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Abstract

Introduction. Since early May 2022, more than 90,000 cases of monkeypox virus infection have been reported
in more than 70 countries around the World. This is the largest outbreak of monkeypox ever recorded outside of
Africa.

The aim of the study is to confirm the first case of monkeypox in Russia, to isolate and sequence a new strain of
monkeypox virus (MPXV), and to assess its sensitivity to the 7-[N-(4-trifluoromethylbenzoyl)-hydrazinocarbonyl]-
tricyclo-[3.2.2.072,4]non-8-en-6-carboxylic acid (NIOCH-14) antipox drug.

Materials and methods. The biological materials obtained from the affected area of the skin (contents of vesicles),
a nasopharyngeal smear, sputum and venous blood from a patient with suspected monkeypox were used. The
disease was confirmed by PCR followed by determination of the nucleotide sequence of viral DNA by sequencing.
Isolation of the new MPXV strain from clinical samples was carried out in Vero E6 cells. The antiviral effectiveness
of NIOCH-14 against the new MPXV strain was assessed using an adapted spectrophotometric method.
Results. A diagnostic study of the biological samples of a patient who returned from a tourist trip to European
countries with complaints of skin rashes all over the body revealed MPXV DNA. A new strain of MPXV was
isolated from vesicles in Vero E6 cells, and the genomic sequence MPXV-pustule S45 was assembled using
high-throughput parallel sequencing (NGS).

Discussion. The effectiveness of the finished dosage form of NIOCH-14 against the new strain of MPXV based
on the results of determining the 50% virus inhibitory concentration (IC, ) was 0.02 pg/mL, and the selectivity
index (SI) was > 15,000.

Conclusion. In this study, the pathogen of monkeypox was detected and identified using real-time PCR, NGS
and electron microscopy, and the first imported case of this disease in Russia was confirmed. It has been proven
that the drug NIOCH-14 exhibits high antiviral activity in vitro against the new MPXV strain.
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XapakTepuncTukmn nsonsarta Bupyca ocnbi 06e3bsH, NOyYEHHOro
OT nepBoro 3abonesLwero B Poccum, n ero 4yBCTBUTENIbHOCTb

K 7-[N-(4-TpudropmetnnbeHsonn)-rugpasnHokapb6oHun]-
TPNUMKNo-[3.2.2.0A2,4]HOH-8-eH-6-KapOOHOBOI KNCNOTE
OBumnHHMKoBa A.C.*, OgHowesckuin [1.A., Ka6baHoB A.C., bogHeB C.A., MbaxHkos O.B.,

OcbkuHa O.M., CuBan M.B., becnanos A.B., Tpery6uak T.B., LUnwkuxa J1.H.,
TapaHoB O.C., 3onuH B.B., CepreeB A.A., Ara¢poHoB A.I.

[ocypapcTBEHHbIV HayUHbI LEHTP BUpyconorum n buotexHonorum «Bektop», Konbuoso, Poccmsa

AHHOMauus

BeeaeHue. C Havana mas 2022 r. 6bino 3apermctpmposaHo 6onee 90 ThiC. cnyvaeB 3apaXeHUs BUPYCOM OCTbI
obesbsiH (BOO) B 6onee yem 70 cTpaHax Mupa. OTO camast KpyrnHasi U3 3apermcTpypoBaHHbIX BCMbILLEK OCMbI
06e3bsH, BbilLeawas 3a npegensl AQpuKm.

Llenb paboTel — nogTBepxaeHvWe nepeoro criyyas ocnbl 06e3bsH B Poccun, BbigeneHne n cekBeHMpoBaHue
usonata BOO, a Takke oueHKa ero 4yBCTBUTENbHOCTU K MPOTMBOOCNEHHOMY npenapaty — 7-[N-(4-TpucTopme-
Tun6eH3oun)-ruapasmHokap6oHun]-Tpuumkno-[3.2.2.042,4]HoH-8-eH-6-kapboHoBon kucnote (HNOX-14).
MaTtepuanbl u metoabl. B paboTe vcnonb3oBanu Guonormyeckme marepuarnsl, NOMyYEHHbIE U3 MOPAXKEHHOIO
yyacTka Koxu (cogepXvmmoe Be3uKyr), Maska 13 HOCOIMOTKM, MOKPOTbI M BEHO3HOW KPOBM NaumeHTa ¢ Nofo-
3peHMeM Ha ocry obe3bsiH. 3abonesaHue noaTBepXAanyM MeEToaoM nonmmepasHon uenHon peakuun (MUP) ¢
nocneayoLwmm onpegeneHmemM HykneoTuaHom nocregoBatenbsHoCcTu BupycHon AHK meTtogom cekBeHMpoBaHus.
Ltamm BOO u3 knuHmnyeckmx obpasuoB BblAensnm B kynstype knetok Vero E6. MNpoTuBoBUpycHyto agpdekTms-
HocTb HNOX-14 B oTHoweHnn usonata BOO oueHuBanu ¢ ucnonb3oBaHMeM aganTUPOBaHHOIO CNeKTpodoTo-
METPUYECKOro MeToaa.

Pesynbratbl. [lnarHoctnyeckoe ncenegosaHme uonormyeckmx o6pasos naumeHTa, BepHyBLUEroCcs U3 TypUCTu-
YecKoW Moes3aKM No eBPONENCKUM CTpaHaMm, C xanobamm Ha KOXHYH0 Cbilb MO BCEMY Teny BbisiBUIO B HUX OHK
BOO. N3onat BOO 6bin BbligENEH N3 COAEPKMMOrO BE3UKYIbI B KyNbTYpe KIeToK, reHeTnyeckasi nocrneaoBarenb-
HocTb MPXV-pustule S45 6bina cobpaHa no pesynsratam NpoBeAeHNs BbICOKOMPOM3BOAUTENBHOIO Naparnnenbs-
HOro CEKBEHMPOBAHUS.

O6cyxaeHune. OpHeKTMBHOCTb NPOTUBOBUPYCHOIO OENCTBMSA roTOBON nekapcTBeHHon dopmbl HAOX-14 B oT-
HoLleHun Hosoro WwTtamma BOO no pesynsratam onpeaenennst 50% BUPYCUHIMOMPYIOLLIEN KOHLEHTpaLum cocTa-
Buna 0,02 mkr/mn, nHaekc cenektmsHoctn — > 15 000.

3aknwoyeHue. B HacToswem nccnegosaHun metogamu MNMUP B pexnume peanbHOro BpeMeHu, CEKBEHMPOBAHUS
N 3NEKTPOHHOWM MUKPOCKOMNMM BbiN BbIABNEH U naeHTUdULMpoBaH Bo30yanTenb ocnbl 06e3bsiH, U3 KIMHUYECKOro
obpasua (cogepkmmMoe Be3nkyn) Ha Kynetype knetok Vero E6 6bin BeigeneH mnsonat BOO u, tTakum obpasom,
noaTBEPXKAEH NEePBbIV 3aBO3HON crnyyan ocnbl 06e3bsiH B Poccnu. beino gokasaHo, yto npenapat HNOX-14 npo-
SABMSAET BbICOKYIO MPOTUBOBUPYCHYIO aKTUBHOCTD in Vitro B OTHOLLEHWM BbiaeneHHoro nsonsata BOO.

KnioueBble cnoBa: supyc ocribl 06e3b5H, 2eHOMHOE CeK8eHUpo8aHUe 8UPYCO8, NMonumMepasHas UyernHasi peak-
yusi, yumonamuyeckut aghgpbekm, npomusosupycHasi akmueHocms, HUOX-14

Amuyeckoe ymeepxdeHue. VlccneqoBaHve npoBoaMnocs Npy Ao6poBONLHOM MHPOPMMPOBAHHOM COrnacuy nauu-
eHTa. MpoTokon nccnenosaHust ogobpeH Tudeckum kommtetom MHL| BB «Bektop» (mpoTtokon Ne 5a ot 21.07.2022).

HNcmoyvHuk gpuHaHcupoeaHusi. ABTOpPbI 3asiBMSAOT 06 OTCYTCTBUM BHELUHETO (hUHAHCUPOBAHWS MPW NPOBEAEHUN UC-
cnenoBaHus.

KoHgbnnukm uHmepecos. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHbIX M MOTEHUManbHbIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX C Nybnukauuen HacTosILLen cTaTbu.

Ansi yumupoeaHus: OsunHHUkoBa A.C., OgHowesckun [.A., Kabarnos A.C., BogHeB C.A., MbsiHkoB O.B., Ocbku-
Ha O.MN., Cueait M.B., Becnanos A.B., Tpery6uak T.B., lUnwknHa N.H., TapaHoe O.C., 3onuH B.B., Ceprees A.A,,
AracboHoB A.T1. XapakTepucTukm nusonsta Bupyca ocrnbl 06e3bsiH, NoryyYeHHOro ot nepeoro 3abonesLwero B Poccuum,
W ero YyBCTBUTENbHOCTb K 7-[N-(4-TpucTopmeTunbeHsounn)-rmapasnHokap6oHun]-Tpuumnkno-[3.2.2.02,4]HoH-8-eH-6-
kapboHoBoN kucnote. XKypHan Mukpobuonoauu, anudemuono2uu u ummyHobuonoauu. 2024;101(6):748-757.
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Introduction

More than 60 years have passed since the discov-
ery of the causative agent of a particularly dangerous
zooanthroponous viral infection in humans, the mon-
keypox virus (MPXYV), which belongs to the same Or-
thopoxvirus genus (Poxviridae family) as the smallpox
virus and is highly lethal in humans (up to 17%) [1-3].
MPXYV genomic sequencing has shown the existence
of two branches of this virus: The West African clade
and the Central African (Congo Basin) clade, each of
which causes the MPXV disease, but the West African
clade virus is considered less dangerous [4, 5]. Since its
discovery, the disease has been endemic only to Central
and West Africa [6-8]. However, since the beginning
of May 2022, monkeypox has spread far beyond the
African continent, prompting the World Health Orga-
nization to declare the 2022 outbreak a public health
emergency of international concern'. Monkeypox is
now spreading globally, with more than 90,000 infec-
tions already reported in more than 70 countries around
the world. This is the largest outbreak of monkeypox
ever seen in Africa and beyond.

Smallpox drugs play an important role in the
control of monkeypox. A new specific drug for the
treatment of monkeypox, Tecovirimat [9], an inhib-
itor of the viral protein VP37, has been approved in
Europe, the United States, Canada, and several other
countries. This drug is currently widely used for the
therapy of this disease [10], but data on the identifi-
cation of resistant MPXYV variants to this drug have
emerged [11-13]. The drug 7-[N-[N-(4-trifluorometh-
ylbenzoyl)-hydrazinocarbonyl]-tricyclo-[3.2.2.0"2,4]
non-8-en-6-carboxylic acid (NIOCH-14), which has a
similar mechanism of action as Tecovirimat, has been
registered in Russia [14].

Human monkeypox is no longer a rare disease and
represents a public health problem, so it is important
to have access to registered drugs that can effectively
counteract this disease.

The aim of this study was to confirm the first re-
ported case of MPXV in Russia, to isolate and sequenc-
ing an isolate of MPXYV, and to assess its sensitivity to
the domestic anti-monkeypox drug NIOCH-14.

Materials and methods
Cell culture
The Vero E6 cell culture obtained from the collec-
tion of cell cultures of the State Scientific Center of Vi-
rology and Biotechnology "Vector" was used. DMEM
medium in the presence of 2% fetal bovine serum sup-
plemented with penicillin (100 IU/mL) and streptomy-

! Multi-country monkeypox outbreak: situation update. World
Health Organization, June 17, 2022. URL: https://www.who.int/
emergencies/disease-outbreak-news/item/2022-DON393
Multi-country monkeypox outbreak: situation update. World
Health Organization, June 27, 2022. URL: https://www.who.int/
emergencies/disease-outbreak-news/item/2022-DON396
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cin (100 pg/mL) was used as a maintenance medium
for MPXYV cultivation.

Patient, test samples

The patient was a male, 28 years old, with clin-
ical signs of monkeypox, from whom material from
the affected skin (contents of vesicles), nasopharyngeal
swab and sputum, and venous blood was collected for
the work. The study was conducted with voluntary in-
formed consent of the patient. The study protocol was
approved by the Ethical Committee of the State Sci-
entific Center of Virology and Biotechnology "Vector"
(protocol No. 5a dated 21.07.2022).

The work with MPXV was carried out at the
Laboratory of Biosafety Level 4 of the State Scientific
Center of Virology and Biotechnology "Vector".

Isolation, titration and culture of monkeypox virus

The sample with vesicle contents was diluted in
0.5 mL of DMEM medium supplemented with penicil-
lin (100 IU/ml) and streptomycin (100 pg/mL) before
addition to the Vero E6 cell culture monolayer. Venous
blood, nasopharyngeal swab and sputum samples were
used without additional dilution with medium before
application to the cell monolayer. Supernatant of sam-
ples obtained after centrifugation at 700g for 10 min
was added 50 pL to the wells of a 96-well plate with
Vero E6 cell culture monolayer. The plates were incu-
bated at 37°C under 5% CO, conditions and the appear-
ance of cytopathic effect was monitored daily. Culture
medium from the wells with the disrupted monolayer
(passage 1) was collected and transferred to T-25 vials
with the pre-grown Vero E6 cell culture monolayer for
further incubation at 37°C. When 80% cytopathic effect
was reached in the cell monolayer, the vials were fro-
zen/thawed 3 times and the resulting virus-containing
suspension was clarified by centrifugation at 1200g for
10 min (passage 2). The virus-containing suspension of
passage 2 was titrated by the plaque method in 24-well
plates with Vero E6 cell culture monolayer and used for
viral DNA extraction and subsequent analysis using
high-throughput sequencing.

Obtaining whole genome nucleotide sequences

MPXV DNA was isolated from source material by
phenol-chloroform method?.

The concentration of viral DNA was measured us-
ing the Qubit dsDNA HS Assay Kit (Qubit 3.0, Thermo
Fisher Scientific), then the solution was used to prepare
libraries for high-throughput sequencing on the [llumina
platform. The Y-adapter ligation method (Illumina) was
used to prepare libraries. Sequencing was performed on

2 Organization of laboratory operations using nucleic acid
amplification methods when working with materials containing
microorganisms of pathogenicity groups I-IV: methodological
guidelines. Moscow; 2010. 51 p.
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a MiSeq sequencer (Illumina) using the MiSeq Reagent
Kit v2 (500-cycles) sequencing kit (Illumina).

Testing samples for the presence of MPXV DNA

Confirmatory diagnostic testing was performed
using a reagent kit for detection of genetic markers
(DNA) of orthopoxviruses, including MPXYV, by re-
al-time polymerase chain reaction (QPCR) using the
Vector-MPCR rv-Ospa reagent kit for detection of
DNA of smallpox, monkeypox, cowpox, and vaccin-
ia viruses with hybridization-fluorescence detection
in real time (Vector-MPCR rv-Ospa) (Vector, RZN
No. 2016/3685).

Tested drug, inhibitor of orthopoxvirus replication

The domestic drug against MPXV NIOCH-14,
series 010919, was used in the study [14].

Method for determination of antiviral activity
of the preparation NIOCH-14 in vitro

Cytotoxicity and antiviral efficacy of NIOCH-14
(series 010919) were evaluated using the colorimetric
method [15]. The wells of 96-well plates containing
a monolayer of Vero E6 cells (~40 thousand cells per
well) were firstly filled with 100 uL of serial dilutions
of solutions prepared from the finished dosage form of
NIOCH-14. Then 100 pL of MPXV dilution was add-
ed at a dose of 800 BOU/well (multiplicity of infec-
tion ~ 0.02 viral particles per cell), causing 100% cell
destruction in the control monolayer without the drug,
which occurs when cells are incubated with the virus
6 days after infection®’. The cytotoxic activity of the
drug was determined by its effect on cell destruction in
the wells of the plate in which the virus was not intro-
duced. Monolayers of cells in the wells of the plate, in
which the virus was introduced without the drug (virus
control) and monolayers of cells in the wells in which
neither the virus nor the drug was introduced (cell con-
trol) were used as controls.

The capsule of the finished dosage form of the
preparation NIOCH-14 was opened, the contents were
poured into a vial. 10 mL of dimethyl sulfoxide was ad-
ded to the contents of the capsule. The resulting solution
was mixed in equal volumes with the nutrient medium
with antibiotic. To evaluate cytotoxicity against Vero
E6 cell culture and antiviral activity against MPXYV,
serial 3-fold dilutions of the drug were prepared, 8 di-
lutions were used starting from a concentration of 600
pg/mL. To evaluate the antiviral activity of the drug, 8
dilutions starting from 2 pg/mL were used.

NIOCH-14 dilutions were added in the volume of
100 pL into the wells of 96-well plates with cell culture.

3 Sergeev A.A., Kabanov A.S., Bulychev L.E., et al. Method for
evaluating the activity of therapeutic and prophylactic agents
against the smallpox virus. Patent 2522483 RF (A61K 35/76,
A61P 31/12, C12N 7/00).

After incubation at 37°C for 2 h (prophylactic scheme),
100 pL of culture medium was added to the wells to
assess cytotoxicity, and 100 pL. of MPXYV dilution was
added to assess antiviral activity. As a result, the total
volume of liquid in each well was 200 pL, the initial con-
centration of the drug in the wells for cytotoxicity was
300 pg/mL, and for antiviral activity was 1.00 pg/mL.

After 6 days of incubation at 37°C, the cell mono-
layer was stained with neutral red dye for 2 hours. Af-
ter removing the dye and washing the wells from its
unbound fraction, 0.1 mL of lysing buffer was added
to release the dye from the absorbed cells. The opti-
cal density of the resulting solution, which depends
on the number of cells in the monolayer that were not
destroyed by the drug or virus, was measured using
an Emax spectrophotometer (Molecular Devices) at a
wavelength of 490 nm. Using the SoftMax 4.0 program
(Molecular Devices) we calculated the 50% toxic con-
centration (TC,, png/mL) of the drug, at which 50% of
cells in the uninfected monolayer are destroyed, and
50% inhibitory concentration (IC,, pg/mL) of the drug,
at which 50% of cells in the infected monolayer are not
destroyed (remain viable). Based on TC, and IC,
the selectivity index (SI) of the drug was determined:
SI=TC,/IC,,.

Electron microscopic examination

MPXV-infected Vero E6 cells were separated us-
ing a rubber spatula and fixed in an equal volume of
8% paraformaldehyde solution for 1 day. After centrif-
ugation (1500 rpm, 10 min) and washing three times,
the precipitate was further fixed with 1% OsO, solution.
Dehydration, impregnation and casting in epon-araldite
mixture were performed according to the generally ac-
cepted method. Ultrathin sections were prepared on a
microtome (Reichert-Jung), stained with uranyl acetate
and lead citrate. Sections were examined in a JEM 1400
electron microscope (Jeol). Photography and image
analysis were performed using a Veleta digital camera
and iTEM software package (SIS).

Statistical and bioinformatics analysis of data

MPXYV titer data were presented as mean value
and its standard deviation (n = 4).

Bioinformatics analysis of virus fragment se-
quences was performed using MIRA v. 4.9.6, BWA
v. 0.7.15, IGV v. 4.9.6, BWA v. 0.7.15, IGV v. 2.3.78,
Samtools v. 1.3.1, Bcftools v. 1.62, SnpEff v. 5.2.
Whole-genome sequence alignment was performed
using the MAFFT algorithm v. 7.505. The MPXV ge-
nome MPXV-M5312 HM12 Rivers (NC _063383.1),
belonging to the West African clade, was used as a ref-
erence nucleotide sequence. A phylogenetic tree was
constructed using the neighbor-joining method (I1Q-
Treev.2.1.4, GTR+G+I nucleotide substitution model)
using Orthopoxvirus reference (RefSeq) sequences
(n = 9). In addition, all MPXV sequences available
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by July 2024 from samples collected between Janu-
ary 2018 and August 2022 were downloaded from the
GISAID database. The total number of sequences used
for analysis was 2,289. Genome regions with missing
positions in the sequence analyzed were excluded from
the analysis.

Results

Detection of MPXV in clinical samples

The study was conducted with clinical specimens
obtained from a citizen of the Russian Federation who
returned from a tourist trip to European countries —
Spain, Portugal, etc. (where at that time there was an
increase in the incidence of monkeypox. A few days
after his return from abroad (08.07.2022), the patient
went to a medical institution with complaints of a rash
all over his body. Based on clinical symptoms and
epidemiologic analysis, the patient was suspected to
have monkeypox. Nasopharyngeal swab and sputum,
as well as the contents of vesicles collected from the
patient upon his admission to the medical institution
and transferred to the laboratory of the State Scientif-
ic Center of Virology and Biotechnology "Vector" for
PCR examination were positive for MPXV DNA con-
tent, which confirmed the diagnosis of monkeypox. At
the same time, MPXV DNA was not detected in the
patient's venous blood sample also submitted for test-
ing (Table).

MPXV DNA from patient samples was subjected
to high-throughput sequencing and subsequent bioinfor-
matics analysis. The genomic sequence MPXV-pustule
S45 (sequence number vect2SM413009in the VGARus
database) was assembled based on the reads obtained
from sequencing of MPXV DNA isolated from the pa-
tient's clinical material. The length of the obtained se-
quence was 197,203 bp (98.77%), the average depth of
coverage was 11.72, the number of undecoded nucleo-
tides was 3,346, and the total number of reads per target
genome was 27,168.

Phylogenetic analysis of the MPXV-pustule S45
sequence (Fig. 1) showed that the studied MPXV
isolate belongs to genetic clade IIb, lineage B.1. The
MPXYV sequences isolated in 2022 from patients from
the USA, Peru, and Western European countries (Ger-
many, Portugal and Ireland) are the most genetically
similar to the investigated sample.

ORIGINAL RESEARCHES

Analysis of the nucleotide sequences of
MPXV-pustule S45 in comparison with the MPXV
reference sequence NC _063383.1 showed the presence
of 66 nucleotide substitutions, 32 of which are missense
mutations, and one substitution leads to a frameshift
(gene OPGO55). Furthermore, the MPXV-pustule S45
sequence examined contains an E353K mutation in the
F13L protein (OPG057 gene, genomic position 39139).
However, no mutations causing resistance to Tecoviri-
mat were detected when analyzing MPXV-pustule S45.

Isolation of monkeypox virus in cell culture

To isolate viable MPXV from clinical samples,
samples with the contents of vesicles from a diseased
person were used. Two days after inoculation of Vero
E6 cell culture, a slight change in cell morphology was
observed in comparison with uninfected control cell
culture, which became manifest as cytopathic action on
the 5th day after infection. Two consecutive passages
were carried out to develop a working virus stock and
deposit it in the State Collection of Viral Infectious Dis-
eases and Rickettsioses Pathogens, functioning at the
State Scientific Center of Virology and Biotechnology
"Vector", as St. Petersburg-22 MPXYV strain. The efflux
titer of the virus in the culture fluid was 5.9 £ 0.3 log10
BOU/mL.

Electron microscopic examination

A sample of Vero E6 cells infected with the St. Pe-
tersburg-22 MPXYV strain was examined using electron
microscopy (Fig. 2).

Ultrastructural analysis of infected cells showed
the presence of orthopoxvirus-specific viral factories,
which after 48 h occupied most of the cytoplasm of
infected Vero E6 cells. Viral particles, typical for or-
thopoxviruses, 48 h after infection of Vero E6 cells,
were present at all stages of their formation cycle, with
mainly immature virions predominating. At the same
time, 72 h after infection of Vero E6 cells, mature viral
particles were predominantly observed.

Antiviral activity of NIOCH-14 in in vitro experiments

The St. Petersburg-22 strain of MPXV was used
to evaluate the antiviral efficacy of NIOCH-14. The re-
sults are presented in Fig. 3.

The TC,, for NIOCH-14 was > 300 pg/mL
(> 731 pM) and the IC, of NIOCH-14 for the St. Pe-

Presence of MPXV DNA in samples tested with the Vector-MPCR rv-Ospa reagent kit

Sample type Indicator Study results
Vesicle contents MPXV DNA Found, Ct =19.72
Nasopharyngeal swab and sputum MPXV DNA Found, Ct=16.18
Venous blood MPXV DNA Not found, Ct > 40*

Note. *According to the manufacturer's instructions, a Ct value > 40 is considered a negative test result.
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Clade llb
Sequences of Mpox, 2018-2022

rthopoxvirus reference sequences

hMp
hMpxV/Germany/un-RKI-216/2022
1 hMpxV/Peru/ARE-INS-135/2022
| hMpxV/Peru/ARE-INS-140/2022

+ hMpxV/USA/OH-CDC-0003/2022
| hMpxV/USA/WA-UW-088353/2022
| hMpxV/USA/OH-UW-085672/2022
hMpxV/USA/WA-UW-0135/2022
hMpxV/Peru/LIM-INS-020/2022

ny/un-RKI-198/2022

hMpxV/USA/CA-CDPH-000009/2022
hMpxV/USA/CA-LACPHL-MA00091/2022

hMpxV/USA/CA-LACPHL-MA00050/2022

f [ hMpxV/Germany/un-RKI-547/2022
|'* hMpxV/Portugal/INSA-PT0018/2022
hMpxV/Peru/ICA-INS-193/2022
‘ hMpxV/Netherlands/un-EMC-NL074/2022
hMpxV/Ireland/D-NVRL-Z22IRL00145/2022
—— hMpxV/USA/NC-CDC-0006/2022
hMpxV/Portugal/INSA-PT0549/2022

MPXV-pustule_S45

Fig. 1. Phylogenetic tree constructed using the maximum likelihood method.

Mpox sequences loaded from GISAID are highlighted on the circular cladogram. The position of the investigated sequence MPXV-pustule_
S45 and its closest sequences is circled. A detailed cladogram is given.

Fig. 2. Vero E6 cells infected with a new St. Petersburg-22 MPXV strain.

a, b — 48 h after infection, the viral factory occupies most of the cell cytoplasm; viral particles are represented at all stages of the formation
cycle (arrows); immature virions are prevalent (image b).
Images c—e — 72 h after infection, image ¢ shows the prevalence of mature viral particles (arrows). In image d, the arrow indicates
an immature viral particle. Image e shows the typical morphology of a mature orthopoxvirus virion.

tersburg-22 strain of MPXV was 0.016 + 0.009 png/mL
(0.039 £ 0.009 uM), whereas the SI was > 18,750.

Discussion

The monkeypox outbreak, which has been de-
clared a public health emergency of international con-

cern by WHO, has been spreading globally since early
May 2022, affecting predominantly men who have sex
with men. Cases have been reported in more than 70
countries worldwide, posing a public health threat of
international concern. According to WHO recommen-
dations, laboratories use samples from skin lesions,
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Fig. 3. Diagram of cytotoxicity (TC,, > 300 ug/mL) and antiviral activity of the finished dosage form of NIOCH-14 against
the St.Petersburg-22 MPXV strain (IC,, = 0.02 pg/mL) in Vero EG cell culture (SoftMax 4.0 program).

On the X-axis — drug concentration (ug/mL) in logarithmic scale of measurement; on the Y-axis — optical density (optical density units)
in linear scale of measurement.

pharyngeal and nasopharyngeal swabs and blood for
diagnostic tests®. In this case, the virus is detected most
often in samples from skin lesions and less often in
blood, which is probably due to the fact that viremia
occurs during a very early and short period of infec-
tion and usually blood contains less virus than skin le-
sions [16]. Examination of samples (nasopharyngeal
swabs, sputum, and vesicle contents) obtained from
the first monkeypox patient registered in Russia also
allowed us to detect MPXV DNA in nasopharyngeal
swabs, sputum and vesicle contents, and to isolate a vi-
able virus culture only from vesicle contents, while no
virus was detected in the blood sample.

Sequencing data analysis of MPXV-pustule S45
sequence of the St. Petersburg-22 MPXYV strain showed
that it belongs to genetic clade IIb, lineage B.1. The ge-
nome of the St. Petersburg-22 strain is closely related to
19 MPXYV isolates detected in summer and fall of 2022
in different countries.

According to studies, it is known that a person
usually becomes infectious after the onset of disease
symptoms [17]. However, recent studies on the spread
of MPXYV have established cases of virus excretion by
patients without symptoms of the disease [18]. Thus,
the infection of the first monkeypox patient in Russia,
given that the incubation period of the disease can be up

4 World Health Organization. Laboratory testing for the monkeypox
virus. Interim guidance. URL: https://apps.who.int/iris/rest/
bitstreams/1425052/retrieve (data of access: 23.05.2022).

to 3 weeks, could have occurred through contact with
both an asymptomatic patient and a previously ill pa-
tient, since the virus can be excreted with seminal fluid,
oropharyngeal and anogenital secretions of the patient
for some time after the disappearance of symptoms
[19]. This is supported by the fact that contact with a
monkeypox patient with a pronounced clinical picture
of the disease was hardly possible due to the usually
pronounced pain syndrome.

The first symptoms of monkeypox in a patient from
Russia were diagnosed on 06.07.2022. Given the incu-
bation period, which can range from 3 days to 3 weeks
[20], his probable infection occurred during the period
from mid-June to early July 2022. According to GISA-
ID data, among the phylogenetically close sequences
identified during this time period, the epidemiologi-
cally related to the MPXV strain St. Petersburg-22 pa-
tients could be those with the sequences hMpxV/USA/
CA-CDPH-000009/2022 (identified on 06/30/2024),
hMpxV/Ireland/D-NVRL-Z22IRL00145/2022
(identified on 06/17/2024) if, for example, patients
were asymptomatic, or even hMpxV/Portugal/IN-
SA-PT0018/2022 (identified on 06/01/2024), if infec-
tion occurred from a recently recovered individual.
However, as previously indicated, infection most likely
occurred through contact with an asymptomatic Mpox
carrier. It is also interesting to note that the genetical-
ly closest sequences hMpxV/Peru/LIM-INS-020/2022
and hMpxV/USA/CA-LACPHL-MAO00050/2022 were
identified around the same time as the MPXV sequence
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from the first patient in Russia, namely July 12 and 20,
2022, respectively. It is possible that the patients from
whom viruses with these sequences were obtained are
linked to the Russian patient by a common source of
infection.

To isolate a live culture of MPXYV, Vero cell cul-
ture is traditionally used, which is highly sensitive to
orthopoxviruses. The virus titers reach the level of
5 logl0 TCID,/mL when cultured for 6 days [21].
MPXYV isolated from biological samples obtained from
the first Russian patient with monkeypox, when cul-
tured in Vero cell culture, reached a titer of 5.9 logl0
CFU/mL in the culture fluid already 5 days after in-
fection of the cell monolayer. At the same time, ultra-
structural analysis of the infected monolayer of Vero E6
cell culture demonstrated the presence of characteristic
signs of virus multiplication in cells and the presence of
viral particles of classical type, characteristic of MPXYV,
similar to the ultrastructural picture in infected cells de-
tected by other researchers [21].

The widespread use of Tecovirimat for the treat-
ment of monkeypox patients led to the emergence of
information about the discovery of MPXV variants
with drug resistance to this drug [13, 22]. Mutations in
the F13L gene, homologous in orthopoxviruses, have
been found to reduce the sensitivity of the virus to Te-

covirimat [11]. The study of the genetic structure of the
Mpox strain isolated by us did not establish the pre-
sence of known resistance mutations to Tecovirimat,
and the evaluation of the strain's sensitivity to the do-
mestic drug NIOCH-14 showed high inhibitory activity
of this drug, comparable to that previously estimated by
us for the reference MPXV strain (TC,, > 100 pg/mL,
IC,, = 0.013 pug/mL, SI > 7700) [15]. This proves that
the preparation NIOCH-14 has high antiviral activity in
vitro against the St. Petersburg-22 MPXYV strain detect-
ed in the first patient in Russia.

Conclusion

The approaches used in this study made it possi-
ble to confirm the first imported case of monkeypox
in Russia, to isolate virus from biological samples, to
characterize the culture and biological properties of
the St. Petersburg-22 MPXV strain, and to deposit the
strain in the State Collection of Viral Infectious Patho-
gens and Rickettsioses of the State Scientific Center of
Virology and Biotechnology "Vector". Furthermore,
studies of the antipox activity of the domestic drug
NIOCH-14 showed that it exhibits high antiviral effi-
cacy in vitro against the first MPXV strain identified
in Russia and can be used for the treatment of mon-
keypox patients.
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