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Abstract

Introduction. Varicella-zoster virus (VZV), the causative agent of the disease of the same name and herpes
zoster, is phylogenetically divided into 8 clades, the distribution of which is characterized by geographic reference
to certain regions of the world. For most countries, VZV clades circulating in their territories have been identified,
however, such information is almost unavailable for Russia.

The purpose of the study is to develop an effective method for VZV typing using high-throughput sequencing
technologies to identify the prevalence of various VZV clades in Moscow, Moscow Region, and Stavropol Territory.
Materials and methods. To genotype VZV, itis enough to refer to 7 nucleotide positions. Their unique combinations
can be used to assign the virus to one of the clades. Short sections of nucleotide sequences of open reading
frames were obtained using a developed set of primers.

Results. A VZV genotyping technique has been developed and optimized. Using this technique, primary data on
the distribution of VZV clades in the studied regions have been obtained. Thus, it has been established that in
Moscow and a number of other regions, the 1st, 3rd, and 5th clades of VZV are predominantly distributed.
Conclusion. The developed technique, including a primer panel and a genotyping algorithm, allows VZV typing in
a short time while reducing specimen preparation costs and simultaneously increasing the number of specimens
in one sequencing cycle. The results obtained using this assay allow us to assume that in Moscow, Moscow
Region, Stavropol Territory, VZV, clades 1, 3, and 5 are the most represented ones. To confirm this hypothesis, it
is necessary to include a larger number of clinical specimens in subsequent studies, including from other regions
of the country.
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N3yuyeHne reHeTUYECKOro pa3sHOO6pa3unsa BMpyca BeTPAHOI OChbl
B OTAEeNbHbIX pernoHax Poccunckon Pepgepauum npyu nomowym
BbICOKONPON3BOAUTENIbHOIO CEKBEHNPOBaHA

Haaroka M.L.*", NbiceHkos B.I, ArnetgnuHos M.P., MuwkuH A.A., ApoHnHa H.M.,
Mnockupesa A.A., MuxeeBa WU.B., Xa¢puzoB K.®., AkumkuH B.T.

LleHTpanbHbI Hay4YHO-MCCNIefOBATENIbCKUN MHCTUTYT anvuaemuonorumn PocnotpebHaasopa, Mockea, Poccua

AHHOMauus

BeepneHue. Bupyc BetpsiHon ocnbl (VZV) — B0o36yanTens 0O4HOMMEHHOrO 3aboneBaHus 1 OrnosiCbiBaloOLLEro nu-
was, dounoreHeTM4eckn noapasaensieTca Ha 8 knag, AN pacnpoCcTpaHEHUS KOTOPbIX XapakTepHa reorpaduye-
cKasi MpUBS3Ka K TEM UM MHBIM pernoHam mupa. [ns 60nblWMHCTBA CTPaH YCTAHOBMEHbI LIMPKYNINMPYOLLME Ha NX
TeppuTopusx knaabl VZV, ogHako Ansa Poccun aHanornyHas nHpopmaumus NpakTu4eckn OTCyTCTBYET.

Lenb nccnegoBaHusa — paspabotka addekTMBHON MeTOAMKN TunMpoBaHus VZV ¢ Mcnonb3oBaHNEM TEXHOIO-
T BbICOKOMPOM3BOAUTENBHOIO CEKBEHNPOBAHUS AN BbISIBNIEHWS PACNpPOCTPaHEHHOCTU pas3nuyHbix knag VZV
B Mockse, MockoBckow obnacTtu n CTaBpononbCKOM Kpae.

Matepuanbl u metoabl. [Ing reHotunupoBaHua VZV JoCTaTovHO 3a4encTBOBaTb 7 HYKMEOTUAHbIX NO3ULUA,
Mo YHVKAINbHbIM COYETAHUSIM KOTOPbIX BO3MOXHO OTHECTWU BUPYC K OOHOM U3 knag. KopoTkMe y4acTku Hykneo-
TUAHBIX NOCreaoBaTeNbHOCTEN OTKPbITbIX PAMOK CYMTLIBAHMS Nonyyanu npy noMoLm paspaboraHHoro Habopa
npanmepos.

PesynbraTbl. Pa3pabortaHa 1 onTMMm3npoBaHa Metoguka reHotunvposanusa VZV. Mpu nomowm AaHHOW MeTo-
AVIKW nony4YeHbl NepBUYHbIEe JaHHbIe O pacnpeaeneHun knag VZV B nccnepgyemblx permoHax. Takum obpasom,
ObINo ycrtaHoBneHo, 4To B MockBe u psine Opyrvx perMoHOB pacnpocTpaHeHbl npeumyllectseHHo 1, 3 n 5-5
knaabl VZV.

3akntoueHune. PaspabotaHHas meTtoguka, BKIHOYaKoLWas npavMepHyo naHernb M anroputMm reHoTUNUPOBaHWUS,
No3BONSIET NPOM3BECTU TUNMpoBaHue VZV B KOPOTKME CPOKM MPU CHIDKEHUM 3aTpaT Ha NpobonoaroToBKy U oa-
HOBPEMEHHOM YBENMYEHUN KonmnyecTsa 0OpasLoB B OOHOM LIMKIE CEKBEHUPOBaHUS. PesynbraThl, NONMyYeHHbIe
C MCNOnNb30BaHMEM OAaHHOro MPOTOKOMa, NO3BOMSAT caenaTh npeanonoxeHve o ToM, 4to B Mockee, MockoB-
cko obnactu n CTaBpononbCKoM Kpae Hanbonbluyo NpeacTaBneHHOCTb MMetoT knagbl 1, 3 n 5 VZV. [ina noa-
TBEPXKOEHMS AAaHHOW rMNoTe3bl TpebyeTcsa BKNIOYNTL B NOCNeayome nceneaosanms 6onbLiee Konm4yecTso Kn-
Hu4ecknx obpasuos, B TOM YMCne U3 OPYrnX PErMoHOB CTPaHbI.

KnroueBble cnoBa: supyc eempsiHou ocribl, VZV, 2eHomunuposaHue aupyca eempsiHol OCrbl, 2eHOMunuposa-
Hue VZV, cekseHuposaHue criedyrouego rnoKoneHusl, 8bICOKONMPou3800UmMeribHoe CeK8eHUposaHue

Amuyeckoe ymeepxdeHue. ViccnenoBaHue NpoBoAMNOCH Npu OGPOBONILHOM MHPOPMUPOBAHHOM COrflacuy nawu-
eHToB. MpoTokon nccnegoBaHus oaobpeH JlokanbHbiM aTu4eckum komutetom LUHUW Snngemumonorun PocnotpebHaz-
3opa (npotokon Ne 124 ot 24.05.2022).

UcmoyHuk (pUHaHCUpOSBHUﬂ. ABTOpr 3as9BNs0T 00 OTCYTCTBUU BHELLHEro CbI/IHaHCVIpOBaHVIﬂ npun nposegeHUn nc-
cnegoBaHuA.

KoHgbnnukm uHmepecoe. ABTOpbl AEKNapUpYyOT OTCYTCTBUE SIBHbIX U MOTEHLMATbHBIX KOH(IIMKTOB UHTEPECOB, CBSI-
3aHHbIX C NyGnuKaLmeit HacTosILLe CTaTbu.

Ans yumupoeaHus: Hagtoka M.W., NbiceHkos B.I., AmetamHoB M.P., MuwkuH A.A., AdonnHa H.M., Tnockupe-
Ba A.A., Muxeesa N.B., Xacuzos K.®., AkumkunH B.I". M3ydeHune reHeTn4eckoro pasHoobpasmns Bupyca BETPSHOM OCrbl
B OTAenbHbIX pernoHax Poccuickon ®egepaummn npu nOMOLLM BbICOKONPOU3BOAUTENBHOTO CeKBeHUPoBaHus. XKypHan
Mukpobuornozuu, anudemuonoauu u ummyHobuomnoeuu. 2023;100(5):267-275.
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Introduction

Varicella-zoster virus (VZV) is a member of the
Alphaherpesvirinae subfamily, genus Varicellovirus,
of the family Herpesviridae. The characteristic prop-
erties of this subfamily representatives are a short re-
productive cycle, rapid propagation, and effective de-
struction of infected cells. VZV is able to replicate in
a limited range of host organisms, which includes only
cells of human and simian origin. The annual incidence
of varicella zoster (VZ) ranges from 13 to 16 cases per
1,000 people, with significant year-by-year variations.
In countries with temperate climates, the incidence of
VZ, depending on age, is the highest among children of
preschool (14 years) or primary school age (5-9 years)
and amounts to more than 100 cases per 1,000 children
a year. Thus, more than 90% of people become infect-
ed before adolescence, and only a small proportion of
adults (<5-10%) remain susceptible to the disease. In
the tropical climate, the exposure to infection occurs
on average at an older age, with a higher proportion of
infected cases among adults [1, 2].

VZV infection has a pronounced seasonal nature,
with peak incidence occurring in winter and spring,
with outbreaks occurring every 2—3 years. In developed
countries, 5 out of 1,000 patients with VZ are hospi-
talized, and 2-3 cases of the disease per 100,000 in-
fected people are fatal [2]. In the pre-vaccination era,
VZ was a ubiquitous childhood infection in temperate
countries. For example, in the United States, about 98%
of the population was seropositive for VZV by the age
of 20 years.

The first live attenuated vaccine (vOka) against
this pathogen was obtained in 1974 through a series of
passages of a wild-type clinical isolate of VZV (Oka).
Later, this vaccine was improved, resulting in the re-
lease of Varivax (Merck Sharp & Dohme Corp.) [3].
The live attenuated vaccine consists of a mixture of
different VZV genetic variants containing 42 single nu-
cleotide polymorphisms that distinguish vOka from the
parental wild-type Oka strain [2]. Due to the developed
vaccine and the introduction of mandatory vaccination
programs against VZV in different countries, hospital-
ization and mortality caused by VZ among children de-
creased by more than 90% [2, 3].

Varicella-zoster virus genome

Like all herpesviruses, VZV is a double-stranded
DNA virus and has a 125,000-bp genome containing
72 open reading frames (ORFs) comprising 71 genes.
Since the 3 genes are copies of other genes, the genome
contains 68 unique genes. The viral genome consists of
two main coding regions: unique long (U, ) and unique
short (Uy) ones. The U, region is flanked by short
(= 88 bp) inverted repeats TR, and IR , whereas the
U, region is flanked by long (7319 bp) TR, and IR re-
peats. Five regions of the genome contain tandem direct
repeats (R1, R2, R3, R4, and R5), which are short se-

quences with high G + C content [4, 5]. Three of these
repeated sequences (R1, R2, and R3) are located in the
coding region of the ORF 11, ORF14,and ORF22 genes,
respectively, and thus may influence protein functions.
Two copies of R4 are located within the IR and TR re-
peats adjacent to the replication origin point (OriS), and
RS5 is located between ORF60 and ORF61 [5].

VZV genotyping

Until 2008, there was no uniform nomenclature
for VZV typing. Early classification of VZV was based
on the results of restriction fragment length polymor-
phism (RFLP) assay. The RFLP markers involved in
these studies included the ORF38 (Pstl), ORF54 (Bgll),
and ORF62 (Smal) polymorphisms [6, 7]. Thus, most
wild-type strains from the United States and Europe
were characterized as PstI'Bgll; strains distributed in
Asia and Africa — as Bgll*; Oka-like wild-type strains
from Japan — as PstI"/PstI"Bgll*Smal~; vaccine strains
Oka — as PstI'Bgll*Smal™* [7, 8].

Attempts were made to identify VZV variants us-
ing complete genome screening for single nucleotide
substitutions by heteroduplex mobility. This approach
was used to evaluate substitutions in ORF1, ORF21,
ORF50, and ORF54, which allowed identifying 4
major clades (genetic variants), named A, B, C, and
J. Strains from Africa and Asia clustered in clade A,
whereas clades B and C were predominantly com-
posed of European strains. Subsequently, clade J was
added to this genotyping scheme to account for Japa-
nese strains [9, 10].

Another approach to genotyping is based on the
single nucleotide polymorphisms assay in the gene
sequences of 5 glycoproteins (gH, gl, gL, gB, gE), as
well as the main transactivator gene IE62. It allowed
classifying VZV strains into 4 clades: A, B, C, and D.
Clades A and D were represented by isolates selected
in North America and Europe, clades B and C consist-
ed of VZV representatives common in Singapore and
Japan, respectively [11, 12]. It should be noted that al-
though the nomenclature of the clades from this study is
much similar to the nomenclature used in the studies by
W. Barrett-Muir et al. [8, 9], it has no correlation be-
tween the considered typing methods.

More recent phylogenetic analyses including both
complete VZV genomes and their fragments have al-
lowed the attribution of genomic variations to specific
genetic variants and putatively recombinant viruses.
Applying multilocus analysis of polymorphisms in the
genomic sequences of VZV, 3 main genetic variants
(clades) were identified: E (European), J (Japanese),
and M (mosaic) [13]. Subsequently, the M genetic vari-
ant was divided into 4 separate variants: M1, M2, M3,
and M4 [13, 14]. Strains belonging to genetic variants
M1 and M2 were most common in tropical regions, ge-
netic variant E — in temperate latitudes, and genetic
variant J — in Japan. In some studies, a strain with the
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M3 genetic variant was found in the USA, and strains
with the M4 genetic variant were found in Spain and
France [14, 15].

Since the nomenclature of VZV clades/genetic
variants was based on various molecular typing meth-
ods, a new universal nomenclature was introduced in
2008, dividing the genetic variants into 5 major clades
(1-5) with 2 conditional (candidate) clades (VI and VII)
[16] Also, now, in order to isolate VZV into a separate
clade, the latter is required to include at least 2 repre-
sentatives for which complete genome sequences have
been obtained. Otherwise, such a clade is considered a
candidate and is designated by Roman numerals.

By sequencing whole genomes from clinical VZV
specimens collected in Germany, strains belonging to
clades 1, 3, and 5, as well as strains that did not be-
long to any known clade, were discovered. Therefore,
these representatives (1483/2005 and 457/2008) were
allocated to separate candidate clades — VIII and IX,
respectively [17]. Later, during the investigation of
recombination events between the representatives of
different VZV clades, a strain was found that grouped
together with the only representative of clade VI in the
phylogenetic tree. Thus, in 2015, candidate clade VI
was converted to major clade 6 [18]. In 2017, the pre-
viously used VZV genotyping scheme was improved,
which allowed identifying new representatives of can-
didate clade IX (one complete and one partial genome).
However, only one isolate belonging to this clade
(JN704710) was previously identified and described.
The availability of the complete genome sequence of
isolate KY037798 identified in this study met the re-
quirement for conversion of candidate clade IX to ma-
jor clade 9 [19].

As of today, VZV diversity is represented by
8 clades: 7 major clades (1-6 and 9) and 1 candidate
clade VIII; clade VII has become irrelevant due to the
lack of new isolates. The major VZV clades tend to be
geographically confined to specific regions. In partic-
ular, clades 1, 3, and 6 are mainly spread in Europe,
North America, and Australia, clade 2 — mainly in Asia.
Clades 4 and 5 tend to be spread in multiple regions
around the world; clade 5 is the only one reported to
circulate in Africa [20]. Despite the vast amount of in-
formation on VZV clades circulating around the world,
the distribution of VZV clades in Russia is not suffi-
ciently clarified. There is virtually no relevant informa-
tion on this subject in the scientific literature. In China's
northern Xinjiang region, which borders with Russia,
clades 1 and 3 are reported to be dominant [21].

As the first step towards obtaining reliable data
on representatives of various VZV clades circulating
in Russia, we have developed a specific primer panel
that allows VZV typing in accordance with the scheme
proposed by N.J. Jensen et al. [19]. The panel includes
6 pairs of primers covering short (about 200 bp) re-
gions of open reading frames: ORF21, ORF22, ORF

ORIGINAL RESEARCHES

29, ORF38, ORF55, ORF67, which contain 7 single
nucleotide substitutions, the unique compositions of
which make it possible to determine whether the vi-
rus belongs to one of the known clades. Thanks to the
modification of primers by fusing them with Nextera
adapter sequences along with the ability to sequence
the resulting DNA libraries on the Illumina platform
with reagent kits for short reads, it is possible to obtain
typing results within 48 hours. Thus, the developed
primer panel allows reducing financial and time costs
while simultaneously increasing the number of speci-
mens in one run of the device for high-throughput se-
quencing.

The solution that we developed, designed for rapid
screening of a large number of clinical specimens, was
tested on specimens from Moscow, Moscow Region,
and Stavropol Territory, which made it possible to con-
sider the representation of VZV in individual regions of
the Russian Federation as a first approximation.

Materials and Methods

VZV specimens

The study used 75 VZV specimens collected from
June 2022 to July 2023. Clinical specimens of virus-
es were obtained from patients mainly from Moscow
(61 specimens), as well as from the Moscow Region
(9 specimens) and Stavropol Territory (5 specimens).
Biological material was collected after obtaining the
voluntary consent of patients or their representatives.
The study was approved at a meeting of the Local
Ethics Committee of the Central Research Institute of
Epidemiology of Rospotrebnadzor on May 24, 2022
(Minutes No. 124).

Isolation of DNA and obtaining fragments
of VZV genomes

The viral DNA was extracted from clinical speci-
mens using a Ribo-PREP reagent kit (AmpliSens). The
resulting DNA was then used as a template for PCR in
order to amplify fragments of the VZV genome. Re-
gions of open reading frames (ORF21, ORF22, ORF
29, ORF38, ORF55, ORF67) containing discriminating
mutations, according to which it is possible to perform
VZV typing, were obtained using a developed set of
primers (Table 1) mixed into a pool (Table 2).

Amplification was carried out in 25 pl of reaction
mixture with the following composition: 10 pl PCR-
mix-2 blue (AmpliSens), 1.8 pul of 4.4 mM deoxynu-
cleoside triphosphate (AmpliSens), 1 ul of primer mix-
ture, 5 ul of DNA template; the reaction mixture was
brought to the required volume with H,O mQ. For am-
plification, the following time and temperature protocol
was applied: 95°C for 2 min; then 40 cycles: 95°C for
15 s, 60°C for 30 s, 72°C for 1 min; final elongation:
72°C for 3 min. The target fragments of VZV genomes
were identified by ethidium bromide fluorescence in
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1.7% agarose gel. The results of electrophoretic analy-
sis were visualized using GelDoc EZ (Bio-Rad).

Preparation of libraries for sequencing

The PCR product was purified from the reaction
mixture using AMPureXP beads (Beckman Coulter)
in a ratio of 1 : 0.8 (specimen : particles). The prim-
ers used to amplify VZV genome segments are modi-
fied by fusing them with Nextera adapters (Illumina),
resulting in the amplicons being flanked by specific
sequences that facilitate preparation of the libraries.
Barcoding was performed using 10 pl of PCR-mix-2
blue (AmpliSens), 1 pl of EvaGreen (Biotium) as a
fluorescent intercalating dye, 2 pl of each barcode
(5 pmol) and 8 pl of purified PCR product. The follow-
ing time and temperature protocol was used for barcod-

Table 1. List of primers used to amplify VZV genome fragments

ing: 98°C for 30 s; 12 cycles: 98°C for 10 s, 65°C for
1 min 15 s. The DNA concentration after barcoding
was measured on a Qubit 4.0 fluorimeter using the
Qubit dsDNA HS Assay Kit (Thermo Fisher Scien-
tific). The finished libraries were pooled and purified
using AMPureXP magnetic beads (Beckman Coulter).
The lengths of the finished libraries were identified
using a 2100 Bioanalyzer automated electrophoresis
system (Agilent Technologies).

Sequencing of VZV libraries

Sequencing was carried out on the [llumina MiSeq
platform using the MiSeq Reagent Kit v2 (300 cycles)
and MiSeq Reagent Kit v3 (600 cycles). At the same
time, less than 0.5% of the MiSeq run was allocated to
one specimen.

Primer Primer sequence with Nextera adapter sequence (5'—3')
VzZV_1_fwd TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGgcggttttaacttcacaatgtaat
VZV_1_rev GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGctcatctggacgaagcca
VZV_2.2_fwd TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGttacccacaagcacgtcag
VZV_2.2_rev GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGtcatcaaaccatgttaaccctc
VzV_3_fwd TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGaatatgttacggggacctttga
VZV_3 rev GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGcaaacaccccaataggttga
VzZV_4 fwd TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGgccatataccgcaacaactg
VZV_4 rev GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGcctcgccataaagcecactac
VzZV_5_fwd TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGccaccacggtggactatg
VZV_5 rev GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGgaggagaccgtacgcga
VZV_6_fwd TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCtttgatcttcaagggcgac
VZV_6_rev GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGcgctatagtttgtcccggt

Note. Capital letters indicate Nextera adapter sequences fused to primers (indicated in lower case letters).

Table 2. Composition of the mixture of primers for VZV typing

Primer Primer concentration in mix, pmol/ul Concentration after 2-fold dilution, pmol/uL
VzZV_1_fwd 10,7 5,35
VZV_1_rev 10,7 5,35
VzV_2.2_fwd 7,1 3,55
VZV_2.2_rev 71 3,55
VZV_3_fwd 10,7 5,35
VZV_3_rev 10,7 5,35
VZV_4_fwd 9,5 4,75
VZV_4_rev 9,5 4,75
VZV_5_fwd 7,1 3,55
VZV_5_rev 71 3,55
VZV_6_fwd 47 2,35
VZV_6_rev 47 2,35
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Determination of DNA sequences and genetic variants
of specimens

After receiving “raw” data from the device,
DNA reads were trimmed from the above-described
primer sequences using the fastp 0.23.0 software tool
[22]. Next, using bwa 0.7.17 [23], the reads were
aligned (“mapped”) to the reference sequence of vi-
rus NC 001348.1, sorted and indexed using samtools
1.15.1 [24]. The resulting alignments were presented
as draft genome assemblies using samtools 1.15.1 and
an in-house script, and then remapped using MAFFT
v7.490 [25] to obtain final assemblies (consensus se-
quences).

According to the above-mentioned nomenclature
of viral clades [19], successful genotyping needs only 7
positions, the combination of variations (single-nucleo-
tide substitutions) in which indicates a particular clade
(Table 3). The primers that we constructed (Table 1) are
designed to include these variations.

Results

The primer panel that we developed, described in
the previous section, covers short segments of 6 open
reading frames: ORF21, ORF22, ORF29, ORF38,
ORF55 and ORF67, which contain single-nucleotide
substitutions that are targets for VZV typing. Using this
panel, we sequenced clinical specimens of VZV ob-
tained from patients from Moscow, Moscow Region,
and Stavropol Territory. The resulting open reading
frame segment sequences were sequenced on an I[llumi-
na MiSeq device with an average coverage of approx-
imately 10*. The minimum coverage for each segment
was approximately 300 reads. Consensus sequences
were obtained by processing the raw sequencing data
using previously described publicly available bioin-
formatics tools and an in-house script. The assembled
consensus sequences were used as input to the deve-
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Representation of various clades of VZV in the Russian
Federation

loped algorithm that performs VZV genotyping based
on discriminatory mutations. Using this genotyping al-
gorithm, we found that 17 specimens (22.67% of the
total number of analyzed sequences) belonged to clade
1, 42 specimens (56%) belonged to clade 3 (Figure), 13
(17.33%) specimens belonged to clade 5. In addition,
among all sequenced specimens, we identified single
cases of infections caused by VZVs of clade 2 (1.4%),
4 (1.4%), and 9 (1.4%) (Figure).

Discussion

In this study, we developed and optimized a
technique for rapid typing of a large number of VZV

Table 3. The genotyping scheme proposed by N.J. Jensen et al. [19] (adapted)

Position in NC_001348.1 33725 37902 38055 52365 69424 98437 114639
ORF 21 22 22 29 38 55 67
Clade 1 A T C G T
Clade 2 C C G C T
Clade 3 Cc A
Clade 4 Cc A
Clade 5 C A
Clade 6 C A
Clade VIII C A
Clade 9 C A

Note. The least common “discriminatory” variants are highlighted in black.
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specimens. Moreover, using the described genotyping
protocol, we obtained primary data on the VZV clades
that have become widespread in Moscow, Moscow Re-
gion, and Stavropol Territory. Using next-generation
sequencing technologies, we found that in the regions
under consideration, viruses belonging to clades 1, 3,
and 5 have become widespread. Also, we found single
specimens belonging to clade 2, clade 4, and clade 9,
which, compared to other clades, are a minor part of
VZVs circulating in these regions of the Russian Fed-
eration. It is worth clarifying that the resulting picture
of the distribution of clades is the most plausible for
Moscow, since the largest number of clinical specimens
were obtained from this region of the Russian Federa-
tion. In the future, if appropriate, it is planned to both
increase the total number of specimens from the re-
gions considered in this study and include other regions
of Russia in the study.

At the moment, the data obtained as a result of
our study only allow us to assume a largely similar pic-
ture of the distribution of VZV representatives in the
studied regions of the Russian Federation and in Euro-
pean countries [20], and also correspond to the earlier
reported data on circulating VZV clades in the region of
China bordering Russia [21]. However, in the studied
regions, apparently, a significantly larger proportion is
occupied by viruses belonging to clade 3; in addition,
the percentage of representation of clade 5 viruses in

these regions of the Russian Federation is also higher
than in European countries.

Conclusion

VZV, the etiologic agent of varicella and herpes
zoster, is divided into several clades characterized by
distinct genetic properties. We have successfully used
next-generation sequencing technique to genotype
VZV, which includes a custom primer panel and ge-
notyping algorithm, an approach that can speed up the
data collection process and reduce specimen prepara-
tion costs, especially when increasing the number of
specimens per sequencing run. Using this methodology,
we found that VZV clades 1, 3, and 5 predominated in
Moscow, Moscow Region, and Stavropol Territory. The
identification of these VZV clades provides valuable
epidemiological data useful for shaping public health
strategies and lifts the veil off the prevalence of VZV
clades in some regions of the Russian Federation.

Note that this study is a “pilot” one and is most-
ly methodological in nature. It is also worth mention-
ing that in this study we demonstrated the prevalence
of VZV clades only for 3 of the many regions of the
Russian Federation, thus, the issue of the global repre-
sentation of various virus clades in our country remains
open, and therefore future research should be continued
and expanded in order to form a reliable picture of the
distribution of VZV clades in Russia..
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