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Abstract

Introduction. The rapid spread of African swine fever in the Kaliningrad region makes it necessary to use the
methods of molecular epidemiology to determine the dynamics and direction of ASF spread in this region of Russia.
The aim of the study was to determine single nucleotide polymorphisms within molecular markers K145R, O174L
and MGF 505-5R of ASFVs isolated in Kaliningrad region and to study the circulating of the pathogen in European
countries by subgenotyping and spatio-temporal clustering analysis.

Materials and methods. Blood samples from living domestic pigs and organs from dead domestic pigs and
wild boars, collected in the Kaliningrad region between 2017 and 2022 were used. Virus isolation was carried
out in porcine bone-marrow primary cell culture. Amplicons of genome markers were amplified by PCR with
electrophoretic detection and subsequent extraction of fragments from agarose gel. Sequencing was performed
using the Sanger method.

Results. The circulation of two genetic clusters of ASFV isolates on the territory of the Kaliningrad has been
established: epidemic (K145R-IIl, MGF 505-5R-II, O174L-1 — 94.3% of the studied isolates) and sporadic (K145R-
Il, MGF 505-5R-II, O174L-1 — 5.7%).

Conclusion. The broaden molecular genetic surveillance of ASFV isolates based on sequencing of genome
markers is necessary in the countries of the Eurasian continent to perform a more detailed analysis of ASF spread
between countries and within regions.
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NMpocTpaHCTBEHHO-BPEMEHHOM KNacTepHbIM aHanum3 LMpKynaumm
BUMpyca adppukaHckon Yyymbl cBuHen (Asfarviridae: Asfivirus)
B KanuMHuHrpaackom obnactn Ha oCHoBe TPeX reHeTUYEeCKUX

MapKepoB

YepHbiwes P.C., NronknH A.C., WoTtuH A.P., 3unsikoB H.I., KonbuH N.C., Cagunkosa A.C.,

NaBpeHTbeB WN.A., I'py3ages K.H., Masnym A.

OIBY «PenepanbHbii LEHTP OXPaHbl 300POBbst XNBOTHbLIX», 600901, r. Bnagumup, Poccus

Pestome

BBepneHue. CtpemutenbHoe pacnpocTpaHeHne adppukaHckon YyMbl ceuHen (AYC) B KanuHuHrpagckon obnactu
06ycnoenmBaeT HEO6XOAMMOCTb UCMONb30BaHWSA METOAOB MOMEKYNAPHON SNU300TONOrMN ANs onpeaeneHns au-
HaMWKM 1 BEKTOPa pacnpocTpaHeHns nHdekumn B aaHHoMm cybbekte Poccuu.

Lienb paboTbl — yCTaHOBUTb XapakTep OQHOHYKNeoTUAHOro nonuMmopduama reHoB K145R, O174L, MGF 505-5R
y nsonatos Bupyca AYC, BblgeneHHblx B KannHuHrpagckom obnacTtu, n ndyuntb LMpKynsuuio Bo3byamTens B cTpa-
Hax BocTouHon EBponbl MeToaoM Cy6reHOTUNMPOBaHUSA U MPOCTPAHCTBEHHO-BPEMEHHOIO KIacTepHOro aHanmaa.
MaTepuanbl n metoabl. B kayecTBe o6pasLoB Gronornyeckoro Matepumana Mcnonb3oBany NpPodbl KPOBU OT XU-
BblX W OpPraHoB OT NaBLUMX AOMALLUHWX CBUHEN U AMKMX kabaHoB, 0TOGpaHHble B KanuHuHrpagckon obnactu B
2017-2022 rr. Boigenenne supyca AYC n ngeHtudmrkaumio n3onsToB NPOBOANAM B NEPBUYHON KyrbType KNeToK
KOCTHOrO MoO3ra CBWHbM. [104roTOBKY aMMIMKOHOB LieneBbiX MapKepHbIX obnactew reHoMa BbIMOMHANM METOA0M
MUP c anekTpodopeTuyeckon geTtekumini u nocneayroLlen akcTpakumnen pparmeHToB n3 arapo3Horo rensi. Cekee-
HMpOBaHWe ocyLlecTBNsnNu no Mmetoay CaHrepa.

Pe3ynbTathl. YCTaHOBNEHa UMPKYNAUMS Ha TeppuTopumn cybObekTa-akcknaea Poccuiickon depepauumn Bupyca
AYC, npuHagnexaliero AByM reHeTM4eckMM knacrepam: anusootndeckomy (K145R-11l, MGF 505-5R-Il, O174L-1 —
94,3% OT n3y4eHHbIx nzonsaTos) n cnopagmyeckomy (K145R-1I, MGF 505-5R-1I, O174L-1 — 5,7%).

3akntoyeHue. HeobxoaMmo COBEpLLEHCTBOBAHME MOEKYISPHO-3MM300TONOMMYECKOr0 MOHUTOPUHIA reHeTnYe-
ckux BapuaHToB Bupyca A4C B cTpaHax eBpo-as3naTcKoro KOHTUHEHTa Ha OCHOBE MapKepHbIX doparMeHTOB reHoma
BHYTpM reHoTuna ll, 4To Nno3BonNuT NpoBoAMTL Hanbornee AeTanbHbIn aHanm3 pacnpoctpaHeHus AYC.

KnioueBble cnoBa: aghpukaHckasi yyma CeuHell; 2eHemuYecKue MapKepb! PacrpoCmpaHeHUss; NpoCMpaHCmeeH-
HO-8peMeHHOU aHarnus; eeHemuyeckue sapuaHmsi; KanuHuHapadckas obnacme

Onsa untuposaHus: YepHbiwes P.C., Nronkuu A.C., WotuH A.P.,, 3uHsakos H.I., Konbun W.C., Caguukosa A.C.,
JlaBpeHTbeB W.A., py3ageB K.H., Masnym A. lNMpocTpaHCTBEHHO-BPEMEHHOW KNacTepHbIV aHanu3 LupKynaumm Bu-
pyca adpukaHckon Yymbl cBuHen (Asfarviridae: Asfivirus) B KannHnHrpagckon obnactv Ha OCHOBE Tpex reHeTu-
Yeckmx MapkepoB. Bornpocs! supyconoauu. 2024; 69(3): 241-254. DOI: https://doi.org/10.36233/0507-4088-231
EDN: https://elibrary.ru/lbevpz

®duHaHcupoBaHue. ViccnegoBaHue BbIMOMHEHO 3a cyeT cpencts PrbY «BHUN3XK» B pamkax TemaTukm HayyHo-uccne-
noBaTtenbckux pabot «BetepuHapHoe bnarononyune.

KoHdonukT nHTepecoB. ABTOpbI AEKNApPUPYIOT OTCYTCTBME SBHBIX U NMOTEHLUMaNbHbIX KOH(MUKTOB MHTEPECOB, CBA3aH-
HbIX C Ny6nuKaumen HacTosALWEN CTaTby.

OTnyeckoe yTBepxaeHue. ABTOpbl NOATBEPXKAAIOT COOMIOAEHNE MHCTUTYLIMOHANBHBIX Y HALMOHAmNbHbIX CTaHAapTOB
Mo UCMoNb30BaHWIO NabopaTopHbIX XUBOTHbIX B cOoTBETCTBUM ¢ Consensus author guidelines for animal use (IAVES 23
July 2010). MpoTokon nccnenosarvnsa ogobpeH Komuccnen no 6noatmke ®rby «BHUU3XK» (npotokon Ne b-3/2021 ot
24.05.2021).

Introduction

The large-scale transboundary spread of African swine
fever virus (ASFV) across Eurasia requires new ap-
proaches to study virus circulation. For this purpose, mo-
lecular epizoological clustering and multigenic analysis
of newly isolated isolates have been recommended [1].
Due to the considerable length of the pathogen genome
(189 kbp), it is possible to use various markers of spread
in a spatio-temporal study. Most markers are identified
by detecting single nucleotide polymorphisms (SNPs) or
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differences in the number of tandem repeats (TRS) ob-
served in comparative analysis of full genome sequences
of ASFV isolates from biological material from infected
animals (domestic pigs or wild boars) [2].

The target for ASFV genotyping is the 475 bp nucleo-
tide sequence of the C-terminal region of the B646L gene,
which has traditionally been used to identify 24 genotypes
[3, 4]. ASF outbreaks in Europe and Asia are caused by
genotype 11, except for the enzootic situation on the island
of Sardinia (Italy), where genotype I has been registered
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since 1978, and the People’s Republic of China, where an
epizootic outbreak in domestic pigs caused by genotype
I was established in 2021 [5, 6]. In 2023, a recombinant
variant between genotypes I and II with 20 recombination
sites was described for the first time in China [7].

Due to the predominant circulation of ASFV virus gen-
otype II in Eurasia and the detection of various genetic
variants, Gallardo C. et al., 2023 recommended a method
that allows the identification of 24 clusters (subgenotypes,
genetic groups) of distribution based on various mark-
ers [1]. Mazloum A. et al, 2023 proposed six major (lo-
cus B646L, central variable region (CVR) of gene B602L,
intergenic regions [73R/[329L and MGF 505-9R/I0R,
KI145R and O174L genes) and seven alternative ge-
nomic markers (intergenic regions A/79L/A137R and
C315R/CI147L, loci 1267L, MGF 505-5R, MGF 110-7L,
MGF 505-9R, MGF 360-10L) to differentiate isolates be-
longing to genotype II [2].

Cluster genetic analysis is a relatively new and explor-
atory approach for the study of ASF in the Russian Feder-
ation. In this regard, the most interesting and representa-
tive object of study is the epizootic in the territory of the
Kaliningrad Region.

Kaliningrad region is an exclave of Russia, geographi-
cally located in Eastern Europe. It borders with Poland in
the south and Lithuania in the north and east, which have
been recognized as affected by ASFV since 2014 [8, 9].
The first ASFV cases in the Kaliningrad region were
observed in the wild boar population in early Novem-
ber 2017. During November—December 2017, 6 epizo-
otic outbreaks among wild boar (Bagrationovsky district)
and 1 among domestic pigs in the personal subsidiary
farm (PSF) of a citizen living in the rural settlement of
Sosnovka (Polessky district) were recorded in the region.
In the winter-spring period of 2018, 6 wild boar carcasses

OPUTUHAJbHbBIE NCCNEAOBAHUA

Fig. 1. Spread of ASF in the Kaliningrad region
(2017-2022).

Puc. 1. Pacipoctpanenne AYC Ha TeppuTopuu
Kamuaunrpanckoit odnactu (2017-2022 rr).

diagnosed with ASFV were found on the territory of the
subject in the areas bordering Poland. From June to Sep-
tember 2018, the infection spread widely among domes-
tic pigs in household farms and several pig farms in the
Kaliningrad region, affecting 7 previously safe districts
(Gvardeysky (Suvorovo settlement), Pravdinsky (Prudy,
Novobiyskoye, Bely Yar, Izvilino, Krasnoye, Sergeev-
ka, Belkino), Chernyakhovsky (Penki, Glushkovo) and
others). From November 2018 to January 2020, single
cases of the disease were registered [10]. At the end of
July 2022, after 2.5 years of absence of outbreaks, an epi-
zootic outbreak of ASFV was registered in PSFs of the
Nesterovsky district. A total of 16 cases were notified
for 2022. During the entire epizootic period in the terri-
tory of Kaliningrad region 87 cases of ASFV (56 in wild
boar and 31 in domestic pigs) were officially confirmed,
as seen in Figure 1'.

Earlier studies analyzing 9 full genome sequences of
isolates isolated in 2017-2019 in the Kaliningrad region
showed clonal development of ASFV outbreaks [11].
Thus, an additional mutation in the K145R gene occurred
at the beginning of the epizootic in this region. Pro-
longed circulation of the genetic variant of the virus with
a unique SNP among susceptible animals (wild boars)
formed a divergent spatio-temporal ASFV cluster (pool)
in eastern Europe.

The enzootic situation of ASFV in the Kaliningrad re-
gion of Russia and the discussion about the origin of the
pathogen in Eastern European countries make it neces-

'Rosselkhoznadzor. Epidemic ASF situation in the Russian
Federation, 2007-2024. Available at: https://fsvps.gov.ru/wp-
content/uploads/2024/02/karta-vspyshek-za-2007-2024-na-05.02.
png (In Russian).
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sary to use molecular epizoological methods in outbreak
investigations. In this regard, the aim of the study was
to determine the distribution of genetic variants K/45R,
MGF 505-5R, O174L in a statistically significant number
of ASFV virus isolates circulating in the territory of the
Kaliningrad region and to assess the epizootic situation
on the basis of molecular clustering.

Materials and methods

ASFV virus isolates. Biological material for virus iso-
lation was organ samples (tubular bones, spleen, lymph
nodes) from fallen domestic and wild pigs, as well as
blood from live domestic pigs sampled in the Kalinin-
grad region of the Russian Federation in 2017-2022 and
tested positive by polymerase chain reaction. Virus isola-
tion was performed in primary culture of pig bone mar-
row cells (BMC) obtained from donors on a contractual
basis [12]. After identification of 26 isolates, they were
accumulated in BMC cell culture at a titer of at least 6.5
lg HAdU, /em’.

DNA extraction and amplification of target fragments.
Total DNA extraction was performed from virus-contain-
ing culture material using the DNA-Sorb B reagent kit
(Central Research Institute of Epidemiology of Rospo-
trebnadzor, Russia). Amplification of nucleotide regions
of KI45R, MGF 505-5R, and Ol74L genes was per-
formed by PCR with electrophoretic detection according
to the previously developed protocol [13]. Fragments
were isolated from agarose gel slides using GeneJET Gel
Extraction Kit (ThermoFisher Scientific, USA).

Sequencing. The reaction was performed using Big
Dye Terminator Kit version 1.1 or 3.1 (Applied Biosys-
tems, USA) on an ABI Prism 3130/3130x1 automated
sequencer (Applied Biosystems, USA) according to the
manufacturer’s instructions.

Alignment and phylogenetic analysis. Multiple align-
ment of nucleotide sequences and comparative analysis
with other isolates retrieved from GenBank (Appen-
dix) were performed using the CLUSTAL W algorithm
in the Bioedit v7.2.5 program. The sequences of target
genes in 9 ASF virus isolates from the Kaliningrad re-
gion, published earlier [12], were included in analysis.
The phylogeny of isolates was studied using the Mega
X software according to the recommended model by the
Neighbor—Joining method with 1000 initial Bootstrap it-
erations [14].

Graphical display of molecular epizootic maps was
performed in ArcGIS program.

Authors confirm compliance with institutional and na-
tional standards for the use of laboratory animals in ac-
cordance with Consensus author guidelines for animal
use (IAVES 23 July 2010). The research protocol was
approved by the Bioethics Commission of the Federal
State Budgetary Institution «ARRIAH» (protocol b/n
0130.04.2020).

Results

KI145R. A fragmentofthe K/45R gene (501 bp in length)
was obtained for all 26 isolates by Sanger sequencing. All
identified isolates from Kaliningrad region (35) had point
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mutations (substitutions) in this fragment and differed
from the reference strain Georgia 2007/1 (NC_044959.2),
as seen in Figure 2 a.

According to Figure 2 a, based on the nucleotide
alignment of the partial sequence of the K/45R gene, all
ASFV isolates under study can be divided into three genetic
variants: K145R-1, similar to Georgia 2007/1; K145R-11
with one C > A substitution at position 434; KI45R-111
with two substitutions (C > T at position 291 and C > A
at position 434). It was found that the majority, 33 out
of 35 (94.3%) isolates in the study region belonged to
the genetic variant K/45R-11I, which is exclusive for this
region. At the same time, 2 (5.7%) isolates of ASFV/
Kaliningrad/DP2017/15355 and ASFV/Kaliningrad/
DP2022/9201 belonged to K/45R-I1, a variant previously
unregistered throughout Russia and characteristic of
Eastern Europe (Poland, Lithuania, Ukraine, Germany).
Spatio-temporal analysis of ASFV spread based on the
K145R marker is shown in Figure 3 a.

O174L. Analysis of the 673 bp sequences obtained
by sequencing of the O/74L gene fragment showed that
all (100%) isolates from the Kaliningrad region lacked
a l4-nucleotide insertion at position 50—63 of the O174L
gene and was identical to the reference sequence of strain
Georgia 2007/1 (Figure 2 b). The absolute enzootic na-
ture of the O174L-I variant of ASF virus in the Kalinin-
grad region is shown in Figure 3 b.

MGF 505-5R. Sequence analysis of a 641 bp fragment
in all samples studied showed that 100% of the isolates
studied in this study belonged to the Eastern European
variant MGF 505-5R-II, which was characterized by a
nonsynonymous G > A substitution at position 988 of
the gene when compared with the reference strain II of
genotype Georgia 2007/1 (Figure 2 c). The geographical
distribution of the MGF 505-5R genetic groups of ASFV
in Europe is presented in Figure 3 c.

Phylogenetic relatedness of ASFV isolates from Kalin-
ingrad region of the Russian Federation, Poland, Lithua-
nia, Germany, Romania and Ukraine is presented on the
rooted tree made complexly on the basis of concatenated
sequence of 3 markers: K/45R, MGF 505-5R and O174L
(Figure 4).

As shown in Figure 4, two groups within genotype 11
were identified. Group 1 is completely homologous to
strain Georgia 2007/1. Group 2 includes 3 subgroups:
group 2 proper (corresponding to genetic variants K /45R-1,
O174L-1I); 2.1 (K145R-1I, MGF 505-5R-1I, O174L-I or
O174L-1)and 2.2 (K145R-1II, MGF 505-5R-1I, O174L-I).
Kaliningrad region is predominantly characterized by
group 2.2 (94.3%). In Form 76, group 2.1 (5.7%) was
registered.

Epizoological data with the geographical location of the
sampling site, name of the isolate, date of the outbreak,
source of the infectious agent, marker genetic group are
presented in Table and the Appendix.

Discussion

Reference diagnostic tests for ASF in FGBI ARRI-
AH (Vladimir) provided the study with isolates from
biological material from domestic and wild pigs, select-



BOMPOCHI BUPYCOJIOTUW. 2024; 69(3)
https://doi.org/10.36233/0507-4088-231

b/6

c/e

OPUTUHAJbHbBIE NCCNEAOBAHUA

Fig. 2. Multiple nucleotide alignment of genome marker fragments K/45R (a), O174L (b) and MGF 505-5R (c) of ASFV isolates obtained by
Sanger sequencing.

The figures show an example of identified SNPs or TRSs and their position in the open reading frame.

Puc. 2. MHOXECTBEHHOE HYKJICOTHIHOE BEIPaBHUBAHHE MapKEPHBIX pparMeHTOB TeHOB K145R (a), O174L (6) u MGF 505-5R (8) u30ns1ToB
Bupyca AUC, nosy4eHHbIX IPU CEKBEHUPOBaHUU 110 MeTony CaHrepa.

Ha pucynkax nokasan npumep BbisiBiaeHHbIX OHIT min TRS 1 ux no3uuuu B OTKPbITON paMKe CUUTHIBAHUSA.

ed from 35 (40.2%) out of 87 ASFV foci notified in the
territory of Kaliningrad region (sequences are published
in GenBank, accession numbers are presented in the Ap-
pendix). The large statistical sample size allows us to use
the results of point (local) Sanger sequencing of marker
regions of the genome to analyze virus circulation and
the formation of spatio-temporal genetic clusters in the
exclave region.

Since 2016, the genotype Il ASFV circulating in the
countries of eastern Europe (Poland, Lithuania, Ukraine,
etc.), as well as in the Kaliningrad region of the Rus-
sian Federation, has significant nucleotide heterogeneity
in comparative analysis with the original strain Geor-
gia 2007/1 [1]. Point mutations in open reading frames
and intergenic regions (substitutions/insertions/deletions)
in ASFV insignificantly affect culture and immunobio-
logical properties [15—-17]. At the same time, the applied
significance of genetic changes in the molecular epizool-

ogy of ASFV is quite high and is constantly being updat-
ed [18]. A comprehensive analysis of such loci as K/45R,
MGF 505-5R, O174L, MGF 110-7L, IGR I73R/I329L is
necessary to study ASFV clusters in Europe.

Previously presented data show that the forma-
tion of the genetic cluster K145R-1I, MGF 505-5R-II,
MGF 110-7L-II began in 2016 in Ukraine and Poland
[19, 20]. The spatio-temporal array of this cluster is ob-
served from 2016 to 2020 in Poland, from July 2017 to
March 2022 in Lithuania. In parallel, an O174L-II variant
with an insertion in the gene of the same name was reg-
istered in Poland in 2016, which always corresponds to
MGF 505-5R-II [21, 22]. At the same time, O174L-II is
combined with K145R-II in some cases (2016-2020) and
with K145R-I in others (2018-2019). However, O174L-
II has not been reported in Lithuania, Ukraine and the Ka-
liningrad region [1, 11, 20]. 19 ASF outbreaks in Roma-
nia (2019) correspond to the O174L-II, K145R-I group,
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and only one isolate 6 km from the Ukrainian border was
categorized as K145R-II and O174L-I [1]. Further, sim-
ilar changes in the genome (O174L-II, K145R-II) were
observed in the ASFV isolate isolated from wild boar in
Germany (2020) [2].

The MGF 505-5R-1II variant is characteristic of isolates
with K145R-II or K145R-III, and has never been found
in ASFV with K145R-I. On the contrary, isolates with
MGF 505-5R-I paralleled the K145R-I gene variant [21].
The emergence and circulation of virus belonging to
variants K145R-I, O174L-II in Poland and Romania
in 2018-2019 may be due to point repair of the K145R
gene, which tends to occur in ASFV due to the presence
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Fig. 3. Distribution of ASFV genotype II variants in the territory of
the Kaliningrad region and Eastern European countries based on ge-
netic analysis of markers K/45R (a), O174L (b) and MGF 505-5R (c).

Puc. 3. Pactipoctpanenue BapuantoB Bupyca AUC renoruna Il na
teppuroprn KanmuHuHTpanckoit obnactu u crpan Bocrounoit Espo-
bl HA OCHOBE F€HETUYECKOTo aHanu3a MapkepoB K145R (a), O174L

(6) u MGF 505-5R (8).

of Pol X DNA polymerase, or recombination [7, 23]. For
a deeper study of the molecular evolution of ASFV in Ro-
mania, full genomic sequencing of isolates with analysis
of the MGF 505-5R gene is necessary.

It should be noted that the synonymous G to A sub-
stitution at position 60 of the MGF 110 7L gene has al-
ways been combined with the above-described ONP in
the MGF 505-5R region [1, 11, 19, 20]. In this regard, it
is economically feasible to investigate one of these loci
of choice [2].

In the Kaliningrad region of Russia, a unique cluster
of K145R-1II, MGF 505-5R-II, O174L-1 of ASFV was
formed between 2017 and 2022. The substitution at po-
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sition 434 of the K145R gene corresponded to both
K145R-III and K145R-II variants. However, K145R-III
had an additional substitution at position 291 of the origi-
nal gene, hence it was a daughter gene variant of the ma-
ternal K145R-II gene.

In the conducted study it was found that the isolate
ASFV/Kaliningrad/DP2017/15355, isolated for the first
time from biomaterial from domestic pigs in the study
region (December 2017, Polessky district, Sosnovka vil-
lage) was classified as K145R-II, despite the fact that
the first ASFV outbreak in the region was caused by a
virus with K145R-11l (ASFV/Kaliningrad 17/WB-13869
isolate obtained from biomaterial from a fallen wild boar
found in November 2017 in Bagrationovsky district)
[11]. Interestingly, the first cases of ASFV in Lithuania
caused by the virus with K145R-II were registered in Ju-
ly 2017, while Poland and Ukraine were recognized as
affected by ASFV in 2017 [24].

In2018-2019, 65 ASFV outbreaks were registered on
the territory of the Kaliningrad region, and all isolates
belonged to genetic group K145R-111, MGF 505-5R-II
and O174L-1. At the same time, the K145R-II vari-
ant did not spread due to the successful elimination
of the 2017 outbreak in the private farm of a citizen
of Polessky district, which limited the transition of
ASFV into the wild fauna. Thus, the time of formation
of the genetic group unique for the region is the fall
0f 2017, and the original host is the European wild boar
Sus scrofa. At the same time, the possibility of ASFV

OPUTUHAJbHbBIE NCCNEAOBAHUA

Fig. 4. Neighbor-joining
dendrogram showing
phylogenomic of ASFV
isolates from eastern
Europe based on clustering
analysis.

Puc. 4. lenaporpamma,
IIOCTPOCHHAS! METOJIOM
TIPUCOEUHEHUS coceel
(Neighbor-joining) u oto-
Opakaromasi pHUIOreHeTH-
4eCKOE POJCTBO H30JIATOB
pupyca AUC u3 Bocrounoit
EBpomnsl Ha 0CHOBe Kia-
CTEpHOTO aHaIN3a.

entry into the Kaliningrad region in 2017 from other
regions of Russia, where variants different in markers
such as K/45R, MGF 505-5R and MGF 110-7L from
the Georgia 2007/1 strain have never been registered
before, is unlikely [25, 26].

After a prolonged absence of virus with K145R-II
(2018-2021) in the Kaliningrad region, an isolate of
ASFV/Kaliningrad/DP2022/9201 was isolated in 2022
atalarge pig breeding farm in the village of Pokrovskoye,
Chernyakhovsky district, belonging to this variant.
However, K145R-II has never been detected in in-
fected wild boars in the region, which are one of the
characteristic factors in the spread of ASFV, including
the 2022 isolates [27-31]. However, the disease was
registered during the second half of 2022 in Lithuania/
Poland/Ukraine, and the genetic sequence of the patho-
gen in individual countries (Lithuania) corresponded to
K145R-1I and O174L-I? [1, 32].

The most important marker of ASFV spread
is also the intergenic region of IGR I[73R/I329L.
Thus, 2 variants of IGR-1(2 insertions of 10-nucleotide tan-
dem repeats identical to strain Georgia 2007/1) and IGR-1I
(3 insertions of tandem repeats) are found in Poland, the

’Rosselkhoznadzor. Number of ASF outbreaks in European
countries 2012-2024. Available at: https:/fsvps.gov.ru/files/
kolichestvo-vspyshek-achs-v-stranah-evropy-2012-2023-gg-na-05-
09-2023/?ysclid=Isox290fky735423172 (in Russian)
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Table. Molecular and epizootological data on ASFVs isolated in the Kaliningrad region from 2017 to 2022

Tadauua. MosexyIsipHO-31TH300TONOrHYEeCKUEe JaHHble 00 u3omsarax Bupyca AUC, Bbinenennsix B Kanununrpanckoit oonactu 2017-2022 rr.

Date Source
Isolat Place of collection of outbreak of isolation MGF
Ne solate . Mecto or6opa registration Hcroynnk KI145R 0174L
HaumenopaHue uzomnsra 505-5R
00pa3noB Jara peructpa- BO30YHTEIS
IIMH BCIIBIIIKHA I/IHq)CKLLHI/I
Private household plot,
Sosnovka village, Polessky Domestic pig
1 ASFV/Kaliningrad/DP2017/15355 district 18.11.2017 JlomarHss I 1I 1
JIIIX, n.CocHoBka, [Tonecckmii CBUHBS
paiion
Hunting farm, Gvardeysky
2 ASFV/Kaliningrad/WB2018/9737 district 03-04.07.2018 Wild boar 1 i I
OXOTHHYbE XO3SHCTBO, Juknii kabaH
I'Bapnetickuii paiion
Forest area, Ilyichevo village,
3 ASFV/Kaliningrad/WB2018/9767 Polessky district 07-08.07.2018 . \vild boar 1 1l 1
JlecHoit maccus, . UnpudeBo, Jlukuii kabaH
INonecckuii paiion
Private household plot,
Pravdinsky district, Sergeevka Domestic pig
4 ASFV/Kaliningrad/DP2018/9716 village 22.06.2018 Jomanisss 1 1I I
JIIX, IIpaBruHCKHi paiioH, CBUHBS
. CepreeBka
Peasant farm, Nemansky
district, Zhilino village, st. Domestic pig
5 ASFV/Kaliningrad/DP2018/12537 Dorozhnaya, 1 06-10.07.2018 Jomanrssst I 1I I
K®X, Hemanckwuii paiioH, CBUHBS
. JKunuso, ya. lopoxHas, 1
Hunting farm, Chernyakhovsky
6  ASFV/Kaliningrad/WB2018/12513 district 18.07.2018 Wild boar 1 I 1
OXOTHHUYBE XO3SHCTBO, Jlukuit kaban
YepHAXOBCKUH palioH
Private household plot,
Pravdinsky district, Belkino Domestic pig
7 ASFV/Kaliningrad/DP2018/9729 village 22.06.2018 Jomanrssst 111 1I 1
JIIIX, TIpaBauHCKMN palioH, CBUHBS
. benkuno
Zhavoronkovo village,
8  ASFV/Kaliningrad/WB2018/9732 Ulnamyel 3y Gl 25.06.2018 Wl 50T i 1 I
1. J)KaBopoHKORBO, Jukwuit kaban
UYepHsAXOBCKUI palioH
Private household plot,
Chernyakhovsky district, Domestic pig
9 ASFV/Kaliningrad/DP2018/9728 Penki village 22.06.2018 JomarHsis 1 11 1
JIIX, YepHAXOBCKUI paiioH, CBUHBS
1. [Tenpkn
Forest, Novoselovo settlement,
10 ASFV/Kaliningrad/WB2017/16199 SR 57 (il 27.11.2017 Wl e i 1 I
JlecHoit maccus, . HoBoceno- Jlukuii kabax
B0, barpatronoBckuii palion
Forest, Krasnopolye village,
.. Gusevsky district 30.07- Wild boar
L AR JlecHoii maccus, . KpacHormo- 07.08.2018 Jukuii kabaH = i !
abe, ['yceBckuit paiioH
Private household plot, Prav- Domestic pig
12 ASFV/Kaliningrad/DP2018/0723  ‘insky district, Bely Yarvillage ) 555915 Tomamess I 1 I
JITIX, IIpaBauHCKUMA palioH, J—
. bensrii Sp
Hunting farm, Guryevsky
5 s district, Kurgany village 24.08— Wild boar
I Aspvis e g d SEATI 451 OxoTHHYbE X035HCTBO, ['ypheB- 03.09.2018 Jukuit xaban = e :
CKMH paiioH, 1. Kypransl
Private household plot, Prav-
dinsky district, Novo-Biiskoye Domestic pig
14  ASFV/Kaliningrad/DP2018/6809 village 08.06.2018 JlomarHss 111 I 1
JIIX, IIpaBauHcKuil paiioH, CBUHBS
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1. HoBo-buiickoe
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Date Source
Isolate Place of collection of outbreak of isolation MGF
Ne H Mecto ot6opa registration Hcrounux K145R 0174L
aMMEHOBaHME M30JIITa 505-5R
00pa3soB Jlara perucrpa- BO30yaHTENS
IIMH BCITBIIIKHA nHpEKIHH
Pig farm of IV compartment,
Pravdinsky district, Novo-Biis- .
Koye village Domestic pig
15  ASFV/Kaliningrad/DP2018/9753 Y 10.07.2018 Jomantssis I 11 I
CuHokomImIeke [V kommapr- p—
MeHTa, [IpaBauHCcKuii paiioH,
1. HoBo-buiickoe
Private household plot, Prav- BerimEe ik
16 ASFV/Kaliningrad/DP2018/9724  Ginsky district, Prudy village 5 5 519 Gy rmiser i 1 I
JIIX, IpaBauHCKKN paiioH, —
1. [Ipynst ¢
Breeding farm, Slavsky district Domestic pig
17  ASFV/Kaliningrad/DP2018/9741 TInemennoii 3aBoa, CnaBckuii 10.07.2018 JloMariHss 111 11 1
paiioH CBUHBS
Private household plot, Prav- Domestic pig
18  ASFV/Kaliningrad/DP2018/9727  Ginsky district, Krasnoevillage 5 5 561 - T 1 I
JITIX, ITpaBauHCKUNA palioH, p—
. KpacHoe
Pig farm of compartment I11,
Kaliningrad, town. Them. A. o
Kosmodemyanenko GTCENE DL
19  ASFV/Kaliningrad/DP2018/12528 Y. 06-10.07.2018 Jomamsss 111 I I
Caunokomiekc 11 kommapT- —
MeHTa, I. Kanmauarpan, ¢
ort. M. A. KocMoieMbsIHEHKO
Private household plot, Gu-
sevsky district, Mayakovskoye Domestic pig
20  ASFV/Kaliningrad/DP2018/14812 village 21-23.08.2018 Jomanisss 1 I I
JIIIX, I'yceBckuil paiioH, CBHHbBS
1. MasikoBckoe
Pig farm of compartment IV,
Gusevsky district, Tamanskoye D .
o village omestic pig
21  ASFV/Kaliningrad/DP2019/10179 23.08.2019 Jomanrssis 111 1T I
CuHoKoMITIEKC [V KoMmapT- —
MeHTa, ['yceBckuii paiioH, ¢
1. Tamanckoe
Hunting farm, Zelenogradsky
- district Wild boar
22 ASFV/Kaliningrad/WB2019/10169 . 18.05.2019 " 1 I I
OXOTHHYbE XO3SHCTBO, Jukuit kabaH
3eneHorpajackuil palion
Hunting farm, Nesterovsky
23 ASFV/Kaliningrad/WB2022/8997 district 27.07.2022 Wild boar I I 1
OXOTHUYBE XO3SIHCTBO, Jlukuii kabaH
Hecreposckuii paiton
Forest area near the village of
24  ASFV/Kaliningrad/WB2022/9001  Lokarevka, Nesterovsky district g 8 5099 il b m 1 I
JlecHoii maccuB BONu3H 11. To- Jukuii kabaH
KapeBKa, HectepoBckuii paiioH
Private household plot,
Nesterovsky district, Kalinino Domestic pig
25  ASFV/Kaliningrad/DP2022/9007 village 04.08.2022 Jomamsss 1 I I
JIITX, HecrepoBckuii paiioH, CBHHBS
1. Kanuausao
Breeding farm, Chernyak-
hovsky district, Pokrovskoye Domestic pig
26  ASFV/Kaliningrad/DP2022/9201 village 15.08.2022 Jomamsss I I I
IInemennast ¢pepma, UepHIxoB- CBUHBS
cKkuit paiioH, 11. [TokpoBckoe
Forest, Krasnoarmeyskoye set-
tlement, Bagrationovsky district Wild boar
27  ASFV/Kaliningrad 17/WB-13869 JlecHoii maccus, 1. Kpacho- 07.11.2019 M e 11T II I
apmetlickoe, barpatrnoHoBckuii
parion

For continuation of the table, see page 250

249



PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2024; 69(3)
https://doi.org/10.36233/0507-4088-231

ORIGINAL RESEARCHES

Date Source
Isolate Place of collection of outbreak of isolation MGF
Ne H Mecro otbopa registration Hcrounnk K145R 0174L
anMEHOBaHME H30JITa 505-5R
o0pasioB [ara peructpa- BO30yIUTENS
LM BCIIBIIIKHA nHbeKIuH
- Hunting farm, Slavsky district g
pg eV im0l T p—— — 07.08.2018 WL s 1 1l I
12523 C L Jlukwit kaban
JTABCKUH paioH
Forest, Shirokoe village, Prav-
ASFV_Kaliningrad 18 WB- dinsky district Wild boar
29 12524 Jlecnoit maccus, 1. Illupoxoe, 30.07.2018 Jlukuii kabaH TIx I I
IIpaBauHCKHH palioH
Forest area, Pravdinsky district Wild boar
30 ASFV_Kaliningrad 18 _WB-9735 JlecHoit maccuB, IIpaBauHCcKHi 03.07.2018 ~ I 11 1
= == % Jlukuii kabaH
paiioH
Forest, Osinovka village, Gvar-
31  ASFV Kaliningrad_18_WB-9763 ey allinios 07.07.2018 Vild o 11 1 I
= = JlecHoii maccuB, 1. OCHHOBKA, Jlukuii kabaH
I'Bapzeiicknii paiion
Hunting farm, Polessky district Wild boar
32 ASFV_Kaliningrad 18 _WB-9766 OxotHMYbE X0351HicTBO, [Tonec- 08.07.2018 i~ I 1I 1
= == VA Jukuii kabax
CKHi palioH
Forest, Zapovednoe village,
33 ASFV_Kaliningrad 19 WB- §lavsky district 13.05.2019 Wllq boar I I I
10168 JlecHoli MaccuB, I1. 3amoBe- Jlukuii KabaH
Hoe, CraBckuii paiioH
Forest area, Kamenskoye vil-
34 ASFV Kaliningrad 18 WB-9734 12g¢ Chernyakhovsky district 25.06.2018 Vi e I i I
JlecHoit maccuB, 1. KameHckoe, Jukuii kabaH
YepHIXOBCKHIA paiioH
Forest area, p. Shuvalovo,
35 ASFV_Kaliningrad 18 WB- Chernyakhovsky district 13.05.2018 Wild boar 1 I I

12516

Jlecnoit maccus, 1. IllyBanoso,
UepHSXOBCKHI paiioH

Jnkuii kaban

Note. The analysis used sequences of 26 isolates described for the first time in the current study and data on 9 ASFV isolates published previously and
retrieved from GenBank. Isolates with the genetic variant K/45R-1I are highlighted in red, isolates with K/45R-III are highlighted in green.

Tpumeuanue. B aHanu3e UCTIONB30BaHbI MTOCIIEA0BATEIILHOCTH 26 H30JSTOB, OITMCAHHBIX BIIEPBBIC B TEKYIIEM HCCIICIOBAHUH, U JAHHbIE 0 9 U30JIATaX
Bupyca AUC, onyOniKkoBaHHbIE paHee U uMIopTupoBaHHbie n3 GenBank. KpacHbIM 1IBeTOM BBIJICTICHBI H30JISATHI C TEHETUUECKUM BapuaHToM K /45R-

11, 3emenbiM nBeToM — ¢ K145R-111.

Kaliningrad region of the Russian Federation, and Lith-
uania [1, 11]. In 7 isolates from Warminsko-Mazurskie
Voivodeship (eastern subject of Poland bordering the Ka-
liningrad region) isolated in 2019-2020, 5 insertions of
tandem repeats in the intergenic region (IGR-1V) were
detected. All 7 samples with IGR-IV belonged to genetic
variants K145R-II, MGF 505-5R-II, and O174L-I [21].
Subsequent analysis of the /GR I73R/I329L locus in iso-
lates from Kaliningrad region is relevant to confirm the
absence of IGR-1V.

Analysis of sequencing data objectively proves the
pathways of molecular evolution of ASF pathogen on
the Eurasian continent. The trend of epizootic develop-
ment was manifested by the shift of outbreaks from the
south-east (Georgia, Armenia, Azerbaijan, central Russia)
to the west (Ukraine, Belarus, Poland, Lithuania, Lat-
via, Estonia, Germany, Kaliningrad region) in the period
from 2007 to 2017 [18]. The scheme of territorial origin
and circulation of ASFV in the Kaliningrad region, pro-
posed on the basis of spatio-temporal and phylogenetic
studies, is presented in Figure 5. Molecular epizoological
clustering based on local sequencing data is also confirmed
by the results of the full-genome phylogenetic analysis of
Eurasian isolates performed by Y. Zhang et al. [18].

250

Conclusion

ASFYV cases in the Kaliningrad region of the Russian
Federation were registered during 2017-2022. Molec-
ular genetic analysis of 35 virus isolates from biolog-
ical material from domestic and wild pigs demonstrat-
ed the circulation in the territory of the exclave region
of the virus belonging to two genetic clusters: epizo-
otic (K145R-III, MGF 505-5R-II, O174L-1 — 94.3%
of the isolates studied) and sporadic (K145R-II,
MGF 505-5R-II, O174L-1 — 5.7%). At the same time,
the second cluster, widely spread in Poland and Lithua-
nia, was first described in the Kaliningrad region only in
December 2017 — the first ASFV outbreak in domestic
pigs in PSF (isolate ASFV/Kaliningrad/DP2017/15355),
and in August 2022 — epizootic outbreak at a breeding
pig farm (ASFV/Kaliningrad/DP2022/9201). The ab-
sence of a 14-nucleotide insertion in the O174L gene
in ASFV isolates isolated among susceptible animals of
the Kaliningrad region was demonstrated.

The results of the spatio-temporal analysis demonstrate
the unlikely possibility of ASFV pathogen entry into the
Kaliningrad region in 2017 from the central subjects of
Russia, as genetic heterogeneity of virus isolates accord-
ing to the three studied markers is observed.
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Further monitoring of ASFV subgenotypes in Eurasia is
a very relevant direction in molecular epizoology, which
may become a basic method and have applied value in
ASFYV outbreak investigation.
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