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SUMMARY

Retrospective descriptive epizootological study was conducted in the Amur Oblast (Russian Far East), where a rabies outbreak was reported in 2018. The aim of the
study was to analyze probable routes of rabies introduction and features of its spatial and temporal spread in the territory that remained free from this infection
from 1972t02018. In 2018—2021, altogether 1,416 animals were examined for the infection with the rabies virus. Forty-seven animal rabies cases were confirmed;
the proportion of wild animals (Vulpes vulpes, Nyctereutes procyonoides, Canis lupus) amounted to 66%. The first cases were detected within 30 km from the state
border with China. Nucleotide sequences of the nucleoprotein gene of three rabies virus isolates were determined and their belonging to the Arctic-like-2 genetic
lineage was established. Genetically closest rabies virus isolates have been found in Heilongjiang Province (China, 2011, 2018) and Jewish Autonomous Oblast
(Russia, 1980). Geographic information systems and open Earth remote sensing data were used to map the rabies cases. After 2018, the epizootic spread within
the forest-steppe landscapes of the Zeya-Bureya Plain, where human and animal rabies cases had been earlier reported (until 1972). The front of the epizootic
spread in a north-eastern direction at an average speed of 172 (16—302) km during one epizootic cycle. The introduction of the rabies virus was most likely along
the Amur River valley from downstream regions of Russia and China that are rabies infected.
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PE3IOME

[TpoBeneHo onucatenbHoe peTpocneKTUBHOE INM300TONOMMYECKOe UcCefoBaHIe B Amypckoii obnacy ([lanbHuii Boctok Poccum), rae B 2018 1. BblABAEHa BNbILIKA
6eLueHCTBa, Liefibio KoToporo 6bin0 NPoaHanM3MpoBaTh BO3MOXHbIE MyTH 3aHOCA 1 0COBEHHOCTI MPOCTPAHCTBEHHO-BPEMEHHOT0 PaCpoCTpaHeHna belLeHCTBa Ha
TEePPUTOPHIO, KOTOPAA 0CTaBanach CBOOOAHOIA OT 3T0/ MHGeKLMN ¢ 1972 0 2018 1. B 2018—2021 rr. Ha beLUEHCTBO ObifN UCCNIEAO0BAHbI NPOObI FONOBHOMO MO3ra,
nonyyeHHble 0T 1416 u1BOTHbIX. [oATBEPXAEHO 47 Cnyuaes belueHCTBa, oA AuKNX XuBoTHbIX (Vulpes vulpes, Nyctereutes procyonoides, Canis lupus) coctaBuna
66%. [lepBble Cyyan BbIABNEHbI Ha paccToAHNN 40 30 KM OT rocyAapcTBeHHOI rpaHuLibl ¢ Kutaem. OnpeeneHbl HyKeoTAHbIE NOCNEN0BATENbHOCTY FeHa HyKieo-
npoTeuHa 3 M30M1ATOB BUPYCa beLLeHCTBA 1 YCTaHOBNEHA MX MPUHALNEXHOCTb K reHeTyeckoi nuHun Arctic-like-2. feHeTuueckn Haubonee 6nukue K HIM U30NATbI
BUpYCa belueHcTBa Obinn BbABNEHbI B NpoBUHLMN XainyHu3aH (KuTait, 2011 v 2018 rr.) n EBpeiickoii agToHoMHoli 06nactu (Poccua, 1980 T.). ina kaptorpadmpo-
BaHWA C1yyaeB BewweHCTBa NCMNONb30BANM reOMHOOPMALIMOHHbIE CUCTEMbI 11 OTKPbITbIE JaHHble ANCTAHLIMOHHOTO 30HANPOBaHKA 3emnu. Mocne 2018 . anu300TnA
pacnpocTpaHAnach B Npefenax 1ecoctenHblx naHALadToB 3eiicko-bypenHcKoil paBHHbI, rie 3a60neBaHnA Nioel v XKUBOTHBIX PEruCTPUPOBANoch B NpoLunom (4o
1972.). OpOHT 3NM300TUI PACIPOCTPAHANCA B CEBEPO-BOCTOYHOM HanpaBReHMM o CpefHelt ckopocTbio 172 (16—302) KM 3a 0AMH 3nu300TMYeCKiA rog (Lnkn). 3a-
HoC BUpyca beLwieHCTBa Hanbonee BepOATeH N0 0NMHe peky AMyp 13 HebnarononyuHbix o 6eLueHcTBY paiioHoB Poccun 1 KuTas, pacnonoseHHbIX HibKe N0 TeueHuio.

KntoueBbie cnoBa: beLeHCTBO, NPOCTPAHCTBEHHO-BPEMEHHOI aHANN3, BO3BPALLAILYMeCa UHPEKLIM, TPaHCrpaHnuHble nhdekuum, Arctic-like-2

BnaropapHocTu: MccnegoBaxue YacTyHO BbINONHEHO 3a CYeT rpaTa MuHmMCcTepcTBa HayKm 1 BbicLero obpasoBanus Poccuiickoil Defiepauyn Ha peanusatiio
OTAeNbHbIX MeponpuAThil OefiepanbHoii HayyHo-TEXHUYECKOi NporpamMMbl PA3BUTHA reHeTUYECKUX TexHonoruii Ha 2019-2027 roabl (cornatwenue Ne 075-15-
2021-1054).

[ina uyutuposanus: boteunkuH A. 1., 3apsa . 1., Menbuos 1. B., Yynuu C. A., Monewyk E. M., 3unakos H. T., Camoxsanos C. B., Conoseii U. B., flkoBnesa H. B.,
Cupopos I H., Boitko 1. A., 10anH B. T, Aupaes E. 1., Metnun A. E. Bo3BpalueHue belueHCTBA NoCe MHOTONIETHETO MeX3nu300Tuyeckoro nepuoga (Amypckas
obnactb, Poccus). Bemepurapus ceo0ks. 2022; 11 (4): 309-318. DOI: 10.29326/2304-196X-2022-11-4-309-318.
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KoHnukT MHTepecoB: ABTOpbI 3aBNAHT 00 OTCYTCTBUYN KOHGAMKTA UHTEPECOB.

[ins koppecnongeHunu: boTBUHKUH Anekcanap MuTpueBuUY, JOKTOp MeMUUMHCKUX HayK, npodeccop, 3aBenyiowuii Kadeapoi snugemuonorau
Orb0Y BO UTMY Mun3ppasa Poccum, 664003, Poccus, r. pkyTck, yn. Kpackoro Bocctanus, 1, e-mail: botvinkin_ismu@mail.ru.

INTRODUCTION

In spite of low rates of human rabies cases in the Rus-
sian Federation, control of this zoonotic infection remains
among the topical governmental challenges. Since 2010,
on average about 3,300 rabies cases have been annually
reported in wild and domestic animals [1, 2]. Natural rabies
outbreaks cover huge area, and over the recent decades
the infection introduction is reported in the regions pre-
viously free from this zoonosis. In some regions of Russia,
including Far East, the role of dogs as a source of infection
for humans still remains and even increases [1, 3-5]. Dogs
are the main rabies reservoir in China, where those virus
variants prevail that are actively circulating in the zoonotic
foci. Human morbidity is decreasing during the recent years
but hundreds after the dog bites are annually reported [6, 7].
In light of these data, additional efforts are required in the
eastern part of Asia under the WHO-initiated Global frame-
work for the eradication of dog-mediated human rabies [8].

Rabies used to be widely spread in the Amur Oblast.
In 1912, one of the first rabies prevention centers in the
Far East was opened in Blagoveshchensk. Since that
time, recording of the rabies incidence and animal bite
victims have been launched. Before 1957, thirty-four hu-
man deaths from rabies were reported against the epide-
mics mostly in dogs. The latest outbreak was reported in
cattle in 1972 presumably due to rabid wolf’s attack on
the herd [9]. Since then, the Amur Oblast was considered
rabies free. In 2018, rabies cases were reported in wild
and farm animals in the region after a many-year period
of the disease freedom [2, 31.

The study was aimed at the review of possible routes
of rabies introduction and its specific spatial and temporal
distribution in the territory that remained free from the in-
fection for over 45 years.

MATERIALS AND METHODS

Rabies incidence was subjected to retrospective
analysis according to two time periods: 2018-2021 and
1946-1972. After 2018, official data on the animals with
laboratory confirmed rabies diagnosis (n = 47) as well
as outbreak investigation results were cumulated.
In order to detect rabies virus circulation in the Oblast
in 2018-2021, 1,094 samples from wild animals and 322
samples from domestic and farm ones were tested. Brain
of the rabies suspected animals as well as of the animals
hunted during the active virological monitoring were
tested according to GOST 26075-2013 “Animals. Methods
of Laboratory Diagnosis of Rabies”. Cartographic analysis
of human rabies incidence in 1949-1972 was performed
based on the previously published data [9].

Mapping was made using QGIS 3.2.1 software, based
on Natural Earth landscape map and Google Earth public

data. The dots were put on the map according to the geo-
graphic coordinates of the place where animal rabies case
was detected. Human cases were mapped according to
the place of infection. Cartographic analysis of the current
epidemics was made according to the epidemic years
(hereafter, cycles) — from July this year and up to June
next year [10]. The rate of the epidemic transmission was
assessed according to the mean distance from the point
where the first case was reported and to all cases detected
during this and subsequent epidemic cycles (minimal and
maximal values are specified in brackets).

Three rabies virus isolates collected in the region, where
the first rabies cases had been detected in 2018, were
subjected to the molecular and biological tests. RNA ex-
traction from 10% animal brain suspension, reverse tran-
scription, cDNA fragment amplification and their nucleo-
tide sequencing were performed as earlier described [11].
The phylogenetic analysis of the rabies virus isolates was
made using MEGA X software [12] and maximum likeli-
hood estimation. For this purpose, N gene sequences
deposited in GenBank electronic database were analyzed,
including all deposited representatives of genetic lineage
Arctic-like-2, some representatives of genetic groups
Arctic-like-1 and Arctic as well as members of the group
of steppe isolates geographically close to the Amur Oblast.
Search and determination of the sequence likelihood de-
gree was determined using BLAST search system'.

Data on fox, wolf and raccoon dog population were
taken from the web-site of the Amur Oblast Administra-
tion for Protection, Control and Management of Fauna and
its Habitat [13] as updated [12, 14, 15].

RESULTS AND DISCUSSION

The first rabies case in the Amur Oblast was labora-
tory confirmed in cattle in 30 km from the state border
on 10 November 2018 (Shurino, Mikhailovsky Raion).
The infection presumably occurred as soon as a fox vi-
sited the settlement. Nearly at the same time, on 15 No-
vember, videoshooting captured obvious clinical signs in
afox attacking a dog and a car in the administrative center
of the Raion (Poyarkovo) on Amur River bank2. The fox ran
away but the diagnosis left no doubt. Shooting of wild
animals was rapidly arranged in the Raion and it resulted
in nine rabid foxes (Vulpes vulpes) and raccoon dogs (Nyc-
tereutes procyonoides) detected. Before the end of Novem-
ber, rabies was laboratory confirmed in a horse and cattle
in the same Raion. In December 2018, active virological

" BLAST. Available at: https://blast.ncbi.nlm.nih.gov/Blast.cgi (date of
access: 20.03.2022).

2 A fox demonstrating rabies clinical signs was noticed in Amur village
(video). Available at: https://www.amur.info/news/2018/11/15/146089
(date of access: 14.02.2022).
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Table
Yearly and species distribution of the laboratory confirmed animal rabies cases in the Amur Oblast (2018-2021)

Number of rabies cases/year

Animal species

Share in the total number of cases, %
(95%-confidence interval is in brackets)

Fox 10 5 2 2 19 40.4(26.3-54.5)
Wolf 0 3 2 2 7 14.9 (4.7-25.1)
Raccoon dog 3 1 0 1 5 10.7 (1.9-19.5)
Domestic dog 0 1 1 6 8 17.0(6.2-27.8)
Cattle 2 1 0 4 7 14.9 (4.7-25.1)
Horse 1 0 0 0 1 2.1(0-6.2)
Total 16 1 5 15 47 100

monitoring demonstrated rabies cases in foxes and in
a raccoon dog in three neighboring Raions: Oktyabrsky,
Konstantinovsky and Zavitinsky.

In March, 2019, three rabies cases in wolves (Canis lu-
pus) in Mikhailovsky Raion received particular concern as
the animals ran in the settlement and attacked humans.
Frontier guards noticed one of the wolves in the protected
border area. Active monitoring allowed for rabies identi-
fication in wild animals in three more Raions: Belogorsky,
Bureysky and Oktyabrsky. In some settlements the locals
came across dogs and foxes demonstrating rabies clinical
signs, but such animals either escaped or were killed and
burnt on the spot. In late 2019, the diseased foxes and
cattle were reported in the Romensky Raion. In this Raion,
as well as, in Tambovsky and Belogorsky Raions, the epi-
demic in wild animals continued until June, 2020. In 2021,
the majority of the cases were detected in the Raions loca-
ted at a considerable distance from the primary outbreak —
in Seryshevsky, Svobodnensky and Mazanovsky Raions.
However, in 2020-2021 no rabies cases were reported
in the Raions that were infected in 2018.The latest case in
the reported period was dated back to 22 October 2021.
In 2018-2021, rabies was in total detected in 13 adminis-
trative raions of the Amur Oblast.

Wild animals were the basic source of the rabies virus
and their share amounted to 66% of the diseased animals.
Rabies was most frequently detected in foxes, especially
in the beginning of the epidemic (Table). Dog rabies was
rarely reported, mainly at the end of the reported period
and in the urban settlements. Moreover, five of the eight
confirmed rabies cases were in dogs lacking the owner.
The frequency of the rabies positive samples collected
from animals during the active monitoring or from the di-
seased (dead) animals found in the wild or in the settle-
ments amounted to 4.0% (n = 326) in 2018; 1.6% (n =576)
in 2019; 3.4% (n =117) in 2020 and 6.7% (n = 75) in 2021.
The sampling was performed both in the southern forest-
steppe areas and in the northern taiga regions. The
samples were collected from animals belonging to va-
rious systematic groups including mustelids (Mustelidae),
ursids (Ursidae), cervids (Cervidae), rodents (Rodentia), but
rabies positive results were demonstrated only in canines
(Canidae).

The role of wild carnivorous animals as the reservoirs
is supported by the analysis of the seasonal spread of
the reported rabies cases. In the beginning of the autum-
nal increase in the incidence, rabies was reported in wild
and domestic animals, and in the second part of the annu-
al epidemic cycle (March - June) dog rabies was detected

(Fig. 1). The majority of the reported cases fall on the cold
u wild M livestock mdogs seasons of the year.

1 N gene nucleotide sequences of rabies virus 2981/2018/
Amur isolate recovered from cattle in the first epidemic
W 12 outbreaks in 2018 were detected (full-size gene, 1,353 bp)
% as well as N gene nucleotide sequences of the isolates
o 10 Rus(Amur)8853rd and Rus(Amur)8855f (gene fragment,
g 8 1,110 bp) recovered from the raccoon dog and fox, re-
e spectively, who were diagnosed as rabid ones in the neigh-
G 6 boring settlements in 2018. The resulted nucleotide se-
g quences were deposited to GenBank database under
g 4 I the designations MN384722, ON246188 and ON246189.
z , Their analysis demonstrated identity of the compared ge-
l l l l l l nome regions of 2981/2018/Amur and Rus(Amur)8855f
0 - - isolates, and only one nucleotide was different in the se-

1 2 3 4 5 6 7 8 9 10 11 12 quence of Rus(Amur)8853rd isolate.
Months Phylogenetic relationships of the studied isolates and

other rabies viruses are demonstrated in Figure 2. The iso-

lates from the Amur Oblast were demonstrated to have
the highest relatedness (95.0-99.4%) with the viruses

Fig. 1. Seasonal distribution of the confirmed animal rabies cases
in the Amur Oblast, 2018-2021
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Fig. 2. Phylogenetic tree constructed according to the results of the phylogenetic analysis of nucleotide
sequences of 1,110 bp fragment of N gene of the rabies virus isolates (location in N gene: 100-1,209).
Gannoruwa bat lyssavirus sequence was used as an outgroup. Rabies virus genetic groups are in curly
brackets. Amur Oblast isolates are marked with rhombuses. Designations of the rest of the isolates
include: GenBank accession number, name of the isolate, country, region (if known) and year

of detection, animal species the isolate was recovered from; rd - raccoon dog; rf - red fox, sf— corsac fox;
af — Arctic fox; dog; cow - bovines; w — wolf; gt — goat; hu — human; nd - no data

belonging to Arctic-like-2 genetic lineage. The maximal
relatedness was reported with TJ11-RD isolate recovered
from the goat (Tongjiang city, Heilongjiang Province, Chi-
na, 2011) - 99.4%; HLJO1 isolate recovered from the rac-
coon dog in the same province (precise location is un-
known, 2018) — 98.6%, as well as with the Russian isolate
857r recovered from the raccoon dog (Leninskoye, Jew-
ish Autonomous Oblast, Russia, 1980) — 98.9%. It should
be emphasized that Leninskoye and Tongjiang moun-
tain are located in approximately 30 km from each other
in Amur River valley that is indicative of the persistent
circulation of the closely related rabies virus variants
in the plain areas in Russia and China along the middle
flow of the Amur River. The Amur isolates demonstrate
slightly lesser relatedness (98.3%) to the isolates reco-
vered in the Zabaikalsky and Primorsky Krais (1979-1980),
and even lesser relatedness (97.6-97.8%) to the isolates
recovered in the Chinese provinces Hebei, Jilin, Liaoning
and Inner Mongolia from 2007 to 2020. The relatedness
to other Arctic-like-2 group members from China, Mon-
golia, South Korea and Japan amounts to 95.0-97.5%.
Even lower genetic relatedness is reported between

the Amur Oblast isolates and rabies viruses from the ge-
netic groups Arctic-like-1, Arctic and Steppe, circulating
in the neighboring areas - below 92% and 90%, respec-
tively. By now, no viruses of Arctic-like-2 group have been
reported in Siberia west to Lake Baikal and in the Europe-
an part of Russia [3, 4, 16, 17].

Cartographic analysis results trace the consistent rabies
spread mostly to the north and north-east from the site,
where the first case was detected (Fig. 3). During the first
epidemic cycle (2018-2019), the average distance from
the primary outbreak to other outbreaks amounted
to 49 (16-168) km; in 2019-2020 — 174 (119-201) km;
in 2020-2021 - 229 (168-302) km; in the first half of the cy-
clein 2021-2022 - 237 (190-300) km. Therefore, the speed
of the epidemic spread gradually decreased and averaged
to0 172 (16-302) km in one epidemic cycle. As the epidemic
progressed, no disease cases were reported in the initially
infected regions any more.

From the beginning of the current century the num-
ber of foxes increased and reached its maximum
in 2011 (Fig. 4). Over the recent 10-15 years the fox hunt-
ing nearly stopped and their behavior changed [14]. Visits
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Fig. 3. Dynamics of rabies spatial spread in the Amur Oblast
according to the epizootic cycles

@ —epizootic outbreaks before July, 2019;
@ —from July, 2019 to June, 2020;
O-from July, 2020 to June, 2021;
O-from July to December, 2021;

* —first reported epizootic outbreak
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Fig. 4. Dynamics of wolf, fox and raccoon dog population in the Amur
Oblast, 2008-2021 (arrow - start of epizootic)
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of apparently healthy foxes to the settlements were re-
ported as well as their non-aggressive contacts with hu-
mans. After the epidemic onset in 2018, the fox population
decreased 1.8-fold and the number of the raccoon-dogs
decreased 2.7-fold.

According to the long-term observations, in many
areas of the Far East, including Amur Oblast, the num-
ber of raccoon dogs decreased along with simultaneous
increase of the number of foxes. The ratio of these two
species currently changed subsequently to the decrease
of the raccoon dog-friendly habitat area due to land drain-
age and agricultural land expansion. The same processes
facilitated growth of the number of foxes. According to
the previous investigation results, the highest density of

the raccoon dog and fox population is typical for forest-
steppe and bottomland-meadow areas in the south of
the Oblast: in optimal habitat it reached 7.3-10.4 and
over 5.0 animals per 10 km? by the end of the century,
respectively [14, 18, 19]. The epidemic was detected in
the year, when the highest number of the wolf popula-
tion was reported against the background of its gradual
increase (Fig. 4).

In 2018-2021, rabies spread over the Zeya-Bureya plain,
which is mostly treeless and ploughed up. There is a link of
the reported outbreaks to the Amur, Zeya and other large
river valleys (Fig. 5). In the middle of the previous century,
the epidemics involving human cases demonstrated si-
milar but wider spread including northern mountain-taiga
Raions: Tyndinsky, Skovorodinsky, Mazanovsky (Fig. 6).
The epidemics were annually reported from 1948 to 1954
and hereafter the outbreaks were registered in 1957-1958,
1960, 1967-1969 and 1972. Among the diseased animals,
dogs and farm animals prevailed (48.6 and 46.5%); cats
and wild animals amounted to 2.8 and 2.1%, respective-
ly. However, among the sources of the rabies infection
for humans, the percentage of wild animals (wolf, raccoon
dog) reached 14.3%. No fox rabies was reported in this
period [9].

Absence of rabies cases in humans and animals
for 45 years is indicative of the epidemic termination in
the Amur Oblast after 1972.1n 1976-1977, total of 647 wild
animals were tested in the region including 209 wild car-
nivorous mammals. No rabies virus was however detec-
ted [20]. Termination of the rabies virus circulation was
facilitated by the relatively isolated geographic position
of the Zeya-Bureya plain characterized by unique humid
Manchurian type forest-steppes. Bureya ridge and Les-
ser Khingan separate it from similar Russian and Chinese
landscapes located in the middle Amur River and its trib-
utaries. Great Khingan and Yablonovy ridge spurs separate
it from the Zabaikalsky Krai steppes and Inner Mongolia.
The mountains are covered with taiga and mixed conifer-
ous and deciduous forests (marked with deep green on
the maps; Fig. 3, 5, 6).

The first rabies cases detected after the long inter-
epidemic period in the settlements located in the south-
eastern part of the Oblast near the state border are indica-
tive of the imported origin of the epidemic. The length of
the border with China, which passes along the Amur River,
is over 1,200 km. The most probable route of the rabies
virus introduction into the Amur Oblast can be the Amur
River valley. Along 150 km between the Zeya-Bureya
and Middle Amur plains it passes through the mountai-
nous area and it is relatively narrow here. Another pos-
sible route is from the Central Manchurian Plain (China)
along the valleys of the right-hand tributaries of the Amur
River, which join Amur not far from Poyarkovo settlement.
According to the aerospace survey data, the north-east-
ern parts of the Lesser Khingan are only partially covered
with the forests, and there are significant areas of the ag-
ricultural lands (Fig. 5). Insular and littoral biotopes pre-
vail in the Amur River plain bottom in the both countries,
which are of little use due to the border regime (Fig. 7).
This creates additional possibility for carnivorous mam-
mal migrations after river freezing and can facilitate
the transboundary introduction of the rabies virus during
ice cover from November to March. Long-distance rabies
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Fig. 5. Possible routes of rabies virus introduction
into the Amur Oblast

@ - sites of outbreaks reported in the Amur Oblast
in 2018-2020;
O-sites of outbreaks reported in the Amur Oblast
in 2018-2020;
arrows — most probable routes of rabies introduction

introduction into Siberia and Far East is generally associ-
ated with the wolves [9, 21], and coincidence of the rabies
outbreak onset in 2018 with high number of the wolf pop-
ulation does not seem to be accidental (Fig. 4).

Phylogenetic analysis results support the opinion
on the rabies virus spread along the Amur River valley
from downstream located Chinese and Russian territo-
ries (Fig. 5). The virus was likely to be previously transmit-
ted to longer distances, as before 1983 rabies virus Arctic-
like-2 variants circulated in the Zabaikalsky Krai (Fig. 2).
Representatives of the Manchurian fauna, including
raccoon dogs, are known to enter the Zabaikalsky Krai
along the Amur, Arguni and Shilka Rivers [19]. During
the period from 1983 to 2014, this region remained rabies
free as well as the Amur Oblast. In 2014, the epidemics
re-emerged in the south-eastern part of the Zabaikalsky
Krai due to introduction of the rabies virus of Steppe ge-
netic lineage from the west [2, 21], and they are not cur-
rently directly associated with the epidemics in the Amur
Oblast. The rabies virus circulation however continued
in the territory located 200-300 km from the Amur
Oblast downstream Amur River (Jewish Autonomous
Oblast, Heilongjiang Province) [2, 16, 22, 23]. The ranges
of the two above mentioned rabies virus genetic linag-
es overlap much further south - in the steppes of Inner
Mongolia (China) [22, 23-25].

It should be emphasized that current epidemic was
caused by the rabies virus variant previously associated
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Fig. 6. Rabies spread in the Amur Oblast in 1945-1954

according to [8]

O - human rabies cases (according to the site of infection);

[ - animal rabies was reported for 1-2 years during the whole period;
B - animal rabies was reported for 3—-4 years;

B - animal rabies was reported for 5 years and more;

sidebar - Amur Oblast in the map of the Russian Federation

Fig. 7. Airspace image of Russia and China border areas with the sites,
where the first rabies cases were reported in the Amur Oblast in 2018
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with intense epidemics in dogs in the Zabaikalsky Krai,
Primorsky Krai and Amur Oblast that were responsible
for the human deaths [5, 211. It is well known that dogs
were and remain the main source of the infection for hu-
mans [2, 4, 22]. It was experimentally proved that the virus
strain isolated in the Far East in 1980 adapted to raccoon
dogs and to lesser extent to foxes. In that time raccoon
dogs played a more significant role as a source of infection
for humans and domestic animals [26]. Singular disease
cases resulted from fox bites were reported in the Far East
of Russia only after 2002 [22]. In view of the increased role
of foxes in the circulation of Arctic-like-2 genetic lineage
in Amur River area, changes of the biological properties of
the viruses in the group are possible.

As previously predicted, as soon as introduced, ra-
bies spread over the same regions as in the last centu-
ry [22, 27]. The factors aiding to the rabies re-emergence
in the long-term disease free territories included changes
in the amount and migration activity of the foxes, wolves
and raccoon dogs in the south of the Far East. Nume-
rous unusually high rises of the numbers of foxes and
raccoon dogs in the Amur Oblast are historically known.
They were accompanied with mass mortality of the ani-
mals due to undetermined reasons [19, 20] and coincided
with the large-scale rabies epidemics in dogs [9].

After the epidemic onset in the Amur Oblast the vacci-
nation coverage of dogs, cats and farm animals increased
drastically in the Amur Oblast: from 30 thousand animals
in 2018 up to 155 thousand animals in 2019-2020. Oral
vaccination of wild carnivores with “Rabistav” vaccine has
been implemented since 2019 (120-240 thousand doses/
year). The data demonstrated in this paper can be used
for planning the vaccination strategies and coverage
as well as for other rabies control measures. The current si-
tuation in the region is scientifically perspective for the ex-
amination of the rabies epidemic frequency in the Amur
River basin and virus evolution upon change of the basic
host (raccoon dog - fox).

CONCLUSION

Rabies epidemic started in the Amur Oblast in 2018
after the introduction of rabies virus Arctic-like-2 variant,
which prevails in the east of Asia. Rabies was most likely
introduced with the wild animals from the neighboring
territories of Russia and China located in the Middle Amur
Valley downstream of the Amur River. During freezing pe-
riod, the Amur overflow land can serve as an ecological
channel of the rabies virus transmission. Similar to the last
century, the epidemic spread mostly over the open ter-
rains of the Zeya-Bureya valley. The key feature of the cur-
rent epidemic is drastically increased significance of foxes
in the circulation of the rabies virus of Arctic-like-2 genetic
lineage. Natural rabies foci associated with this rabies virus
variant have transboundary origin.
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BoTBUHKUH AnekcaHap AmutpuieBuny, JOKTOP MeaULMHCKNX
HayK, npodeccop, 3aBegyWNn Kadeapon snnLemMmnonorum
OrboOYy BO UMY Munspgpasa Poccun, r. UpkyTck, Poccusa.

3apsa MBaH [AmutpueBuny, KaHAMAAT MeAULMHCKUX HayK,
accncteHT Kadeapbl anugemvionorun ®re0Y BO UITMY MuHsgpasa
Poccuu, r. ipkyTck, Poccua.

Menbuoe MBaH BnagnmupoBu4, KaHAMAAT BeTepPUMHaPHbIX
HayK, AoLieHT Kadeapbl creumanbHbix BETEPUHAPHbIX AUCLUMINH,
OrboyY BO UpkyTckuii TAY, r. pkyTck, Poccua.

YynuH Cepreii AnekcaHapoBuY, KaHANAAT BUONOrMYeckmx Hayk,
BeAYLMNIA HayUHbIV COTPYAHUK pedepeHTHOI nabopaTopun no
6eweHcTBY 1 BSE, OIBY «BHUW3X», . Bnagumup, Poccus.

Monewyk Enena MuxaiinosHa, KaHamaaT 6Monornyecknx Hayk,
3aBefylowunin nabopatopuen, Beaywnini HayYHbll COTPYAHUK
nabopatopum 3SKONOTUM W SNUAEMUONOTMN OGeleHCTBa
OBYH «Omckuit HUW npupopHo-ouyaroBbiX WHPeKUUin»
PocnotpebHagzopa, r. Omck, Poccus.

3uHakoB Hukonaii leHHagbeBunY, KaHAMAAT 6GMONOrMYeCcKMX
HayK, CTapLUMIA HayYHbI COTPYAHUK pedepeHTHON nabopaTtopmn
BUPYCHbIX 6onesHen ntuu, OrBY «BHU3XK», r. Bnagumup, Poccus.

Camoxsanos Ceprein Bnagummnposny, HauanbHVK ynpasneHna
BeTepuHapumn Amypckoi obnactu, r. bnaroselyeHck, Poccus.

Conoseinn MpuHa BacunbeBHa, 3aMecTUTeNb HayanbHUKa
ynpaBfieHnAa - HayanbHWUK OTAena no opraHusauuu
NPOTMBO3MNN300TUYECKNX MEPONPUATUI YyNpaBieHuns
BeTepuHapuun AMypckoi obnactu, r. bnaroselyeHck, Poccus.

filkoBnesa Hartanba BnapumupoBHa, pAupekTop
I'BY AO «Amypckaa obnacTHas BeTepuHapHasa nabopaTtopusay,
r. bnaroseweHck, Poccus.
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Cupopos leHHaanii Hukonaesny, AOKTOP 6UONOrMUYECKUX HayK,
npodeccop kadenpbl 6ronorum 1 6roNornyeckoro obpaszoBaHUs
OrbOY BO «OMITIY»; rmaBHblIi Hay4YHbI COTPYAHUK labopaTopun
3Konorum n anuaemuonorun bewencrsa ObYH «Omckuin HAN
NPUPOAHO-0YaroBbIX MHeKunin» PocnotpebHagsopa, r. OMcK,
Poccuns.

boiiko WpwuHa AnekcaHppoBHa, 300/10T ynpaBneHUA
PocnotpebHaasopa no Amypckoi obnacTtu, r. bnaroseleHck,
Poccus.

l0auH BukTtop leoprueBny, KaHANLAT OGMONOTMYECKNX HayK,
CTapWWUin HayuHbI COTPYAHWK nabopaTopum Tepronoruu
OHL, 6uopasHoobpasua LBO PAH, r. BnagnsocTtok, Poccus.

Anpaes EBreHun MBaHoOBMY, [OKTOP MeAMLUHCKUX
HayK, 3amecTuTenb gupekTtopa, O®KY3 UpKyTckuin HayuHo-
NCcCcnepaoBaTenbCKUn NPOTUBOYYMHBIA UHCTUTYT PocnoTpe6-
Hapa30pa, I. pkyTck, Poccua.

MetnuH Aptem EBreHbeBmnY, JOKTOP BeTepPUHaAPHbIX Hayk,
CEeKLMs XUBOTHOBOACTBA U BeTeprHapun, COBMECTHbIV LIeHTP
OAO/MATATS no AagepHbIM MeTofamM B MPOLOBONIbCTBEHHON
1 CeNbCKOX03ANCTBEHHOW 0bnacTax, BeHa, ABcTpus.

VETERINARY SCIENCE TODAY. 2022; 11 (4): 309-318 | BETEPUHAPUA CETOJHA. 2022; 11 (4): 309-318



