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The purpose of study was to isolate arboviruses from mosquitoes of different species in the cell culture and to
identify them by using molecular and immunochemical techniques.

Materials and methods. Viruses were isolated in C6/36 cell cultures. The pathogens were identified by using
enzyme-linked immunosorbent assay (ELISA) kits for detection of antigens of dengue, Chikungunya, West Nile
and Sindbis viruses as well as the reverse transcription polymerase chain reaction (RT-PCR) with specific primers
and Sanger sequencing.

Results. Atotal of 102 mosquitoes belonging to three genera, Culex spp, Culiseta spp., Aedes spp., were studied.
Mosquitoes of each species or genus were divided into pools, each containing 4-5 mosquitoes. The study of
suspensions of only 2 mosquito pools obtained from Aedes aegypti and Aedes albopictus, starting from the 3
passage, showed changes in the C6/36 cell monolayer. Starting from the 4" passage, an antigen of Chikungunya
virus was detected using ELISA test in the suspension obtained from the Aedes albopictus pool. Dengue virus
was detected in the 5" passage from the materials obtained from the Aedes aegypti pool. Thus, antigens of
the Chikungunya and dengue viruses were detected only in 2 of 23 examined pools of mosquitoes of different
genera. Materials of the 5" passage were analyzed by RT-PCR with specific primers for dengue and Chikungunya
viruses. It was confirmed that the isolate obtained from Aedes albopictus mosquitoes contained RNA of the
Chikungunya virus and corresponded to the East/Central/South African genotype, while the isolate obtained from
Aedes aegypti mosquitoes contained RNA of the dengue type 2 virus.

Conclusion. The obtained nucleotide sequences of the Chikungunya virus were deposited in the GenBank
international database under accession numbers MN271691 and MN271692.
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OPUTMHAJIbHBIE MCCNEAOBAHNA

Uenbto paboTbl 661110 BbligeneHne apboBNPYCOB 13 KOMApPOB Pa3fnyHbIX BUOOB B KYIbTYpe KMETOK U UX OEHTU-
prkaumsi MoONeKynspHbLIMA U UMMYHOXUMUYECKUMU METOAAMMU.

MaTtepunanbl U metoabl. BoiaeneHne BuMpycoB npoBoaunoch Ha knetkax C6/36. Bo3byautenen naeHtundpmum-
poBanu C Mcnonb3oBaHWemM HabopoB ANA UMmyHodepMeHTHoro aHanm3a (MPA) ana BbIABNEHUA aHTUIEeHOB
BMpPYCOB AeHre, YukyHryHos, B3H 1 CvHabuc v nonumepasHow LenHow peakumm ¢ obpaTHOWM TpaHCKpunumuen
(OT-MNUP) co cneumndmyecknmm npaimepamm ¢ NocreayroLMM cekBeHMpoBaHnemM no CeHrepy.

PesynkraThl. Beero 6bino nccnegosaHo 102 komapa, oTHocsALwwmxes K Tpem pogam: Culex spp., Culiseta spp.,
Aedes spp. Komapsbl kaxgoro Buaa unu poga 6uinv pasgeneHsl Ha nynbel no 4-5 ocobei. Mpu nccnegosaHmm
CYCMEeH3UN TOMbKO 2 MyrnoB KOMapoB, nony4deHHbIX OoT Aedes aegypti n Aedes albopictus, HadnHas ¢ 3-ro nac-
caxka OTMeYeHbl N3MeHeHns MoHocrnos knetok C6/36. B matepuanax cycneHaun, nornyvyeHHon 3 nyna Aedes
albopictus, Ha4uMHasa ¢ 4-ro naccaxa metogom VIOA BbIsSIBNSANCS aHTUreH Bupyca YukyHryHbs. B maTepuanax,
nony4YeHHbix u3 nyna Aedes aegypti, Ha 5-M naccaxe onpenensncsa BUpyc AeHre. Takum obpa3oMm, TONMbKO B 2
13 23 nccrnegoBaHHbIX MyroB KOMapoB pasHbIX POAOB ONPeAenAnnCh aHTUreHbl BUPYCOB YNKYHIYHbS UK OeHre.
Matepuansl 5-ro naccaxa 6binm nccrniegosaHsl B OT-TLP co cneunduyeckummn npanmepamu k Bupycam geHre
1 YnkyHryHbs. NogTBepXaeHo, YTO N30MAT, NoNyYeHHbIM OT kKoMapoB Aedes albopictus, cogepxan PHK Bupyca
UmnkyHryHbsa n cootsetcteoBarn BocTtouHomy/LleHTpansHomy/KOxHO-ADPUKAHCKOMY reHOTUMy, a U30nsaT, Nony-
YeHHbIN OT kKoMmapoB Aedes aegypti, conepxan PHK Bupyca geHre 2-ro tuna.

3akntoyeHue. NMonyyeHHble HyKNeoTuaHbIE NOCNefoBaTENbHOCT BUPYCca YMKyHryHbs Oblnn A4enoHNpoBaHbl B
MexayHapoaHon 6ase aaHHbIx GenBank nog Homepamu MN271691 n MN271692.

KnroueBble cnoBa: apbosupycsl; 0eHee; HukyHayHbsi; Komapbl;, Aedes spp.; udeHmucgpukayus;, UPA; TLP;

CeKeeHuposaHue.
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KoHgbnnukm uHmepecos. ABTOPbI AEKNApUPYHOT OTCYTCTBUE SIBHbIX U MOTEHLMANbHbIX KOH(IUKTOB NHTEPE-
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Introduction

Mosquitoes of different genera transmit a large
number of disease-causing viruses, primarily belonging
to families Flaviviridae (genus Flavivirus) and Toga-
viridae (genus Alphavirus) [1, 2]. The habitat of Aedes
spp., Culex spp., Culiseta spp. mosquitoes is not limited
to tropical and subtropical countries. These species of
mosquitoes are widespread in countries with moderate
climate in the southern and northern hemispheres [2—4].
Therefore, there is a high probability that transmitters
can interchange, thus causing changes in virus infecti-
vity for humans [5].

Three genotypes have been described for the Chi-
kungunya virus: East/Central/South African, West Afri-
can and Asian [6]. The improved detection of the Chi-
kungunya virus in collected mosquitoes and in diseased
people made it possible to thoroughly study nucleotide
sequences of its isolates and changed the beliefs about
the genotypes of this pathogen. For example, some re-
searchers speak about genotypes of the Indian Ocean
and the Caribbean lineage [6—8]. Only 4 serotypes have
been described for the dengue virus [5, 9]. Consider-
ing the increasing detectability of viruses transmitted
by mosquitoes and the fact that they are pathogenic
for humans, development of prevention methods and
treatment of diseases caused by alphaviruses and flavi-
viruses is highly significant. Therefore, the isolation of

228

Moctynuna 27.01.2020
MpuHsTa B neyats 09.02.2020

viruses directly from the transmitters captured in their
natural habitats and the study of the isolated strains are
constituent parts of this process.

The purpose of this study was isolation and iden-
tification of arboviruses belonging to the Flavivirus and
Alphavirus genera from mosquitoes of Aedes albopic-
tus, Aedes aegypti, Culiseta spp., Culex spp. species.

Materials and methods

Mosquitoes were captured during the dry season
in the forested areas of Nicaragua (Tipitapa municipa-
lity) having 12.325527N 85.974662W and 12.323326N
85.974275W coordinates. Among the captured mosqui-
toes there were representatives of Adedes genera (dedes
albopictus, Aedes aegypti species), Culiseta spp. and
Culex spp. genera. After their species had been identi-
fied, the mosquitoes were separated into pools of 4-5
insects of the same species. Each pool was homoge-
nized in 0.4 ml of phosphate-buffered saline, pH 7.4, to
obtain the suspension.

Isolation of viruses. The obtained mosquito sus-
pension was applied to the monolayer of C6/36 mosqui-
to cells, which was grown in cell culture flasks (Corn-
ing, USA) having a 25 cm?surface area. After one-hour
adsorption, DMEM cell medium (Chumakov Federal
Scientific Center for Research and Development of Im-
mune and Biological Products) was added to the flasks,
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together with 2% fetal serum (Gibco). The flasks were
placed into an incubator and remained there at 32°C
and 5% CO,. The monolayer was monitored daily un-
der a microscope until a cytopathic effect.

Identification of virus antigens. Reagent Kkits
from Bioservice, namely BioScreen-Dengue (AQG),
BioScreen-Chikungunya  (AG), BioScreen-WNV
(AG), BioScreen-Sindbis (AG), were used to detect an-
tigens of Chikungunya, dengue, Sindbis and West Nile
in samples of the cell culture fluid. The reaction was
performed and the results were recorded in accordance
with the instructions to the reagent kits.

Polymerase chain reaction (PCR). The Ampli-
Sens® Magno-Sorb (InterLabService) kit was used to
isolate RNA from 100 pl of the virus-containing culture
fluid in accordance with the manufacturer’s protocol.

The reverse primers pE2CHVrevl, pE2CH-
Vrev2, pEICHVrevl, pE1ICHVrev2, pNS1CHVrevl,
pNS1CHVrev2, pNSICHVrev3 for the Chikungunya
virus (Table 1), pDV2rt (5’-CAGCCATGGCAGCG-
GTAGGTC-3") primers for the dengue virus, and the
reagent kit for the reverse transcription (RT) (Syntol)
were used to perform the RT reaction on the virus RNA
matrix and to receive cDNA. During the first stage, 2 ul
of the reverse primer (10 pmol/pul) were mixed with 6 pl
of the isolated RNA, and then the mixture was heated
during 5 minutes at 95°C. Then the tubes were cooled
down during 2 minutes at the indoor temperature and
were filled with another 22 pl of the mixture for RT
(9 pl of deionized water, 12 pl of 2.5-fold buffer for
RT, 2.5 pl of MMLV- reverse transcriptase and were
incubated during 30 minutes at 42°C. The mixture was

heated during 5 minutes at 95°C to inactive the reverse
transcriptase.

Oligonucleotides shown in Table 1 were used for
obtaining £/, E2 and NSI gene fragments of the Chi-
kungunya virus and their sequencing.

The PCR on the cDNA obtained after RT was per-
formed by using the following combinations of primers
for the Chikungunya virus:

» gene K1 — pEICHVforl and pE1CHVrevl,

pE1CHVfor2 and pE1CHVrev2;

» gene £2 — pE2CHVforl and pE2CHVrevl,
pE2CHVfor2 and pE2CH Vrev2;

» gene NS1—pNS1CHVforl and pNS1CHVrevl,
pNS1CHVfor2 and pNS1CHVrev2,
pNS1CHVfor3 and pNS1CHVrev3.

For the dengue virus, the PCR was performed
as described previously [10]: pDV2for (5’-CCAAA-
CAACCCGCCACTCTAAGG-3’) and pDV2rev
(5’-GTTATCACGACAGTGTATTCCA-3’). The PCR
mixture was received by mixing of 1 ul of the for-
ward and 1 pl of the reverse primer at 10 pmol/ul,
10 pl of the multipurpose 2.5-forld reaction mixture
for PCR (Syntol), 8 pl of deionized water, and 5 pl
cDNA added later. The amplification was conducted
by using the XP Cycler instrument (Hangzhou Bio-
er Techonology) according to the following protocol:
95°C — 1 min 30 sec; 30 cycles: 95°C — 20 sec,
55°C — 15 sec, 72°C — 30 sec; the final elongation
at 72°C — 10 min. The protocol for amplification of
the dengue virus: 95°C — 1 min 30 sec; 40 cycles:
95°C — 20 sec, 57°C — 15 sec, 72°C — 30 sec; the
final elongation at 72°C — 10 min.

Table 1. Primers used for RT, PCR ans sequencing of the Chikungunya virus

Ref No. of primers Primer index P;Ztne;n Sequence of the primer Coordinates Sié?o%fut:t? tf ;(;I.R-
1 pE1CHVfor1 E1 5-GAACTGACACCAGGAGCTACCGTCC-3'  9745-10600 856
pE1CHVrev1 5-CGCCAAATTGTCCTGGTCTTCCTG-3
2 pE1CHVfor2 5-AACATGGACTACCCGCCCTT-3’ 10552-11313 762
pE1CHVrev2 5-GTGCCTGCTRAACGACACGC-3
1 pE2CHVfor1 E2 5-TTCAATGTCTATAAAGCCACAAGACC-3 8560-9240 681
pE2CHVrev1 5-GTGATTGGTGACCGCGGCATG-3'
2 pE2CHVfor2 5-GYCAGACGGTGCGGTACAAGTG-3 9125-9794 670
pE2CHVrev2 5-GCAGCATATTAGGCTAAGCAGGAAAG-3
1 pNS1CHVfor1 NS1  5-ATGGATYCTGTGTACGTGGAYATAGAC-3 80-572 493
pNS1CHVrev1 5-GGTGRTATAGCGACGTGGGTGC-3’
2 pNS1CHVfor2 5-CATGTAGACAGAGAGCAGACGTCGC-3’ 498-1139 642
pNS1CHVrev2 5-CCTCCGGCGTGACTTCTGTAGC-3’
3 pNS1CHVfor3 5-CGTGCCGGCGACCATTTGTG-3 1078-1710 633
pNS1CHVrev3 5-GCKCCTCTMGGAGTCTCTATTATTCC-3’
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The measuring of the minimum infection rate
(MIR) of the studied mosquitoes was conducted as de-
scribed previously [11, 12].

Results

A total of 102 mosquitoes of three genera were
studied (Table 2). The largest number of mosquitoes
belonged to the Aedes genus represented by Aedes ae-
gypti and Aedes albopictus species. Each sample of sus-
pension went through 4 successive “blind” passages on
C6/36 cells. The condition of the cell monolayer was
monitored under the microscope during 5 days after the
passage.

As a result, it was confirmed that the isolate ob-
tained from Aedes albopictus mosquitoes contained the
RNA of the Chikungunya virus and did not contain the
RNA of the dengue virus. The isolate obtained from
Aedes aegypti mosquitoes contained the RNA of the
dengue virus and did not contain the RNA of the Chi-
kungunya virus. Based on the results of sequencing, the
isolate of the dengue virus was classified as type 2. The
PCR products of EI, E2 and NSI genes, which were
obtained by the amplification of the isolate of the Chi-
kungunya virus, were also sequenced.

The obtained sequences are deposited in the Gen-
Bank under numbers MN271691 and MN271692. The
BLAST computer program was used for classification
of the nucleotide sequences of the isolate of the Chiku-
ngunya virus, which were classified as the East/Central/
South African genotype.

Changes in the cell monolayer were detected only
in 2 pools of Aedes aegypti and Aedes albopictus mos-
quitoes, starting from the 3™ passage. On the 4" passage
of the Aedes aegypti pool, the cytopathic effect was ob-
served on the 4" day, while the Aedes albopictus pool
demonstrated it on the 3" day. After the additional 5™
passage on the C6/36 cells, the materials of the above
pools were examined with ELISA (reagent kits from
Bioservice) for presence of antigens of dengue, Chiku-
ngunya, West Nile and Sindbis viruses.

In the Aedes aegypti and Aedes albopictus pools,
in the materials of all the examined passages, no anti-
gens of West Nile and Sindbis viruses were found (Ta-
ble 2). At the same time, starting from the 4™ passage,
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The electrophoresis of gene fragments of Chikungunya (a)
and dengue (b) viruses in 1% agarose gel.

a — PCR products of E1, E2 and NS1 gene fragments
of the Chikungunya virus. 1-3 — the reference numbers
of primers (Table 1);
b — PCR products of the gene fragment of the surface protein of the
dengue virus, which was obtained on the 4" (DV2-1) and 5" (DV2-3)
passages. M 100 bp — the DNA molecular weight marker, 100 bp.

the antigen of the Chikungunya virus was detected in
the materials of the suspension obtained from the Aedes
albopictus pool. Starting from the 5™ passage, the den-
gue virus was detected in the materials from the Aedes
aegypti pool (Figure). Thus, antigens of Chikungunya
or dengue viruses were detected only in 2 out of 25 ex-
amined pools of mosquitoes of different genera.

The minimum infection rate (MIR) for Aedes ae-
gypti was 0.0357, for Aedes albopictus — 0.0270. Thus,
the pools containing antigens of Chikungunya and den-
gue viruses had a cytopathic effect on Cy6/36 on the
4™ and 5™ successive passages. The material of the 5
passage of both pools of mosquitoes was analyzed by
using RT-PCR with specific primers for dengue and
Chikungunya viruses.

Discussion

In countries of Central America, the transmission
of dengue and Chikungunya viruses is caused by mos-
quitoes of the Aedes species. Insects are generally col-
lected in areas of human residence [2-5, 9, 12]. In our
study, mosquitoes of 3 species were captured outside
human settlements, in the forested area. When exa-
mining whether mosquitoes of these species are infect-
ed with a virus, the number of mosquitoes in the studied

Table 2. Mosquito genus and total number of mosquitoes; number of studied pools

. Number of Number ELISA PCR
Mosquito genus mosquitoes of pools
dengue Chikungunya dengue Chikungunya
Culex spp. 16 4 0/4 0/4 0/4 0/4
Culiseta spp. 21 5 0/5 0/5 0/5 0/5
Aedes spp. 65 16 1/16 1/16 1/16 1/16
Aedes aegypti 28 7 117 0/7 17 0/7
Aedes albopictus 37 9 0/9 1/9 0/9 1/9
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pool is of high importance. The optimum size of the
pool is a 4 mosquito pool [2, 11, 12]. PCR is used for
detection of viruses in mosquito pools; if the result is
positive, the obtained amplicon is sequenced. The pub-
lished articles have no data about using of ELISA.

As the size of the primary suspension of mosqui-

toes in our study was limited, detection of viruses after
“blind” successive passages on C6/36 cells is complete-
ly justified. Using ELISA and RT-PCR for detection of
viruses makes it possible to perform detection by em-
ploying two independent methods.

10.

11.
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