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Introduction. Ixodid ticks are vectors for pathogens of many infectious diseases. Recently, during the study of
Rhipicephalus geigyi ticks collected from livestock in the Republic of Guinea, a new multicomponent flavi-like RNA
virus, called Kindia tick virus (KITV), was discovered with an unusual mechanism for the implementation of genetic
information.

The aim of the work is to detect and study the genetic diversity of KITV in ixodid ticks collected in the territory of
the Kindia province of the Republic of Guinea.

Materials and methods. In 2021, 324 specimens of ticks of the species Amblyomma variegatum, Rh. geigyi,
Rh. annulatus, Rh. decoloratus, Rh. senegalensis were collected from cattle. The detection of viral RNA was
carried out in individual samples of ticks by RT-PCR, followed by the determination of the nucleotide sequence and
phylogenetic analysis.

Results and discussion. KITV detection rates in ticks of the species Rh. geigyi was 12.2%, Rh. annulatus — 4.4%,
Rh. decoloratus — 3.3%. However, the KITV genetic material has not been identified in Am. variegatum ticks, which
are one of the dominant species in West Africa. For all virus isolates, a partial nucleotide sequences of each of
the four viral segments (GenBank, OK345271-0K345306) were determined. The phylogenetic analysis showed a
high level of identity (98.5-99.8%) for each of the four segments of the viral genome with those previously found
in the Republic of Guinea. The obtained KITV isolates are most genetically close to Mogiana tick virus, which was
previously detected in South America in Rh. microplus ticks and significantly differed from other multicomponent
viruses circulating in Europe and Asia, including the Russian Federation.

Conclusion. KITV genetic material was found in three species of ixodid ticks collected from livestock in a number
of prefectures of the Republic of Guinea. The infection rate in ticks was 3.3-12.2%. The continuation of research
in this direction remains relevant.
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MonekynsapHo-reHeTM4YeCKasa XxapakTepucTuka
MHOroKOMnoHeHTHoro hnasunogo6Horo Bupyca Kindia tick
virus (Flaviviridae), o6HapyxeHHOro B UKCOAOBbIX Krnewjax
Ha TeppuTopuu 'BUHenckon Pecnybnuku

Kaptawoe M.}HO.', Mnagekiwesa A.B.", HangeHoea E.B.2, 3axapos K.C.2, LLisanos A.H.",
KpueowewunHa E.WN.", CeHnukmHa A.M.2, ba M.B.3, TepHoBon B.A.", Bymbanu C.3, lloktes B.B."

'®BYH «locynapcTBEHHbIN HayYHbIN LEHTP BUpYconorim n buotexHonornn «Bektop» denepanbHol crnyx6Gbl No Haasopy
B chepe 3alumThbl NpaB noTpebutenen n Gnaronony4yus vyenoseka (PocnotpebHansop), 630559, Hosocnbupckas
obnactb, KonbLoBo, Poccus;

2PKYH «Poccuickuii Hay4YHO-UcCneaoBaTenbCKuin MPOTUBOYYMHBIV MHCTUTYT «Mukpo6» PedepanbHoi cnyx6bl no Haa-
30py B cchepe 3awuThl Npas notTpedutener n bnarononyyns yenoseka (PocnotpebHaasop), 410005, Capatos, Poccus;
3ccnepoBaTenbCKUA MHCTUTYT NpuknagHon 6uonorum MeuHen, Knunaua, MeuHeiickas Pecnybnvka

BBepeHue. VkcoaoBble KNnewwm — NepeHocHmKkn Bo3byamTene MHOrMX MHEKLMOHHbIX bonesHen. HepgasHo npu
nccnepoBaHum knewen Rhipicephalus geigyi, cobpaHHbIX ¢ JomalluHero ckoTta B [BMHerckon Pecnybnuke, obHa-
PY>XEH HOBbI MHOTOKOMMOHEHTHbIM (hnasunogobHein PHK-cogepxawumii Bupyc, nonyumsluni HaseaHue Kindia
tick virus (KITV), ¢ HeOBbIYHbIM MEXaHNM3MOM peanunaauumn reHeTu4ecKom nHopmaumu.

Llenb paboTbl — 06HapyXeHne 1 nccrnegoBaHne reHeTuYeckoro pasHoobpasmsa KITV B MkcogoBbIx Knewax, co-
OpaHHbIX Ha TeppuTopun npoBuHUMM Kunana MernHenckon Pecnybnuku.

MaTepuan n metoabl. B 2021 r. ¢ kpynHoro poratoro ckota cobpaHo 324 ak3emnnspa knewiev Bugos Amblyomma
variegatum, Rh. geigyi, Rh. annulatus, Rh. decoloratus, Rh. senegalensis. Jetekumnsa supycHon PHK npoBogunace
B MHAMBMAYanbHbIX obpasuax knewen merogom OT-MLP ¢ nocnegytowmm onpeaeneHnem HykneoTMaHon nocne-
[0BaTeNbHOCTN 1 NpoBeAeHMEM (DUOreHeTUYECKOro aHanunsa.

PesynkTaTthl n o6cyxaeHue. MiHdpuunpoaHHocTs KITV kneweli Buga Rh. geigyicoctasuna 12,2%, Rh. annulatus—
4,4%, Rh. decoloratus — 3,3%. OgHako reHetnyeckun matepuan KITV B knewax Am. variegatum, sBNAOLLMXCA
OOHVM M3 JOMUHUPYOLWMX BUOOB B 3anagHon Adpuke, BbisiBNEH He Obin. [ns Bcex M30NSTOB Bupyca onpe-
AeneHa YacTuU4YHasa HyKneoTuaHas NnocrnegoBaTenbHOCTb KaXAoro U3 YeTbipéx BUPYCHbIX cermeHToB (GenBank,
OK345271-0K345306), punoreHeTUYECKUA aHann3 KOTOPbIX MOKa3arn BbICOKUA YPOBEHb MX TOXOECTBEHHOCTU
(98,5-99,8%) no kaxgoMy M3 YeTbIPEX CErMEHTOB BMPYCHOrO reHoma C paHee OBGHapyXeHHbIMW B [BUHEWCKOM
Pecnybnuke. Mony4yeHHble nsonatsl KITV Hanbonee reHetudeckn 6nmskm k Mogiana tick virus, koTopbii paHee
Obin obHapyxeH B KOxHon Amepuke B knewax Rh. microplus, v CyLeCcTBEHHO OTMYaTCA OT OPYITMX MHOTOKOM-
NOHEHTHbIX BUPYCOB, LIMPKYNMPYOLLMX B cTpaHax EBponbkl 1 Asun, B Tom yncne n B Poccuiickon degepaumu.
3akntoyeHune. eHeTnyeckmn matepman KITV obGHapyxeH B TPEX BuAax MKCOOOBLIX Krewen, cobpaHHbIX C O0-
MalLluHero ckota psiga npedekTyp BuHerickon Pecrny6nvku. YpoBeHb MHULMpOBaHHOCTH knewlern coctasun 3,3—
12,2%. AKTyanbHbIM OCTaETCsl NPOAOIMKEHNE NCCNEAOBAHUIA B JAHHOM HanpasneHun.

KnroueBble cnoBa: MHO20KOMMOHeHMHbIe ¢hriasuno0obHblie supychki; Kindia tick virus; KITV; ukcodoebie kneuwu;
lsunelickas Pecrybnuka
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XapaKTepucTMka MHOFOKOMMOHEHTHOro donasunogobHoro Bupyca Kindia tick virus (Flaviviridae), obHapyxeHHoro
B MKCOAOBbLIX Krewjax Ha Tepputopumn BuHenckon Pecnybnuku. Bornpocsi supyconoauu. 2022; 67(6): 487-495.
DOI: https://doi.org/10.36233/0507-4088-145

488



BOMPOCHI BUPYCOJIOIUU. 2022; 67(6)
https://doi.org/10.36233/0507-4088-145

OPUTUHANBbHBIE NCCNTEAOBAHUA

Ons koppecnoHaeHuuu: Kaptawos Muxaun KOpbeBuy, kaHa. 6uon. HayK, CTapLUuiA HayYHbIA COTPYAHUK oTAena
MOMeKynsapHOW BUpyconoruv nasneBnpycos 1 BUPYCHbIX renatutos, PBYH «locyaapCTBEHHbIN HayYHbIN LEHTP
BMpYcornoruun 1 6uotexHonorun «Bektop» PenepansHoi cnyx6bl N0 Hag3opy B cdepe 3awwmThl Npas noTpebuTe-
neu n bnaronony4yuns yenoseka PocnotpebHansopa, 630559, Konbuoso, Poccusa. E-mail: mikkartash@yandex.ru

YuacTtue aBTopoB: KapTtawos M.}O. — koHUenuusa n ansaiiH nccnegosaHus, NposeaeHne nabopaTopHbIX UCCNeaoBaHNM,
cratucTnyeckas obpaboTtka AaHHbIX, HAaNMCcaHWe TekcTa cTaTtbk; Magbiwesa A.B. — cbop n obpaboTka matepuana, Ha-
nucaHue Tekcta ctaTtb; HaaeHosa E.B. — cbop n o6paboTtka maTepuana, HanmcaHve 1 peaakTupoBaHue TekcTa cTaTby;
3axapos K.C. — npoBefeHve nabopaTtopHbIX MCCNeAoBaHNIA, NOAroToBka nnntoctpaunii; Lisanos A.H. — cbop n obpabor-
Ka matepuana, ctatuctudeckas obpabotka AaHHbIX; KpusowewnHa E.W. — npoBegeHve nabopaTopHbIX UCCrEaoBaHWiA;
CeHunyknHa A.M. — npoBefeHne nabopatopHbix uccneposanun; ba M.b.— cbop n goctaska npob Guonornyeckoro marte-
pwana; TepHoBoW B.A. — pykoBoacTBO uccnegosaHusimu; Bymbanu C. — pykoBoacTBo c60pOM 1 AOCTaBKOM MaTtepuana;
JlokteB B.B. — obuee pykoBoacTBoO.

®PurHaHcMpoBaHu1e. ViccrnenoBaHust NpoBogunuck B pamkax PacnopsbkeHus MNpaButenbctBa Poccuiickon ®enepaumm
ot 14.11.2020 Ne 2985-p 0 pOCCMNCKO-TBUHENCKOM Hay4YHO-TEXHUYECKOM COTpyAHWYECTBE B 06MacTu anMaemMmnonoruu,
NpodunnakTUKN N MOHUTOPWHIa BakTepuanbHbIX U BUPYCHbIX MHAEKUMIA B BuHelickon Pecnybnuike.

KoHdnukT nHtepecoB. ABTOpbI 3aBNSAIOT 006 OTCYTCTBUM KOHDNMKTA NHTEPECOB.

OTnyeckoe yTBepxaeHue. ABTOpbl NOATBEPXKAAIT COBNIOAEHNE NHCTUTYLIMOHAIBbHBIX U HALMOHaNbHbIX CTaHAApPTOB MO
MCMonb30BaHMo NabopaTtopHbIX XMBOTHbIX B cooTBeTcTBUMM ¢ CONSENSUS AUTHOR GUIDELINES FOR ANIMAL USE

(IAVES 23 JULY 2010).

Moctynuna 29.09.2022
MpuHsiTa B nevatb 21.11.2022
Ony6nukosaHa 30.12.2022

Introduction

Outbreaks in the past few decades give a new perspec-
tive on emerging and re-emerging infectious viral dis-
eases. Quintessential examples of emergency situations
representing the danger of such infections can be seen in
avian influenza H\N and Zika fever epidemics as well as
in the ongoing pandemic of novel coronavirus infection
COVID-19 caused by the SARS-CoV-2 virus. These in-
fectious diseases owe their emergence to the secondary
or cross-species transmission of viral agents from their
natural hosts to humans [1].

At the same time, some researchers have found that var-
ious viruses representing different families build the vi-
rus-host relationship, following certain patterns. Representa-
tives of the family Flaviviridae demonstrate multiple exam-
ples of such interactions [2—4]. For example, dengue, Zika
or yellow fever viruses are transmitted by mosquitoes, the
tick-borne encephalitis virus is transmitted by ticks, while
the hepatitis C virus is not transmitted by arthropod vectors.

Recently, new flavi-like viruses have been discovered.
One of them is the Jingmen tick virus (JMTV) that was
first isolated from Rhipicephalus microplus ticks collect-
ed in Hubei province in China and was named after the
area where it was found — the Jingmen Region [5]. Almost
at the same time, a similar multicomponent flavivirus, the
Guaico Culex virus (GCXV), was detected in mosquitoes
of the genus Culex in Peru, Panama, and and Trinidad in
the Caribbean Sea in the Caribbean Sea [35, 6].

In addition to ectoparasites, genetic material of the
IMTV virus (RC27) was also detected in plasma of pri-
mates — red colobus monkeys (the genus Piliocolobus
(Rochebrune, 1877)) living in Uganda as well as in sera
collected from cattle and rodents [5—8]. JIMTV is believed
to be responsible for the outbreaks of febrile illness in
China and Kosovo [7, 9, 10]. The above findings led to
conclusion that the virus was able to cross the species bar-
rier and effectively replicate both in ectoparasites and in
warm-blooded animals.

The later studies of different species of arthropods and
vertebrates discovered other multicomponent flavi-like
viruses having the genome structure and genetic informa-
tion transmission mechanism similar to JMTV. For exam-
ple, the Mogiana tick virus (MGTV) was isolated from
salivary glands of the Rh. microplus tick in Brazil [11].
Later, the circulation of the previously unknown Along-
shan (ALSV) virus was discovered in Northeast China.
Shortly after, this pathogen was isolated from Ixodes
ricinus ticks (Linnaeus, 1758) in the southeast of Fin-
land and in some regions of Russia [12, 13]. Multicom-
ponent flavi-like viruses were also found in Turkey in
Rh. sanguineus sensu lato (Latreille, 1806), R. turani-
cus (Pomerantsev, 1936), R. bursa (Canestrini & Fan-
zago, 1878), Hyalomma marginatum (Koch, 1844),
Haemaphysalis inermis (Birula, 1895), Ha. parva (Neu-
mann, 1897) ticks [14]. The similar multicomponent
virus was detected in blood of Crimean-Congo hemor-
rhagic fever (CCHF) patients in Kosovo and in the south
of Russia [15].

The genome structure in all flavi-like viruses is char-
acterized by segmentation and existence of genes en-
coding two major non-structural viral proteins, which
are related to proteins of representatives of the family
Flaviviridae (NS3 and NS5); however, multicomponent
viruses have genomes with 4 (typical of most of the vi-
ruses isolated from ticks, bats, monkeys, and humans)
or 5 (as in viruses isolated from mosquitoes) segments,
which are flanked at 5’ and 3’ ends by non-translated
regions, and are polyadenylated (Fig. 1). Segment 1 en-
codes the non-structural NS5-like protein having ho-
mology with the NS5 protein (RNA-dependent RNA
polymerase) of classical representatives of the fami-
ly Flaviviridae. Segment 3 encodes the non-structural
protein having high homology with the flavivirus NS3
protein. The NS3 protein, along with NS5, plays the
central role in replication of the virus and is one of the
best-studied non-structural proteins. The NS3 N-termi-
nal domain has protease activity, which is essential for
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Fig. 1. Scheme of the structure of the genome of multicomponent flavi-like viruses on the example of KITV.

Puc. 1. Cxema cTpoeHHUs1 FTeHOMa MHOTOKOMITOHEHTHBIX ()1aBUIIOI00HBIX BUPYCOB Ha mpumepe KITV.

polyprotein processing, while the C-terminal domain
performs the function of helicase and is involved in
viral RNA capping and synthesis. The structure of the
NS3 protein has been thoroughly studied in most of the
non-segmented flaviviruses, and their analysis shows
high homology not only in the structure, but also in
mechanisms of ATP hydrolysis, RNA recognition and
unwinding [16]. Structural proteins VP1, VP2, and VP3
are encoded in the second and fourth fragments and do
not have any known homologs both among flaviviruses
and among other identified viruses. Segment 2 encodes
putative glycoprotein VP1. Proteins VP2 (putative cap-
sid protein) and VP3 (putative viral membrane protein)
are encoded in segment 4 and have partially overlap-
ping reading frames [14]. Some researchers have con-
ducted a few serological studies based on VP1 and VP2
structural proteins to analyze the circulation of specif-
ic antibodies in sera from sheep and cattle, which are
feeders of arthropod vectors [17], or from patients with
tick bite history [12].

Today, the pathogenicity of multicomponent flavi-like
viruses has been proven for livestock animals and humans.
However, the available information is fragmentary and
limited. It is quite possible that their role in infectious
pathology can be more significant than it is commonly
believed. The evidence that multicomponent flavi-like
viruses are well represented and are detected in Asia,
Europe, Africa, and America necessitates further studies
of this group of pathogens.

There are grounds to believe that tick-borne flaviviruses
originated in Africa from the Kadam-like virus (KADV)
approximately 28.5 thousand years ago. Subsequently,
they spread in Europe, Asia, and America. There is a strong
possibility that African multicomponent flaviviruses
such as the Kindia tick virus (KITV) are the most likely
candidates for predecessors of modern representatives of
this group of pathogens [18].
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The multicomponent flavi-like virus tentatively named
the Kindia tick virus was first isolated in Guinea during
the metagenomic studies; it was isolated from suspensions
of Rh. geigyi ticks collected from cattle in the Kindia
Region [15, 19]. It was found that KITV had the highest
homology with MGTYV isolated from Rh. microplus ticks
in South America.

The difference between KITV nucleotide/amino acid
sequences and sequences of other representatives of
segmented flavi-like viruses was 7-28/3.1-21.8% (for
segment 1); 7.7-20.6/3.4-20.3% (for segment 2); 2.3—
29.3/1.3-20.8% (for segment 3), and 0.4-22/0.2-15%
(for segment 4).

The purpose of this study was the further search and
molecular-genetic characterization of multicomponent
flavi-like viruses in ixodid ticks collected in Guinea.

Materials and methods

The tests were conducted at the laboratory of the Rus-
sian-Guinean Center for Epidemiology and Prevention
of Infectious Diseases, which is located at the site of the
Research Institute of Applied Biology in Kindia, the Re-
public of Guinea [20].

Ticks were collected from April to May in 2021 during
the examination of adult free-grazing livestock animals in
Coyah, Dubreka, Forecariah, Kindia, Telimele prefectures
in the Kindia Region (Fig. 2). The collected and pre-treat-
ed material was tested using the polymerase chain reac-
tion (PCR) and reverse transcription PCR (RT-PCR) with
reagent kits manufactured in Russia to detect pathogen
markers: AmliSens CCHFV-FL for CCHF virus RNA;
AmpliSens TBEV, B. burgdorferi sl, A. phagocytophilum,
E. chaffeensis / E. muris-FL for cDNA of the tick-borne
encephalitis virus, Borrelia burgdorferi sl, Ehrlichia chaf-
feensis / E. muris and DNA Anaplasma phagocytophilum;
AmpliSens Coxiella burnetii-FL for DNA Coxiella bur-
netii, the AmpliSens Rickettsia spp. SFG-FL reagent kit
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for DNA of the Rickettsia of the tick-borne spotted fever
Rickettsia spp. group (Central Research Institute of Epide-
miology, Russia) as well as the Gene Francisella tularen-
sis-RGF for Francisella tularensis DNA (Microbe Russian
Research Anti-Plague Institute, Russia). Samples without
the above pathogens were selected for the further studies.

A total of 324 individual samples of ticks belonging
to species Am. variegatum, Rh. geigyi, Rh. annulatus,
Rh. decoloratus, and Rh. Senegalensis were collected,
prepared, and analyzed for the study. Ectoparasites were
washed twice with 70% ethanol to remove external impu-
rities and microflora; they had been stored at —20 °C be-
fore they were used in the further tests. Tick species were
identified by morphological characteristics in accordance
with the identification guide [21] using a binocular with
magnification X56 and subsequent taxonomic verification
of the nucleotide sequence of the ribosomal RNA gene
fragment.

The analyzed samples were prepared using the Tis-
sueLyser II laboratory homogenizer (QIAGEN, Germa-
ny) in 500 pl of sterile phosphate buffered saline. Viral
RNA was extracted from 100 pl of tick suspension us-
ing phenol/chloroform extraction and the ExtractRNA™
Reagent kit (Evrogen, Russia). cDNA was produced by
the reverse transcription reaction using the REVERTA-L

OPUTUHANBbHBIE NCCNTEAOBAHUA

commercial kit (AmpliSens, Russia) in accordance with
the manufacturer’s instructions.

The tested samples were screened for the presence
of KITV genetic material using PCR and the pair of
KITV1 bF/KITV1 bR primers complementary to seg-
ment 1 (the NS5-like gene, segment 1) (Table 1). Am-
plicons partially overlapping all 4 segments of the KITV
genome were obtained for positive samples. The amplifi-
cation reaction was performed in 25 pl of reaction mix-
ture containing 12.5 pl of 2X PCR master mix (BioLab-
Mix, Russia), 0.2 uM of each primer and 1.5 pl of cDNA.
The primers used in the study and the expected amplicon
length are shown in Table 1. RT-PCR was performed in
the T100 thermocycler (BioRad, United States) follow-
ing the amplification protocol: activation of polymerase
at 95 °C for 5 min; then 38 successive cycles: denatur-
ation at 95 °C for 15 sec, annealing of primers at 57 °C
for 20 sec, elongation at 72 °C for 45 sec, final elongation
at 72 °C for 5 min. The reaction products were analyzed
using electrophoresis in 2% agarose gel containing ethid-
ium bromide at concentration of 2 pg/ml.

Nucleotide sequences of the PCR fragments were deter-
mined with the help of the ABI PRISM® BigDye™ Ter-
minator v3.1 regent kit (ThermoFisher Scientific, United
States) and then analyzed using the ABI PRISM 3130 se-

Fig. 2. Territories of Kindia Prefecture (Republic of Guinea) where samples were collected for research. Tick collection sites are marked with
asterisks.

Puc. 2. Teppuropun npedexrypsr Kunnna (I'Bunetickas Pecrry6nmka), rae Obimm coOpaHbl IpoOs! A1 McciieoBaHui. Mecra cOopa Kiemmeit
0003Ha4YEHbI 3B€3/10YKAMH.
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Table 1. Oligonucleotide primer used in the work

Tabauna 1. ITocsenoBaTe/ibHOCTH OJIMTOHYKJIEOTHIHBIX MPaiMepoB, HCNOIb3yeMbIX B padoTe

Target gene Primer Primer sequence T annealing, °C Amplicon length, bp
I'eH-Muens [paiimep Crpykrypa npaitmepa Temneparypa orxura, °C JIIMHa aMIUTMKOHA, I1.H.
Internal transcribed Boophits 2F GCCGTCGACTCGTTTTGA 57 825
spacer 2 Boophits 2R TCCGAACAGTTGCGTGATAAA
KITV KITV1_ aF TGAAGAACGTCAAGCCCTGG 58 602
Segment 1 KITV1 aR GCTGACCCACGAACCTGTTT
Cervent | KITV1_bF AAAGAAGGGCTCTGAGGGC 58 607
KITV1 bR CTTATACAGGCCCTGTCCCG
KITV1 cF GAAGTGCGGATGGAGCGTAG 58 619
KITV1 cR ACCTGTGGGAGCAGAAGGAT
KITV KITV2_ aF AACTTTGGGAGTGACCAGGG 58 617
Segment 2 KITV2 aR GATAAGGCCGTCAGAGCGAG
Cervent 2 KITV2_bF CAGGGACGAGACATTGCCAA 58 555
KITV2 bR CCGTGGAGTAGTGGACCGTA
KITV KITV3_aF AATTGGAGAGGCAGAGGGGA 58 609
Segment 3 KITV3 aR GACCTTGTTGGACCAGGTCA
Cermen 3 KITV3 bF GGCAACTCATGACCTGGTCC
KITV3 bR AGGACCACTGTGGCGTAGT 58 558
KITV KITV4_aF CCCTACCAGGCCTGATACGA
Segment 4 KITV4 aR TAGTAGCGGGCCAGGTTGTA 58 615
Cerment 4 KITV4 bF GCGGAGAGAGAGAAAACGCA
KITV4 bR ACAGGTTCACGAACACAGCC 58 617

Table 2. Detection of KITV RNA among different species of ticks
by RT-PCR

Taomuna 2. Beisisinenne PHK KITV cpeau pa3sHbix BuioB
HMKCOI0BBIX Kiemeid merogom OT-IIIP

Number of samples
. . (of which positive) Prevalence
Sp§c1es of ticks Konmuectso of KITV
L KIIeIa JK3EMILIIPOB Berpeuaemocts KITV
(M3 HUX MOJIOXKUTEIBHBIX)
Am. variegatum 197 (0) 0% (95% CI 0-1.9)
Rh. geigyi 49 (6) 12.2%
(95% C15.7-24.2)
Rh. annulatus 45(2) 4.4% (95% CI
1.2-14.8)
Rh. decoloratus 30 (1) 3.3% (95% CI
0.7-16.1)
Rh. senegalensis 3(0) 0% (95% CI1 0-46.2)
Bcero 324 (9) 2.8% (95% CI 1.5-5.1)
Total

quencer (Applied Biosystems, United States). The ob-
tained chromatograms were analyzed using the SeqMan
program (DNAstar, United States).

The phylogenetic analysis was conducted using Mega X
software, the maximum likelihood method and the Tamu-
ra 1992 (T92) three-parameter evolutionary model [22].
Statistical reliability of nodes of the phylogenetic tree was
assessed with the bootstrap method for 1000 repetitions.

The partial nucleotide sequences of segments of
KITV isolates detected in this study were deposited to
GenBank database with accession numbers OK345271—
0OK345279 — for segment 1, OK345280 — OK345288 —
for segment 2, OK345289-0K345297 — for seg-
ment 3, OK345298-0K345306 — for segment 4.
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Results and discussion

During the study, KITV RNA was detected in 9 samples.
Partial nucleotide sequences of each segment were
identified for all isolates: segment 1 — 1609 base pairs
(bp), segment 2 — 980 bp, segment 3 — 1114 bp and
segment 4 — 1116 bp. It was found that differences in
nucleotide and amino acid sequences of KITV compared
to other representatives of segmented flavi-like viruses
were as follows: for segment 1 — from 7 to 28% and
from 3.1 to 21.8%; for segment 2 — from 7.7 to 20.6%
and from 3.4 to 20.3%; for segment 3 — from 2.3 to 29.3%
and from 1.3 to 20.8% and for segment 4 — from 0.4
to 22% and from 0.2 to 15%, respectively (Table 2).

The homology of nucleotide sequences isolated
in 2021 for segment 1 was 98.5-100%; for seg-
ment 2 — 99.6-100%; for segments 3 and 4 — 99.5-
100%. When compared with the KITV/2017/1 isolate
obtained in 2017, the homology level was 98.7-99.2%;
compared to other multicomponent flavi-like viruses, it
ranged from 72 to 90% for fragment 1; from 60 to 90% —
for fragment 2; from 73 to 90% — for fragment 3 and
from 61 to 90% — for fragment 4.

Fig. 3 shows that all the sequences isolated in 2021 are
clustered into one group together with the KITV/2017/1
isolate [18]. It is noteworthy that the phylogenetic trees of
the detected isolates of KITV and other multicomponent
viruses, which were constructed for each segment, have al-
most identical topology. In 2021, KITV was found in three
species of ixodid ticks, but the sequences were quite con-
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Fig. 3. Phylogenetic analysis of KITV isolates from individual ixodid ticks for all four genome segments.
Puc. 3. dunorenernueckuii ananu3 n3onaaToB KITV U3 nHAUBHyanbHBIX HKCOMOBBIX KIIEIIEH I BCEX YEThIPEX CETMEHTOB TeHOMA.

served, and no significant differences associated with the
taxonomic difference among ectoparasites were found.

Some researchers have reported that multicomponent
flavi-like viruses are subdivided into at least three
subclades [23]. The analysis of each of the four genome
segments shows that the KITV virus and its identified
isolates are explicitly clustered into subclade A that
also includes MGTV (Brazil), JMTV (China, Asia) and
JMTV/primate/Uganda variant (Africa). Subclade B
includes JMTYV isolates from the Antilles and JMTV/
human/Kosovo  variants  (MH133313-MH133316)
isolated from CCHF patients. Subclade C is comprised
of IMTV isolates from France (MN095527-MN095530)
and the Alongshan virus detected in domestic animals and
humans in China and during later years in Europe and
Russia.

It can be assumed that redistribution/recombination
events are typical of viruses with a multicomponent
genome, contributing to their genetic variation.
However, the available data suggest that the JMTV
genome is exceptionally stable among vertebrates and
invertebrates, thus leading to the conclusion that the
virus has been well adapted to both hosts. Nucleotide
sequences of different segments of representatives
of this group demonstrate a high level of homology
among geographically distanced viruses circulating in
Europe, Asia, Africa, and South America. The genome
analysis does not provide the possibility to identify
apparent mutations, which could capture the adaptation
of the virus to the vertebrate or invertebrate host. The
genome conservation may be associated with the long-
range spread of the same virus. The clear picture of such
wide scale spread of the virus can be obtained through

studies of the role played by migratory birds, rodents
and, possibly, bats.

Conclusion

The study has found that the Kindia tick virus is the
first segmented flavi-like virus detected in West Africa.
The KITV genetic material was obtained from RA. geigyi,
Rh. annulatus and Rh. decoloratus ixodid ticks collected
from domestic livestock; the infection rate was 3.3—
12.2%. The phylogenetic analysis of four fragments
KITV showed a high level of homology (98.5-100%)
with the previously detected isolates isolated in Guinea
in 2017 and made it possible to cluster them into subclade
A of IMTV-like viruses.

Thus, the obtained results demonstrate the importance
of further studies of the KITV circulation in West
Africa, identification of species of reservoirs/vectors and
assessment of the pathogenicity for humans and animals.
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