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In the context of the ongoing coronavirus disease 2019 (COVID-19)
pandemic, it is extremely important to study immunogenicity and
immune response duration in different vaccines.

Aim. As part of a prospective observational study, to study the levels
of anti-SARS-CoV-2 S-protein IgG antibodies in individuals vaccinated
with the Gam-COVID-Vac and CoviVac vaccines.

Material and methods. The data of 93 people who completed the
first 3 visits were analyzed, 23 of whom were vaccinated with the Gam-
COVID-Vac vaccine and 70 people — with the CoviVac vaccine. We
collected blood before the injection of vaccine doses | and Il, as well as
42 days after the injection of dose | in order to quantitatively determine
IgG levels. The level of anti-SARS-CoV-2 S-protein IgG antibodies was
determined using the SARS-CoV-2 IgG ELISA-BEST reagent kit on the
InfiniteF50 TECAN system.

Results. A significant increase in anti-SARS-CoV-2 S-protein IgG
antibodies was observed in those vaccinated with Gam-COVID-Vac. In
the group of CoviVac vaccine, an increase in the level anti-SARS-CoV-2
S-protein IgG antibodies in absolute values was recorded, however, this
increase did not reach statistical significance.

Conclusion. The data obtained show that the level of anti-SARS-
CoV-2 S-protein antibodies 42 days after Gam-COVID-Vac vaccination
is significantly higher than after CoviVac vaccination. However, an
increase in the level of IgG in both groups indicates the ability of both
vaccines to stimulate the production of anti-SARS-CoV antibodies.
Keywords: vaccination, coronavirus infection, COVID-19, Gam-CQOVID-
Vac, CoviVac, anti-SARS-CoV-2 IgG antibodies.

Introduction

At the end of 2019, an outbreak of coronavirus
disease 2019 (COVID-19), caused by severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2), oc-
curred in the People’s Republic of China [1]. Due to
the extremely rapid increase in the number of infected
people around the world, in the spring of 2020, the
disease was recognized as a pandemic.

According to official statistics, as of November
2021, more than 246 million COVID-19 cases were
registered in the world, of which 4,99 million were
fatal [2]. At the time of writing (November 30, 2021),
more than 9,64 million people were infected in Russia,
of which more than 275 thousand people died [3]. To
stop the further growth of pandemic and reduce health
system loads, the development of specific prevention of
COVID-19 has become a priority for scientists around
the world. In the context of COVID-19 pandemic, when
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the number of cases worldwide, including in Russia,
continues to grow, one of the highly effective prevention
is mass vaccination of the population. Currently, the
following vaccines have been registered in Russia for
the specific COVID-19 prevention in adults: Gam-
COVID-Vac, combined vector vaccine; Gam-COVID-
Vac-Lio, combined vector vaccine; EpiVacCorona,
peptide-based vaccine; CoviVac, inactivated whole-
virion concentrated, purified coronavirus vaccine;
Sputnik Light, the vaccine for COVID-19 prevention;
EpiVacCorona-N, peptide-based vaccine [4].

One of the world’s first vaccines against COVID-19
was the Russian vaccine Gam-COVID-Vac, deve-
loped at the Gamaleya Research Institute of Epide-
miology and Microbiology. Gam-COVID-Vac is a
biotechnological vector vaccine that does not use
the SARS-CoV-2 pathogenic for humans. The vac-
cine consists of two doses: dose I and dose II. Dose |
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includes a recombinant adenovirus type 26, carrying
the SARS-CoV-2 S protein gene, while dose II in-
cludes a human adenovirus type 5, also carrying the
SARS-CoV-2 S protein gene [1]. Both doses are admi-
nistered intramuscularly, separately, with an interval of
21 days.

It is known that the use of adenoviral vectors
for the rapid delivery of antigens induces both cell-
mediated and humoral immunity even after a single
injection, while the use of two vaccine doses makes it
possible to obtain a reliable and long-term immune
response [5]. Phases I-1II of Gam-COVID-Vac clinical
trials, completed by the beginning of August 2020,
showed high immunogenicity and, importantly, good
tolerability in healthy participants. It is important to
note that the number of side effects did not differ from
those for other similar vector vaccines, while no serious
adverse events were observed [6]. Phase III results have
been published in The Lancet journal. The use of Gam-
COVID-Vac showed an effectiveness of 91,6% (95%
confidence interval, 85,6-95,2) and a high safety profile.
Anti-SARS-CoV-2 neutralizing IgG antibodies after
Gam-COVID-Vac vaccination were found in 98% of
volunteers [7].

Efficacy and safety of vaccine were also confirmed
in real-world evidence studies [8]. None of the 204
vaccinated with Gam-COVID-Vac developed serious
adverse events within 42 days after dose I introduction,
and IgG positive rate was 16,2.

Another CoviVac vaccine approved in Russia is a
purified concentrated SARS-CoV-2 (AYDAR-1 strain)
suspension. The CoviVac vaccine has shown high effi-
cacy and safety in preclinical studies in rodents and
primates [9], and phase III clinical trials are currently
being completed.

Given the variety of existing vaccines, it is currently
extremely important to study their immunogenicity and
the duration of immune response.

The aim of the study is to assess the immune status
in individuals vaccinated against the SARS-CoV-2 as
part of a prospective observational study.

It is planned to evaluate the levels of anti-SARS-
CoV-2 S-protein antibodies in vaccinated individuals
before dose 1 introduction, before dose 2 introduction,
and also 42 days, 3, 6 and 12 months after the dose 1
introduction. The study collects and analyzes data
on the tolerability of anti-SARS-CoV-2 vaccines,
as well as clinical information on study participants
(anthropometric parameters, social status, physical
examination, comorbidities, medications taken, etc.).
In the present work, the data of those patients who
completed the first 3 visits (day 0, day 14-21, day 42"
are analyzed.

Material and methods
This paper presents the first results of the ongoing
SIRIUS study.

Inclusion criteria:

— age >18 years;

— no contraindications to vaccination;

— residents of Moscow and Moscow region;

— signed informed consent.

Exclusion criteria:

— contraindications to vaccination;

— prior COVID-19 infection;

— prior anti-SARS-CoV-2 vaccination;

— refusal to participate in the study.

As of November 1, 2021, 1090 people were included in
the SIRIUS study, of which 93 people completed the first
3 visits: 23 people were vaccinated with the Gam-COVID-
Vac, 70 people — CoviVac. Patients had the opportunity to
choose the vaccine. Venous blood samples were taken before
the introduction of dose I and 11, as well as 42 days after the
dose I introduction in order to quantify the level of S protein
IgG antibodies. During the time elapsed between visits, study
participants had no contact with COVID-19 patients.

Protocol Ne 05-07/21 dated June 3, 2021 was approved
by the local ethics committee of the National Medical
Research Center for Therapy and Preventive Medicine, and
complies with the Declaration of Helsinki principles. Signed
informed consent was obtained from all patients.

The level of serum immunoglobulins was determined
using the SARS-CoV-2 IgG ELISA-BEST Kkit to assess the
humoral immune response to current or past SARS-CoV-2
infection, as well as to assess vaccine-induced immunity
based on the S-protein (including the receptor domain
binding (RDB)) of SARS-CoV-2. For this purpose, the
Infinite F50 TECAN system was used. When quantifying
anti-SARS-CoV-2 S protein IgG antibodies, the reference
value of 10 binding antibody units (BAU)/ml was used.
Values <10 BAU/ml are negative (no antibodies or below
the limit of detection), while values >10 BAU/mL — po-
sitive.

For statistical processing, the program R, SPSS v.20.0
was used. The differences were considered significant at
p<0,05. The normality of distribution was assessed using
the Shapiro-Wilk and Kolmogorov-Smirnov tests with the
Lilliefors correction. Variables were presented as Me (Q25;
Q75), where Me is the median, Q25 — 25" percentile, Q75 —
75™ percentile. For proportions and frequencies, data are
presented as a percentage. Nonparametric criteria were used
to compare groups as follows: independent groups — Mann-
Whitney test, dependent groups — Wilcoxon test.

Results

The study included 93 patients, of whom 23
were vaccinated with Gam-COVID-Vac and 70 with
CoviVac. In the Gam-COVID-Vac group (group 1), the
mean age of participants was 43 years (31; 58), in the
CoviVac group (group 2) — 45 years (23; 53). In the 1*
group, there were 30,4% of men, in the 2™ — 22,9%.
Thus, the age and sex composition of groups did not
differ. Participants in both vaccinated groups were also
comparable in terms of body weight, height, body mass
index, smoking status, and number of those vaccinated
against influenza (Table 1).

An analysis was made on the level of S protein
IgG antibodies in vaccinated individuals before the
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Table 1
Characteristics of study participants

Parameters Vaccine p

Gam-COVID-Vac CoviVac

n=23 n=70
Age, years 43 (31; 58) 45 (23; 53) 0,890'
Gender, male/female, n (%) 7 (30,4)/16 (69,6) 16 (22,9)/54 (77,1) 0,651
Weight, kg 73 (59; 87) 68 (60; 82) 0,240'
Height, cm 165 (162; 176) 168 (164; 174) 0,608'
Body mass index, kg/m> 25,0 (22,2; 30,8) 23,7 (21,5; 27,3) 0,132!
Smoking, no/yes, n (%) 21 (91,3)/2 (8,7) 51(72,9)/19 (27,1) 0,086°
Influenza vaccine, no/yes, n (%) 11 (47,8)/12 (52,2) 31 (44,3)/39 (55,7) 0,957

Note: data are presented as Me (Q25; Q75), where Me is the median, Q25 and Q75 — 25" and 75" percentiles, p — significance level, ! — Mann-

Whitney test, 2 — % test with continuity correction, * — Fisher’s exact test.
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Figure 1. The level of IgG antibodies in the studied groups of vaccinated ~ Figure 2. Dynamics of anti-S protein IgG antibodies in the studied groups

people during the follow-up period.
Note: “whiskers” — minimum and maximum values, “box” borders —
Q25-Q75, line inside the “box” — median.

introduction of vaccine, before the dose 2 and on the
42" day after dose 1 administration (Figure 1).

In the group 1, the Me level of S protein IgG
antibodies at the first visit was 6 BAU/ml (Q25 — 5
BAU/ml; Q75 — 58 BAU/ml), in the group 2 — 7
BAU/ml ml (Q25 — 5 BAU/ml; Q75 — 63 BAU/ml),
while there was no significant difference in the baseline
level of S protein IgG antibodies between the studied
groups (p=0,847). A reference level >10 BAU/mL is
considered positive. At the second visit, there were
significant differences in S protein IgG antibodies
between the 1* and 2™ groups. In absolute values, the
Me level of S protein IgG antibodies in group 1 was
250 BAU/ml (Q25 — 99 BAU/ml; Q75 — 540 BAU/
ml), while in group 2 — 7 BAU/ml (Q25 — 5 BAU/ml;
Q75 — 162 BAU/ml). At the third visit, the Me level of
S protein IgG antibodies in group 1 reached 527 BAU/ml
(Q25 — 196 BAU/ml; Q75 — 580 BAU/ml), while in

of vaccinated people.
Note: “whiskers” — minimum and maximum values, “box” borders —
Q25-Q75, line inside the “box” — median.

group 2 — 21 BAU/ml (Q25 — 7 BAU/ml Q75 — 210
BAU/ml). Differences between the two groups at the
second and third visits were significant (p<0,001).

The results of the analysis of S protein IgG anti-
bodies dynamics in both studied groups of vaccinated
individuals are shown in Figure 2.

These data demonstrate that in group 1, com-
pared with group 2, there was a pronounced and signi-
ficant increase in the Me level S protein IgG anti-
bodies, both when comparing the first and second
visit, and when comparing the first and third visits
(p<0,001). When comparing the differences in the
levels of S protein IgG antibodies for the period from
second to third visit, no significant increase was found
for either Gam-COVID-Vac or CoviVac. Median in-
crease in the level of S protein IgG antibodies 42 days
after the Gam-COVID-Vac introduction was 397
BAU/ml.
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Discussion

Thus, a pronounced and significant increase in
S protein IgG antibodies was observed only in the 1%
group. Despite the fact that in the 2™ group an increase
in S protein IgG antibodies was recorded in absolute
terms, this turned out to be statistically insignificant.
It is likely that as the sample size increases, the results
obtained will be reproducible.

Recently, novel data has appeared in The Lancet,
confirming the safety, good tolerance and immuno-
genicity of the Sputnik Light vaccine. In an open-
label, prospective, non-randomized, phase I/II study,
the main criteria for a positive vaccination result were
antigen-specific humoral immunity (anti-RBD-
SARS-CoV-2 antibodies measured using ELISA on
days 1, 10, 28, and 42™) and safety (number of partici-
pants with adverse events). Secondary endpoints were
antigen-specific cell-mediated immunity (antigen-
dependent proliferation of CD4+ and CD8+ T cells,
number of antigen-specific cells producing inter-
feron-vy, and interferon-y concentration upon antigen
restimulation) and change in neutralizing antibodies
(measured using SARS-CoV-2 neutralization assay).

The study revealed mild adverse events in 66,4%
of vaccinated people, moderate — in 5,5%, while no
severe events were identified. Immunogenicity de-
pended on the initial titer of antibodies. In 14 sero-
positive volunteers, RBD-specific IgG antibodies by
the 10" day after vaccination increased from 594 to
almost 27 thousand BAU/ml, while in 96 seronegative
volunteers — to 29 thousand BAU/ml. By day 42",
seroconversion, respectively, was 92,9%, while anti-
gen-specific cell-mediated immunity developed in
100% of seropositive and 96% of seronegative volun-
teers [10].
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Conclusion
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