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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-[3.2.2.0^2,4]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 (IC50) was 0.02 μg/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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Аннотация
Введение. С начала мая 2022 г. было зарегистрировано более 90 тыс. случаев заражения вирусом оспы 
обезьян (ВОО) в более чем 70 странах мира. Это самая крупная из зарегистрированных вспышек оспы 
обезьян, вышедшая за пределы Африки.
Цель работы — подтверждение первого случая оспы обезьян в России, выделение и секвенирование 
изолята ВОО, а также оценка его чувствительности к противооспенному препарату — 7-[N-(4-трифторме-
тилбензоил)-гидразинокарбонил]-трицикло-[3.2.2.0^2,4]нон-8-ен-6-карбоновой кислоте (НИОХ-14).
Материалы и методы. В работе использовали биологические материалы, полученные из поражённого 
участка кожи (содержимое везикул), мазка из носоглотки, мокроты и венозной крови пациента с подо-
зрением на оспу обезьян. Заболевание подтверждали методом полимеразной цепной реакции (ПЦР) с 
последующим определением нуклеотидной последовательности вирусной ДНК методом секвенирования. 
Штамм ВОО из клинических образцов выделяли в культуре клеток Vero E6. Противовирусную эффектив-
ность НИОХ-14 в отношении изолята ВОО оценивали с использованием адаптированного спектрофото-
метрического метода. 
Результаты. Диагностическое исследование биологических образов пациента, вернувшегося из туристи-
ческой поездки по европейским странам, с жалобами на кожную сыпь по всему телу выявило в них ДНК 
ВОО. Изолят ВОО был выделен из содержимого везикулы в культуре клеток, генетическая последователь-
ность MPXV-pustule S45 была собрана по результатам проведения высокопроизводительного параллель-
ного секвенирования. 
Обсуждение. Эффективность противовирусного действия готовой лекарственной формы НИОХ-14 в от-
ношении нового штамма ВОО по результатам определения 50% вирусингибирующей концентрации соста-
вила 0,02 мкг/мл, индекс селективности — > 15 000.
Заключение. В настоящем исследовании методами ПЦР в режиме реального времени, секвенирования 
и электронной микроскопии был выявлен и идентифицирован возбудитель оспы обезьян, из клинического 
образца (содержимое везикул) на культуре клеток Vero Е6 был выделен изолят ВОО и, таким образом, 
подтверждён первый завозной случай оспы обезьян в России. Было доказано, что препарат НИОХ-14 про-
являет высокую противовирусную активность in vitro в отношении выделенного изолята ВОО.

Ключевые слова: вирус оспы обезьян, геномное секвенирование вирусов, полимеразная цепная реак-
ция, цитопатический эффект, противовирусная активность, НИОХ-14
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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 (MPXV), 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]. 
MPXV 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 concern1. 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 MPXV 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 MPXV, 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-

1 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

cin (100 µg/mL) was used as a maintenance medium 
for MPXV 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 
Labo ratory 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 µg/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 μL to the wells of a 96-well plate with 
Vero E6 cell culture monolayer. The plates were incu-
bated at 37ºC under 5% CO2 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 37ºC. 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 method2.
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 Illumina 
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 MPXV, 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 μL of serial dilutions 
of solutions prepared from the finished dosage form of 
NIOCH-14. Then 100 μL 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 infection3. 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 MPXV, 
serial 3-fold dilutions of the drug were prepared, 8 di-
lutions were used starting from a concentration of 600 
µg/mL. To evaluate the antiviral activity of the drug, 8 
dilutions starting from 2 µg/mL were used.

NIOCH-14 dilutions were added in the volume of 
100 µL 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 37ºC for 2 h (prophylactic scheme), 
100 μL of culture medium was added to the wells to 
assess cytotoxicity, and 100 μL of MPXV dilution was 
added to assess antiviral activity. As a result, the total 
volume of liquid in each well was 200 µL, the initial con-
centration of the drug in the wells for cytotoxicity was 
300 µg/mL, and for antiviral activity was 1.00 µg/mL. 

After 6 days of incubation at 37ºC, 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 (TC50, µg/mL) of the drug, at which 50% of 
cells in the uninfected monolayer are destroyed, and 
50% inhibitory concentration (IC50, µg/mL) of the drug, 
at which 50% of cells in the infected monolayer are not 
destroyed (remain viable). Based on TC50 and IC50, 
the selectivity index (SI) of the drug was determined:  
SI = TC50/IC50.

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% OsO4 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
MPXV 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 (IQ-
Treev.2.1.4, GTR+G+I nucleotide substitution model) 
using Orthopoxvirus reference (RefSeq) sequences  
(n = 9). In addition, all MPXV sequences available 



752 753JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2024; 101(6) 
DOI: https://doi.org/10.36233/0372-9311-589

ORIGINAL RESEARCHES

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 
MPXV 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. 

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 OPG055). 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 MPXV 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 MPXV 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 TC50 for NIOCH-14 was > 300 µg/mL  
(> 731 µM) and the IC50 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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tersburg-22 strain of MPXV was 0.016 ± 0.009 µg/mL 
(0.039 ± 0.009 µM), 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, 

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.

 

Clade IIb
Sequences of Mpox, 2018–2022

Orthopoxvirus reference sequences

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 c 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.

a b

d e

c
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pharyngeal and nasopharyngeal swabs and blood for 
diagnostic tests4. 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 MPXV 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 MPXV 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 MPXV 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 acсess: 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-MA00050/2022 were 
identified around the same time as the MPXV sequence 

Fig. 3. Diagram of cytotoxicity (TC50 > 300 µg/mL) and antiviral activity of the finished dosage form of NIOCH-14 against  
the St.Petersburg-22 MPXV strain (IC50 = 0.02 µg/mL) in Vero E6 cell culture (SoftMax 4.0 program). 

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

 

Model Parameters of model

y = ((A − D)/(1 + (x/C)^B)) + D A B C D R^2

activity 0,244 2,596 0,02 0,542 0,825

toxicity 0,604 2,201 78,476 0,44 0,287

0,79

0,79

0,79

0,79

0,79
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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 MPXV, Vero cell cul-
ture is traditionally used, which is highly sensitive to 
orthopoxviruses. The virus titers reach the level of  
5 log10 TCID50/mL when cultured for 6 days [21]. 
MPXV 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 log10 
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 MPXV, 
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 (TC50 > 100 μg/mL,  
IC50 = 0.013 μg/mL, SI > 7700) [15]. This proves that 
the preparation NIOCH-14 has high antiviral activity in 
vitro against the St. Petersburg-22 MPXV 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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