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Abstract

After the COVID-19 pandemic, the analysis of accumulated data could provide new insights to overcome further
challenges for the healthcare system. The present study aimed to characterize the seropositivity levels in the context
of COVID-19 morbidity in 2020—2022 and diagnostic, screening, and vaccination programs implementation. For this
purpose, retrospective analysis of anti-SARS-CoV-2 IgG levels in 41,295 serum samples harvested from the
northwestern Russian population in 2020-2024 was performed. We revealed that seroprevalence gradually
increased until the autumn of 2021, when vaccination became mandatory for certain groups and restrictions were
placed on unvaccinated persons. In the following winter, the seroprevalence growth was accompanied by a massive
Omicron spread. The proportion of seropositive subjects in the Northwestern Russian population reached 80%
seropositivity in 2022. Until the beginning of mass vaccination, the identified IgG levels in patients who reported
suffering a non-COVID upper respiratory tract infection were significantly lower than in COVID-positive subjects.
That suggests that the available diagnostic tests for SARS-CoV-2 provided patients and healthcare specialists with
reliable information on the etiology of respiratory infections.
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1.Introduction

Almost immediately after the first COVID-19 case
registration in Russia, on March 19, 2020, the
Ministry of Health issued the order [1] that established
the anti-pandemic measures, including a time limit for
biological sample testing of 48 hours. Eventually, the
Chief State Sanitary Doctor of Russia [2] mandated
involving all government and private laboratories in
COVID-19 diagnosis, and prescribed obligatory PCR
testing for all citizens returning to Russia from
overseas with respiratory tract infection (RTI)
symptoms, contacts, patients with community-
acquired pneumonia, elderly patients (>65 years old)
with RTI, and medical staff. Additionally, citizens had
the possibility to get either PCR or IgM/IgG testing in
private medical centers without meeting these criteria.
Local regulations complemented the federal orders. In
Saint Petersburg, where the present study was
performed, the Health Committee issued a ruling [3],
which, among other requirements, established the
form for the referral of clinic samples, which included
data for RTI symptoms and previous contacts with

infected subjects. These measures provide most of the
data for estimating SARS-CoV-2 spread and
seroprevalence in the population from the first month
of the COVID-19 pandemic, including data for the
epidemiologic status of examined persons.

Natural infection or vaccination are two sources of
anti-COVID-19 antibodies, but neither provide long-
term immunity [4]. Depending on population
immunization and pathogen evolution, the COVID-19
pandemic spread in Russia can be divided into two
periods. The period between March 2020 and January
2021 is considered the first phase of pandemic
development [5]. Two increases in morbidity were
identified in this time interval: (I) the spring-summer
wave and (II) the autumn-winter wave [6]. Natural
infection is the only source of immunity at this stage.
The second stage of the COVID-19 pandemic in Russia
(from February 2021 to the end of pandemic spread)
began with the change in prevailing variants from
Alpha to Delta and then Omicron variants. At the same
time, on December 05, 2020, anti-SARS-CoV-2



vaccines became available in Russia [4]. In December
2020, anti-SARS-CoV-2 vaccination was included in
the National Vaccination Schedule, but initially, the
vaccine was available only for priority risk groups, like
medical staff or service workers [7]. In Saint
Petersburg, at six months after the start of
immunization, only nearly 10% of citizens received
two-dose vaccination [8]. Although in Russia there
were several kinds of vaccines developed, the two-dose
adenovirus vector-based Sputnik V has commonly (up
to 95% of vaccinated population) been used for
immunization [9]. Two other vaccines, EpiVacCorona
(peptide-based) and CoviVac (inactivated virus), also
were available at the beginning of immunization, but
to a much lesser extent.

However, there were low COVID-19 vaccine
acceptance rate in Russia, and in Saint Petersburg, the
biggest city in Northwestern Russia only 32% of
population were vaccinated untill Septembre 30, 2021
[10—12] . The regional governments resorted to
restrictive measures against the unvaccinated
population to increase vaccination. In Saint
Petersburg vaccination became obligatory for several
occupational groups [13], and from October 18, 2021,
the Health Committee under the Saint Petersburg
Government issued the ruling [14], that limited the
access of unvaccinated subjects to community events,
stores, and catering. Vaccination did not stop
transmission, but it significantly reduced risks of
severe disease or mortality in vaccinated subjects
[15,16].

In November and December 2021, the Omicron
variant emergence led to the maximal morbidity rate
in the fifth period of the COVID-19 spread (10 January
2021—26 June 2022) [5]. This variant had multiple
mutations in the spike protein [17] and could escape
protective immunity, including the protective effect of
Sputnik V immunization [18]. On the other hand,
retrospective studies identified a decrease of anti-RBD
titers in Sputnik V-vaccinated subjects on day 180
post-vaccination [18—20]. Revaccination provides a
more stable protective effect [21].

The minimal proportion of persons with protective
immunity in the population that prevents the infection
transmission is considered the herd immunity
threshold [22]. For the majority of infections, the
presence of at least 60-80% immunopositive subjects
protects the whole population from the infection
spreading [22-25]. However, for the COVID
pandemic, herd immunity could not be achieved
because of waning of vaccine immunity and
emergence of new strains more antigenically distant
from the vaccine [26].

In Saint Petersburg, during the fifth wave, from o4
March 2022, most restrictions were lifted without the
increase of morbidity till the next rise of infection
spread in the end of summer. The aim of the present
retrospective study was the estimation of population
immunity in Saint Petersburg and neighboring regions
in the context of a complex set of factors, including
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infection spread in 2020, vaccination in 2021 and
Omicron spread in 2022. Additionally we analyzed
associations between IgG levels and self-reported
health or vaccination status in patients who
underwent tests for anti-SARS-CoV-2 IgG in 2020-
2022.

2.Material and Methods
2.1. Study participants and settings

Anonymized data were collected in the Laboratory
Information System (LIS) of the North-West Centre
for Evidence-Based Medicine. The data for patients,
who requested serological tests for anti-SARS-CoV-2
IgG from May 2020 to May 2024 in northwestern
Russia were included in the analysis. All procedures
were in accordance with the ethical standards of the
institutional research committee and national
standards. For this type of retrospective study, formal
consent is not required.

2.2 Detection of anti-SARS-CoV-2 IgG
2.2.1. Enzyme-linked immunoassays (ELISA)

The Euroimmun Anti-SARS-CoV-2 ELISA IgG
(Euroimmun, Germany) test kit was applied for
semiquantitative  anti-SARS-CoV-2 IgG levels
estimation. In this assay, the entire S1 subunit SARS-
CoV-2 spike glycoprotein is used as an antigen [27].
The assay procedure was automated using a
HydroFlex microplate washer, Infinite F50 reader,
and Magellan software (Tecan Group Ltd,
Switzerland). The conversion Euroimmun IgG optical
density ratios (ODR) in the range 0-8.5 was
performed using the previously described non-linear
formula [28], which was previously developet to
improve matching between Euroimmun ELISA and
SARS-CoV-2 IgG II Quant (Abbott, Ireland) CLIA
ODR values were converted to Abbott AU/ml by the
non-linear formula.

AU/ml = tan(ODR*1/18)/0.0009

and then converted to BAU/ml applying the
conversion factor 0.142 as previously established by
Abbott with the WHO international standard NIBSC
20—-136 and described elsewhere [29,30]. The results
that exceed this range were adjusted to 8.5 ODR units
to receive the relevant conversion result.

2.2.2. Chemiluminescence immunoassay (CLIA)

Two CLIA-based assays were applied to estimate
IgG serum levels, i.e., Elecsys Anti-SARS-CoV-2 S
(Roche Diagnostics GmbH, Switzerland) and SARS-
CoV-2 IgG II Quant (Abbott, USA).

The Elecsys Anti-SARS-CoV-2 S assay applies the
double antigen sandwich format for SARS-CoV-2
RBD-specific IgG detection. Measurement results vary
in 0.40 — 250 U/mL interval. Results that fell below
this range were adjusted to 0.4 U/mL. Using the
conversion factor 1.216 which previously established
by Roche with the WHO international standard



NIBSC 20-136 [30], we recalculated the results in
BAU/ml.

Estimating anti-RBD IgG serum levels in the other
group of patients was done using the SARS-CoV-2 IgG
IT Quant (Abbott, Ireland) kit. The IgG levels were
automatically examined, providing the results in
Arbitrary Units per milliliter (AU/mL). The test-
specific values in AU then were multiplied by the
correction factor of 0.142, to reach the values for
BAU/mL, following the manufacturer’s instructions
and in accordance with conversion factor established
by Abbott with the WHO international standard
NIBSC 20-136.

2.3 Statistics

The Wilcoxon test was applied to evaluate the
differences between patient groups. P values were
adjusted based on Holm’s method; Padj<o.05 was
considered statistically significant.

The z-test was applied to compare anti-SARS-CoV-
2 seropositivity in different groups. P values were
adjusted based on Holm’s method, and adjusted
Padj<0.05 was considered statistically significant. The
standard Wald confidence interval for proportions was
estimated.

The R (version 4.3.2) package was used to perform
all statistical analyses. The results were visualized with
the R package ggplot2 16. [31].
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3.Results
3.1. Study population

The anti-SARS-CoV-2 IgG levels data for a total of
41,245 individuals were extracted from LIS. Table 1
describes the demographic characteristics and self-
reported epidemiologic status (i.e., “Healthy”,
“COVID” (PCR-confirmed  cases, including
convalescent subjects), “URTI” (upper respiratory
tract infection, including convalescent subjects), or
“Vaccinated”) of groups for all three tests.
Epidemiologic status was available only for some
samples.

3.2. Annual anti SARS-CoV-2 IgG levels and
seroprevalence in Northwestern Russia in 2020-2024

All applied tests demonstrated the growth of
median  anti-SARS-CoV-2  IgG  levels and
seroprevalence in the study population with the
progress of the COVID-19 pandemic (Fig 1a,Table 2).
On the other hand, three assays demonstrated some
disagreement, which may be explained by their
technical differences. The anti-SARS-CoV-2 IgG levels
identified by the Euroimmun Anti-SARS-CoV-2
ELISA IgG (Euroimmun, Germany) assay seem to be
lower than levels identified by the CLIA tests. Also, the
Elecsys Anti-SARS-CoV-2 S (Roche Diagnostics
GmbH, Switzerland) identifies the IgG levels in the
limited range from 0.411 to 257.2 BAU/ml; instead,
the SARS-CoV-2 IgG II Quant (Abbott, Ireland) assay
permits quantifying a wider range of IgG levels.

Table 1. Demographic and epidemiological characteristics of the study population (N = 41,295 subjects]

Diagnostic assay gng(zizmmunELISinti_SAE;% gleci}soﬁliti_sgiZ;%zgz SARS-Cov-2  IgG I
(Euroimmun, Germany) GmbH) Quant (Abbott)

Period of study May 2020 — December2021 |March 2021 — June 2024 [May 2021 —May 2024

n 4408 14528 22359

Year

2020 1510 0 0

2021 2888 14311 16948

2022 10 183 5048

2023—2024% 0 34 363

Gender

Male 1762 5306 8830

Female 2646 9220 13527

Age (mean and SD) |48.3 (15.74) 52.5 (16.42) 48.9 (16.14)

T
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Euroimmun Anti-SARS-
CoV-2 ELISA IgG
(Euroimmun, Germany)

Diagnostic assay

Elecsys Anti-SARS-CoV-2
S (Roche Diagnostics
GmbH)

SARS-CoV-2
Quant (Abbott)

IgG

II

Period of study May 2020 — December2021 |March 2021 — June 2024 [May 2021 —May 2024
Clinical-epidemiological status (self-reported group)*.

Asymptomatic 3143 10405 14919

COVID 476 2024 3729

URTI 378 1262 1801

Vaccinated 10 467 2591

*Epidemiologic status was available only for part of the study group.

Euroimmun  Anti-SARS-CoV-2 ELISA IgG
(Euroimmun, Germany) testing was initiated earlier
than the CLIA test and finished in 2022 (only 10
subjects were examined in 2022). It demonstrates the
significant growth of median anti-SARS-CoV-2 IgG
levels and seroprevalence in 2021 compared to 2020
(Padj < 0.01, Figure 1a, Table 2).

The pairwise comparison of annual anti-SARS-
CoV-2 IgG levels identified by SARS-CoV-2 IgG II
Quant (Abbott, Ireland) demonstrated the over two-
fold (Padj < 0.01, Figure 1a, Table 2) rise of BAU/ml
values in 2022 compared to 2021. Additionally, there
is a significant increase in anti-SARS-CoV-2 IgG levels
in serum samples in 2023 compared to the previous
year ( Padj < 0.01, Figure 1a, Table 2). On the other
hand, the anti-SARS-CoV-2 IgG level in 2024 did not
significantly increase compared to 2023. The anti-
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SARS-CoV-2 IgG seroprevalence identified with the
SARS-CoV-2 IgG II Quant (Abbott, Ireland) test
increased significantly from 47+/-0.01% in 2021 to
76+/-0.07 % in 2022. The further seroprevalence
growth in 2022-2024 did not reach statistical
significance (Figure 1b, Table 2).

The results of the Elecsys Anti-SARS-CoV-2 S
(Roche Diagnostics GmbH, Switzerland) assay are
available for 2021-2024, and the identified IgG level
growth in 2022 compared to 2021, and a slight
augmentation of IgG level in 2023 compared to
previous periods (Figure 1b, Table 2). There is a
gradual increase in the proportion of people
seropositive to SARS-CoV-2, from 58.8% in 2021 to
almost 100% in 2024. Meanwhile, differences in
seroprevalence from year to year did not reach
statistical significance (Table 2).
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Figure 1. Retrospective analysis of anti SARS-CoV-2 IgG levels in Northwestern Russia in 2020-2024. (a) IgG levels
identified in different years by the diverse assays (b) Frequency of anti SARS-CoV-2 IgG-positive cases in the
population. *Pag< 0.05, **Pagi< 0.01, ***Pagj< 0.001, ****P,gi< 0.0001.

Table 2. The characteristics of samples submitted for anti-SARS-CoV-2 IgG examination in different years included

in the analysis

rest Vear IgG levels (BAU/ml) Seropositive samples
median [IQR % SI
2021 43 152.8 (7.5—160.3) 47 0.01
SARS-CoV-2 IgG II Quant 2022 310.1 914.9 (54.8—969.7) 76 0.07
(Abbott) 2023 438.4 1038.7 (134.9-1173.6)  |85.9 1.17
2024 604.6 029.3 (194—-1123.3) 00.5 8.94
Euroimmun Anti-SARS-CoV-2 2029 73 005 (3-93:5) 35 o1
ELISA IsG 2021 46.4 126.4 (4.1-130.5) 48.5 0.07
2022 52.8 93.2 (13.7-106.9) 60 22.34
2021 04.6 256.8 (0.4—257.2) 58.8 0.02
Elecsys Anti-SARS-CoV-2 S 2022 257.2 156 (101.2—257.2) 77.59 1.84
(Roche diagnostics) 2023 257.2 0 (257.2—257.2) 06.2 14.71
2024 257.2 26.5 (230.7—-252.2) 100 34.81

3.3. Seasonal dynamics of anti-SARS-CoV-2 IgG levels
in population serum samples in Northwestern Russia
in 2020-2024 and impact of initiation of vaccination
program

Despite the year-by-year trend analysis of anti-
SARS-CoV-2 IgG levels in the North-Western Russian
population demonstrating sustained growth, the
seasonal dynamics of population immunity seem to be
more complex (Fig. 2a,b).

In 2020, the Euroimmun Anti-SARS-CoV-2 ELISA
IgG (Euroimmun, Germany) assay demonstrated
significant growth of anti-SARS-CoV-2 IgG levels in
the population from spring to summer season (Padj <
0.01, Fig. 2a). Further observation did not find any
significant increase in anti-SARS-CoV-2 levels in
population serum samples from summer to autumn.
Instead, in the winter of 2021 (including December
2020), the IgG levels in studied samples were
considerably higher (Padj < 0.01, Fig. 2a) compared to
the previous season. This increase may be associated



with COVID spread [5] or the early vaccination
program. After the winter of 2021, the levels of anti-
SARS-CoV-2 IgG identified by the Euroimmun Anti-
SARS-CoV-2 ELISA IgG (Euroimmun, Germany)
assay remained stable with the non-significant
tendency to decrease in the spring of 2021 and to grow
in the autumn of 2021 after the initiation of mandatory
vaccination for selected groups.

From the winter of 2021, the results of more
sensitive CLIA assays, i.e., Elecsys Anti-SARS-CoV-2 S
(Roche Diagnostics GmbH, Switzerland) and SARS-
CoV-2 IgG II Quant (Abbott, USA), became available.
In contrast to the ELISA test, the results obtained by
CLIA tests demonstrate the significant reduction in
IgG levels in the population in spring 2021 compared
to the previous winter (Padj<o0.01, Fig. 2a) despite the
ongoing vaccination program. Then Elecsys Anti-
SARS-CoV-2 S (Roche Diagnostics GmbH,
Switzerland), but not SARS-CoV-2 IgG II Quant
(Abbott, USA) detected a slight statistically significant
rise (Padj<o0.01, Fig. 2a) of IgG levels in studied
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samples in summer. Both CLIA assays identified an
increase of IgG levels in serum samples studied in
autumn 2021 compared to the previous month of the
survey (Padj < 0.01, Fig. 2) that may mirror preceding
COVID spread or growth of vaccination, or both. In the
spring of 2022 (including December 2021), the levels
of IgG identified by Elecsys Anti-SARS-CoV-2 S
(Roche Diagnostics GmbH, Switzerland) and SARS-
CoV-2 IgG II Quant (Abbott, USA) demonstrated a
further gain, which is significant (Padj<o.01, Fig. 2a)
only for Abbott CLIA test results, possibly due to
unprecedented Omicron spread [5].

The frequency of seropositive cases identified by
CLIA also decreased in spring 2021 compared to the
previous winter and elevated after the stimulation of
the vaccination program in summer 2021. Then the
seroprevalence stopped growwing and no longer
depended on the season, i.e., no decreases were
demonstrated in spring 2022 or summer 2022
compared to winter 2022 (Fig. 2b).
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Figure 2. Seasonal variations of anti-SARS-CoV-2 IgG levels (a) and seropositivity (b) in 2020—2024 in
Northwestern Russia. Program of mandatory vaccination in elected occupational groups in Russia in Summer
2021 is signed by a dotted line. *Pqgi< 0.05, **Pagi< 0.01, ***Pqgi< 0.001, ****Pyqi< 0.0001. Liliac plots represent
results for SARS-CoV-2 IgG II Quant (Abbott) test, blue for Euroimmun Anti-SARS-CoV-2 ELISA IgG (Euroimmun,
Germany), and green for Elecsys Anti-SARS-CoV-2 S (Roche Diagnostics GmbH)

3.4. The anti-SARS-CoV-2 IgG testing demonstrated
the effectivity of COVID-19 identification and
vaccination program

At blood sampling, patients were asked about
existing/recent URTI or COVID-19 disease or anti-
SARS-CoV-2 vaccination (asymptomatic persons after
contact with COVID-19-infected subjects were
included in the asymptomatic group). In 2020, in
asymptomatic subjects or subjects who suffered URTI,
anti-SARS-CoV-2 IgG levels identified by the ELISA
were significantly lower than in subjects who had a
positive SARS-CoV-2 PCR test previously (Padj<o0.01,
Fig. 3a). Also, the seroprevalence was higher in the
“COVID” group (72.9%) compared to the
asymptomatic group (32.9%) and “URTI” (42.6%)
group (Fig. 3a). However, IgG levels in URTI patients
were higher compared to asymptomatic subjects

2021 2022 2023 2020

2021

(Padj<o0.01, Fig. 3a). The same trend was identified by
the ELISA test in 2021.

The CLIA testing results demonstrate the
significantly higher anti-SARS-CoV-2 IgG levels and
seroprevalence in COVID-19-suffered or vaccinated
subjects compared to non-vaccinated asymptomatic
and URTI-suffered subjects in 2021 (Padj< 0.01, Fig.
3a, b). However, in 2022, the Elecsys Anti-SARS-CoV-
2 S (Roche Diagnostics GmbH, Switzerland) test did
not reveal any differences in the serum anti-SARS-
CoV-2 antibody levels or seroprevalence between
these groups. In the same period, the SARS-CoV-2 IgG
IT Quant (Abbott, Ireland) test identified higher IgG
levels in COVID-19-suffering and vaccinated subjects
but also did not reveal any differences in
seroprevalence between groups. It should be noted
that in this period, subjects may place themselves in
the most relevant of the proposed epidemiological
groups at the moment, despite previous COVID-19 or
vaccination.
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Figure 3. Anti-SARS-CoV-2 IgG levels (a) and seropositivity (b) in 2020—2024 in subjects who were examined after
COVID-19, URTI or anti SARS-CoV-2 vaccination. *Pagi< 0.05, **Pagi< 0.01, ***Pagi< 0.001, ****P,q;< 0.0001. Liliac
plots represent results for SARS-CoV-2 IgG II Quant (Abbott) test, blue for Euroimmun Anti-SARS-CoV-2 ELISA
IgG (Euroimmun, Germany), and green for Elecsys Anti-SARS-CoV-2 S (Roche Diagnostics GmbH).

4.Discussion

The WHO declared the end of the pandemic phase
of COVID-19 on May 5, 2023. However, the
retrospective analysis of anti-SARS-CoV-2 immunity,
taking into account the government’s measures to
control and prevent the disease, may be useful to
understand their effectiveness. Immunity in the
population includes both vaccinated persons and
subjects who had SARS-CoV-2 infection [32,33]. To
describe the immune status of the Northwestern
Russian population in the context of the infection
spread and preventive measures introduction, we
analyzed the data of routine anti-SARS-CoV-2 IgG
testing, including IgG levels and seropositivity, which
are considered the relevant characteristics of herd
immunity [34,35]. Our study population included
residents of St. Petersburg and from the Leningrad,
Novgorod, and Kaliningrad regions, who were mostly
from small towns. In such a population, SARS-CoV-2
infection spread between closely interacting subjects
should have been restricted by the immune layer and
low probability of contacts with susceptible persons
[30].

The analysis of anti-SARS-CoV-2 IgG levels and
seropositivity allows us to demonstrate a gradual
growth in both values in 2020-2022. The herd
immunity threshold for initial SARS-CoV-2 strains,
Alpha, and Delta strains was considered to be 60—
70%, 75—80%, and 80%, respectively [25,36]. Our
data confirm that in 2022 population immunity in the
Northwestern Russian population reached this
threshold. In the follow-up, in 2023—-2024, the
seropositivity level exceeded 90% [5].

Modelling of immune response fading following
vaccination demonstrated that over a period of 250
days, there is a rapid, up to 50%, decline in antibody
neutralizing activity, especially in individuals without
natural immunity [37]. Comparing the long-term
efficacy of adenoviral vector-based vaccines (including
Sputnik V) and mRNA-based vaccines, it turns out
that adenoviral vaccines provide a slower dynamic of
the primary growth of antibody levels with a more
pronounced maintenance of neutralizing titers in an
8-month follow-up. The putative mechanism of this
phenomenon includes differences in antibody-
depend. The putative mechanism of this phenomenon
includes differences in antibody-dependent cellular
phagocytosis and antibody-dependent complement
deposition [38]. On the other hand, the impact of
vaccination on the development of public immunity is
mainly manifested in a decrease in the basic
reproduction number (Ro) [39]. Despite the
undoubted benefit, only a decrease in Ro does not
completely eliminate the threat of the spread of new

virus strains, which maintains the risk of an epidemic
in the future. Simultaneously, notable reduction in
Sputnik V efficacy against the new SARS-CoV-2
variants like B.1.1.529 (Omicron BA.5) was described
[40].

The seasonal dynamic of anti-SARS-CoV-2 IgG
levels did not demonstrate gradual growth. In the first
year of the pandemic, from spring 2020 to winter
2020-2021, median IgG levels in the population
increased. However, in spring 2021, we revealed a
decrease both in IgG median levels and
seroprevalence[5], despite the initiated vaccination
program. It could also reflect a slowdown in the spread
of the infection [5], including as a result of early
vaccination program, although the number of people
vaccinated was amounting to about 10% of the
population [41]. Also, previously it was demonstrated
that in 6 months post-infection, IgG avidity grows, but
the levels of antibodies decline [42]. In summer 2021,
slight growth of median IgG levels and seropositivity
was identified by the Elecsys Anti-SARS-CoV-2 S
(Roche Diagnostics GmbH) test, but not by the other
two assays. However, in the following autumn, both
CLIA tests demonstrated a significant growth of both
values. The increase identified by Euroimmun Anti-
SARS-CoV-2 ELISA IgG (Euroimmun, Germany)
remained insignificant, possibly due to an insufficient
number of samples. Simultaneously, in the summer of
2021, the spread of the Delta variant was accompanied
by a significant increase in COVID-19 incidence and
hospitalizations [5]. At the same time, there was
tightening of the requirements for vaccination in
several professional groups [13]. Both factors may
have contributed to increased seroprevalence in
autumn 2021 compared to the previous season. In
November 2021, several restrictions for the
unvaccinated subjects increased vaccination again
[14], and Delta spread has slowed down [5]. However,
in the following winter, in January 2022, the Omicron
lineage spread in the Northwestern population. In
Saint Petersburg, the morbidity exceeded mean levels
in Russia and reached 12,200 cases per 100,000
[6,43]. Against that backdrop, anti-SARS-CoV-2 IgG
median levels and seroprevalence reached maximal
values. Massive vaccination in Northwestern Russia
population in 2022 made it possible to abandon strict
quarantine measures and other restrictions.
Meanwhile, despite all public health efforts, the rapid
SARS-CoV-2 evolution and the emergence of new
lineages caused new outbreaks of COVID-19 in 2022-
2023 [26].

Additionally, we estimated median anti-SARS-
CoV-2 IgG levels and seroprevalence in different
groups, in accordance with self-reported health status.



In 2020—2021, subjects who reported themself as
asymptomatic or URTI groups had both values
significantly lower than subjects who self-reported as
COVID-suffering (or COVID-suffered). Interestingly,
in 2020 there were slightly higher median IgG levels
in URTI group compared to the asymptomatic group,
but in 2021 and in following years this was no longer
the case. This may mirror the improvement of SARS-
CoV-2 RT-PCR testing.

High vaccination rates prevented the COVID
pandemic from spreading and contributed
significantly to seroprevalence [44]. The comparison
of anti-SARS-CoV-2 IgG levels in COVID-group and
vaccinated group revealed slightly higher median IgG
levels in the vaccinated population in samples tested
with SARS-CoV-2 IgG II Quant (Abbott, Ireland), but
not other tests. In 2021, COVID and vaccinated groups
demonstrated higher median IgG and seropositivity
than the other two epidemiologic groups in our study.
In 2022 the difference between groups became
apparent.

The results of the present study are subject to some
limitations. We did not take into account the subjects'
medical state and age, so our analysis may be prone to
bias [45]. Also, all data about vaccination or
respiratory infections were self-reported.
Simultaneously, we have had to apply data accepted
with different test systems based on distinct methods
(ELISA, CLIA) and providing discrepant results
despite the standardization as identified previously
[46]. Also, we had less data for 2023-2024.
Additionally, we had no data for the anti-nucleocapsid
IgG testing, which distinguishes vaccinated and
naturally infected subjects, in our study population
because this test was not performed routinely in the
Nucleocapsid IgG testing and was not performed in
the North-West Centre for Evidence-Based Medicine.
Also, the healthcare specialists could apply only
medical devices that were registered in Russia for in
vitro diagnosis. When the patients were studied for
anti-SARS-CoV-2 IgG, only anti-spike IgG testing was
approved for screening by the Federal Service for
Surveillance in Healthcare.

Despite all limitations described above, we
revealed similar trends by different diagnostic
systems. We identified a gradual increase of median
anti-SARS-CoV-2 IgG levels and seroprevalence in the
studied population in 2020-2022, which reached
maximal values in 2022 and retained in follow-up. The
available data also indirectly demonstrate the low
effect of vaccination initiation in the incredulous
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