BOMPOCHI BUPYCOJIOTUU. 2025; 70(1)
W) Check for pbdates https://doi.org/10.36233/0507-4088-280

OPUTUHANbHbBIE NCCNTEAOBAHUA

ORIGINAL STUDY ARTICLE |:|
DOI: https://doi.org/10.36233/0507-4088-280

© STEPANYUK M.A,, LEGOSTAEV S.S., KARELINA K.V., TIMOFEEVA N.F., EMTSOVA K.F., OHLOPKOVA 0.V., TARANOV 0.S., PROTOPOPOV A.V., TERNOVOI VA,
LOKTEV V.B., SVYATCHENKO V.A., AGAFONOV AP, 2025

Detection and characterization of the Dezidougou virus
(genus Negevirus) in mosquitoes (Ochlerotatus caspius)
collected in the Republic of Sakha (Yakutia)

Marina A. Stepanyuk’, Stanislav S. Legostaev', Kristina V. Karelina', Nina F. Timofeeva?,
Ksenia F. Emtsova’, Olesia V. Ohlopkova' , Oleg S. Taranov', Albert V. Protopopov?,
Vladimir A. Ternovoi', Valery B. Loktev', Victor A. Svyatchenko', Alexander P. Agafonov’

'State Research Center of Virology and Biotechnology «Vector», 630559, Koltsovo, Novosibirsk region, Russia;
2M.K. Ammosov North-Eastern Federal University, 677000, Republic of Sakha (Yakutia), Yakutsk, Russia

Abstract

Introduction. Monitoring and research on arthropod-borne microorganisms is important. Recently, with the
development of next-generation sequencing methods, many previously unknown viruses have been identified in
insects.

Aim of the study. Isolation of viruses from mosquitoes sampled in the Republic of Sakha (Yakutia), followed by
the study of a new for Russia negevirus isolated from mosquitoes of the species Ochlerotatus caspius, including
determination of its complete nucleotide sequence, phylogenetic and virological characteristics.

Materials and methods. Dezidougou virus isolation was performed on C6/36 (Aedes albopictus) cell culture.
Electron microscopy was performed using a JEM 1400 electron microscope. Nucleotide sequence screening was
performed by NGS on a high-throughput sequencer MiSeq, lllumina (USA). Full genome nucleotide sequence was
determined by Sanger sequencing. Phylogenetic analysis was performed using GenBank database, using Vector
NTI Advance 11 and MEGA 11 programs.

Results. The virus isolated from mosquitoes replicated efficiently in C6/36 cells, causing their death. However, it
did not replicate in the mammalian cell cultures used. The isolated virus did not cause pathologic manifestations
in suckling mice when infected intracerebrally. Electron microscopic examination of the purified virus-containing
suspension showed the presence of spherical viral particles with a diameter of 45-55 nm. The results of full
genome sequencing identified it as belonging to Dezidougou virus, first isolated in Céte d’lvoire. The nucleotide
sequence of the genome of Yakutsk 2023 strain of Dezidougou virus was deposited in GenBank (PP975071.1).
Conclusion. Dezidougou virus of genus Negevirus was isolated and characterized for the first time in the Russian
Federation. Further studies on the prevalence of negeviruses, their virological features, potential importance for
public health and their impact on vector competence of vectors are important and promising.

Keywords: Dezidougou virus; negeviruses; insect specific viruses; Republic of Sakha (Yakutia)

For citation: Stepanyuk M.A., Legostaev S.S., Karelina K.V., Timofeeva N.F., Emtsova K.F., Ohlopkova O.V.,
Taranov O.S., Protopopov A.V., Ternovoi V.A., Loktev V.B., Svyatchenko V.A., Agafonov A.P. Detection and
characterization of the Dezidougou virus (genus Negevirus) in mosquitoes (Ochlerotatus caspius) collected in

the Republic of Sakha (Yakutia). Problems of Virology (Voprosy Virusologii). 2025; 70(1): 47-56. DOI: https://doi.
org/10.36233/0507-4088-280 EDN: https://elibrary.ru/pbmmdx

Funding. The study was supported by the Ministry of Science and Higher Education of the Russian Federation, agree-
ment No. 075-15-2019-1665 and State Assignment 9/21.

Conflict of interest. The authors declare no apparent and potential conflicts of interest related to the publication of this
article.

Ethical Statement. The authors confirm compliance with institutional and national standards for the use of laboratory
animals according to the «Consensus author guidelines for animal use» 2010. The study protocol was approved by the
Bioethics Committee of the State Scientific Center of Virology and Biotechnology «Vector» of Rospotrebnadzor (Protocol
No. 02 of April 03, 2023).


https://crossmark.crossref.org/dialog/?doi=10.36233/0507-4088-280&domain=PDF&date_stamp=2025-03-12

PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2025; 70(1)
https://doi.org/10.36233/0507-4088-280

ORIGINAL RESEARCHES

OPUTI'MHAJIBHOE UCCJIEJOBAHHUE
DOI: https://doi.org/10.36233/0507-4088-280

BoisiBneHue n xapakrepusauusa supyca Dezidougou
(poa Negevirus) B komapax (Ochlerotatus caspius),
cobpaHHbIX Ha TeppuTopumn Pecnybnukmn Caxa (AkyTus)

CtenaHiok M.A.", NNeroctaes C.C.!, Kapenuna K.B.", Tumocpeea H.®.2, Emuoea K.9P.",
Oxnonkoea O.B." , TapaHoe O.C.", lNpoTtononos A.B.?, TepHosown B.A.", JlokteB B.B.",
CeatueHko B.A.", AragpoHos A.T."

'®BYH «[ocynapCTBEHHbIN Hay4YHbIN LEHTP BUpYconorum 1 GuoTtexHonornm «Bektop» deaepansHoii cryx6bl no Haa-
30py B cdhepe 3awmThl Npas notpedutener n bnarononyyns yenoseka (PocnotpebHaasop), 630559, HoBocnbupckas
obnactb, p.n. Konbuoso, Poccus;

20AQY BO «CeBepo-BocTouHbIn hefepanbHblii yHuBepcuteT umeHn M.K. AmmocoBay, 677000, Pecny6nuka Caxa
(AkyTtna), r. AkyTtck, Poccusa

Pestome

BeepeHue. MOHUTOPUHI 1 UccnegoBaHMe MUKPOOPTraHU3MOB, NMEPEHOCUMbIX YNEHUCTOHOMMMU, UMELOT BaXxHoe
3HaueHwue. B nocnegHee Bpemsi ¢ pa3BUTUEM METOAOB CEKBEHUPOBaHWSA HoBoro nokoneHns (NGS) y Hacekombix
MAEHTUULMPOBAHO MHOXECTBO paHee HEN3BECTHLIX BUPYCOB.

Llenb uccnepoBanus. Msonsauna BMpycoB 13 komapoB oTobpaHHbIx B Pecnybnvke Caxa (AkyTtus), ¢ nocneny-
IoWKUM nccnegosaHvem Hoeoro ans Poccun Heresupyca, BblaeneHHoro n3 komapos Buaa Ochlerotatus caspius,
BKIIlOYas onpepeneHvne ero nosiHow HyKNeoTUAHOW nocriefoBaTenbHOCTH, OUNOreHeTMYeCcKyo 1 BUpycomnormye-
CKNe XapaKTepuUCTUKN.

MaTepuanbi u metoabl. N3onsuuio Bupyca Dezidougou npoBoamnu Ha kynetype knetok C6/36 (Aedes albopictus).
ONEeKTPOHHYI MUKPOCKOMMIO OCYLLECTBASNN C UCMONb30BaHNEM 3reKTPOHHOro Mukpockona JEM 1400. CKpuHUH-
roBoe onpeaerieHne HykneoTuaHbIX NocneaoBaTeNnlbHOCTEN BbIMOMHANN C npuMeHeHnem Mmetoda NGS Ha Bbico-
KonpoussoguTensHoM cekBeHatope MiSeq, lllumina (CLUA). OnpeneneHve NoOfHOrEeHOMHOW HYKNEeOoTUAHOW Mo-
crnefoBaTenbHOCTY NPOBOAMIN CEKBEHMPOBaHUeM no metony CaHrepa. PunoreHeTUYECKUIA aHaN3 BbINOMHSNN C
ncnonb3oBaHnem 6a3bl gaHHbIX GenBank u nporpamm Vector NTI Advance 11, MEGA 11.

PesynkTathl. BbigeneHHbii n3 komapos BUpyc 3dhdEKTUBHO pennuumpoBarncs B knetkax C6/36, BbidbiBas ux
rmbensb. py 3TOM OH He pa3aMHOXasCcs B UCMOMb30BaHHbLIX KIMETOYHbIX KynbTypax MiekonuTaowmx. BeigeneHHbin
BUPYC Npu UHTpaLepebpansHOM MHOULMPOBAHNM MbILLER-COCYHKOB HE Bbi3blBas Y HUX NaTONOrMYyeckux nposiene-
HWIA. 1pn 3NeKTPOHHO-MMKPOCKONNYECKOM UCCNE[0BAHUN OYULLEHHON BUPYCCOAepKaLLlen CycrieH3nmn Bbino noka-
3aHO Hanu4yme cepuyeckux BUPYCHLIX Yactul, guameTpom 45-55 HM. PesynbsraTbl NONHOMEHOMHOIO CEKBEHMPO-
BaHUA naeHTMdMLMpOBanu ero NpuHagnexHocTb K Bupycy Dezidougou, Bnepsble BbiaeneHHoMy B Kot a'Veyape.
HykneotngHasa nocnegoBartensHOCTb reHoma wramma Yakutsk 2023 supyca Dezidougou 6bina genoHvpoBaHa B
6ase gaHHbIx GenBank (PP975071.1).

3akntoyeHue. Bnepsble B Poccuiickon ®enepaunm 6bin BoligeneH n oxapakrepusosaH Bupyc Dezidougou poaa
Negevirus. NpoBeaeHne ganbHeNLWMX nCCneqoBaHnin pacnpoCTPaHeHHOCTU HEreBUpPYCOB, MX BUPYCOMOTMYECKNX
0COBEHHOCTEN, NOTEHUMANbHOrO 3HaAYeHUst ANs 30paBOOXPAHEHUS U BMUSAHUSE HA BEKTOPHYH) KOMMNETEHTHOCTb
NepeHOCYNKOB ABMSETCH BaXHbLIM U NEPCNEeKTUBHBLIM.

KntoueBble cnoBa: supyc Dezidougou, Hezesupycsi; insect specific viruses; Pecrybnuka Caxa (SAkymusi)

Ona untupoBaHus: CtenaHiok M.A., Jleroctaee C.C., KapenuHa K.B., Tumodeea H.®., EmuoBa K.®.,
Oxnonkosa O.B., TapaHos O.C., lNpoTtononos A.B., TepHoBow B.A., lloktes B.B., CeatyeHko B.A., AracpoHos A.l1.
BoisiBneHne u xapaktepmsaums Bupyca Dezidougou (pog Negevirus) B komapax (Ochlerotatus caspi-
us), cobpaHHbix Ha Tepputopun Pecnybnukn Caxa (Akytusa). Bonpocsl eupyconoeuu. 2025; 70(1): 47-56.
DOI: https://doi.org/10.36233/0507-4088-280 EDN: https://elibrary.ru/pbmmdx

®duHaHcupoBaHue. ViccnegoBaHue GbINoO BbIMOMHEHO Npu nogaepke MuHUCTepcTBa Hayku U BbicLLero obpasoBaHus
Poccunckon ®egepauun, cornawenne Ne 075-15-2019-1665 n NocyaapctBeHHoro 3agaHusa 9/21.

KoHdonukT nHTepecoB. ABTOpbI AEKNAPUPYIOT OTCYTCTBME SBHBIX U NMOTEHLUManbHbIX KOH(MUMKTOB MHTEPECOB, CBA3aH-
HbIX C Ny6nuKaumen HacTosALWEN CTaTby.

OTnyeckoe yTBepxaeHue. ABTOpbl NOATBEPXKAAIOT COOMIOAEHNE MHCTUTYLIMOHANBHBIX Y HALMOHAanbHbIX CTaHAapTOB
Mo UCMOMb30BaHWIO NabopaTopHbIX XUBOTHBIX B cOOTBETCTBUM ¢ Consensus author guidelines for animal use 2010.
MpoTokon nccnegosaHuns ogobpeH Komutetom no broatnke ®PBYH «locynapcTBeHHbI Hay4YHbIV LEHTP BUPYCOMOTmn 1
6uotexHonorum «Bektop» PocnotpebHansopa (Mpotokon Ne 02 ot 03.04.2023).
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Introduction

Historically, there has been a special interest in arthro-
pod-infecting viruses because of their involvement in the
spread of viruses pathogenic to humans and animals. Ini-
tially, the term insect specific viruses (ISVs) referred to
viruses of the genus Ortoflavivirus (family Flaviviridae)
that could replicate only in insect cells but had a similar
genome organization to orthoflaviviruses pathogenic to
vertebrates [1, 2]. With the development of high-through-
put sequencing methods, new ISVs have been identified
[3, 4]. To date, the group of ISVs includes representatives
of different families: Baculoviridae, Poxviridae, Iridovi-
ridae, Ascoviridae, Polydnaviridae, the genome of which
is represented by double-stranded DNA; Parvoviridae
(single-stranded DNA); Reoviridae, Tetraviridae, Di-
cistroviridae, Nodaviridae, Picornaviridae, Flaviviridae
(RNA(+)); Rhabdoviridae (RNA(-)) [1-5].

Representatives of the genus Negevirus are found in
different parts of the world and infect a wide range of he-
matophages (mosquitoes of the genera Culex, Aedes and
Anopheles, as well as mosquitoes of the genus Lutzomy-
ia). At the same time, negeviruses are genetically close to
plant viruses from the genera Cilevirus, Higrevirus and
Blunervirus (family Kitaviridae), which allowed us to hy-
pothesize the role of plants in the natural transmission cy-
cle of negeviruses [6, 7]. The genus Negevirus is named
after the first fully characterized isolate of Negev virus [6].
More than 36 species of viruses, not including 30 unclas-
sified viruses (https://www.ncbi.nlm.nih.gov/Taxonomy/
Browse/), are currently classified as negeviruses.

Dezidougou virus (DEZV) was first isolated at the
Pasteur Institute (Dakar, Senegal) from a population of
mosquitoes Aedes aegypti collected near the village of
Dezidougou, Cote d’Ivoire, in 1987 [6, 7]. Later, DEZV
was found in different parts of the world: Europe, Af-
rica, Central and South America [6, 8, 9]. Virions of
negeviruses have a spherical shape with a diameter
of 45-50 nm [6]. The genome of negeviruses is repre-
sented by unsegmented single-stranded RNA with posi-
tive sense, 7—10 kb in size. Most negeviruses have three
open reading frames (ORF) flanked by non-translated
regions at the 5’- and 3’-ends. Each ORF is separated
by short intergenic regions, the largest frame ORF1 en-
codes viral polymerase, ORF2 encodes glycoprotein,
and ORF3 encodes membrane proteins [7]. At the end
of the viral genome, a poly(A)-tail is present, ranging
from 13 to 52 nt in length. [6].

The aim of this study was to isolate viruses from mos-
quitoes sampled in the Republic of Sakha (Yakutia) and
to study DEZV virus, new for Russia, isolated from mos-
quitoes of species Ochlerotatus caspius, including deter-
mination of its complete nucleotide sequence, phyloge-
netic and virological characterization.

Materials and methods

During the field period of 2023, 500 mosquitoes were
captured on the territory of the Republic of Sakha (Yaku-
tia) in the Saisarsky (62.029955/129.668761) and Central
districts (62.009133/129.744127). The mosquitoes were
transported in cooler bags on wet cloths at +4 °C and
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stored at —18-24 °C. Mosquitoes were sorted according
to phenotypic traits and pooled into pools of 10 individu-
als. The morphological keys for genus determination were
the size of the individual, color of scales, length of legs
and structure of the mouth apparatus. A fragment of 16S
rRNA and a fragment of the COI gene of the mitochon-
drial genome were sequenced to determine the mosquito
species. A total of 51 mosquito pools were examined.

Before homogenization, all mosquitoes were washed
in 70% ethanol and then twice with water to remove po-
tential surface microorganisms. The resulting pools of
Ochlerotatus sp. mosquitoes were homogenized in 300 pl
of saline solution on a TissueLyser LT homogenizer (Qia-
gen, The Netherlands).

Virus isolation was performed on the C6/36 (A4e-
des albopictus) cell culture, highly sensitive for ISVs
[10-12]. The monolayer was grown to 80-90% conflu-
ency in a 24-well plate (Greiner, Austria) in DMEM F12
medium (Gibco, USA) containing 10% fetal bovine se-
rum (Gibco, USA), 100 IU/mL penicillin and 100 pg/mL
streptomycin (Gibco, USA) in an atmosphere with 5% CO,
at 28 °C. The culture was infected with filtered mosquito
homogenates and incubated for 7 days, evaluating possi-
ble cytopathic effects (CPE). After that, the plates with
cell monolayers were subjected to three freeze/thaw cy-
cles, the obtained suspensions were clarified from cell de-
bris by centrifugation at 8000g at 4 °C for 5 min and used
for passaging (infection of fresh C6/36 cell monolayers
similar to the above described). After detection of pro-
nounced virus-specific CPE, the viral suspensions were
used to infect monolayers of C6/36 cells grown in culture
vials (Greiner, Austria). Determination of the infectious
titer of the obtained virus-containing suspension was per-
formed according to the standard method on C6/36 cul-
ture by micromethod with registration of the results by
microscopy and MTT test [13, 14]. The titer was calculat-
ed using the Spearman—Kerber method [15].

Light microscopy was performed using an Olympus
CKX53 inverted microscope (Olympus, Japan), with fix-
ation with an Olympus SC50 digital camera (Olympus,
Japan) at x200 magnification and digital processing in the
Cellsens Standard program.

For electron microscopy, virus-containing culture
medium was clarified from cells by centrifugation
at 8000g for 10 min to remove residual cellular debris.
The virus was concentrated using a VivaSpin centrifuge
concentrator (Sartorius, Germany) for 30 min at 6000g.
The concentrate was resuspended, fixed with formalin
and applied as suspensions on copper grids coated with
formvar substrate film and stabilized with carbon. The ob-
tained drugs were stained with 1% aqueous uranyl acetate
solution according to the generally accepted technique.
The samples were examined using a JEM 1400 elec-
tron microscope (Jeol, Japan) at an accelerating voltage
of 80 kV. Image analysis and processing were performed
using iTEM software package (SIS, Germany).

The ability of DEZV to infect mammalian cells was
investigated on transplantable cultures: HEK-293A (hu-
man embryonic kidney cells), Vero E6 (green monkey
kidney cells) and SPEV (pig embryonic kidney cells).
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A monolayer of cells in T-25 culture vials was infected
with 0.1 mL of inoculum and incubated in DMEM F12
maintenance medium with 2% FBS (fetal bovine serum)
for 10 days. The resulting cell lysates were tested for the
presence of infectious viral progeny by titration on C6/36
cell culture.

The susceptibility of animals to DEZV was tested
on 2-3-day-old suckling mice. Animals infected intrace-
rebrally with 0.02 mL of inoculum were monitored for
the 21 days.

Screening for ISV nucleotide sequences was performed
by high-throughput sequencing. Total RNA was extract-
ed using the Extract RNA Reagent (Eurogen, Russia)
according to the manufacturer’s protocol. The aqueous
phase obtained after addition of chloroform and subse-
quent centrifugation was collected and diluted 1 : 1 with
freshly prepared 70% ethanol and purified on Cleanup
Mini spin columns (Eurogen, Russia) and treated with
Benzonaze (Merck, Germany) [16]. Synthesis of the first
strand of cDNA was performed using the NEBNext Ultra
Directional module (New England Biolabs Inc., USA).
Second strand DNA synthesis was performed using UMI
Second Strand Synthesis Module for QuantSeq FWD
[llumina (Lexogen, Austria). Prepared dsDNA libraries
were analyzed on a MiSeq high-throughput sequencer
(Illumina, USA). Cutadapt (version 1.18) and SAMtools
(version 0.1.18) were used to remove Illumina adapters
and re-read sequences. Contigs were assembled de novo
using the MIRA assembler (version 4.9.6).

The complete nucleotide sequence of DEZV
RNA was determined by reverse transcription
polymerase chain reaction (RT-PCR) using primers
(Appendix 1) complementary to the genome fragments
of the virus under study. RT-PCR was performed in 15 pL
of the reaction mixture in a C1000 thermocycler (Bio-
Rad, USA). The obtained amplicons were separated by
gel electrophoresis in 2% agarose gel in Tris-acetate
buffer (Eurogen, Russia) with 0.1% ethidium bromide
(Sisco Research Laboratories, India).

Sanger sequencing reaction was performed using
BigDye Terminator v. 3.1 Cycle Sequencing Kit (Applied
Biosystems, USA), on a 3500xl Genetic Analyzer
(Applied Biosystems, USA). The obtained nucleotide
sequences were aligned to prototype sequences using the
UniproUGENE v. 1.48 software product. Phylogenetic
analysis was performed using the GenBank database.
Phylogenetic trees were constructed using Vector NTI
Advance 11 and MEGA 11 programs. Phylogenetic
trees were built by maximum likelihood method
using 500 bootstrap replicates.

The authors confirm compliance with institutional
and national standards for the use of laboratory animals
according to Consensus author guidelines for animal
use 2010. The study protocol was approved by the
Bioethics Committee of the State Scientific Center of
Virology and Biotechnology «Vector» of Rospotrebnadzor
(Protocol No. 02 of 03.04.2023).

Results

In an attempt to isolate viruses from homogenates
of 51 mosquito pools, 3 consecutive passages were
performed on C6/36 culture. When the 3rd passage was
performed on a monolayer of C6/36 cells corresponding
to one of the pools used for infection, cytopathic
manifestations were recorded on the 5th day of incubation,
which increased with further incubation. To confirm
the presence of lytic-inducing virus, an additional 4th
passage was performed on a confluent C6/36 monolayer.
Fig. 1 shows microphotographs illustrating the presence
of pronounced virus-specific CPE leading to 100% cell
death by day 6 post-infection. The infectious activity of
the isolated viral isolate was determined by titration on
C6/36 cell culture and amounted to 7.1 logl0 TCID,/
mL. Electron microscopic examination was performed
to determine the shape and size of viral particles. The
negatively stained virus suspension contained particles
predominantly 48-52 nm in diameter, round in shape,
with a more electron-dense area in the central part (Fig. 2).

Fig. 1. Light microscopy (x200) of C6/36 cell culture infected with DEZV Yakutsk 2023 strain 120 hours after infection.
On the left is a control of C6/36 cell culture.

Puc. 1. Cserosast muxpockonus (x200) kynerypsl kietok C6/36, nudurmposannoii mrammom DEZV Yakutsk 2023, uepe3 120 1 nocne
MHQUIIPOBAHHSI.

CrieBa mpencTaBieH KOHTPOIIb KyIbTypbl KieTok C6/36.



BOMPOCHI BUPYCOJIOTUU. 2025; 70(1)
https://doi.org/10.36233/0507-4088-280

OPUTUHANbHbBIE NCCNTEAOBAHUA

Fig. 2. Transmission electron microscopy of a purified virus suspension.

Rounded particles with a diameter of 45-55 nm and an electron-dense region in the central part. Contrasted with 2% uranyl acetate. The scale is indicated on
images.

Puc. 2. IIpocBeunBaromias 3MeKTPOHHAS MUKPOCKOIINS OYHIIEHHON CyCIIEH3HH BHpYCa.

Yacruisl OKpyniod (Gopmbl auameTpoM 45-55 HM M 3JIEKTPOHHO-IUIOTHOM 00JacThi0 B IEHTpayibHOM uactH. KoHTpactupoBanue 2% ypaHHIIAIETaTOM.
Bap ykazan Ha cHuMKax.

To determine the potential ability of the viral isolate
to replicate in mammalian cells, cell cultures Vero E6,
HEK-293A and SPEV were infected at a multiplicity
of 10 TCID, /cell and incubated for 10 days. No virus-
specific effects on cell cultures were detected. Cell lysates
of the above cultures were titrated on C6/36 culture.
Infectious virus was detected. The results obtained prove
the inability of the isolated virus to replicate in the used
mammalian cells.

To reveal possible pathogenic properties of the isolated
virus, suckling mice were infected. It was shown that
intracerebral infection with a dose of 10° TCID, /mouse
did not cause any clinical manifestations of infection
during the whole period of observation (21 days).

Nucleotide sequence screening of total RNA from
infected C6/36 cells by next-generation sequencing
(NGS) allowed us to identify a fragment of nucleotide
sequence corresponding to ORF1 of the Dezidougou
negevirus genome. The fragment was 471 bp in length
with a read count of 1465 and a coverage of 293. Sanger
sequencing was performed to determine the complete
nucleotide sequence of DEZV negevirus. The genome
is a non-segmented positive-sense single-stranded
RNA 9010 nt in size, and has three open reading frames.
The obtained sequence was deposited in the GenBank
database under accession number: PP975071.1. The
similarity of the nucleotide sequence of the isolated
DEZV Yakutsk 2023 variant with known negevirus
isolates is summarized in the following Table. The
highest level of similarity (92%) in nucleotide sequence
DEZV Yakutsk 2023 showed in comparison with the
isolate from Cogquillettidia richiardii from Germany
(DEZV 0P576003). The similarity rate in comparison
with a DEZV variant isolated in Spain (MT096525)
was 86%. The level of similarity with nucleotide

sequences of other negeviruses was as follows: with
Kustavi Negevirus (ON949944, Spain) — 69.6%,
Utsjoki Negevirus 3 (ON955101, Finland) — 72.1%,
Wallerfield virus (KX518839, Panama) and Uxmal virus
(MH719095.1, Mexico) — 68%. The presence of a large
number of amino acid substitutions indicates a significant
genetic diversity of negeviruses.

Fig. 3 shows the phylogenetic tree with our isolated
DEZV Yakutsk 2023 and negeviruses. The closest to
DEZV Yakutsk 2023 is the prototypical Dezidougou
virus strain 8345 (OP576003.1) from Germany with
an identity level of 91.95%. Among other negeviruses,
the closest are viruses isolated in Finland (Utsjoki
Negevirus 1, ON949947), Castlerea virus in Australia
(KX886280) and Ying Kou virus in China (isolate
NC 040636.1) with a similarity level of 72.1-72.4% in
nucleotide sequences.

Discussion

Over the past decades, a large number of insect viruses
have been discovered that belong to various families, in-
cluding viruses belonging to genus Negevirus.

The virus isolated by us from pools of mosquitoes
sampled in the Republic of Sakha (Yakutia) replicated
efficiently in C6/36 (Aedes albopictus) cells, causing
their death. At the same time, it was unable to infect
and multiply in mammalian cell cultures (Vero E6,
HEK-293A and SPEV). The isolated virus did not cause
pathologic manifestations in suckling mice when infect-
ed intracerebrally with a high dose. The results of com-
plete genome sequencing determined that it belonged to
negeviruses, the highest level of homology was noted
with Dezidougou virus, first isolated in Cote d’Ivoire.
Electron microscopic examination of purified virus sus-
pension showed the presence of spherical viral particles
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Table. Levels of homology (%) of nucleotide/derived amino acid sequences of strain DEZV Yakutsk 2023 in comparison with the closest negevirus

strains

Tadanua. YpoBuu cxonctsa (%) HyKJI€OTH/IHOH/BbIBEICHHOH aMHHOKUCIIOTHOH nocnenoBarensHoctel mramma DEZV Yakutsk 2023 B cpaBHeHHH

¢ Haubosee OMM3KUMHU ITaAMMaMH HET€BHPYCOB

Nucleotide sequence, | Amino acid sequence,
. % %
Name of strain GenBank Country Year Hyxneorunnas AMMHOKHCIIOTHAs
Hazpanue mramma Crpana Ton
IIOCJIICO0OBATCIIBHOCTD, IIOCJIICOOBATCIBHOCTD,
% %
Dezidougou virus strain 8345 OP576003.1 Germany 2014 91.95 98.40
Tepmanus
Dezidougou virus strain ArA 20086 JQ675604.1 Coéte d’Ivoire 1984 85.22 96.27
Kor-n’UByap
Dezidougou virus strain DEZI/ KY968698.1 Senegal 1984 86.24 96.18
Aedes africanus/SEN/ DAK-AR-41524/1984 Cenerain
Dezidougou virus isolate FTA2-3 MT096525.1 Spain 2015 86.08 96.44
Ucnanus
Kustavi Negevirus isolate FIN/VS-2018/100 ON949944.1 Finland 2017 69.61 71.62
Dunistaaus
Agua Salud Negevirus isolate PA-2013-MP416-PP MK959116.1 Panama 2013 67.31 57.38
[Tanama
Wallerfield virus strain TR7904 NC_023440.1 Trinidad and Tobago 2009 67.84 61.27
Tpununan u Tobaro
Wallerfield virus isolate PA-2013-MP416-PP MK959117.1 Panama 2013 68.16 61.45
[Tanama
Uxmal virus isolate UXMV-M985 MH719095.1 Mexico 2007 68.57 60.58
Mekcuka
Utsjoki Negevirus 3 isolate FIN/L-2018/06 ONO955101.1 Finland 2015 72.14 82.15
DunHnsHANSA
Culex Biggie-like virus strain CBigVL/Kern MH188028.1 USA 2016 70.88 55.19
CLIA
Culex negev-like virus 3 strain mos172X44875 NC 035129.1 Australia 2015 70.00 55.30
ABcTpanus
Tanay virus isolate 11-3, complete genome KF425262.1 Philippines 2005 70.02 52.82
OUINIIHHBL
Goutanap virus 16GH1 LC504569.1 Ghana 2016 68.85 56.00
I'ana

with a diameter of 45-55 nm, characteristic of negevi-
ruses. In a number of studies about negeviruses, it has
been shown that these viruses reproduce only in arthro-
pod cells and do not replicate in vertebrate cells. Thus,
in [6], the authors infected C6/36, Vero, and BHK-21
cell cultures, as well as newborn mice (intracerebral
inoculation) with Negev (NEGV), Piura (PIUV), Dez-
idougou (DEZV), Ngewotan (NWTV), Loreto (LORYV),
and Santana (SANV) viruses. All of the above viruses
were only able to replicate in C6/36 cells and did not
cause any disease in sucklings, which is consistent with
the results of the present study.

The genus Negevirus consists of a diverse group of
insect-specific viruses, with a genome represented by
single-stranded (+)RNA, isolated from mosquitoes and
phlebotomine mosquitoes in Brazil, Colombia, Peru,

6

Panama, USA, Germany, Spain and Nepal. These viruses
were isolated from pools of mosquitoes collected in the
field, suggesting that they are fairly widespread among
mosquitoes in the wild. Most negeviruses are character-
ized by high genetic variability and the presence of in-
terspecies transmission. Negeviruses are widely distrib-
uted geographically and have a diverse range of hosts
among insects — mosquitoes of the genera Culex, Aedes
and Anopheles, sand flies of the genus Lutzomyia, etc.
[17, 18]. Our results on the isolation of DEZV in the
Republic of Sakha (Yakutia) in Russia confirm the data
on the wide geographical distribution of Negeviruses.
The biological and potential public health significance
of negeviruses remains to be determined. Since nege-
viruses were originally isolated from naturally selected
mosquitoes of different genera that are vectors of arbo-
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Fig. 3. Phylodendrogram showing the maximum likelihood analysis of full-length viral sequences of DEZV and viruses of the genus
Negevirus.

The sequence characterized in this study is highlighted with the symbol (e). A, B, and C are the main branches of negeviruses.

Puc. 3. unogenaporpamMma, oToOpaskaromias aHaJIM3 MAKCHMAJIBHOTO MIPaBJONOI00Us TOTHOPA3MEPHBIX BUPYCHBIX MOCIIEI0BATEIBHOCTEH
DEZV u npyrux HereBUpycoB.

TTocnenoBarenbHOCTh, OXapaKTEPU30BaHHAsL B 3TOM HCCIIEI0BAaHUH, BblieTIeHa CUMBOJIOM (®). A, B 11 C — 0CHOBHBIE BETBH HETEBUPYCOB.

viruses, it is possible that negevirus infection may influ-
ence the susceptibility and vector competence of vectors
to viral pathogens of vertebrates. For example, it has
been shown experimentally on Ae. aegypti that infection
of mosquitoes with certain strains of the bacterial endo-
symbiont Wolbachia prevents dengue virus replication
and reduces vector competence [18, 19]. And if a bacte-
rial endosymbiont can alter mosquito vector competence
to arboviruses, it is likely that a viral symbiont could al-
so have a similar effect. It is thought that ISVs could al-
so potentially be used as biological control agents with
the proposed elimination of superinfection with human
pathogenic arboviruses and maintenance of the effect in
nature through transovarial transmission [20]. In a recent
study, the negevirus Piura has been shown to effectively
inhibit Zika virus replication in insect cells. Co-infection

of C6/36 cells with PIUV resulted in a 10,000-fold reduc-
tion in the infectious titer of Zika virus compared to Zika
virus mono-infected cells. At the same time, Zika virus
was unable to inhibit PIUV replication [21]. E. Patterson
et al. [22] demonstrated that Negev virus inhibited rep-
lication of Chikungunya arboviruses and Eastern equine
encephalitis arboviruses belonging to the Alphavirus ge-
nus in coinfected mosquito cells. Other researchers have
shown that insect-specific Culex Flavivirus (CxFV) Iz-
abal did not inhibit West Nile virus (WNV) replication
in C6/36 cells and Culex quinquefas ciatus mosquitoes.
Most importantly, the WNV transmissible efficacy was
enhanced in CxFV-infected mosquitoes [23].

It has previously been shown experimentally that ne-
geviruses are found in the salivary glands of insects and,
therefore, there is the potential for transmission to the ver-
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tebrate host during feeding [24, 25]. Consequently, humans
and other vertebrates may have contact with negeviruses,
increasing the likelihood of some of them adapting and
eventually evolving already as a conditional vertebrate
pathogen. There is a reasonable assumption that many ver-
tebrate viruses transmitted by arthropods were originally
insect-specific [7]. The assumption that ISVs are ances-
tors of arboviruses makes these viruses a potential tool for
studying the evolution of host-to-host transmission.

Conclusion

For the first time in the territory of the Russian Feder-
ation, a virus of genus Negevirus was identified and iso-
lated in a pool of mosquitoes sampled in the Republic
of Sakha (Yakutia). The isolated negevirus strain DEZV
Yakutsk 2023 replicated efficiently in C6/36 cells (4de. al-
bopictus), causing their death. At the same time, it was
unable to infect and multiply in the mammalian cell cul-
tures used and did not cause pathologic manifestations in
suckling mice upon intracerebral infection. The complete
nucleotide sequence of the viral genome of DEZV Ya-
kutsk 2023 was determined by NGS and Sanger sequenc-
ing and phylogenetic analysis was performed.

Further research on the prevalence of negeviruses, their
virological features, potential public health significance
and impact on vector competence seems to be important
and promising.
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