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Introduction. On the territory of Russia four species of lyssaviruses (genus Lyssavirus) were identified, three of
them caused human deaths.

The aim of work: to characterize fatal cases in humans after contacts with bats in the Far East in 2018-2021 and
to perform typing of isolated pathogens.

Materials and methods. Lyssavirus infection was confirmed in samples of sectional material from people who died
in the Amur Region in 2019, in the Primorsky Krai in 2019 and 2021. Diagnostics was performed by fluorescent
antibody test (FAT) and RT-PCR using diagnostic kits of domestic production. Viruses were isolated in a bioassay.
The nucleoprotein sequences were analyzed after 15t passage. The analysis of phylogenetic relationships and the
construction of a dendrogram were performed using the MEGA7 software.

Results. The viruses that caused the fatal cases in humans in the Amur Region and Primorsky Krai share more
than 90% identity to Lyssavirus irkut detected in Russia and China. Together they form a separate monophyletic
cluster with 100% bootstrap support.

Conclusion. On the territory of Russia, monitoring of bat populations for infection with lyssaviruses is relevant.
The material of people who died from encephalomyelitis of unknown etiology within 10—15 days from the onset of
the disease must be examined for lyssavirus infection. It is necessary to develop PCR assays that employ genus-
specific primers. The use of molecular biological methods is promising for improving the diagnosis of rabies and
epidemiological surveillance, as well as increasing the efficiency of the system of biological safety of the population
of the Russian Federation.
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BeepeHue. Ha teppuTtopum Poccum Bbinuy BeiSIBNEHb! YeTbipe Buaa nNuccaBmpycoB (popg Lyssavirus), npeacraBsu-
Tenu TPEX N3 HNX ABASNUCb NPUYUHON rmMbenn nogen.

Llenb — oxapaktepun3oBaTb cryyaun rubenu niofgen nocne KOHTaKTOB C PYKOKPbIbIMU Ha TeppuTopun OanbHero
Boctoka B 2018—-2021 rT.  TMNMpOBaTh BblAENEHHbIE MNAaTOreHbI.

MaTepuanbi 1 MeToAbl. JIuccaBMpyCHYH MHAEKLMIO NOATBEPXKAANM B 0bpasLax CEKLMOHHOro Mateprana oT -
aewn, normbwnx B AMypckow obnactu B 2019 r. u B Nprumopckom kpae B 2019 n 2021 rr. luarHocTrky noBogunmn me-
ToAoM chriyopecumpytowmx aHtuten, Real-time MNMUP, ncnone3ys gnarHoCcTukyMbl OTeH4ECTBEHHOIO NPOM3BOACTBA.
Bupycol BbligeneHsl B 6uonpobe. MNMocnegosartensHOCTU HyKNeonpoTenHa aHanvanposany Ha ypoBHe 1-ro nac-
caxa. AHanu3 hnnoreHeTU4YEeCKMX OTHOLLEHNI 1 NOCTPOEHMEe AeHAPOorpamMm BbINonHsNU B nporpamme MEGAY.
Pesynbrathbl. Bbino yctaHoBneHo, 4To BMpYChI, Bbi3BaBLuMe rmbenb nogen B AMmypckorn obnactu u Npumopckom
Kpae, bonee 4yem Ha 90% maeHTUYHbI Nnuccasupycam WpkyT (BUA Lyssavirus irkut), BbIIBNEHHBIM Ha TeppuTOpUn
Poccun n Kutas, n o6pasytoT ¢ HUMU OTAENbHBIN MOHOdUneTnyeckui knactep co 100%-# 6yTcTpen-noaaepxkon.
3akntoyeHue. Ha Tepputopumn Poccum akTyaneH MOHUTOPUHT NONYNALUIA NETYYUX MblLLE Ha 3apaKEHHOCTb NNC-
caBupycamun. CekUMOHHbIN MaTtepuan niogen, normbimx ot aHuedanommenuTa HeyCcTaHOBNEHHOW 3T1ONOrMn B
npegenax 10—15 gHewn ot Hayana 6onesHun, HeobxoaMMO UCCneaoBaTh Ha NUCCaBUPYCHYHO NHekuuto. TpebyeTcs
paspabortka ML P-TecT-cnctem, BknovaroLwWmx pogocneumdunyHble npaiMmepsl. lNprumeHeHne monekynspHo-6uono-
rMYeCcKnUX METOAOB ABMNSETCA NEPCNEKTUBHBLIM B NiaHe pasBuTUS AMarHOCTMKM BelueHCcTBa ANsi COBEPLLUEHCTBOBA-
HWUS 3NMOEMUONOrMYECKOro Haasopa M MoBbIWeHNs 3M(EKTUBHOCTN CMCTEMbI BUONOrMYecKon 3aLmTbl Hacene-
Husa Poccuinckon ®enepaumm.

Knro4eesie cnoea: Poccusi; nuccasupyc beweHcmsa, nuccasupyc Vipkym; nuccasupycHbil s3HUueganum; pyKo-
Kpbirible
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duHaHcupoBaHue. ViccnegoBaHue BbIMOMHEHO 3a CYET rocyaapCcTBEHHOMO BroaxeTa.

KoHdbnukT nHTepecoB. ABTOpbI 3asIBNSAT 06 OTCYTCTBUM KOH(MKTA UHTEPECOB.

OTnyeckoe yTBepxaeHue. ABTOpbI NOATBEPXKAAKT COOMOAEHNE UHCTUTYLMOHANbHBIX U HauMOHanbHbIX CTaHOapToB
No MCNonb30BaHMI0 NabopaTopHbIX XUBOTHLIX B cooTBeTCTBUM ¢ Consensus Author Guidelines for Animal Use (IAVES,
2010, July 23). UccnepoBaHue npoBoannock Npu Ao6poBonbHOM MHEPOPMUPOBAHHOM COTflacuM 3aKOHHbIX NpeacTaBu-
Tenew naumeHToB. [NpoTokon nccnegosaHns ofgobpeH ATndeckum kommtetom PBEYH «Omckuin HUW npupoaHo-oyarosbix
MHekumin» PocnotpebHaasopa (npoTtokon 6/H ot 27.01.2021).
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Introduction

Lyssaviruses are widespread neurotropic RNA viruses
that infect warm-blooded animals and humans, causing
fatal encephalitis or rabies (also known as hydrophobia,
lyssavirus encephalitis). In humans, infection causes
acute encephalitis, usually resulting in death within 10—
15 days after the onset of clinical symptoms of the dis-
ease. The worldwide distribution of lyssaviruses that are
highly pathogenic for humans and mammals, their almost
absolute lethality, and absence of treatment for developed
disease place lyssaviruses at the top of the agenda for hu-
man and animal health [1, 2].

Lyssaviruses belong to the genus Lyssavirus, the fami-
ly Rhabdoviridae and the order Mononegavirales, which
currently includes 17 species recognized by the Interna-
tional Committee on Taxonomy of Viruses [3]:

— Lyssavirus rabies (rabies virus, RABV);

— Lyssavirus lagos (Lagos bat virus, LBV);

— Lyssavirus mokola (Mokola virus, MOKV);

— Lyssavirus duvenhage (Duvenhage virus, DUVV);

— Lyssavirus hamburg (European bat 1 lyssavirus,
EBLV-1);

— Lyssavirus helsinki (European bat 2 lyssavirus,
EBLV-2);

— Lyssavirus australis (Australian bat lyssavirus,
ABLV);

— Lyssavirus irkut (Irkut virus, IRKV);

— Lyssavirus caucasicus (West Caucasian bat virus,
WCBYV);

— Lyssavirus khujand (Khujand virus, KHUV);

— Lyssavirus aravan (Aravan virus, ARAV);

— Lyssavirus shimoni (Shimoni bat virus, SHIBV);

— Lyssavirus bokeloh (Bokeloh bat lyssavirus, BBLV);

— Lyssavirus ikoma (Ikoma lyssavirus, IKOV);

— Lyssavirus lleida (Lleida bat lyssavirus, LLEBV);

— Lyssavirus gannoruwa (Gannoruwa bat lyssavirus,
GBLV);

— Lyssavirus formosa (Taiwan bat lyssavirus, TBLV).

One more virus, the Kotalahti bat lyssavirus (KBLV),
remains a tentative species until its species status is con-
firmed [3]. By 2023, 15 of 17 confirmed species had been
isolated from chiropters. Lyssavirus mokola and Lyssavi-
rus ikoma are the only two lyssaviruses that have not been
found among bat species so far [4-7].

Chiropters are a major reservoir of lyssaviruses. Their
diversity and global distribution contribute to the bio-
logical diversity of pathogens, being highly favorable
to the emergence of new species of viruses. Over the
last 20 years, 8 new species have been discovered in
Europe, Asia, and Africa. Human deaths were reported
from 7 species: RABV — about 60,000 deaths a year,
resulting from infection from terrestrial mammals, and
2-3 cases a year, resulting from infection from bats in
North America; EBLV-1 — 2 cases; EBLV-2 — 2 cas-
es, ABLV — 3 cases, DUVV — 3 cases, IRKV — 1 case,
MOKYV -2 cases [8—13].

The rabies lyssavirus (Lyssavirus rabies) is the most
widespread species, being well represented both geo-
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graphically and by the species diversity of infected mam-
mals supporting the virus circulation. It circulates in pop-
ulations of terrestrial mammals, mainly among carnivo-
rous mammals (the order Carnivora) worldwide and in
populations of chiropters (the order Chiroptera) in North
and South America. Lyssavirus rabies is responsible for
most of the deaths of humans and animals. Other species
of lyssaviruses occur only outside America; they seem to
have a limited geographical distribution and a narrower
range of hosts. In Europe, including the European part of
Russia, 5 species of lyssaviruses have been identified in
addition to the rabies lyssavirus; 6 species in Africa, 1 spe-
cies in Australia, and 5 species have been identified in
Asia, including the territory of Russia [7, 11, 12, 14].

The rabies lyssavirus circulates in natural foci across
Russia [15, 16], primarily in populations of wild canines
(the family Canidae) — foxes, corsac foxes, racoon dogs,
wolves, arctic foxes [17-21].

In Russia, two novel lyssaviruses have been discov-
ered among chiropters. The Irkut lyssavirus (Lyssavirus
irkut) was isolated from a greater tube-nosed bat (Mu-
rina leucogaster) in the Irkutsk Region in 2002 and the
West Caucasian bat lyssavirus (Lyssavirus caucasicus)
was isolated from a common bent-wing bat (Miniopterus
schreibersii) in the Krasnodar Territory [22, 23].

Most of the hydrophobia cases reported in the coun-
try from 1534 to 2018 were caused by infection through
contacts with wild and domestic carnivores (the dog,
cat, wolf, fox, racoon dog, etc.) [24]. The molecular and
genetic typing of the viruses isolated from the individu-
als who died after the contacts with the above animals
showed that they belonged to the Lyssavirus rabies spe-
cies [15, 25, 26].

Two documented cases of human death, which were as-
sociated with bats, were an exception. The first case was
reported in the Belgorod Region in 1985. The European
bat lyssavirus type 1, presently known as the Hamburg
lyssavirus (Lyssavirus hamburg), was isolated from a de-
ceased 11-year-old girl [3]. The rabies-related Yuli virus
was isolated by professor M.A. Selimov [27] and stud-
ied under the supervision of doctor of medical sciences
S.V. Gribencha at the Ivanovsky Institute of Virology.
The second case was reported in 2007; the Ozernoe lys-
savirus, an analog of the Irkut virus, was isolated from a
deceased 20-year-old girl in the Primorsky Territory [28].

Another two human deaths caused by bites of chirop-
ters have been reported in Russia. In both cases, the spe-
cies of lyssaviruses were not identified; the death from
lyssavirus infection was diagnosed using clinical and
epidemiological data. The first and the earliest reported
case of human death occurred in Voroshilovgrad (present-
ly Lugansk, the Lugansk People’s Republic of the Rus-
sian Federation) in 1977, when a bat bit a 15-year-old girl
[29]. The second case was reported in Molodogvardeisk
(the Lugansk People’s Republic of the Russian Federa-
tion) in 2002: A bat bit a 34-year-old man [30].

Thus, out of 4 species of lyssaviruses detected in Rus-
sia — Lyssavirus rabies, Lyssavirus hamburg, Lyssavirus
irkut, Lyssavirus caucasicus — representatives of the first
three species caused human deaths. The last three species
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were isolated from bats: Lyssavirus hamburg was found
only in Europe, Lyssavirus irkut — in Russia and China,
Lyssavirus caucasicus — in Russia and Africa[12, 31, 32].
During 1977-2007, four human deaths following bites of
chiropters were reported.

In 2018-2021, in the Far East Region of Russia, three
new cases of human lyssavirus infection after contacts
with bats were reported. These cases are discussed in this
article.

The purpose of the study was to describe the cases as-
sociated with human deaths after contacts with chirop-
ters in the Far East in 2018-2021 and to classify isolated
pathogens.

Materials and methods

Lyssavirus infection was confirmed using autopsy sam-
ples from patients who died in the Amur Region (Bla-
goveshchensk) in June 2019, in the Primorsky Territory
in September 2019 (Fokino) and in August 2021 (Zavet-
noe village). Based on the clinical and epidemiological
data, the first two cases were diagnosed with encephalitis
of unknown origin (meningoencephalitis of unclear eti-
ology, unspecified viral encephalitis); the last case was
diagnosed with acute encephalitis of lyssavirus etiology,
severe disease.

The specific rabies virus antigen was detected by the
fluorescent antibody test [33] using polyclonal anti-rabies
immunoglobulin labeled with fluorescein-5-isothiocya-
nate (FITC-immunoglobulin) manufactured by the Fed-
eral Center for Animal Health (FCAH).

Rus(Amur)8947H 2019, Rus(Primorsky)8949H 2019,
and Rus(Primorsky)9220H 2021 viruses were isolated
by bioassay using white outbred mice weighing 8-12 g,
which were inoculated intracerebrally with 0.03 ml of
a 10% Hanks solution-based brain suspension from the
deceased patients [34]. The specific death of mice from
rhabdovirus was confirmed by detection of its antigen by
the fluorescent antibody test performed on impressions of
animal brain. The infective activity of the viruses in the na-
tive material as well as at the 2"¢ and 4" passages was mea-
sured through intracerebral inoculation of 0.03 ml of brain
suspension from the deceased patients in 10-fold dilution
in Hanks solution from 10! to 1077 The virus titer was cal-
culated using the Reed-Muench method [35]. The authors
confirm the compliance with the institutional and nation-
al standards for using laboratory animals in accordance
with the Consensus Author Guidelines on Animal Ethics
and Welfare for Editors (IAVE, July 23, 2010). The stud-
ies were approved by the Ethics Committee of the Omsk
Research Institute of Natural Focal Infections of Rospo-
trebnadzor (protocol without number dated Jan 27, 2021).

The real-time RT-PCR (reverse transcription poly-
merase chain reaction) was performed to detect the rabies
virus RNA using reagent kits from Syntol (Moscow) and
Fractal Bio (St. Petersburg) and the Rotor-Gene 6000 ther-
mocycler.

The viral RNA was extracted from the brain of the
mice that died during the 1% passage, using the TRIzol
reagent (Invitrogen Life Technologies, United States)
in accordance with the manufacturer’s instructions. The
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synthesis of cDNA (complementary) in RT-PCR was per-
formed using random hexanucleotide primers included in
the Reverta-L reverse transcription kit (InterLabService,
Moscow).

Overlapping fragments were amplified to identify the
primary nucleotide sequence of the nucleoprotein gene
fragment [36]. To obtain PCR-fragments of isolated
Rus(Amur)8947H 2019, Rus(Primorsky)8949H 2019,
Rus(Primorsky) 9220H 2021 viruses, we used pairs
of primers described earlier by Heaton et al. [37] for
the gene encoding nucleoprotein: JW12-JW6 (DPL),
JW6 (M), JW6 (E), and then f1 and r1 described by Liu
et al. [38]. The amplification was performed using the
Axygen MaxyGene II thermal cycler (Axygen Scientific
Inc., United States).

The presence of the PCR product of the required length
was detected using electrophoresis in 1.5% agarose gel
(1x TAE (tris-acetate buffer)) with ethidium bromide.
The purification of PCR products and their concentra-
tion were performed using Agencourt AMPure XP para-
magnetic beads (Beckman Coulter Life Sciences, United
States) in accordance with the manufacturer’s recommen-
dations.

The purified PCR product was sequenced using the
above pairs of primers and the BigDye™ Terminator
v1.1. Cycle Sequencing Kit, followed by the analysis of
the reaction products using the SeqStudio genetic analyz-
er (Thermo Fisher Scientific Inc., United States).

The structure of the resulting chromatograms was an-
alyzed with the help of the Chromas 2.6.6.0 software
(Technelysium Pty Ltd, Australia). The obtained frag-
ments of the virus genome were aligned in BioEdit 7.0.5.3
(Informer Technologies, Inc., United States). The length
of the obtained products of amplification of nucleopro-
tein lyssavirus gene fragments was 1258 nt (the genome
position — 71-1328 in relation to Reference Sequence
NC_001542.1).

The search for homologous nucleotide sequences was
performed using the BLASTN 2.12.0+ program in the
NCBI database!.

The analysis of phylogenetic relationships of the
obtained nucleoprotein sequences and construction of
dendrograms were performed by the neighbor-joining
method with MEGA7 software [39], using deposited
sequences of NV gene fragments from the GenBank data-
base (n =51).

The statistical analysis of the results was performed by
standard methods using Microsoft Office Excel 2016.

Results

Russia is characterized by the existence of natural fo-
ci of rabies, in which the virus circulation is supported
by wild carnivores represented primarily by the Canidae
family [18, 21]. However, since 2019 the situation that is
not typical of Russia has been observed: over three years,

IStandard Nucleotide BLAST. Available at:
nlm.nih.gov/Blast.cgi?’PROGRAM =
GeoBlast&PAGE_TYPE = BlastSearch.

https://blast.ncbi.
blastn&BLAST SPEC =
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three cases of human death caused by bites of chiropters
have been reported — all of them occurred in the Far East.

The first victim of chiropters was a 36-year-old man.
In May 2019, he was in his country house in Blagovesh-
chensk in the Amur Region. When he was putting on a
work mitten, he was bitten twice in his ring finger by
a chiropter hiding in the mitten. The bite caused minor
bleeding. The injured man cleaned out the wound by
himself and did not seek any medical care. The disease
started developing on the 21% day after the bite. A coma
developed on the 10" day of the disease. Death occurred
on the 15" day of the disease.

The second victim was a retired man of 73 years old.
He was attacked by a bat in Fokino in the Primorsky Ter-
ritory at the end of August in 2019. The man was working
in his garage. The chiropter attacked him and bit him in
his neck. He did not go to see the doctor. The incubation
period was around 15 days. Death occurred on the 2™ day
of the disease.

The third victim was a 35-year-old man. Being at the
river in Zavetnoe village in the Chuguev District of the
Primorsky Territory in the middle of June 2021, he was
bitten by a bat in his upper lip. He cleaned out the wound
by himself, seeking no medical care. He became ill on
the 52" day after the bite. A coma developed on the 5%
day of the disease. On the 8" day, he died.

In all the victims, the disease developed as meningoen-
cephalitis complicated with hyperthermic syndrome (up
to 3940, 39, and 37.2°C, respectively), intoxication, sei-
zure syndrome, speech disorder, impaired consciousness,
pronounced cardiovascular insufficiency, respiratory failure,
and brain disorder. Cerebral edema was observed in all the
cases. In the first case, there were pulmonary edema and
bilateral pneumonia; in the third case — pronounced gener-
alized myoclonia, opsoclonus, myoclonic eyelid retraction,
bulbar syndrome, tetraparesis, thrombosis of central retinal
veins of both eyes, keratoconjunctivitis. In the first case, the
patient was checked for surrogate alcohol poisoning and
pneumonia; in the third case — for ischemic stroke.

OPUTUHANbHbBIE NCCNTEAOBAHUA

The characteristics of lyssavirus infection in patients
bitten by bats in the Far East Region are summarized in
Table 1. The species of chiropters that caused infection in
the above cases were not identified.

The autopsy material from the deceased was deliv-
ered to the Reference Center for Rabies Monitoring at
the Omsk Research Institute of Natural Focal Infections
of Rospotrebnadzor, following Rospotrebnadzor Order
No. 1116 of 1/12/2017. It should be noted that thanks to
the vigilance of healthcare workers and the operation of
the Reference Center, these cases attracted attention of
researchers who were able to identify the etiology of in-
fection.

The material was tested using the real-time PCR reac-
tion and the reagent kit from Syntol (Moscow) for detec-
tion of rabies virus RNA. The kit was licensed for medi-
cal application. The test system is designed for detection
of specific RNA of the rabies lyssavirus (the species Lys-
savirus rabies — classical rabies virus) by two channels —
Yellow and Orange. The recorded increase of the signal in
one of the channels is indicative of the presence of specif-
ic RNA genome fragments of the above pathogen in the
tested sample.

The autopsy material from the patients who died after
being bitten by chiropters was tested along with positive
samples from wild carnivorous animals.

In samples from all the deceased patients, the positive
signal indicating the presence of the rabies pathogen in
the autopsy material was received by the yellow channel
(Fig. 1 a, b, c¢). The presence of pathogens in samples
from terrestrial wild carnivores were traditionally record-
ed as positive by the orange channel (Fig. 1 d).

The test kit from Fractal Bio, which is designed for vet-
erinary purposes and adapted for detection of the classi-
cal rabies lyssavirus, did not detect the specific lyssavirus
RNA in samples from humans, while all the samples from
carnivores were tested positive.

Using the available data proving the circulation of the
classical rabies lyssavirus in populations of terrestrial

Table 1. Features of cases of lyssavirus infection in victims of bat bites in the Far East region in 2019 and 2021

Taoauna 1. Oco0eHHOCTH cily4YaeB JUCCABUPYCHOH MH(EKIUH Yy MOCTPAIABIIUX MOC/Ie YKYCOB JeTy4YMMH MblIIaMu B /[a/1bHEBOCTOYHOM

pernone B 2019 u 2021 rr.

Date of contact . . .. . Timely appeal for medical help
. . . . Incubation period | Clinical period
with source of infection Sex, age Region " . N CBoeBpeMeHHOe
HKy6aHI/IOHHI)II/I Knnnnueckuit
Jlara koHTaKTa Ilon, Bo3pact Pernon oOparenue
HEPHOJ epHOJL L
C HCTOYHHUKOM I/IH(i)CKI_II/II/I 3a MCUIIMHCKOH ITOMOLIBIO
Mid May 2019 Male, 36 years Amypckast 00macTs, 21 days 15 days Did not apply
Cepenuna mast 2019 . Myxuuna, 36 net BiaroBemenck 21 nuen 15 nueit He oGparuancs
Amur region
Blagoveshchensk
End of August 2019 Male, 73 years Primorsky Krai About 15 days 2 mHs Did not apply
Konen aBrycra 2019 1. Myxunna, Fokino Oxoro 15 mHew 2 days He obparmmancs
73 roma IIpumopckuii kpaid,
T'O 3ATO ®okuHO
Mid June 2021 Male, 35 years Primorsky Krai, 52 days 8 days Did not apply
Cepenuna uronst 2021 . MyxuuHa, 35 net Chuguevsky District, 52 muHs 8 nHei He oGparmancs

Zavetnoe village
IIpumopckuii kpaid,
Yyryesckwuii paiioH,

c. 3aBeTHOE
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carnivores, we assumed that the agent of lyssavirus in-
fection, which was detected by the test kit from Syntol,
could belong to the species different from the classical ly-
ssavirus and that the pathogens could belong to the same
phylogroup I as the classical lyssavirus.

The specific rabies virus antigen was detected in brain
impressions prepared with autopsy material from the de-
ceased, using the immunofluorescence test with polyclon-
al anti-rabies immunoglobulin from FCAH (Fig. 2). The
specific fluorescence intensity in two samples (Fig. 2 a,
c) was graded as 4 (clearly visible yellow-green fluores-
cence) and in one sample (Fig. 2 b) — as 2 points.

The viruses named Rus(Amur) 8947H 2019, Rus(Pri-
morsky)8949H 2019, and Rus(Pr1m0rsky)922OH 2021
were isolated during the bioassay with white outbred
mice infected intracerebrally. The incubation period for
the Rus(Amur) 8947H 2019 isolate was 10—13 days (on
average 11.5 = 0.3), for Rus(Primorsky) 8949H 2019
— 7-10 days (on average 8.6 &+ 0.7), for Rus(Primorsky)
9220H_2021 — 6-8 days (on average 7.1 + 0.1) (Table 2).

ala

e/c

All the animals infected with primary material became
ill, presenting clinical signs, mostly paralysis and pare-
sis. Other signs included lethargy, weakness, convulsive
seizures, decreased activity and mobility. The death of
animals occurred within a day. The death of mice from
lyssavirus infection was confirmed by detection of a
specific antigen in the impressions prepared using the
brain of the animals that died or were euthanized when
the clinical signs reached the highest level.

The isolated viruses were passaged using white out-
bred mice weighing 8-12 g. At the 3 passage, the in-
cubation period for Rus(Amur)8947H 2019 and Rus(Pri-
morsky)8949H 2019 pathogens reduced to 5 days, and
for Rus(Primorsky) 9220H_2021 — to 4-5 days. The ti-
ter of the Rus(Amur)8947H 2019 virus that was 4.4 lg
LD50,,, in the primary material reached 4.7 Ig LD50,
at the 40 passage. For the Rus(Primorsky)8949H_ 2019
virus, the infective activity was 4.6 1g LD50, . in the pri-
mary material and 5.6 1g LD50, . at the 6 passage. The
titer of the Rus(Primorsky) 9220H 2021 virus in the pri-

o/b

2/d

Fig. 1. Results of testing of samples from people who died after being bitten by bats and material of wild carnivores in the Real-time PCR
reaction with a set of reagents for the detection of rabies virus RNA from Syntol LLC using specific detection channels: Yellow: ¢ — human,
Amurskaya region, 2019; b — human, Primorsky Krai, 2019; ¢ — human, Primorsky Krai, 2021 and Orange: d — samples of wild carnivores,

Amur Region, 2019. In illustrations a, b, ¢, d curves are to positive reactions for biomaterial samples. C+ — positive reaction control.
The X-axis indicates normal fluorescence. The Y-axis indicates the number of cycles.

Puc. 1. Pe3ynbrarsl AnarHoCTUKH 00pa30B OT JIIoeH, HOTHOIINX 1OCTIe YKYCOB PYKOKPBUIBIMH, I MaTepHalla OT JUKHX XUITHUKOB B [TIIP
Real-time ¢ Habopom pearentos aiis BoisiBiaenus PHK Bupyca 6emencrsa or OO0 «CuHTOIY 10 KaHaiaMm JAeTekuuu crenupuku: Yellow:
a — genoBek, AMypckas oonacts, 2019 r.; 6 — yenosek, [Ipumopckuii kpait, 2019 r.; ¢ — yenosek, [Ipumopckuii kpait, 2021 r. u Orange:
2 — XUIIHBIC MJICKOMTUTAOIINE, AMypcKas 001acTh, 2019 1. KpuBbie Ha HILUTIOCTpAIMSX @, 6, 8, 2 COOTBETCTBYIOT MOJIOKHUTEILHBIM PEaKIIH-
M JuIs 00pasoB 6rnoMareprana. K+ — momoxkurenbHslil kKoHTposb peakiwd. 1o ocu X ykazana HopmansHas ¢moopecrenmus. [To ocu Y
YKa3aHO KO-BO LIUKJIOB.
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ala

6/c

OPUTUHANbHbBIE NCCNTEAOBAHUA

o/b

2/d

Fig. 2. Specific immunofluorescence of rabies lyssavirus antigen in brain imprints obtained during MFA using polyclonal Ig (FGBI “Federal
Centre for Animal Health”). The prints were made from primary material (brain): @ — human, Amur Region, 2019; » — human, Primorsky
Territory, 2019; ¢ — human, Primorsky Territory, 2021; d — healthy white mice. Olympus CX41 microscope, x10 eyepiece, x100 objective,
DP 72 documentation system, oil immersion.

Puc. 2. Cnermumaeckas IMMyHO(ITyOpeCIeHINs aHTUTeHA JINCCAaBUPYCOB OSIISHCTBA B OTIIEYaTKaX FOJOBHOTO MO3Ta, ITOTyIeHHAst Me-
TOOM (PITyOpeCHUPYIONIMX AHTHTEI C HCHOJIb30BaHUEM nojnkiIoHansHoro Ig (PI'BY « BHUM3XK»). Otnevarku caenaHbl ¢ EpBHYHOTO
Marepuraina (TOJIOBHOU MO3T): a — 4eNoBek, AMypckas obmacts, 2019 1.; 6 — yenosek, [Ipumopckwmii kpait, 2019 r.; 6 — yenosek, [Ipumopckmii
Kpaii, 2021 r.; 2 — 3gopoBsie 6enbie Mbim. Mukpockorn Olympus CX41, okynsip %10, oosextus x100, cuctema gokymentupoanust DP 72,
MacisHast IMMEpCHSI.

mary material was 4.3 Ig LD50, . and 5.4 1g LD50, , at
the 4™ passage (Table 2).

Amplification and sequencing of Rus(Amur)8947H_2019,
Rus(Primorsky)8949H 2019 and Rus(Primorsky) 9220H
2021 isolates yielded the fragments of nucleoprotein gene
sequences, the length of which was 1258 nt (accession num-
bers in GenBank: OQ377548 — 0Q377550).

Usingthe BLASTN 2.12.0+ program, we have found that
sequences of Rus(Amur) 8947H 2019, Rus(Primorsky)
8949H 2019, and Rus(Primorsky) 9220H 2021 viruses
were identical to those of Irkut lyssaviruses: the Ozer-
noe virus isolated from the individual who died in the
Primorsky Territory in 2007 had 98.17-99.68% identity;
the IRKV-THChinal2 virus isolated in 2012 from a bat
in China (Tonghua, Jilin province) had 98.17-98.97%
identity; the FX17 virus isolated in 2017 from a dog in
China (Fuxin) had 98.01-98.81% identity; the Irkut virus
isolated from a bat in Irkutsk in 2002 had 92.75-93.15%
identity (Table 3).

The similarity with the Hamburg lyssavirus (EBLV-1,
isolate 13424, Spain, 1989) was 79.08-79.28% and with
classical rabies lyssaviruses — 76.75—77.64% (Table 3).

It has been found that the viruses responsible for human
deaths in the Amur Region and the Primorsky Territory
form a distinct monophyletic cluster with lyssaviruses be-
longing to the Irkut species with 100% bootstrap support
(Fig. 3).

Discussion

The described three deceased patients did not demon-
strate any typical clinical picture of rabies (hydrophobia,
aerophobia, photophobia), which would be indicative of
the lyssavirus etiology of encephalitis. Considering the
increasing severity of the disease and based on the clini-
cal and epidemiological data, one patient was diagnosed
with unspecified viral encephalitis, while for two other
cases, the epidemiological anamnesis served as the basis
for diagnosing encephalitis of lyssavirus etiology.
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Table 2. Characteristics of the isolated lyssaviruses that caused the death of people after being bitten by bats

Tabnuua 2. XapakTepucTHKA BbIAeJeHHBIX JHCCABHPYCOB, BBI3BABIIMX I'HGeJIb JII0J€il 0c/Ie YKYCOB PYKOKPBLILIMU

Rus(Primorsky)8949H 2019 Rus(Primorsky) 9220H_2021

Characteristics Rus(Amur)8947H 2019
Xapakrepucruka
Incubation period at 1 infection (111(')1;3 ?la };S)
Muky6annoHHbIN epuo npu 1 3apakeHun 10-13 et
(8B cpennem 11,5)

Incubation period at passage 3 5 days
WuKyOaoHHbIN nepruoj Ha 3-M maccaxe 5 nuei
Incubation period at passage 5 4-5 days
WHKy6anuoHHbIN EpHOJ Ha 5-M Maccake 4-5 nueit

Virus titer in primary material

Tutp BUpyca B IEpBUYHOM MaTepHase 4,41gLD50, ,,

4-ro maccaxa
passage 4
4,71g LD50,

Virus titer at the level
Tutp Bupyca Ha ypOBHE

7-10 days 68 days
(mean 8.6) (mean 7.1)
7-10 nueit 68 nuen
(8B cpenneMm 8,6) (8 cpennem 7,1)

5 nHen 4-5 nueit

5 days 4-5 days

4-5 nuen 4-6 nuen
4-5 days 4-6 days

4,6 Ig LD50, 4,3 1gLD50,,
4-ro maccaxa
passage 4
541g LD50 .

6-ro maccaxa
passage 6
5,6 g LD50, .

Table 3. Search for nucleotide identity of obtained sequences using BLASTN 2.12.0+
Ta6auna 3. [Tonck HIEHTHYHOCTH HYKJIEOTH/I0B MOJY4eHHbIX CHKBEHCOB ¢ momouibio BLASTN 2.12.0+

Viruses
Bupycsl

Identity of nucleoprotein genome fragments

(1258 n.p., position 71-1328 relative to RefSeq NC_001542.1), %
Jlost MIeHTHYHOCTH (PParMEeHTOB I'eHOMa HYKJICONIPOTEeHHA
(1258 n.0., mo3unus 71-1328 orHocutensro RefSeq NC _001542.1), %

Irkut lyssaviruses (IRKV)
JIuccasupycel Upkyt (IRKV)

1 Ozernoe, 2007 98,17

2 THChinal2, 2012 98,17

3 FX17,2017 98,01

4 Irkut (NCBI RefSeq), 2002 93,15
Lyssavirus hamburg

(EBLV-1, isolate 13424, Spain, 1989) 79,16
(EBLV-1, uzomsr 13424, Ucnanus, 1989 1)

JInccaBupycel 6emeHctBa (RABV) 77,24-76,75

Rus(Amur) 8947H_2019

Rus(Primorsky) 8949H 2019  Rus(Primorsky) 9220H 2021

99,68 99,13
98,89 98,97
98,73 98,81
92,83 92,75
79,08 79,28
77,64-77,24 77,53-77,04

The fatal case with distinct clinical manifesta-
tions was reported in Zavitinsk in the Amur Region
in 2020. A 45-year-old woman died after being bitten
by a dog. The case was not laboratory confirmed as
the material was collected improperly. However, pro-
nounced hydrophobia, aerophobia, photophobia, hy-
perthermia, hypersalivation, aggressiveness, the fact of
a dog bite made it possible to conclude that the wom-
an’s death was caused by rabies based on the clinical
and epidemiological data.

Note that a contact with chiropters may not be noticed
by an individual; therefore, the epidemiological anamnesis
will not have any data regarding this contact. The infection
caused by lyssaviruses that are different from classical ra-
bies can develop without typical clinical signs. There are
reports mentioning atypical symptoms of human rabies
caused by chiropter bites (The World Health Organiza-
tion, 2018), thus making it difficult to diagnose the disease.
Therefore, if a patient’s death is caused by acute enceph-
alomyelitis of unknown etiology within 10-15 days from
the onset of the disease, the autopsy material must be tested
for lyssavirus infection. In the Sanitary Rules and Regu-
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lations SanPiN 3.3686-21, in the Sanitary and Epidemio-
logical Requirements for Prevention of Infectious Diseases
(section XXII), we updated the rules for rabies prevention
and emphasized the significance of the above tests.

The south of the Far East is known as a natural focal
region [40] where rabies lyssaviruses circulate in popula-
tions of foxes and racoon dogs. From time to time, wolves
become involved in the epizootic process. During differ-
ent periods of epizootic outbreaks, 40-60% cases of ra-
bies are reported among domestic dogs [20, 21].

Over the last 20 years, in the Far East a total of 11 hu-
man deaths caused by encephalitis of lyssavirus etiology
have been reported. In 3 cases, the sources of the rabies
lyssavirus were domestic dogs and in 4 cases — wild car-
nivores (a fox — 3 cases, a wolf — 1 case) [20]. Chiropters
were the source of the Irkut lyssavirus in other 4 cases
[28], including the cases described in this article.

The Irkut lyssavirus was first isolated from a great-
er tube-nosed bat (Murina leucogaster) in Irkutsk
in 2002 [23]. In 2007, a human death caused by the above
lyssavirus was reported in Ozernoe village in the Pri-
morsky Territory [28] (Fig. 4).
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Fig. 3. Phylogenetic dendrogram obtained by the Neighbor-Joining method for 51 isolates of lyssaviruses of known species based on the
alignment of the nucleoprotein gene sequences (&, 1258 bp). The nodes indicate the percentage of duplicate trees (bootstrap support, %) in
which associated taxa are grouped together in the bootstrap test (1000 repetitions). The values of the bootstrap support indicators reflect the

stability of the topology of the dendrogram and are significant at values > 70%. The analysis was performed in MEGA7 software.

Puc. 3. OunoreHernyeckas neHaAporpamMMa, oiydeHHas MerogoM Neighbor-Joining st 51-ro n3omsra IMCCaBUPYCOB H3BECTHBIX BHIOB
Ha OCHOBAHMH BBIPAaBHUBAHHS MOCIIEI0BATEIFHOCTEH TreHa HykieonporenHa (I, 1258 H.0.). B y3nax ykazaHa goins TyOnupyromux IepeBbeB
(GyTcTpen-niognepixka, %), B KOTOPBIX aCCOLMMPOBAHHbIE TAKCOHBI CTPYIIIIMPOBaHEI BMecTe, B OyTcTpern-tecte (1000 moBTopoB). 3HaUSHUS

noka3aresnei Oy TCTpen-nogaep>KKH OTPaXKaroT YCTONYHBOCTh TOMOJIOTHU JEHAPOTPAMMBI M JOCTOBEPHBI MPH 3Ha4eHHsX > 70%. Anamus

BbInonHeH B MEGAT7.

The above virus has been detected not only in Russia.
In 2012, the Irkut lyssavirus was isolated from a great-
er tube-nosed bat in Jilin province (Jilin) in the center of
Northeast China [38]. The repeated discovery of the patho-
gen in the same species of chiropters can be indicative of
its species specificity. A few years later, in 2017, in the
Fuxin County in China, the Irkut virus was isolated from a
dead domestic dog that had bitten a human [41]. It was the

first evidence of possible transmission of the Irkut bat virus
to terrestrial carnivores and from them — to humans.

The identity analysis with the BLASTN program and
the phylogenetic analysis have demonstrated that the
obtained sequences of the Rus(Amur) 8947H 2019,
Rus(Primorsky)8949H 2019, and Rus(Primorsky)
9220H 2021 viruses isolated in 2019 and 2021 are clus-
tered with IRKV lyssaviruses and are identical to repre-
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Fig. 4. Cases of detection of Irkut lyssavirus (IRKV) in chronological order: 2002 — Russia, Irkutsk, Bat; 2007 — Russia, Primorsky Krai,
Yakovlevsky district, Ozernoye village, human; 2012 — China, Jilin province, Bat; 2017 — China, Fuxin County, domestic dog; 2019 —
Russia, Amur Region, Blagoveshchensk, human; 2019 — Russia, Primorsky Territory, Fokino, human; 2021 — Russia, Primorsky Krai,

Chuguevsky district, Zavetnoe village, human.

Puc. 4. Cityuan Bersasienus muccasupyca Mpkyt (IRKV) B xpononornaeckom nopsiake: 2002 — Pocenst, UpkyTck, 6onbIoi TpyOKoHOC;
2007 — Poccus, [Ipumopckuit kpaii, SIkoBiaeBckuii paiio, c. O3épHoe, yenoek; 2012 — Kurait, mpoBunuus ['npuH, 60111110 TPyOKOHOC;
2017 — Kuraii, oxpyr ®@ycuns, nomamnss cobaxa; 2019 — Pocensi, biarosemenck, AMypckast o6iacts, genosek; 2019 — Poccus, [Ipumop-
ckuii kpaii, 'O 3ATO doxkuno, yenosek; 2021 — Poccus, [Ipumopckuii kpait, UyryeBckuii paiioH, ¢. 3aBeTHOE, YEIOBEK.

sentatives of the species by more than 90%. It is known
that the identity threshold for N gene nucleotide sequenc-
es, which is responsible for delineation of all lyssaviruses
into species, is 82% [42]. The similarity with other spe-
cies (EBLV-1 and RABV) ranged from 79.28 to 76.75%,
thus demonstrating that the detected viruses belonged to
the IRKV species.

The analysis of phylogenetic relationships, which was
performed with the MEGA7 software for sequences of
the N gene fragment in all the known species of lyssavi-
ruses from GenBank (1258 nt, n = 51), showed that the
viruses that caused human deaths in the Amur Region
and the Primorsky Territory form a distinct monophyletic
cluster with Irkut lyssaviruses with 100% bootstrap sup-
port (Fig. 3).

All the IRKV viruses, though they were found in rela-
tively distant geographical locations, are closely related
(Fig. 3, 4). There were at least three human deaths caused
by rabies transmitted by bats in Northeast China: in the
Tonghua County in the 1990s and in 2002, and in the city
of Longjing in 2010. These cases were diagnosed only
clinically, without laboratory confirmation. The species
of chiropters responsible for the human deaths were not
identified. Reports about incidents of bat attacking hu-
mans were rare [38]. Earlier, in Asia, a few non-charac-
terized cases of lyssavirus infection in chiropters were
reported [11]. In 1967, in Thailand, lyssavirus antigens
were detected in two Malayan short-nosed fruit bats
(Cynopterus brachyotis) using the fluorescent antibody
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test [43]. In 1978, the lyssavirus was detected in the
grey-headed flying fox (Pteropus poliocephalus) in India
[44]. These data imply the possibility of wider distribu-
tion of the Irkut lyssavirus. It can have wide distribution
across the geographic range of the greater tube-nosed bat,
including Siberia and the Far East. Other species of chi-
ropters can be involved in the circulation of the pathogen.

At this stage, we have shown the benefits of using mo-
lecular and genetic methods for detection of representa-
tives of the genus Lyssavirus, which do not belong to the
classical rabies lyssavirus; we have pointed out the sig-
nificance of their application for interpreting human fa-
tal cases associated with encephalitis of unclear etiology
and assessed diagnostic capabilities of PCR test-systems
from Russian manufacturers. The successful detection of
non-classical rabies lyssaviruses using a Russian diag-
nostic kit was an exceptional example, as all the available
Russian PCR test-systems are designed specifically for
detection of the classical rabies lyssavirus.

For example, the PCR test-system from Syntol, which
was used for diagnosis, was designed for detection of
the specific RNA of the classical rabies lyssavirus by
detection of two genome regions: the region encoding
the nucleoprotein (V) gene and the region encoding the
gene of RNA-dependent RNA polymerase (L). In this
assay, all classical rabies viruses were detected by the
channel identifying nucleoprotein fragments. The spe-
cific fragments of lyssavirus RNA from the patients
who died following bat bites were identified only by
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the L gene detection channel, while the nucleoprotein
region was not detected by this test system. Therefore,
we assumed that the Syntol test system detected another
lyssavirus, which did not belong to the classical rabies
lyssavirus and possibly belonged to phylogroup I (see
below). At the same time, another assay designed for de-
tection of the nucleoprotein region of the classical rabies
virus common in Russia did not detect the above viruses
and demonstrated the absence of its ability to identify
the above pathogen.

During the virological study, viruses were isolated us-
ing the white outbred mouse bioassay; their specificity
was confirmed by the fluorescent antibody test with poly-
clonal anti-rabies immunoglobulin. The test was success-
ful, as the N gene is highly conserved; it induces forma-
tion of cross-reacting and complement fixing antibodies,
while lyssaviruses of different species demonstrate broad
antigenic cross-activity at the level of detection of the N
protein antigen [3]. Therefore, standard diagnostic tech-
niques designed for detection of the nucleoprotein (for
example, the fluorescent antibody test), through reaction
with the polyclonal anti-rabies immunoglobulin, can be
used for detection of all lyssaviruses without species dif-
ferentiation, using the same diagnostic kits.

Based on genetic distances and serological cross-ac-
tivity, lyssaviruses are divided at least into three phy-
logroups. Phylogroup I is comprised of RABV, DUVYV,
EBLV-1, EBLV-2, ABLV, ARAV, KHUV, IRKYV, BBLV,
GBLV, TWBLYV, KBLV. Phylogroup 2 includes LBV,
MOKY, SHIBV. The other species — WCBYV, IKOV,
and LLEBV - cannot be included in any of these phy-
logroups. Each phylogroup is characterized by relative
conservation of glycoprotein antigens inducing the pro-
duction of virus-neutralizing antibodies responsible for
antiviral immunity (the identity of amino acids in the
ectodomain is >74%). Cross-neutralization between ly-
ssaviruses belonging to different phylogroups is absent
(the identity of amino acids in the ectodomain is <62%).
As aresult, commercially available vaccines and immu-
noglobulins against rabies, which are based on strains of
the classical virus, generally induce immune protection
against lyssaviruses of phylogroup I rather than other
lyssaviruses [7].

The Irkut lyssavirus belongs to phylogroup I [7]; there-
fore, the existing anti-rabies products should provide
protection against it. However, the experimental find-
ings of American and Chinese studies have shown that
commercial biopharmaceuticals against rabies do not
provide 100% protection against the infection caused by
IRKYV, which would be as reliable as the protection against
infection with the classical rabies lyssavirus [45-47].

Conclusion

1. During 1977-2021, seven human deaths from bat
bites were reported in Russia: two deaths were reported
in the Lugansk People’s Republic, Lugansk (Voroshi-
lovgrad) and Molodogvardeisk; one death — in the Bel-
gorod Region, Belgorod; one death — in the Amur Region,
Blagoveshchensk; three deaths — in the Primorsky Terri-
tory, Ozernoe village, Fokino, Zavetnoe village.

OPUTUHANbHbBIE NCCNTEAOBAHUA

2. Out of four species of lyssaviruses circulating in Rus-
sia — Lyssavirus rabies, Lyssavirus hamburg, Lyssavirus
irkut, Lyssavirus caucasicus — representatives of the first
three species caused human deaths; the last three species
were isolated from bats.

3. The reported human deaths caused by lyssavirus
infection in the south of the Far East Region imply that
the role of chiropters in epidemiology of this infection
was underestimated in Russia and suggest the possibility
of under-diagnosis of lyssavirus infection after contacts
with these animals.

4. In Russia, bat populations must be monitored for in-
fection with lyssaviruses, taking into consideration that
the Irkut lyssavirus has been detected in the greater tube-
nosed bat in Russia and China, thus implying the possible
species specificity of the pathogen.

5. The epidemiological and public health authorities
must be aware of the possibility of chiropters to trans-
mit lyssaviruses. With a high species diversity of bats and
rapid emergence of new species of lyssaviruses, none of
the Russian regions can be considered free of these patho-
gens.

6. Considering the difficulty of clinical diagnostics of
the etiology of encephalitis caused by lyssaviruses that
are different from the classical rabies lyssavirus, the au-
topsy material from the patients who died from enceph-
alomyelitis of unknown etiology must be tested for the
presence of the lyssavirus pathogen within 10-15 days
from the onset of the disease.

7. The Russian commercial diagnostic kits for the fluo-
rescent antibody test are efficient for detection of the Irkut
lyssavirus antigen. The Russian PCR-based test-system
from Syntol can be used for detection of the Irkut lyssa-
virus, but there is need for diagnostic kits that employ ge-
nus-specific primers. Molecular and biological methods
offer good prospects for improvement of rabies diagnosis
and further improvement of epidemiological surveillance
and effectiveness of the system of biological protection of
the population in Russia.

8. The fact that the identified pathogens belong to the Ir-
kut virus implies that the Russian vaccines available on the
market provide effective protection against this pathogen.
Nevertheless, the evaluation of the existing immunobio-
logical products in terms of their effect on the Irkut virus
and the development of new products remain priority tasks.

9. Summarized data on detection of the Irkut lyssavirus
and the proven facts of its transmission to dog populations
increase the urgency of vaccination of domestic animals
to prevent any risk of their infection with this pathogen.

10. There is an urgent need for improvement of rabies
awareness and educational campaigns to prevent contacts
of the population with rabid animals, including bats, as
well as for better encouragement of timely seeking med-
ical attention if bitten by animals. The injuries caused by
chiropters must be reported and documented.
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