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Abstract

Introduction. One of the more promising developments in preventing the spread of infections, including
COVID-19, is the production of vaccines based on virus-like particles (VLP). Currently, in the National Research
Center for Epidemiology and Microbiology named after N.F. Gamaleya of the Ministry of Health of the Russia has
developed a VLP-based vaccine against COVID-19.

The aim of this study is to evaluate the tolerability, safety and immunogenicity of a new vaccine for the prevention
of COVID-19 based on VLP compared with placebo for 21 days after two intramuscular injections in phase |
clinical trials.

Materials and methods. A double-blind, placebo-controlled study of the tolerability, safety and immunogenicity
of a vaccine for the prevention of COVID-19 based on VLP was conducted with a dose of the drug containing 40
and 80 micrograms of antigen, the placebo being 0.9% NaCl. The presence or absence of adverse events (AEs)
after vaccination was noted in 180 volunteers aged 18 to 55 years; clinical and biochemical blood parameters,
the intensity of humoral and cellular immunity before and after vaccination were assessed using enzyme
immunoassay, neutralization reactions, lymphocyte blast transformation reactions and flow cytometry.

Results. An analysis of the tolerability and safety of the new COVID-19 VLP-vaccine showed that most adverse
events were registered within the first 10 days after vaccination, mainly after the first vaccination. In the period
from 11 to 21 days after vaccination, AEs were observed in isolated cases. No deaths, serious or other AEs have
been reported. The administration of the studied vaccine to the volunteers had no negative effect on the basic
vital signs. A comparative analysis of immunogenicity indicators in volunteers showed that the administration
of a vaccine with both an antigen content of 40 ug and an antigen content of 80 pg leads to a pronounced and
significant increase in the level of specific immunoglobulins, virus neutralizing antibodies and activation of a cell-
mediated immune response. As part of the phase | clinical trials, a dose of 80 ug was selected as optimal.
Conclusion. It has been shown that a new vaccine for the prevention of COVID-19 based on VLP with an antigen
content of 40 and 80 pyg when administered intramuscularly to volunteers does not cause serious adverse events
and induces a tense humoral and cellular immune response.
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UccnepoBaHmne 6e30nacHOCTN 1 UMMYHOT@HHOCTUN BaKLMHbI
ana npodunaktukn COVID-19 Ha ocHOBe BUPYCONOA06HDIX
yacTtuy B pamkax | pasbl KNTMHNYECKNX NCMbITAHUN

lpe6eHHnKoBa T.B.”, 3ankosa O.H., MnotHukos A.A., KoctuHa J1.B., YepHopbix A.10.,
Ennceesa O.B., Jlatbiwes O.E., Jlapnues B.®., Depaknna U.T.,, Jlocuu M.A,,
Knpunnos U.M., ®unatos WU.E., BananauHa M.B., Lin6e3os. B.B., lOpnos K.U.,
JNlecHoBa E.U., KoHgpaTtbeBa B.M., Ko3nosa A.A., bapaHey M.C., TuHu6ypr AJ1.

HauunoHanbHbI nccnefoBaTenbCKUN LEHTP SNMAEMUONOTUN N MUKPOOUONOr MMEHWN MOYETHOIO
akagemuka H.®. lamaneun, Mocksa, Poccusa

AHHOMauus

BeegeHue. OgHUM 13 NEPCNEKTUBHBIX HanpaBneHuin B NpeaynpexaeHnn pacnpocTpaHeHns MHeKUMi, B TOM
yncne COVID-19, aenseTca nony4yeHve BakuyH Ha OCHOBE BMpyconodobHbix yacTuy, (virus like particles, VLP).
B HALU3GM nm. H.®. Mamanen paspaboTtaHa BakuunHa Ha ocHoee VLP npotus COVID-19.

Llenb paboTbl — OLEHNTb NEepPEeHOCUMOCTb, 6€30MacHOCTb U UMMYHOFEHHOCTb HOBOW BaKLUHbI AN npodunak-
Tmkm COVID-19 Ha ocHoBe VLP B cpaBHeHun ¢ nnauebo Ha npoTsxkeHnn 21 cyT nocne ABYKPATHOrO BHYTPUMBbI-
LLIEYHOro BBEAEHUSI B paMkax | hasbl KNMHUYECKUX UCTIbITaHUIA.

Martepuanbl u MeToAbl. [1BolHoe crienoe nnauebo-KoHTponMpyeMoe uccnefoBaHne nepeHocMMmocTu, 6esonac-
HOCTW, N UMMYHOTEHHOCTU BakumHbl Ansa npodunaktukn COVID-19 Ha ocHoBe VLP nposognnu ¢ go3on Beefe-
HWs Npenapata, cogepxatiero 40 n 80 mkr aHTUreHa, nnaue6o — 0,9% NaCl. Y 180 nobpoBornbLeB B Bo3pacte
18-55 neT oTmMevanu Hanuuue Unu oTCyTCTBME HexenaTenbHbIX ABneHuin (HA) nocne BakuuHauuy, oueHuBanm
nokasatenu KpoBu, HaNPSXXEHHOCTb N'yMOParbHOrO U KNETOYHOro MMMYHWUTETa A0 M NOCne BakuMHaumm ¢ Nomo-
L0 MMMYHOEPMEHTHOTO aHanmnsa, peakunM HerMTpanusauum, peakummn bnactrTpaHcchopmaum NMMgoLMTOB
1 MPOTOYHON LIUTOMETPUN.

Pe3ynkTaTbl. AHan13 nepeHocMMocTy n 6e30nacHOCTM HOBOW BakuuHbl Mpotue COVID-19 Ha ocHoBe VLP noka-
3an, 4to 6onbwnHcTBO HA pernctpupoBanuck B TedeHue nepBbix 10 cyT nocne BakuuHauum, NpemmMyLLecTBEHHO
nocne 1-1 BakumHauumn. B nepuog ¢ 11-x no 21-e cyTkn nocrne BakuumHaumm HA oTMevanucb B eANHUYHBIX Chy-
yasx. JleTanbHbIX NCXOO0B, Cepbé3HbIX U UHbIX HA He 3aperncTpupoBaHo. BeBeaeHne ncenegyemon BakUUHbI 40-
OpoBoMbLiaM He OKa3ano HEraTUBHOIO BAMSIHUS Ha OCHOBHbIE XW3HEHHbIE Nokasatenu. CpaBHUTENbHAs Xapak-
TepuCTUKa nokasaTenen MMMYHOreHHOCTH y OOpPOBONbLEB Nokasana, YTo BBEAEHWE BaKLWHbI C COAEPXaHUEM
aHTureHa kak 40, Tak n 80 MKr npuBOAMWT K BbIPaXXEHHOMY U JOCTOBEPHOMY POCTY YPOBHS CNeunduyeckmx nMmy-
HOrno6ynMHOB, BUPYCHENTPANU3YIOLLMX aHTUTEN U aKTUBALUN KNETOYHO-0MOCPENOBAHHOIO MMMYHHOIO OTBETa.
B pamkax | aTana knuHu4eckmx nccriegosaHunii fosa 80 Mkr 6bina BeibpaHa Kak onTuMarnbHasi.

3aknrouyeHne. Hoeas BakuuHa ans npodwmnaktukn COVID-19 Ha ocHoBe VLP ¢ copepxaHuem aHTureHa 40
1 80 Mkr npu BBEAEHUN JOBPOBONbLAM BHYTPUMbILLEYHO HE BbI3bIBAET CEPbE3HBLIX HA 1 MHAYLMPYET HaNPsKEH-
HbI r'yMOparnbHbIA U KNETOYHbIA UMMYHHbIA OTBET.

KnroueBble cnoBa: COVID-19, SARS-CoV-2, supyconodobHble 4acmuubl, 8upycorno0obHbie yacmuubl

Amuyeckoe ymeepxdeHue. VccnegosaHne NpoBoAMINOCh Npy A06POBONBHOM MHAPOPMUPOBAHHOM COFflacumn naum-
eHToB. NMpoTokon uccnepoBaHusi ogobpeH Ha 3acegaHum CoBeTa Mo aTuke [lenapraMeHTa perynmpoBaHus obpatleHums
NieKapCTBEHHbIX CPEACTB U MeaMUMHCKMX u3aenuin MuHucTepcTBa 3gpaBooxpaHeHus Poccuiickon Peanepauumm (Ne 310
o1 31.05.2022).

BnazodapHocmb. ABTOPLI CTaTbU BbipaxatoT GnarogapHocTb 3a coTpygHudectBo OO0 «PUK-dapmax», TBY3 MO
«3neKTpocTanbckas LeHTpanbHas ropogckas 6onbHuua», PreyYH «MHctutyT mosra yenoseka um. H.MN. BextepeBoi»
PAH.

UcmoyHuk ¢puHaHcupoeaHus. locynapcTBeHHoe 3ajaHue MuHucTepcTBa 3gpaBooxpaHeHus Poccuiickon Pepepa-
unm 121092400113-8 «KnuHnyeckme ncnbitaHns BakumHbl Ha ocHose VLP ana npodunaktukn COVID-19 (1-2 dasbl)».

KoHebniukm uHmepecoe. ABTOPbI AEKNApUPYOT OTCYTCTBUE SIBHBIX M MOTEHLMANbHbIX KOH(IIMKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaumen HacTosILLEen cTaTbu.

© NpebeHHukosa T.B., 3aiikoea O.H., MnotHukoB A.A., KocTuHa J1.B., YepHopbik A.10., Ennceesa O.B., Natbiwes O.E., Napuyes B.®.,
Pepsakuna W.T., llocny M.A., Kupunnos U.M., ®unatos W.E., bananagnHa M.B., Lin6e3os B.B., FOpnos K.W., JlecHoBa E.W.,
KongpatbeBa B.M., Koanosa A.A., BapaHer M.C., TuHuGypr A.J1., 2025
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Introduction

The pandemic of a new coronavirus infection
has posed serious challenges to public health services
worldwide in the prevention, treatment and diagnosis
of this disease. COVID-19, a severe acute respiratory
infection caused by the SARS-CoV-2 virus (Coronavi-
ridae, Orthocoronavirinae, Betacoronavirus, Sarbeco-
virus), is characterized by a high mortality rate, which,
according to different studies, ranges from 0.5 to 15%
[1-3].

The first cases of disease caused by SARS-CoV-2
virus were registered in December 2019 in China. The
virus spread quite rapidly to all continents, and ac-
cording to the World Health Organization (WHO), as
of December 2021, there were more than 260 million
confirmed cases of COVID-19 worldwide, including
5.2 million deaths'.

The most severe manifestations of coronavirus
infection are interstitial pneumonia with impaired re-
spiratory function and multi-organ failure, which were
often fatal [4—6]. The duration of post-infection immu-
nity is not fully understood [7].

According to Rospotrebnadzor, as of May 12,2024,
about 785 million cases have been detected worldwide,
the most unfavorable region being the Western Pacif-
ic. In Russia from 02.03.2020 to 05.05.2024 about 24
million cases were registered in 85 subjects®. Despite
WHO statements that COVID-19 has moved into the
category of seasonal infections and periodically causes
outbreaks of the disease along with influenza and acute
respiratory viral diseases, SARS-CoV-2 virus continues
to infect people and claim their lives®.

The variability of SARS-CoV-2, namely mu-
tations in the receptor binding domain (RBD) of the

WHO Director-General's opening remarks at the media briefing on
COVID-19. 11 March 2020. URL: https://www.who.int/director-
general/speeches/detail/who-director-general-s-opening-
remarks-at-the-media-briefing-on-covid-19---11-march-2020
WHO. COVID-19 Epidemiological Update. 06.11.2024.
URL:  https://www.who.int/docs/default-source/coronaviruse/
situation-reports/covid-19_epi_update 173.pdf?sfvrsn=
457952e¢6_4&download=true

The epidemiological situation and the spread of COVID-19 in the
world as of 8 Moscow time on 05/12/2024 /FCUN ROSNIPCHI
"Microbe". Federal Service for Consumer Rights Protection and
Human Welfare. (In Russ.) URL: https://www.rospotrebnadzor.
ru/12.05.2024%20r.%201ubopmanusn%200%20cayqasx%203a-
OoneBanms.docx

3 COVID-19 Cases, World / WHO Coronavirus (COVID-19)
dashboard. URL: https://data.who.int/dashboards/covid19/cases

S-protein, has led to the emergence of a variety of virus
variants worldwide, of which Alpha (lineage B.1.1.7),
Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2) and
Omicron (B.1.1.529) are the most epidemically signif-
icant and of current concern to WHO [8]. The emer-
gence of new variants of the virus, including those with
reduced sensitivity to virus-neutralizing antibodies and
vaccination with already available vaccines, requires
regular molecular genetic monitoring of SARS-CoV-2
and the development of new highly effective vaccines
that promote the formation of intense and long-lasting
immunity against topical strains of the causative agent
of coronavirus infection [8].

An effective vaccine against COVID-19 should
be safe, non-reactogenic, and induce the formation of
virus-neutralizing antibodies in titers sufficient to pre-
vent the development of the infectious process. Fur-
thermore, the vaccine should promote an effective
immune response with the least amount of antigen
used. This reduces the cost of the vaccine and makes
it affordable [9].

A vaccine based on virus like particles (VLP) for
COVID-19 prophylaxis has been developed in the Ga-
maleya Research Center for Ecological Medicine. VLPs
are formed from 4 recombinant structural proteins (S,
M, E, N) and are similar in structure to SARS-CoV-2
virion, but without viral RNA. The surface S-protein
(S-spike) of SARS-CoV-2 is responsible for binding to
specific receptors on the surface of susceptible cells.
Particles containing S-protein with consensus muta-
tions of clades 19A, Delta and Omicron are used in the
vaccine formulation. Thus, it is expected that antibod-
ies to strains of these clades will be synthesized in the
body after immunization.

The structural spike and membrane proteins un-
dergo significant mutational changes, whereas the en-
velope and nucleocapsid proteins are highly conserved,
indicating differential selection pressure to which
SARS-CoV-2 has been subjected during evolution. At
the same time, the contribution of viral M, E, and N
proteins to the formation of B- and T-cell immunity is
equally important, which is confirmed by the develop-
ment of vaccines based on these proteins [10, 11]. It
was shown that the vaccine under development stimu-
lates the T-cell immune response in golden hamsters af-
ter the 1* immunization, which also provides protection
against various SARS-CoV-2 strains [12].

Data on preclinical trials of the drug were submit-
ted to the Ministry of Health of the Russian Federation.
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Permission to conduct clinical trials was obtained from
16.02.2022 No. 115.

The aim of this study was to evaluate the tolera-
bility, safety and immunogenicity of a new VLP-based
vaccine for COVID-19 prophylaxis compared to place-
bo for 21 days after double intramuscular administra-
tion within the framework of phase I clinical trials.

Study objectives:

1. To consistently evaluate the tolerability and
safety of vaccine containing 40 and 80 pg antigen doses
administered intramuscularly on the 10" day after sin-
gle vaccination.

2. To evaluate the tolerability and safety of vaccine
containing 40 and 80 pg antigen doses administered in-
tramuscularly on the 21* day after double vaccination.

3. To evaluate the immunogenicity of the vaccine
containing 40 and 80 pg antigen doses administered
intramuscularly on the 21* day after double vaccina-
tion.

4. To determine the optimal vaccine dosage based
on the immunogenicity and safety parameters obtained
for the phase II clinical trial.

Materials and methods

Double-blind randomized placebo-controlled
multicenter prospective study of Phase I clinical tri-
als with dose-ranging to assess tolerability, safety and
immunogenicity of the vaccine for COVID-19 pro-
phylaxis based on VLP (containing particles similar
to SARS-CoV-2) when administered intramuscularly
to volunteers aged 18-55 years was conducted from
February to December 2022 on the basis of two re-
search centers: Elektrostal Central City Hospital and
N.P. Bekhtereva Institute of the Human Brain of RAS
in accordance with the principles of the Declaration of
Helsinki (2013), the ICH guidelines on overdose, ICH
Guidelines for Good Clinical Practice (version E6, ap-
proved by SRMR/135/95), Federal Law No. 61-FL “On
Circulation of Medicines” dated 12.04.2010; Order of
the Ministry of Health of the Russian Federation No.
200n “On Approval of the Rules of Good Clinical Prac-
tice” dated 01.04.2016; National Standard of the Rus-
sian Federation GOST R 52379-2005 “Good Clinical
Practice” approved by Order of the Federal Agency for
Technical Regulation and Metrology No. 497-st. from
04.06.2014, the Rules of Good Clinical Practice of the
Eurasian Economic Union” approved by the Decision
of the Council of the Eurasian Economic Commission
from 03.11.2016 Ne 79 and other applicable require-
ments of national legislation.

Prior to inclusion in the study, volunteers were fa-
miliarized with information about the study and signed
an informed consent form. Researchers recruited to par-
ticipate in the clinical trial provided signed and dated
resumes describing their research activities and certifi-
cates confirming their qualifications before the start of
the study.

ORIGINAL RESEARCHES

A total of 180 male and female volunteers aged
18-55 years were included in the study. All volunteers
were healthy, met the inclusion criteria (Appendix 1
on the journal's website: https://www.microbiol.crie.ru)
and were divided into 3 groups:

* Group 1 — 60 volunteers who were immunized
with vaccine containing 40 pg antigen twice at
an interval of 21 days intramuscularly;

* Group 2 — 60 volunteers who were vaccinated
with 80 pg antigen vaccine twice at an interval
of 21 days intramuscularly;

* Group 3 — 60 volunteers who received
placebo vaccine twice at an interval of 21 days
intramuscularly.

The vaccine was purified recombinant SARS-
CoV-2 virus-like particles synthesized in a baculovirus
expression system. The S surface protein within the
virus-like particles was represented by variants 19A,
Alpha, Delta, and Omicron. The vaccine composition
included a squalene-based adjuvant. The volume ratio
of adjuvant to antigen was 1 : 1. Vaccine with 40 and
80 pg antigen content was investigated. A 0.9% NaCl
solution was used as placebo.

Volunteers were examined at visits:

* visit 1 (hospitalization, randomization, the 1*

vaccination);

* visits 2, 3 (23 days after the 1* vaccination);

* visit 4 (10" day after the 1 vaccination);

e visit 5 (21 day after the 1% vaccination,
hospitalization, 2™ vaccination);

* visits 6, 7 (2"-3" days after the 2™ vaccination);

* visit 8 (10™ day after the 2" vaccination);

* visit 9 (21* day after the 2" vaccination).

We analyzed data from the electronic self-moni-
toring diary, performed physical examination, assessed
vital signs, collected data on concomitant therapy, iden-
tified and recorded adverse events (AEs) and serious
AEs, and evaluated inclusion/non-inclusion criteria.
Blood was drawn to assess cellular and humoral im-
munity. Biochemical, clinical tests, determination of
total IgE, coagulogram, and urinalysis were performed.
During visits 4, 5, 8, 9, nasopharyngeal swabs were
taken to determine the absence of SARS-CoV-2 virus
RNA by polymerase chain reaction (PCR) method.

Lymphocyte Blast Transformation Reaction
(LBTR). Blood was collected on the 10" day after the
I*t and 2" vaccinations (visits 4 and 8). Mononuclear
cell fractions from peripheral blood were isolated by
centrifugation on a one-step density gradient of Fi-
coll-Pak (PanEco), the isolated mononuclear cells were
washed twice in pure RPMI-1640 medium and seeded
in 96-well microculture plates at a concentration of 10°
cells/well and stimulants were added in 100 pl to final
concentrations. We used the medium separately (spon-
taneous proliferation) as a negative control; concana-
valin A mitogen (5 pg/mL, PanEco) as a non-specific
positive control; SARS-CoV-2 virus: PMVL-12, depo-
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sition number EPI_ISL 572398 in the Gisaid database
as a specific stimulant; Congo-Crimean hemorrhag-
ic fever antigen as a nonspecific positive control; and
Seppic adjuvant as a non-specific stimulant. Cells were
cultured in RPMI-1640 medium containing 20% fetal
calf serum, 2 mM glutamine, 4.5 g/L glucose, 50 ng/mL
gentamicin, and 0.2 units/mL insulin at 37°C in a 5%
CO, atmosphere. All of the mentioned processes were
performed under sterile conditions.

Splenocyte proliferation was assessed by LBTR
after 4 days using an inverted microscope (x 400). The
results were expressed as proliferation stimulation in-
dex (PSI), calculated as the ratio of the mean number
of lymphoblasts observed in the presence and absence
of specific stimulants. A result was considered positive
if the PSI > 2.

The obtained data were processed using the Prizm
Graphpad v. 8.4.3 program (GraphPad Software). Sta-
tistical analysis was performed using the Statistica
v. 12.6 program (StatSoft Inc.). Reliability of differ-
ences was evaluated by Student's t-criterion. A value of
p <0.05 was considered statistically significant.

Cell staining for flow cytometry. 1 million lym-
phocytes in a volume of 50 pul were transferred into
centrifuge tubes and 5 pl each of anti-CD3, anti-CD4
and anti-CD8 monoclonal antibodies (Sorbent) were
added and incubated for 45 min at 4°C. Washed twice
in Hanks' solution (5 min at 200g). The supernatant
was removed and cells were suspended in 200 pl of
Hanks' solution and analyzed on a BD FACS Accu-
ri C6+ flow cytometer. The obtained data were pro-
cessed using the Cytoflex and Prizm Graphpad 8.0
programs. The results were analyzed using the FlowJo
program (Three Star).

Humoral immunity was assessed by enzyme-linked
immunosorbent assay (ELISA) and neutralization reac-
tion (NR). Blood was collected on the 10th day after
the 1%tand 2™ vaccination (visits 5 and 9). ELISA was
performed using a reagent kit for immunoenzymatic
detection of IgG to RBD of the S surface glycoprotein
S of SARS-CoV-2 coronavirus (SARS-CoV-2-RBD-
ELA-Gamalei, RU No. RZN 2020/10393).

The levels of neutralizing antibodies were deter-
mined by titrating sera from 1 : 10 to 1 : 1280 against
100 TCID,, of three SARS-CoV-2 strains from the
Molecular Diagnostics Laboratory collection: Wuhan,
Delta (line B.1.617.2) and Omicron (variant XBB 1.5).
Neutralization reactions were performed by micro-
method in 96-well plates on Vero E6 green monkey
kidney cell culture. Serum dilutions were incubated
with viruses for 1 h at 37°C in an atmosphere of 5%
CO, and transferred to a plate with a cell monolayer.
After 72 h, the reaction was counted by the presence of
cytopathic action of the virus. The serum titer (the last
neutralizing dilution) was considered to be the dilution
at which 100% cell protection (no cytopathic effect)
was ensured.

Cytokine concentrations in sera were measured by
ELISA using commercial test systems (Vector-Best):
Interleukin-2-ELISA-BEST “Reagent kit for immu-
noenzymatic determination of interleukin-2 concen-
tration in serum”; Gamma-Interferon-ELISA-BEST
“Reagent kit for immunoenzymatic determination of
gamma-interferon concentration in serum”; Alpha-
TNF-ELISA-BEST “Reagent kit for immunoenzymat-
ic determination of tumor necrosis factor-alpha concen-
tration in serum”.

Statistical processing of data was performed using
Microsoft Office Excel 2007-2016 and online statistical
calculators (https://math.semestr.ru, https://medstatis-
tic.ru). Mean, standard deviations, quartiles, minimum
and maximum values, as well as frequencies, depend-
ing on the nature of the data, were used as descriptive
characteristics of demographic and other baseline data
parameters, as well as safety parameters and immuno-
genicity parameters.

To analyze quantitative indicators over time in
each group, repeated-measures analysis of variance or
Friedman analysis was used, depending on the nature
of the data distribution. For a posteriori comparisons of
values at screening and follow-up visits, Dunnett's cri-
terion was used in the case of analysis of variance and
Dunn's criterion with Bonferroni correction in the case
of Friedman analysis.

Comparisons of groups with each other on quali-
tative features were performed using the y? criterion or
Fisher's exact test. Geometric mean titers (GMT) for
each study group with 95% confidence intervals (CI)
were estimated for each time point. Logarithmic trans-
formation was applied to the raw data to analyze titers.
For comparisons of the study groups with each other,
analysis of variance (Bonferroni or Gates—Howell pos-
terior comparisons if the variances were not equal) or
Kraskell-Wallis analysis (Dunn posterior comparisons
with Bonferroni correction) was applied to the logarith-
mic data, depending on the nature of the distribution.
To assess the type of distribution, the Kolmogorov—
Smirnov criterion was used, as well as the asymmetry
and kurtosis indices.

Levene's criterion was used to test the homoge-
neity of dispersions, and Spearman's correlation was
used to assess the relationship between neutralizing
and specific antibody titers. 95% CI was calculated
for the correlation coefficient. The frequencies with
95% CI calculated by the Clopper—Pearson method
are given as descriptive characteristics for the efficacy
parameters.

Results

In a safety and immunogenicity study of the novel
VLP-based COVID-19 prophylaxis vaccine in a phase
I clinical trial, screened volunteers (z = 180; 107 males
and 73 females) were categorized into 3 groups, with
84% completing the study (n = 151: 52 in group 1,
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53 in group 2, and 46 in group 3). Demographic data are
summarized in Table 1.

Evaluation of vaccine tolerability and safety

In the Appendix 2 on the journal's website:
https://www.microbiol.crie.ru, all AEs by groups are
presented. During the entire period of post-vaccination
follow-up within 21 days after twice-daily vaccination,
572 AEs were detected in 138 (76.7%) volunteers, in-
cluding 216 AEs in 47 (78.3%) volunteers in Group 1,
226 AEs in 49 (81.7%) volunteers in Group 2, and 130
AEs in 42 (70%) volunteers in Group 3 (Fig. 1). The
same volunteer could experience several different reac-
tions simultaneously.

In 50.5% of cases, the most frequently reported
general abnormalities and reactions at the injection
site (in 37.7% — pain at the vaccination site and in
22.5% — fatigue), which in 95% of cases were ob-
served in the first 10 days. Also, in 20.5% of cases,
clinically significant abnormalities in laboratory tests
were observed equally on both the 10" and 21% day
after administration of the study drug, irrespective of
vaccination. In 64.5% of cases, the registered AEs had
a mild degree of severity, in 31.1% — moderate, in
4.4% — severe. In the majority of cases, the relation-
ship between the development of AEs and vaccination
was considered probable. The outcome in 95% of all
cases was “recovery without consequences”, while
in 5% of cases the outcome was “not yet recovered”.
There were no fatalities, serious AEs, or other signifi-
cant AEs that were considered to be of special interest
due to their clinical significance.

The results of laboratory studies confirmed that
administration of the investigated vaccine to volunteers
aged 18-55 years had no negative effect on the main
indicators of clinical and biochemical blood tests, IgE
level and indicators of general urine analysis. Devia-
tions of laboratory parameters from the norm were re-
gistered in all groups. The majority of deviations were
regarded as clinically insignificant. The greatest num-
ber of clinically significant deviations was observed in
the level of creatine phosphokinase and IgE. The re-
sults of electrocardiographic study before the beginning
and after the completion of the administration of the
preparations allow us to conclude that there was no ef-
fect of the administration of the studied vaccines on the
work of the heart muscle, all results were within normal
limits. Also, no development of vaccine-related neuro-

Table 1. Patient demographics, M + SD

ORIGINAL RESEARCHES

logic disorders was detected in vaccinated volunteers.
Physical examination of the volunteers before vaccina-
tion and at each visit did not reveal any abnormalities
in the health status of the vaccinated volunteers in any
of the groups, except for cases associated with the ma-
nifestations of AEs.

Study of humoral immune response
in the neutralization reaction

At the screening in the research centers, all volun-
teers were negative in the rapid test for COVID-19, but
antibodies were observed in ELISA and neutralization
reactions. In the placebo group, GMT values fluctuated
insignificantly, and an increase in GMT was observed
in groups 1 and 2 against Wuhan, Delta and Omicron
strains (Fig. 2).

Volunteers with low GMT (< 1/80) before vacci-
nation showed a significant increase in antibodies in the
NR after vaccination (Fig. 3). In the presence of high
titers (> 1/80), lower rates of immunogenicity were
observed in NR. In group 3, there was virtually no in-
crease in antibody titers.

Study of humoral immune response by ELISA method

In the study of humoral immune response in dy-
namics by ELISA method it was shown that in group
1 the increase of IgG titers to S-protein SARS-CoV-2
on the 21% day after a single injection was observed in
100% of volunteers, after a 4-fold injection — in 70%,
GMT amounted to 1600, and on the 21* day after a dou-
ble injection GMT already amounted to 2177.26, sero-
conversion level — 77.8% (Fig. 4). In group 2, on the
21 day after a single vaccine administration, IgG titers
increased in 100% of volunteers, and after a 4-fold vac-
cine administration — in 86%, the GMT was 4306.88.
After the 2™ administration of the vaccine with 80 g
antigen content, the immunogenicity indices remained
practically unchanged. In group 3, no increase in IgG
titers was observed, and the GMT remained at the same
level. The average indices of total IgA, IgM, IgG of
volunteers during the dynamic observation underwent
insignificant changes in all groups.

On the 21* day after the 1* vaccination, specif-
ic I1gG to the S-protein of SARS-CoV-2 was detected
in ELISA in all volunteers of group 1, with antibody
titers of 1 : 400-1 : 12,800 and an GMT of 4201.57.
The percentage of volunteers who showed an increase
in antibody titer was 62.5%, of which those with

Groups n Age, years Height, cm Body mass, kg Body mass index, kg/m?
All study subjects 180 29.91 + 10.36 171.82 £ 8.21 68.02 + 10.58 22.94 +2.50
Group 1 60 31.62 + 12.00 172.18 £ 8.50 67.94+9.76 22.84+2.22
Group 2 60 26.58 +7.74 172.05 + 8.82 66.97 + 11.33 22.49+255
Group 3 60 31.53 +10.25 171.22 £7.32 69.16 + 10.66 23.49 +2.65
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Disorders of the nervous system

Disorders of the heart

Disorders of the kidneys and urinary tract

Disorders of the liver and biliary tract

Disorders of the nervous system

BGroup 3

O Group2 OGroup 1

Disorders of muscle, skeletal and connective tissue

Disorders of the skin and subcutaneous tissue

Disorders of the immune system (hypersensitivity)

Disorders of the respiratory system, thoracic organs and mediastinum
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Laboratory and instrumental data
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General disorders and reactions at the injection site ] 70 |
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T

0
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Fig. 1. Proportion of volunteers with AEs by organ system class.
* — statistically significant differences.

4-fold seroconversion were 19.6%. On the 21* day
after the 2™ vaccination, the GMT was 4306.88 and
the seroconversion rate was 20.4%. The multiplicity
of increase in GMT relative to screening on the 21
day after the 1 vaccination was 2.1 and after the 2™
vaccination was 2.2.

In group 2, on the 21* day after the 1* vaccination,
specific IgG to S-protein SARS-CoV-2 was detected in
ELISA in 100% of volunteers, with antibody titers of
1:1600-1 : 12 800, and the GMT was 4950.94. The
proportion of volunteers with an increase in antibody
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titer was 57.4%, including 14.8% with 4-fold serocon-
version. On the 21* day after the 2™ vaccination, the
GMT was 5261.46 and the seroconversion rate was
19.6%. The multiplicity of GMT increase relative to
screening on the 21 day after the 1% vaccination was
1.7, after the 2" vaccination — 1.8.

In group 3, specific IgG in ELISA on the 21* day
after the 1% administration of placebo was detected in
91.7% of volunteers, with antibody titers of 0—1 : 12,800
and an GMT of 1241.36. The proportion of volunteers
who showed an increase in antibody was 18.8%, with
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Fig. 2. GMT of neutralizing antibodies in all volunteers.
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Fig. 3. GMT of neutralizing antibodies in volunteers with baseline low antibody titers < 1/80.

4-fold seroconversion in 10.4%. On the 21% day after
the 2™ administration, the GMT was 2311.60, with a
seroconversion rate of 15.9%. At the same time, no
COVID-19 cases were detected by PCR method.

Assessment of cellular immunity

The studies were carried out initially (screening
V), as well as on the 10" day after the 1** and 2™ vac-
cination. When assessing the dynamics of PSI as a re-
sult of immunization with VLP-vaccine, a significant
(p < 0.05) increase in the index in the studied groups
compared to the screening was observed. As the num-
ber of vaccinations increased, a gradual increase in cel-
lular response was noted (p < 0.05). The mean PSI level
reached a maximum value on the 10" day after the 2™
immunization with a vaccine containing 40 pg antigen,
per dose (2.17 [1.87; 3.05]) and with a vaccine con-
taining 80 pg antigen, per dose (2.57 [1.98; 3.17]). In
LBTR, the number of stimulated lymphocytes was exa-
mined, and if they are stimulated by a specific stimulant,
it may indicate a prior encounter with antigen, which
is possible either post-vaccination or post-infection.
In group 3, there were volunteers with very high PSI
values, which may suggest post-infection stimulation,

100 4
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80 4
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70 4
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10
0
0

20.4
13.0 14.8
6.7
0 0

as there were no such high PSI levels post-vaccination
at any of the tested doses of antigen in the vaccine. Cel-
lular and humoral immune response are not necessari-
ly correlated. Both the presence of antibodies without
the formation of cellular reactions and the absence of
antibodies but with the formation of cellular immunity
are frequently observed in COVID-19 convalescents.
Therefore, despite the absence of seroconversion in
the group of volunteers immunized with placebo, we
cannot unequivocally state the absence of asymptom-
atic COVID-19 infection in volunteers with high levels
of PSI with cellular response. It should be noted that
such a high proliferative response to a specific antigen
in the placebo group is only possible after an infection
has occurred.

Examination of the CD47/CD8"-lymphocyte ra-
tio showed no abnormalities after vaccination with the
VLP vaccine containing both 40 pg and 80 pg of anti-
gen per dose, either toward helper or cytotoxic lympho-
cytes. This additional information about the absence of
potential immunotoxicity can be observed after vacci-
nation (according to ICH S8) (Table 2).

To study the immune status of volunteers, the dy-
namics of cytokine production during double immuni-

80.0

after vaccination 1 after vaccination 2 after vaccination 1

Group 1

OLow titer (< 1/800) THigh titer (1/1600-1/3200)

Group 2

after vaccination 2 after vaccination 1 after vaccination 2

180 196
0 . 0 0 0 0 0 0 0 0

Group 3

B Ultra-high titer (> 1/6400) BAll volunteers

Fig. 4. Seroconversion rate at different study dates.
Y axis — proportion of volunteers with seroconversion (increase in specific antibody titer = 4 times), %.
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zation was also investigated. Sera from patients were
taken before immunization and on the 10" day after the
I*t and 2™ immunization (Fig. 5).

Analysis of statistical differences showed that in
group 1, for the tumor necrosis factor-o (TNF-a) con-
centration, there was a statistically significant differ-
ence between the screening visit (Me = 4.6) and visit 4
(Me = 7.81). No significant differences were found for
the rest of the data.

The results show that the developed VLP vaccine,
containing both 40 and 80 pg of antigen per dose, can be
an inducer of cell-mediated immune response, in which
the CD4*/CD8*-lymphocyte ratio is not changed either
toward helper or cytotoxic lymphocytes. And post-
vaccination changes in cytokine levels are not sufficient
for the development of immunopathologic conditions
associated with excessive production of the proinflam-
matory cytokines under study.

Discussion

Inactivated and live vaccines are the most widely
used for the prevention of infectious diseases. How-
ever, the emergence and spread of new infections, the
variability of their causative agents and the recent pan-
demic that affected everyone show the need to develop
and improve means of specific therapy and prophylaxis.
In parallel with the development of mRNA-based, vi-
ral vector-based, and subunit vaccine production tech-
nology, the technology of VLP production is gaining
popularity, which represents an alternative platform for
vaccine development. The advantage of such a platform
is the possibility of creating multivalent vaccines that
are capable of inducing humoral and cellular immune
response with the production of virus-neutralizing anti-
bodies of a broad spectrum. This is important in the de-
velopment of vaccines for the prevention of infections

caused by viruses with high genetic variability, such as
SARS-CoV-2. At the same time, the absence of genetic
material in VLP-vaccines can guarantee an increased
level of safety, which is confirmed by preclinical stu-
dies [13-15].

In the present study, the tolerability, safety and
immunogenicity of a new vaccine against coronavirus
infection caused by SARS-CoV-2 were investigated in
phase I clinical trials in healthy volunteers. The drug is
purified recombinant SARS-CoV-2 VLPs that are syn-
thesized in a baculovirus expression system. The sur-
face S-protein within the VLP is represented by variants
19A, Alpha, Delta and Omicron. The vaccine contains a
squalene-based adjuvant.

The main objectives were to assess the tolerability,
safety and immunogenicity of the vaccine compared to
placebo for 21 days after double intramuscular admin-
istration, as well as to determine the optimal dose of
antigen for further study of the safety and efficacy of
the drug in phase II clinical trials.

When developing vaccines, including those for
COVID-19 prophylaxis, special attention is paid to
studies of safety, non-reactogenicity and tolerability of
new vaccines, as these indicators directly affect the pos-
sibility of widespread use of these drugs and the level
of public confidence in vaccination. In particular, stud-
ies of injectable forms of a number of mRNA vaccines
from COVID-19 have revealed both local reactions,
such as pain at the injection site, and serious adverse
reactions, and some publications on vaccine safety have
been withdrawn by journal editors despite the authors'
objections. VLP-based vaccines have proven to be
highly effective and safe, as demonstrated by vaccines
against human papillomavirus (Gardasil, Gardasil9,
Cervarix), hepatitis E (Hecolin) hepatitis B (Sci-B-Vac)
and malaria (Mosquirix) [16—18].

Table 2. PSI data and CD4*/CD8" ratios in the studied groups, Me [Q,; Q,]

No. Immunization Indicator Group 1 Group 2 Group 3
n 60 60 60
1 Before vaccination PSI 1.4[1.15; 1.69] 1.43[1.07; 1.83] 1.25[1.11; 1.59]
CD4*/CD8* 2.15[1.71; 2.81] 244 [1.77; 2.97] 2.7 [1.97; 3.25]
n 54 52 49
2 10" day after the 1 vaccination PSI 1.75[1.31; 2.21] 2.06 [1.51; 2.3] 1.59 [1.22; 2.15]
CD4*/CD8* 2.08 [1.65; 3.38] 2.23[1.61; 3.38] 2.86 [2.06; 4.23]
n 47 49 45
3 10" day after the 2" vaccination PSI 2.17 [1.87; 3.05] 2.57[1.98; 3.17] 2.17 [1.45; 2.79]
CD4*/CD8* 3.3[2.2; 4.37] 3.18[2.28; 4.42] 4.15[2.51; 5.09]
p,,=0.020 p,,=0.318 p,,=0.195
Post-hoc analysis of PSI adjusted for multiple comparisons p,_, <0.0001 p,_, <0.0001 P, ;< 0.0001
p,,=0.020 p,, =0.004 p,, = 0.006
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According to the results of the presented study,
AEs were observed both in volunteers vaccinated with
the vaccine with 40 and 80 pg of antigen per dose and
in the group immunized with placebo. At the same time,
the majority of AEs were registered during the first 10
days after vaccination, mainly after the 1* vaccination.
In the period from the 11" to the 21* day after vaccina-
tion, there were only a few cases of AEs.

The majority of the reported AEs with a “proba-
ble” and “possible” relationship were related to expec-
ted adverse events after immunization to the effect of
the vaccine preparation. AEs of particular interest as-
sociated with COVID-19 vaccination (Guillain—Barré
syndrome, generalized seizures, anaphylaxis, thrombo-
cytopenia, coagulopathy, etc.) were not reported in any
volunteers.

The detected fluctuations in the mean values of
clinical blood and urine indices before vaccination and
at different periods after vaccination do not allow us to
speak about the influence of vaccination on these indi-
ces and can be explained by random factors, restructur-
ing of the immune system of the body of the vaccinated
in response to the introduction of antigen.

The average values of vital function indices in
the study group were within the normal range, and the
changes in these parameters according to the results of
measurements after the beginning of the drug adminis-
tration, compared to the initial values, were insignifi-
cant and within the reference values.

Significant changes in individual laboratory pa-
rameters relative to screening were observed in all study
groups. Importantly, these abnormalities occurred both
in volunteers who received the study vaccine at both
doses and in the group of volunteers who received pla-
cebo. The absence of serious vaccine-related AEs or
deaths during the study suggests good tolerability and
safety of the vaccine with both 40 mcg and 80 mcg of
antigen per dose.

Researchers at Radbaud University Medical Center
in Nijmegen, the Netherlands, conducted a single-cen-
ter clinical trial with dose-matched adjuvant ABNCoV?2

vaccine based on VLP or capsid-like particles (cVLP).
The RBD of the spike glycoprotein SARS-CoV-2 gly-
coprotein was covalently attached to the cVLP carrier.
Forty-five healthy volunteers, aged 18-55 years, who
were immunized intramuscularly, twice, were studied.
Participants had a total of 249 possibly vaccine-re-
lated NIs within a week of vaccination (185 grade 1;
63 grade 2; 1 grade 3). Two serious events occurred;
one was classified as a possible adverse reaction [19].

VLPs of the developed vaccine are capable of ex-
erting a strong immunostimulatory effect on the organ-
ism, activating T- and B-lymphocytes, as they contain
the main immunogenic proteins SARS-CoV-2 in native
conformation. They easily penetrate into lymph nodes
and are taken up by antigen-presenting cells, in particu-
lar dendritic cells, with subsequent antigen presentation
by molecules of the major histocompatibility complex
class 11 [19, 20].

Studies of immunogenicity of the developed vac-
cine against SARS-CoV-2 in the framework of phase I
clinical trials showed that administration of the vaccine
containing 40 and 80 pg of antigen to volunteers in-
duced a significant increase in GMT compared to place-
bo. At the same time, the immune response was stron-
ger in volunteers who initially had low antibody titers
(NR — titer < 1/80, ELISA — titer < 1/800). When
volunteers had high antibody titers (1/1600—1/3200 and
> 1/6400 in ELISA) at screening, these immunogenicity
rates were lower and no seroconversion was observed.
Of note, virally neutralizing antibodies were produced
to various SARS-CoV-2 strains, including clades 19A,
Delta, and Omicron. In group 3, an increase in antibody
titers was noted in a number of volunteers, but no 4-fold
increase was observed. It should be noted that COVID-19
was not detected in those included in the study.

In group 2, the immunogenicity indices in ELISA
were insignificantly but superior to both the values in
the general population and in volunteers with initial-
ly low and high antibody titers. Indicators of immune
response intensity, antibody titers increase, including
4-fold, in NR were also higher in group 2, especially
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for the current and predominant Omicron strain. Thus,
in this group the GMT was 275.24, a multiple of 3.1,
while in group 1 the GMT was 160, a multiple of 2.0.

High indices of immune response in group 3 most
likely indicate a COVID-19 disease in a latent form,
which did not manifest itself clinically and was not
confirmed by PCR-test. It is important to note that this
study was conducted at the height of the epidemic, and
the main infectious agent at that time was the Omicron
strain.

The insufficient sensitivity of some commercial
ELISA test systems for detecting antibodies to SARS-
CoV-2 should also be noted [21]. For example, in in-
fluenza, antibodies appear in 50-80% of unvaccinated
adults without signs of disease [22]. A number of re-
searchers note that up to 80% of COVID-19 infections
may be asymptomatic [23, 24].

Researchers from the Netherlands studied the im-
mune response of 45 volunteers who were immunized
with ABNCoV2 vaccine based on cVLP with differ-
ent amounts of antigen: 6, 12, 25, 50 or 70 pg [19].
A dose-dependent antibody formation was observed af-
ter the 2" vaccination when immunized with vaccines
containing 25-70 pg of antigen. Antibodies neutralized
the major SARS-CoV-2 variants, but viral neutralizing
activity was lower with the Omicron variant (BA.1),
specific interferon-y (IFN-y)"CD4" T cells were activat-
ed. The researchers' overall conclusion: immunization
with the vaccine was well-tolerated, safe and resulted
in a functional immune response.

SARS-CoV-2 infection induces immune respons-
es that may have important implications for the devel-
opment of vaccination strategies. T-cell immunity plays
a central role in the control of SARS-CoV-2 infection.
Antigen-specific CD4* and CD8" T cells and neutral-
izing antibodies play a protective role against SARS-
CoV-2, whereas impairment of the adaptive immune
response, namely a lack of naive T cells, can lead to
adverse disease outcomes.

In the study of the immune response, it is import-
ant to assess the degree of cytokine imbalance and im-
mune cell activation. Antigen mimicry between viral
and human proteins can lead to the development of im-
mune-mediated hemolysis, decreased leukocyte counts,
cytokine storm, procoagulant state, and macrophage ac-
tivation [25]. The synthesis of cytokines IFN-y, inter-
leukin-2, and TNF-a accounts for the Th1-type immune
response [26]. IFN-y and interleukin-2 activate macro-

phages, natural killer cells, and cytotoxic lymphocytes,
which are crucial for virus elimination. IFN-y is the
most potent factor in macrophage activation. Full acti-
vation of macrophages can be achieved by low levels of
IFN-y. In vaccine development, it is important to avoid
toxicity associated with its over-activation.

Abnormal stimulation of T cells and antigen-pre-
senting cells (dendritic cells, macrophages and B cells)
can lead to the development of a cytokine storm gen-
erated by suppressive release of cytokines, particularly
TNF-a, which promotes migration of neutrophils from
vessels and activation of clotting pathways. Hyperin-
flammatory reactions correlate with increased levels of
serum interleukin-2, -6 and -7 [27, 28].

The developed VLP-vaccine can be an inducer of
cell-mediated immune response, in which the CD4*/
CDS8*-lymphocyte ratio does not change either toward
helper or cytotoxic lymphocytes. At the same time, the
post-vaccination change in cytokine levels is not suffi-
cient for the development of immunopathologic condi-
tions associated with excessive production of the proin-
flammatory cytokines under study.

When the developed vaccine was used, antibody
formation and cellular response increased markedly
as the number of immunizations increased. However,
the immunogenicity parameters obtained after immu-
nization with the vaccine containing 80 pg antigen per
dose were superior to those obtained after immuniza-
tion with the vaccine containing 40 ug antigen per dose
(especially for the Omicron strain); therefore, this dose
was selected as the optimal dose for phase I clinical
trials.

Conclusion

The tolerability, safety and immunogenicity of a
new vaccine for COVID-19 prophylaxis based on VLP
within the framework of phase I clinical trials on 180
volunteers were evaluated. It has been shown that vac-
cination with preparations containing 40 and 80 pg of
antigen in the dose intramuscularly twice with an inter-
val of 21 days does not cause serious AEs and induc-
es humoral and cellular immune response. The CD4*/
CDS8"-lymphocyte ratio does not change either toward
helper or cytotoxic lymphocytes. Post-vaccination
changes in cytokine levels are not sufficient for the de-
velopment of immunopathologic conditions associated
with excessive production of the proinflammatory cyto-
kines under study.



146

JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2025; 102(2)

DOI: https://doi.org/10.36233/0372-9311-661

10.

11.

12.

13.

REFERENCES

. Chen N.,; Zhou M., Dong X., et al. Epidemiological and

clinical characteristics of 99 cases of 2019 novel coronavi-
rus pneumonia in Wuhan, China: a descriptive study. Lancet.
2020;395(10223):507-13.

DOIL: https://doi.org/10.1016/s0140-6736(20)30211-7

. Uskov A.N., Lobzin Yu.V., Rychkova S.V.,, et al. Course of a new

coronavirus infection in children: some aspects of monitoring
and analysis of mortality. Journal Infectology. 2020;12(3):12—
20.

DOI: https://doi.org/10.22625/2072-6732-2020-12-3-12-20
EDN: https://elibrary.ru/jyuxsy

. Garafutdinov R.R., Mavzyutov A.R., Nikonorov Yu.M., et al.

Betacoronavirus SARS-CoV-2, its genome, variety of geno-
types and molecular-biological approaches to combat it. Biom-
ics. 2020;12(2):242-71.

DOIL: https://doi.org/10.31301/2221-6197.bmcs.2020-15

EDN: https://elibrary.ru/dhderx

. Gorenkov D.V., Khantimirova L.M., Shevtsov V.A., et al. An

outbreak of a new infectious disease COVID-19: B-coronavirus-
es as a threat to global healthcare. Biological Products. Preven-
tion, Diagnosis, Treatment. 2020;20(1):6-20.

DOIL: https://doi.org/10.30895/2221-996X-2020-20-1-6-20
EDN: https://elibrary.ru/euulmy

. Romanov B.K. Coronavirus disease COVID-2019. Safety and

Risk of Pharmacotherapy. 2020;8(1):3-8.
DOI: https://doi.org/10.30895/2312-7821-2020-8-1-3-8
EDN: https://elibrary.ru/vzvbrk

. Nikiforov V.V., Suranova T.G., Chernobrovkina T.Ya., et al.

New coronavirus infection (COVID-19): Clinical and epidemi-
ological aspects. Archive of Internal Medicine. 2020;10(2):87—
93.

DOL: https://doi.org/10.20514/2226-6704-2020-10-2-87-93
EDN: https://elibrary.ru/melbop

. Tregoning J.S., Brown E.S., Cheeseman H.M., et al. Vaccines

for COVID-19. Clin. Exp. Immunol. 2020;202(2):162-92.
DOI: https://doi.org/10.1111/cei.13517

. Ozhmegova E.N., Savochkina T.E., Prilipov A.G., et al. Mo-

lecular epidemiological analysis of SARS-CoV-2 genovari-
ants in Moscow and Moscow region. Problems of Virology.
2022;67(6):496-505.

DOI: https://doi.org/10.36233/0507-4088-146

EDN: https://elibrary.ru/crgiwk

. Ghafouri F., Cohan R.A., Noorbakhsh F., et al. An in-silico ap-

proach to develop of a multi-epitope vaccine candidate against
SARS-CoV-2 envelope (E) protein. Res. Sq. 2020. Preprint.
DOIL: https://doi.org/10.21203/rs.3.rs-30374/v1

Ayyagari V.S., Venkateswarulu T.C., Abraham Peele K., Sri-
rama K. Design of a multi-epitope-based vaccine targeting
M-protein of SARS-CoV-2: an immunoinformatics approach.
J. Biomol. Struct. Dyn. 2022;40(7):2963-77.

DOI: https://doi.org/10.1080/07391102.2020.1850357

Gupta T., Gupta S.K. Potential adjuvants for the development
of a SARS-CoV-2 vaccine based on experimental results from
similar coronaviruses. Int. Immunopharmacol. 2020;86:106717.
DOIL: https://doi.org/10.1016/j.intimp.2020.106717

Latyshev O.E., Zaykova O.N., Eliseeva O.V., et al. Development,
production and characterization of SARS-CoV-2 virus-like parti-
cles (Coronaviridae: Orthocoronavirinae: Betacoronavirus: Sar-
becovirus). Problems of Virology. 2024;69(2):175-86.

DOI: https://doi.org/10.36233/0507-4088-226

EDN: https://elibrary.ru/gkxfed

Banihashemi S.R., Es-Haghi A., Fallah Mehrabadi M.H., et
al. Safety and efficacy of combined intramuscular/intranasal
RAZI-COV PARS vaccine candidate against SARS-CoV-2:
a preclinical study in several animal models. Front. Immunol.
2022;13:836745.

DOIL: https://doi.org/10.3389/fimmu.2022.836745

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

ORIGINAL RESEARCHES

Vakhrusheva A.V., Kudriavtsev A.V., Kryuchkov N.A., et al.
SARS-CoV-2 subunit virus-like vaccine demonstrates high
safety profile and protective efficacy: Preclinical study. Vac-
cines (Basel). 2022;10(8):1290.

DOTI: https://doi.org/10.3390/vaccines 10081290

Chernoryzh Ya.Y., Kondratieva V.M., Malkova A.P., et al.
Pre-clinical safety studies of intranasal virus-like particles
based vaccine for prevention of COVID-19. Problems of Virol-
ogy. 2025;70(1):35-46.

DOI: https://doi.org/10.36233/0507-4088-278

EDN: https://elibrary.ru/fzgyxe

Yang X., Chen M., Cao L., Zhao M. Bibliometric analysis of
scientific papers on adverse reactions to COVID-19 vaccines
published between 2019 and 2023. Hum. Vaccin. Immunother.
2023;19(3):2270194.

DOI: https://doi.org/10.1080/21645515.2023.2270194

Kombe Kombe A.J., Li B., Zahid A., et al. Epidemiology and
burden of human papillomavirus and related diseases, molecu-
lar pathogenesis, and vaccine evaluation. Front. Public Health.
2021;8:552028.

DOI: https://doi.org/10.3389/fpubh.2020.552028

Nooraei S., Bahrulolum H., Hoseini Z.S., et al. Virus-like
particles: preparation, immunogenicity and their roles as
nanovaccines and drug nanocarriers. J. Nanobiotechnology.
2021;19(1):59.

DOTI: https://doi.org/10.1186/s12951-021-00806-7

Smit M.J., Sander A F., Ariaans M.B.P.A, et al. First-in-human
use of a modular capsid virus-like vaccine platform: an open-la-
bel, non-randomised, phase 1 clinical trial of the SARS-CoV-2
vaccine ABNCoV2. Lancet Microbe. 2023;4(3):¢140-8.

DOTI: https://doi.org/10.1016/s2666-5247(22)00337-8

Tariq H., Batool S., Asif S., et al. Virus-like particles: revolu-
tionary platforms for developing vaccines against emerging in-
fectious diseases. Front. Microbiol. 2022;12:790121.

DOT: https://doi.org/10.3389/fmicb.2021.790121

Okba N.M.A., Miiller M.A., Li W., et al. Severe acute respirato-
ry syndrome coronavirus 2-specific antibody responses in coro-
navirus disease patients. Emerg. Infect. Dis. 2020;26(7):1478—
88. DOI: https://doi.org/10.3201/eid2607.200841

Medunitsyn N.V., Olefir Yu.V., Merkulov V.A., Bondarev V.P.
Vaccination contribute to the development of personal and herd
immunity. Biological Products. Prevention, Diagnosis, Treat-
ment. 2016;16(4):195-207. EDN: https://elibrary.ru/xehmax
Krotkova E.N., Kuznetsov O.E., Gorchakova O.V. Assessment
of population immunity to the SARS-CoV-2 virus among the
population of Grodno. Journal of the Grodno State Medical
University. 2021;19(5):489-95.

DOTI: https://doi.org/10.25298/2221-8785-2021-19-5-489-495
Lai C.C., Liu Y.H., Wang C.Y., et al. Asymptomatic carrier
state, acute respiratory disease, and pneumonia due to severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2): Facts
and myths. J. Microbiol. Immunol. Infect. 2020;53(3):404—12.
DOTI: https://doi.org/10.1016/j.jmii.2020.02.012

Liu Y., Sawalha A.H., Lu Q. COVID-19 and autoimmune dis-
eases. Curr. Opin. Rheumatol. 2021;33(2):155-62.

DOT: https://doi.org/10.1097/bor.0000000000000776
Mesentseva M.V., Antoshina I.F., Morozova O.V. The cyto-
kines synthesis in vitro in the tick-borne encephalitis virus
infected cells and in the presence of inactivated vaccine. Rus-
sian Journal of Infection and Immunity. 2014;4(1):37-42.
EDN: https://elibrary.ru/rzjgcz

Landete P., Quezada Loaiza C.A., Aldave-Orzaiz B., et al. Clin-
ical features and radiological manifestations of COVID-19 dis-
ease. World. J. Radiol. 2020;12(11):247-60.

DOT: https://doi.org/10.4329/wjr.v12.i111.247

.Luo X.H., Zhu Y., Mao J., Du R.C. T cell immunobiolo-

gy and cytokine storm of COVID-19. Scand. J. Immunol.
2021;93(3):¢12989. DOLI: https://doi.org/10.1111/sji.12989



KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUN N UMMYHOBUOJOTUI. 2025; 102(2) 147

DOI: https://doi.org/10.36233/0372-9311-661

OPUTVHANbHbBIE NCCJTIEAOBAHNA

Information about the authors

Tatiana V. Grebennikova™ — Dr. Sci. (Biol.), Professor, Correspond-
ing Member of RAS, Head, Laboratory of molecular diagnostics,
Head, Deputy Director for scientific work, D.I. Ivanovsky Institute of
Virology, Head, Testing Center, NRCEM named after N.F. Gamaleya,
Moscow, Russia, t_grebennikova@mail.ru,
https://orcid.org/0000-0002-6141-9361

Olga N. Zaykova — Cand. Sci. (Biol.), senior researcher, Laborato-
ry of molecular diagnostics, researcher, Diagnostic and Prevention
Research institute for Human and Animal Diseases, NRCEM named
after N.F. Gamaleya, Moscow, Russia, zaykova_o_n@mail.ru,
https://orcid.org/0000-0003-4708-2069

Alexey A. Plotnikov — postgraduate student, junior researcher, Labo-
ratory of molecular diagnostics, NRCEM named after N.F. Gamaleya,
Moscow, Russia, alesp@ya.ru,
https://orcid.org/0009-0009-1253-1152

Lyudmila V. Kostina — Cand. Sci. (Biol.), senior researcher, Labora-
tory of molecular diagnostics, researcher, Diagnostic and Prevention
Research institute for Human and Animal Diseases, NRCEM named
after N.F. Gamaleya, Moscow, Russia, Ivkostina@mail.ru,
https://orcid.org/0000-0002-9556-1454

Yana Yu. Chernoryzh — Cand. Sci. (Med.), researcher, Laboratory
of molecular diagnostics, NRCEM named after N.F. Gamaleya, Mos-
cow, Russia, revengeful_w@mail.ru,
https://orcid.org/0000-0001-9848-8515

Olesia V. Eliseeva— Cand. Sci. (Biol.), senior researcher, Laboratory
of molecular diagnostics, NRCEM named after N.F. Gamaleya, Mos-
cow, Russia, olesenka80@mail.ru,
https://orcid.org/0000-0002-0723-9749

Oleg E. Latyshev — Cand. Sci. (Biol.), senior researcher, Laboratory
of molecular diagnostics, NRCEM named after N.F. Gamaleya, Mos-
cow, Russia, oleglat80@mail.ru,
https://orcid.org/0000-0002-5757-3809

Viktor F. Larichev — Dr. Sci. (Med.), leading researcher, Labora-
tory of biology and indication of arboviruses, NRCEM named after
N.F. Gamaleya, Moscow, Russia, vlaritchev@mail.ru,
https://orcid.org/0000-0001-8262-5650

Irina T. Fedyakina — Cand. Sci. (Biol.), Head, Laboratory of virus
ecology, leading researcher, Department of virus ecology, NRCEM
named after N.F. Gamaleya, Moscow, Russia, irffed2@mail.ru,
https://orcid.org/0000-0001-6421-9632

Milana A. Losich — Cand. Sci. (Biol.), senior researcher, Laboratory of
molecular diagnostics, Group of comparative virology, NRCEM named
after N.F. Gamaleya, Moscow, Russia, mkohnovich@rambler.ru,
https://orcid.org/ 0000-0002-5618-1918

llya M. Kirillov — senior researcher, Laboratory of virus ecology,
NRCEM named after N.F. Gamaleya, Moscow, Russia,
iliyakirillov@yandex.ru, https://orcid.org/0000-0002-4933-850X

llya E. Filatov — junior researcher, Laboratory of molecular diagnos-
tics, NRCEM named after N.F. Gamaleya, Moscow, Russia,
filat69rus@yandex.ru, https://orcid.org/0000-0001-5274-224X

Marina V. Balandina — Cand. Sci. (Biol.), senior researcher, Labora-
tory of molecular diagnostics, NRCEM named after N.F. Gamaleya,
Moscow, Russia, mbalandina77mail.ru,
https://orcid.org/0009-0002-8179-1379

Valery V. Tsibezov — Cand. Sci. (Biol.), leading researcher, Labora-
tory of specific means of prevention of viral diseases, NRCEM named
after N.F. Gamaleya, Moscow, Russia, tsibezov@yandex.ru,
https://orcid.org/0000-0003-2150-5764

Kirill 1. Yurlov — researcher, Laboratory of cellular engineering,
NRCEM named after N.F. Gamaleya, Moscow, Russia,
kir34292@yandex.ru, https://orcid.org/0000-0002-4694-2445

Ekaterina I. Lesnova — researcher, Laboratory of molecular diag-
nostics, NRCEM named after N.F. Gamaleya, Moscow, Russia,
wolf252006@yandex.ru, https://orcid.org/0000-0002-2801-6843

Valeria M. Kondratieva — postgraduate student, Laboratory of mo-
lecular diagnostics, NRCEM named after N.F. Gamaleya, Moscow,
Russia, 1999valeriak@mail.ru,
https://orcid.org/0000-0001-9163-4516

Alina A. Kozlova — Cand. Sci. (Biol.), researcher, Laborato-
ry of molecular diagnostics, NRCEM named after N.F. Ga-
maleya, Moscow, Russia, malinkakozlova88@gmail.com,
https://orcid.org/0000-0003-2749-3258

Marina S. Baranets — Cand. Sci. (Med.), researcher, Laboratory of
molecular diagnostics, NRCEM named after N.F. Gamaleya, Mos-
cow, Russia, shizotorex@mai.ru,
https://orcid.org/0000-0002-3466-3588

Aleksandr L. Gintsburg — Dr. Sci. (Biol.), Professor, Academician

RAS, Director, NRCEM named after N.F. Gamaleya, Moscow, Russia,
gintsburg@gamaleya.org, https://orcid.org/0000-0003-1769-5059


mailto:alesp@ya.ru
mailto:filat69rus@yandex.ru

148

JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2025; 102(2)

DOI: https://doi.org/10.36233/0372-9311-661

UHpopmayusi 06 asmopax

IpeberHHukosea TambsiHa BrnadumuposHa™ — [-p Guon. Hayk, npo-
eccop, un.-kopp. PAH, 3aB. nab. monekynsipHoW AuarHocTu-
KW, 3aM. AMpeKTopa Mo HayyHoW pabote WHCTMTyTa BUpycororuu
um. O.U. NeaHoBckoro, pykoBoauTenb McnbiTatenbHOro ueHTpa
HNLUSMwum.H.®.Mamanen, Mockea, Poccusi,t_grebennikova@mail.ru,
https://orcid.org/0000-0002-6141-9361

3atikosa Onbza HukonaesHa — kaHA. Guon. Hayk, C. H. ¢. nab. mo-
nekynsipHon amarHoctuku HALU3M um. H.®. Namanewn, Mocksa, Poc-
cus, zaykova_o_n@mail.ru, https://orcid.org/0000-0003-4708-2069

lMnomHukoe Anekceli AHOpeeguyY — acnmpaHT, M. H. c. nab. moneky-
nsapHon gnarHoctukm HALUGM mum. H.®. MNamaneun, Mocksa, Poccus,
alesp@ya.ru, https://orcid.org/0009-0009-1253-1152

Kocmura JTrodmuna BnadumuposHa — kaHa. 6uon. Hayk, C. H. c. nab.
mornekynspHon gmnarHoctukn HALGOM um. H.®. Mamanen, Mocksa,
Poccus, Ivkostina@mail.ru, https://orcid.org/0000-0002-9556-1454

YepHopbik SlHa KOpbesHa — KaHA. Mef. Hayk, H. C. nab. Moneky-
nspHon anarHoctukn HUALIGM mm. H.®. Namaneun, Mockea, Poccus,
revengeful_w@mail.ru, https://orcid.org/0000-0001-9848-8515

Enuceeea Onecsi BacunbesHa — KkaHA. 6buon. Hayk, . H. ¢. nab. mo-
nekynspHoun guarHoctukn HUILOM um. H.®. Mamanen, Mockea, Poc-
cus, olesenka80@mail.ru, https://orcid.org/0000-0002-0723-9749

Jlambiwes Onee EgeeHbesuy — kaHg. 6uon. Hayk, c. H. c. nab. Mo-
nekynspHon amarHoctukn HALUOM um. H.®. Namaneun, Mocksa, Poc-
cus, oleglat80@mail.ru, https://orcid.org/0000-0002-5757-3809

Jlapudyes Bukmop @ununnoguy — A-p MeA. Hayk, B. H. €. nab. buono-
v 1 nuamkauum apéosupycos HALUOM um. H.®. lamaneun, Mocksa,
Poccus, viaritchev@mail.ru, https://orcid.org/0000-0001-8262-5650

QedsikuHa MpuHa TumogheeeHa — KkaHf. Guon. Hayk, 3aB. nab.
9KOMNornm BMPYCoB, B. H. C. oTAena akonorun supycos HALIOM nm.
H.®. Mamaneun, Mocksa, Poccus, irffed2@mail.ru,
https://orcid.org/0000-0001-6421-9632

Jlocuy MunaHa AHamornbeeHa — kaHp. buon. Hayk, c. H. ¢. nab.
MOINEKYNSPHON ANAarHOCTUKW TPYynMbl CPaBHUTENBLHOW BUPYCOMOrin
HNLUSM um. H.®. Namanen, Mockea, Poccus,
mkohnovich@rambler.ru, https://orcid.org/0000-0002-5618-1918

ORIGINAL RESEARCHES

Kupunnos Wnba Muxalnosuy — c. H. c. nab. aKonornm BMpycos
HULOM um. H.®. Namanen, Mocksa, Poccus,
iliyakirillov@yandex.ru, https://orcid.org/0000-0002-4933-850X

®unamos Unbsi EeeeHbesuy — M. H. c. nab. monekynsipHow gnarHo-
ctukm HAUSM um. H.®. Namaneun, Mocksa, Poccus,
filat69rus@yandex.ru, https://orcid.org/0000-0001-5274-224X

banaHOuHa MapuHa BnadumuposHa — kaHf. Guon. Hayk, C. H. C.
nab. monekynsapHon amarHoctukn HALUIM um. H.®. Mamanen, Mo-
cksa, Poccusi, mbalandina77mail.ru,
https://orcid.org/0009-0002-8179-1379

Lubesoe Banepuli Bnadumuposuy — kaHpg. 6uon. Hayk, B. H. C.
nab. cpeacTts cneunduyeckon npounakTukM BUPYCHbIX GonesHen
HUL3M um. H.®. Mamanen, Mocksa, Poccus, tsibezov@yandex.ru,
https://orcid.org/0000-0003-2150-5764

tOproe Kupunn UeaHosuy — H. €. nab. KNETOYHOW WHXEHepun
HUUSM mnm. H.®. Mamanen, Mocksa, Poccus, kir34292@yandex.ru,
https://orcid.org/0000-0002-4694-2445

JlecHosa ExamepuHa MleaHo8Ha — H. . Nab. MOMEKYNSIPHOW AnarHo-
ctukm HALUSM um. H.®. Namaneun, Mocksa, Poccus,
wolf252006 @yandex.ru, https://orcid.org/0000-0002-2801-6843

KoHdpambesa Banepusi MuxalinosHa — acnvpaHT nab. moneky-
nsipHon amarHoctukn HALIOM mum. H.®. MNamaneun, Mockea, Poccus,
1999valeriak@mail.ru, https://orcid.org/0000-0001-9163-4516

Kosnoea AnuHa AnekcaHOpogHa — KaHA. buon. Hayk, H. c. nab. mo-
nekynspHoun guarHoctukn HALU3OM um. H.®. Namanewn, Mockea, Poc-
cus, malinkakozlova88@gmail.com,
https://orcid.org/0000-0003-2749-3258

bapaHey MapuHa CepzeegHa — KaHA,. Me[. HayK, H. C. Nab. Mmoneky-
nsipHon amarHoctukn HUALIGM mum. H.®. MNamaneun, Mockea, Poccus,
shizotorex@mai.ru, https://orcid.org/0000-0002-3466-3588.

luHUybype AnekcaHop JleoHudosuy — pA-p Byon. Hayk, npodeccop,
akagemuk PAH, anpektop HALUOM nm. H.®. Mamanen, Mocksa, Poc-
cug, gintsburg@gamaleya.org,
https://orcid.org/0000-0003-1769-5059


mailto:oleglat80@mail.ru
mailto:irfed2@mail.ru

KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUN N UMMYHOBUOJOTUI. 2025; 102(2) 149

DOI: https://doi.org/10.36233/0372-9311-661

OPUTVHANbHbBIE NCCJTIEAOBAHNA

Authors’ contribution: Grebennikova T.V. — study concept and de-
sign, data analysis and interpretation, text editing, preparation of the
final version of the article for publication; Zaykova O.N. — cell culture
processing, article writing, results presentation; Plotnikov A.A. —
clinical trial monitoring, results presentation; Kostina L.V. —
cell culture processing, drug production and characterization;
Chernoryzh Ya.Yu. — cellular immunity study, statistical analysis; Eli-
seeva O.V. — quality control of the obtained drug; Latyshev O.E. —
drug production and characterization; Larichev V.F., Fedyakina I.T. —
immunogenicity study in the neutralization reaction; Losich M.A. —
cell culture processing, drug production and characterization;
Kirillov I.M. — vaccine antigen purification; Filatov I.E. — immunoge-
nicity study in the ELISA reaction (specific IgG); Balandina M.V. — cy-
tokine production dynamics study; Tsibezov V.V. — study of immuno-
genicity in ELISA reaction, data interpretation; Yurlov K.I. — study of
cellular immunity; Lesnova E.I., Kondratieva V.M. — study of cellular
immunity; Kozlova A.A., Baranets M.S. — study of immunogenicity
in neutralization reaction; Ginzburg A.L. — organizational aspect
of clinical trials. All authors confirm that they meet the International
Committee of Medical Journal Editors criteria for authorship, made a
substantial contribution to the conception of the article, acquisition,
analysis, interpretation of data for the article, drafting and revising the
article, final approval of the version to be published.
The article was submitted 20.02.2025;
accepted for publication 21.04.2025;
published 28.04.2025

Yyacmue aemopos: pebeHHukoga T.B. — koHUenuusa u au3anH
nccrneaoBaHus, aHanus u UHTepnpeTaums AaHHbIX, pefakTupoBsa-
HWe TekcTa, POpPMMpPOBaHME OKOHYATENbHOrO BapuaHTa ctaTbu Ans
nybnukauum; 3atikosa O.H. — paboTa c KynbTypoW KNeTok, Hanuca-
HVe TekcTa cTaTby, ocpopmneHne pesynsratos; [T1omHukos A.A. —
MOHWUTOPMPOBAHUE  KIMHWYECKOrO UccrnenoBaHus, odopMmrieHne
pesyneratoB; KocmuHa J1.B. — paboTta c KynbTypoW KMeTok, no-
nyyeHne u xapakTepucTuka npenapata; YepHopbik H.¢0. — wnc-
crnegoBaHMe  KINETOYHOTO MMMYHUTETa, CTaTUCTUYECKUIA aHanus;
Enuceesa O.B. — KOHTpOnb KayecTBa MOMyYeHHOro npenapara;
Jlambiwes O.E. — nony4eHune n xapakrepuctuka npenapara; Jlapu-
4yeg B.®., ®edsikuHa UN.T. — nccnepoBaHue UMMYHOTEHHOCTU B pe-
akumm Hentpanusauuu; Jlocud M.A. — paboTa ¢ KynbTypoOu KNeTok,
nornyyeHue u xapakrepuctuka npenapara; Kupusnnos .M. — ounct-
Ka aHTUreHa BakuuHbl; @unamos U.E. — nccnegoBaHne MMMYHOTEH-
HocTu B peakumn UPA (cneumduueckne IgG); banaHouHa M.B. —
nccrneaoBaHue AMHaMUKU NPoJyKUMU LIMTOKMHOB; Ljube3os B.B. —
ncecrnegoBaHne MMMYHOTeHHOCTU B peakumn VDA, nHtepnpetaums
naHHblx; HOpriose K.M. — uccnepoBaHue KNETOYHOrO UMMYHUTETA;
JlecHosa E.UN., KoHOpambesa B.M. — wccnepoBaHue KrneTOYHOro
nmmyHuteta; Kosnosa A.A., bapaHey M.C. — nccnegoBaHve UM-
MYHOTEHHOCTU B peakuuu Hentpanusauuu; [uHybype A.J1. — opra-
HU3aUMOHHAsa CTOpPOHA KMMHWYECKMX uccrnenoBaHui. Bce aBTopbl
NOATBEPXAaloT COOTBETCTBME CBOErO aBTOPCTBA KpuTepusam Mexay-
HapPOOHOro KOMUTETA PEAaKTOPOB MEAULMHCKUX XXYPHAnoB, BHECNN
CyLLEeCTBEHHbIV BKNaj B NpoBeAeHne NoMCKOBO-aHanUTUYeCcKon pa-
60TbI 1 MOArOTOBKY CTaTbW, MPOYNN 1 0406pUNY UHANBHYI0 BEPCUIO
Ao nybnukauum.
Cratbsi noctynuna B pegakuuio 20.02.2025;
npuHsiTa k ny6nukauum 21.04.2025;
ony6nukosaHa 28.04.2025



	_Hlk31566056
	_Hlk31536261

