections in
the Russian Federation published in 2001 and a number
of other books. For these achievements, the staff of the
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VED and collaborating organizations were awarded the
State Prize of the Russian Federation in the field of sci-
ence and technology in 1999, and the head of the project,
Academician D.K. Lvov, was awarded the highest award
of the Soviet Union — the Order of Lenin (the last in his-
tory) (Figure 14) [25].
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* A.M. ByTeHKO — AMarHOCTHKA U UACHTU(PHUKALIUSL
BUPYCOB
A .M. Butenko — virus diagnostics and identification

* C.4. laiijaMOBHY — HOBBIE METOJIBI U3YIEHUS
OMOJIOTHUECKHX CBOMCTB BUPYCOB
S.Ya. Gaidamovich — new methods for studying the
biological properties of viruses

» B.JI. I'/pomarieBckuii — U3011Ms1 BUPYCOB U MX
UACHTH(pUKAIHS
V.L. Gromashevsky — virus isolation and
identification

« IL.I. IepstouH — popMUpOBaHUE KOJUIEKIIMH BUPYCOB
P.G. Deryabin — creating a collection of viruses

* C.M. KiniMeHKo — 2J1eKTpOHHAsi MUKPOCKOIIHS
S.M. Klimenko — electron microscopy

« J1.B. KonoOyxuHa — n3y4eHne KIMHUKA HHQEKIH
L.V. Kolobukhina — study of infection clinic

* C.J1. JIbBOB — HCCIIEJOBaHUE BUPYCOB B BHICOKUX
IIUPOTAx
S.L. Lvov — study of viruses in high latitudes

* J1.K. JIbBOB — pyKOBOAUTEIH IPOrPaMMBl
D.K. Lvov — head of the program

PEOAKLIMOHHAA KOHLEEMNUWMA

Fig. 14. Winners of the
State Prize for Science and
Technology (1999).

Puc. 14. Jlaypeats! 'ocynap-
CTBEHHOM IIPEMHH I10 HayKe U
texauke (1999).

Fig. 15. Founders of the concept of natural foci of influenza A virus (Orthomyxoviridae, Influenza A virus).

From left to right Graham Laver (Australia), Dmitry Lvov (USSR), Robert Webster (USA).
Puc. 15. OCHOBONOIOKHUKH KOHIIETIIIMH TIPUPOAHOM 09aroBocTH BupycoB rpunma A (Orthomyxoviridae: Influenza A virus).

Cnesa HarpaBo ['pam JlaBep (ABctpanus), Imutpuii JIsBoB (CCCP), Pobept Bedctep (CILIA).

The final stage of these studies, led by Dr. S.V. Alk-
hovsky, corresponding member of the Russian Academy
of Sciences, consisted of determining the genetic char-
acteristics and taxonomy of isolated viruses using mod-
ern methods of genome analysis based on new genera-
tion sequencing (NGS). As a result of the introduction of
these modern methods, about 200 previously unclassified
strains have been genetically characterized on the basis of
the biotechnology laboratory included in the department
since 2012, of which more than 20 strains were described
as virus species new to science and 2 new genera were
formed. In total, more than 80 species of zoonotic viruses
belonging to 12 different families circulating in Northern
Eurasia have been identified. The population gene pool
of potentially biosecurity-threatening zoonotic viruses
with respiratory transmission (poxoviruses, orthomyxo-
viruses, coronaviruses, etc.) was forecasted. The data are
taken into account in the latest international edition of the
Virus Taxonomy.

Research on socially significant infections, in partic-
ular on parenteral hepatitis, was intensively carried out

in the VED. In 1990-2000, large-scale epidemiologic
and molecular genetic studies of the tender killer — the
viral hepatitis C pathogen (Flaviviridae: Hepacivirus)
were conducted. As a result of monitoring the distribu-
tion of its various genotypes in Russia, the ubiquitous
dominance of the most pathogenic genotype 1b for the
period of observation was established and a new geno-
type 2k was described. Recommendations on examina-
tion and treatment of patients were given. The reasons
for the high incidence of viral hepatitis A (Picornaviri-
dae: Hepatovirus), B (Hepadnaviridae: Orthohepadna-
virus), and E (Hepeviridae: Hepevirus) in Central Asia
have been studied [26-30].

Much attention was paid to the study of various as-
pects of the ecology and epidemiology of influenza.
Based on the results of these studies, the leading role
of birds in the evolution of influenza A viruses were
revealed, which allows us to consider influenza A as
a reverse zoonosis (Figures 15, 16). Active circula-
tion of 15 of 18 subtypes of influenza A virus (Ortho-
myxoviridae: Alphainfluenzavirus) known in the world
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in natural biocenoses of Northern Eurasia, including
genetic variants that are considered as possible precur-
sors of new pandemic viruses (Figure 17) [31-34], has
been established. The causes and consequences of the
avian influenza H5N1 entry into Northern Eurasia and
the global consequences of this process were studied
(Figure 18). One of the isolated strains was used for
the production of avian influenza vaccine (FLU PRO-
TECT H5) [35-39].

The Influenza Ecology and Epidemiology Center
and the National Influenza Center (NIC), cooperating
with WHO (Head — Academician of the Russian Acad-
emy of Sciences Lvov D.K., Deputy Head — Dr. Bur-
tseva E.I.) operate at the VED. The Influenza Ecology

Fig. 16. Influenza A viruses in the biosphere.
Puc. 16. Bupycsl rpunma A B 6uocdepe.
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and Epidemiology Center supervises 10 cooperating
reference bases of the Centers of Hygiene and Epidemi-
ology of Rospotrebnadzor in European Russia (Veliky
Novgorod, Lipetsk, Vladimir, Yaroslavl, Penza, Che-
boksary), in the Urals (Orenburg), in Siberia (Tomsk),
and in the Far East (Vladivostok, Birobidzhan). The
established system monitors the circulation of RNA-
and DNA-containing viruses causing ARVI (Fig. 19).
Weekly reports of the Influenza Ecology and Epide-
miology Center containing information on epidemio-
logical, virological, antigenic and biological properties
of pathogens are sent to the Ministry of Health of the
Russian Federation, Rospotrebnadzor and WHO. As
part of this work, the department is responsible for year-
round monitoring for influenza virus circulation as part
of the Influenza Ecology and Epidemiology Center and
WHO NTF tasks. The first Russian strain of pandemic
influenza virus A(HIN1)pdm09 was isolated and stud-
ied by the department in May 2009. The study of the
entry and spread of influenza A(HIN1)pdmO9 virus on
the territory of our country was carried out. For the first
time in Russia, molecular genetic factors in the devel-
opment of primary viral pneumonia with high lethality
have been identified — mutations in the binding site of
the hemagglutinin HA1 receptor with a substitution of
asparagic acid (D) for glycine (G) or asparagine (N) at
position 222. These substitutions lead to a change in the
receptor specificity of the virus with an increase in its
ability to infect epithelial cells of the lower respiratory
tract with a 70% mortality rate. Vaccination and early
use of etiotropic drugs (neuraminidase inhibitors) pre-
vent the formation of highly dangerous mutants [40—42].

After the emergence of the COVID-19 pandemic, ac-
tive research on diagnostics and monitoring for SARS-
CoV-2 (Coronaviridae: Betacoronavirus) morbidity in
Russia was initiated in the laboratories of the Center. To-
gether with other departments of the Center, studies of

Fig. 17. Isolation of influenza A virus
strains in natural foci of Northern
Eurasia (1962-2011).

Puc. 17. U3onsmus mraMMoB BUpyca
rpunmna A B IpUPOJHBIX OYarax B
CesepHoii Espaszuu (1962-2011).
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1 — Anrait, ocens 1991
Altai, autumn 1991
2 — 03. Xanka, ocenb 2001

L. Khanka, autumn 2001

3 — 03. KykyHop, ipos. I{unxaii, Becna 2005

L. Qinghai, spring 2005

4 — Numoctan 2005-2007
Hindustan 2005-2007

5 — 3anagnas Cubups 2005-2007
West Siberia 2005-2007

6 — Upan 2005-2007
Iran 2005-2007

7 — Typuwus 2005-2007
Turkey 2005-2007

8 — Kpacnozmap 2005-2007
Krasnodar 2005-2007

9 — 3anaanas Espomna 2005-2007
Western Europe 2005-2007

10 — Adpuka 2005-2007
Afiica 2005-2007

11 - 03. Y6cy-Hyp 2006-2007

Uvs Lake 20062007

12 — Pocrop-na-/lony, ocens 2007
Rostov-on-Don, autumn 2007

13 — ensra Bonru, ocens 2007
Volga Delta, autumn 2007

14 — ITonmockoBsbe, 3uma 2007
Moscow Region, winter 2007

15 — O3. Xanka, Becua 2008
L. Khanka, spring 2008

16 — O3. Yo6cy-Hyp, Becna 2009

Uvs Lake, spring 2009

Fig. 18. Causes and consequences of HPAI / HSN1 spread into Northern Eurasia (fall 2005).
Puc. 18. [Tpuuuns! u nocneacteus nponukaoBenuss HPAI/HSN1 B Cesepnytro EBpasuro (ocens 2005 r).

Cemeiicreo/Family

Pop/Genus

Tunbi v rpynnbl/Type and group

Ortomyxoviridae,

Influenza virus

Bupycbl rpunna A (BMpycbl rpynna Yenoseka v ntuw), Bu C

PHK/RNA A B,C Influenza virus A (human and avian influenza virus), B and C
Paramyxoviridae, Rubulavirus/ Bupycbl naparpunna Tunos 1, 2, 3, 4A n 4B(HPIV)
PHK/RNA Respirovirus Parainfluenza types 1, 2, 3, 4A and 4B (HPIV)

Pneumovirus

Metapneumovirus

PecnunpaTopHO-CUHTMLMANbHbIN BUPYC, 2 rpynnbl—A 1 B (HRsV)

Respiratory syncytial virus, 2 groups — A and B (HRsV)

MeTanHeBmoBUpyc, 2 rpynnbl—A u B (HMpV)
Metapneumovirus, 2 groups — A and B (HMpV)

Picornoviridae,

Enterovirus

PuHoBwmpycel, 3 Buaa (A, B, C) — 170 cepotunos (HRV)

PHK/RNA Rhinovirus, 3 types (A, B, C) — 170 serotypes (HRV)
Coronoviridae, Alphacoronavirus KopoHasupycbl ce30HHbIe
PHK/RNA Betacoronavirus Seasonal coronavirus
SARS-CoV 2
Parvoviridae, Bocavirus Bokasupyc, 4 Tvna (HBoV 1-4)
[HK/DNA Bocavirus, 4 types (HBoV 1-4)
Adenoviridae, Mastadenovirus AneHosupycbl — (AdV), 7 Tunos/88 cepotnnos:

[OHK/DNA

A(3), B(10), C(5), D(50), E(1), F(2), G(1)
Adenovirus — (AdV), 7 types/88 serotypes:
A(3), B(10), C(5), D(50), E(1), F(2), G(1)

Fig. 19. Characterization of seasonal acute respiratory viral infection (ARVI) pathogens.
Puc. 19. XapakreprucTrka Bo30yauTesel Ce30HHBIX OCTPBIX PECIMPATOPHbIX BUPYCHBIX nHpekiuii (OPBU).
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genetic variability of circulating variants of SARS-CoV-2
are being conducted. Another area of work is related to
the study of mechanisms of emergence of new corona-
viruses pathogenic for humans in nature. The territory
of Russia and neighboring countries is being surveyed
for the presence of zoonotic coronaviruses circulating in
natural reservoirs. Their biological properties and patho-
genic potential are being studied as well. In 2020, bat
coronaviruses of the Rhinolophus genus (Hosta-1 and
Hosta-2 viruses) related to the SARS-CoV-2 virus were
identified and characterized for the first time in Russia
(Figure 20) [43-45].

The identified viruses are able to bind the ACE2 re-
ceptor of bats, Hosta-2 virus also effectively binds to the
human ACE?2 receptor and is capable of using it to infect
the cell.

Since 2023, Dr. E.I. Burtseva has been in charge of
the VED. The Department continues active research of
ecological, biological and genetic properties of viruses
circulating in Russia and posing a threat as pathogens
of new and reemerging infections. Much attention is
paid to meeting the needs of practical healthcare in
the field of diagnostics, prevention and treatment of
viral infections (mainly ARVI). Circulation of influ-
enza, SARS-CoV-2 and other acute respiratory virus-
es is constantly monitored, registration tests of new
diagnostic test systems are conducted, state standard
samples of respiratory virus strains are developed, and
antiviral therapeutic and prophylactic drugs are tested
in vitro and in vivo. Virus collections stored in the lab-
oratories of the Department include hundreds of char-
acterized strains.

The VED staff did a great deal of scientific and coordi-
nation work in training personnel for scientific institutions

18

Fig. 20. Detection of circulating bat

coronaviruses (Hosta-1 and Hosta-2)

related to SARS-CoV-2 in southern

Russia (northern coast of the Black
Sea) in 2020.

The identified viruses are able to bind

the ACE2 receptor of bats, Hosta-2 virus

also effectively binds to the human ACE2

receptor and is capable of using it to infect
the cell.

Puc. 20. O6Hapyx)eHue TUPKYISLIUH
KOPOHABHUPYCOB JIETYYHUX MbIIIECH
(Xocra-1 n Xocra-2), pOACTBEHHBIX
Bupycy SARS-CoV-2, na rore Poccun
(ceBepHOE OOEpEKBE UepHOTO MOPST)
B 2020 .

BbisBiIeHHBIE BUPYCBHI CIIOCOOHBI CBS3BIBATH
penenrrop ACE2 neryunx mpmmelt, Bupyc Xo-
cra-2 Taroke 3pPEeKTHBHO CBSA3BIBACTCS C pe-
nenropoM ACE2 denoBeka 1 MOXKET HCIIONb-
30BaTh €ro It MHHOUIUPOBAHNUS KIICTKH.

located throughout the USSR and later the Russian Feder-
ation. International relations of the VED were realized at
regional meetings, symposia on arboviruses, influenza and
viral hepatitis, and the 100th Anniversary of Virology. For
more than 50 years, the activities of the VED were aimed
at developing fundamental issues of formation of popula-
tion gene pools of viruses in nature, conducting complex
large-scale research in the interests of biosecurity of the
state on the problems of especially dangerous (arboviral)
and socially significant (influenza and other ARVI, para-
internal hepatitis) infections with the priority of results at
the world level. The world recognition of the Department’s
merits was expressed in the election of Academician D.K.
Lvov as an international advisor to the American National
Committee on Arboviruses, a member of the Internation-
al Committee for the Study of Viruses in High Latitudes,
a member of the Taxonomic Group on Bunyaviruses and
Togaviruses of the International Committee on Taxon-
omy of Viruses, curator of influenza research within the
framework of Russian-American cooperation on influen-
za problems, head of the WHO National Influenza Center,
chairman of the Committee on Medical Sciences and Pub-
lic Health of the World Health Organization (WHO), and
a member of the International Committee for the Study of
Viruses in High Latitudes.

The achievements of the VED are adequately reflected
in a number of publications, including the 2-volume inter-
national monograph «History of Arbovirology: Memories
from the fields» (Springer Nature Switzerland AG, 2023),
which includes a chapter on the study of arboviruses in
Northern Eurasia (Lvov D.K. and Alkhovsky S.V. as the
authors) [46].
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