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Abstract
The aim of the study was to assess the level of humoral immunity to SARS-CoV-2 in COVID-19 convalescents.
Materials and methods. We used ELISA for antibody quantitation, microneutralization test using three SARS-
CoV-2 strains for neutralizing activity measurement, Illumina MiSeq platform for NGS sequencing and NextClade 
resource for phylogenetic analysis.
Results. The mean concentration of antibody in convalescents was 133.42 ± 7.2 BAU/mL and the value depended 
on neither the gender and age of the patients, nor on the time elapsed since COVID-19 infection. The studied 
SARS-CoV-2 strains were sequenced and deposited in the international GISAID database. According to genetic 
analysis: EPI_ISL_19424272 phylogenetically belongs to the B1.1 clade, EPI_ISL_19424271 – to B.1.1.397 clade, 
EPI_ISL_19424270 – to Delta B.1.617.2.122. There were no significant differences in the neutralizing ability of 
convalescent sera (those who had been ill 2–3 months before the study) for the first two variants of SARS-CoV-2 
and it was significantly reduced for the Delta variant, which appeared in the Novosibirsk region later. 
Conclusions. The neutralizing activity of convalescent sera was the highest against those variants of the virus that 
the patient had recovered from, while was reduced or absent against the new variant. The antibody developed to 
the original variants of the SARS-CoV-2 may not be effective enough against newly emerging strains due to the 
emergence of mutations in the virus that allow it to evade previously developed humoral immune response.
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Резюме
Цель исследования. Оценить уровень гуморального иммунитета реконвалесцентов против SARS-CoV-2. 
Материалы и методы. В исследовании участвовали 259 человек в возрасте от 18 лет до 81 года, ото-
бранных случайным образом в ФГБНУ «ФИЦ ФТМ» и в ФГБУН «Институт неорганической химии им. 
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А.В. Николаева» СО РАН. У участников определяли количество антител методом иммуноферментного ана-
лиза. Титры нейтрализующих антител выявляли с помощью реакции микронейтрализации с использовани-
ем 3 штаммов SARS-CoV-2. NGS-секвенирование проводили с использованием платформы Illumina MiSeq, 
филогенетический анализ ‒ с помощью ресурса NextClade. 
Результаты. Среднее количество антител у реконвалесцентов составило 133,42 ± 7,20 BAU/мл. Количе-
ство антител не зависело от пола и возраста пациентов, а также от времени, прошедшего после перене-
сенного COVID-19. Изучаемые штаммы SARS-CoV-2 были отсеквенированы и задепонированы в междуна-
родную базу данных GISAID, проведен генетический анализ: EPI_ISL_19424272 филогенетически относит-
ся к кладе В1.1., EPI_ISL_19424271 относится к кладе B.1.1.397, EPI_ISL_19424270 относится к варианту 
Дельта B.1.617.2.122. Не было выявлено достоверных различий в нейтрализующей способности сывороток 
реконвалесцентов (переболевших за 2‒3 мес до исследования) для первых двух вариантов SARS-CoV-2 
(циркулировавших на момент болезни участников исследования) и она была значительно снижена для 
варианта, относящегося к кладе Дельта, появившегося в новосибирском регионе позже (1/2  сывороток не 
показала нейтрализацию).
Выводы. Нейтрализующая способность сывороток реконвалесцентов имеет наибольшую активность в от-
ношении тех вариантов вируса, которым переболел пациент, в то время как против нового варианта она 
оказывается сниженной или отсутствует. Циркуляция SARS-CoV-2 продолжается, и иммунитет, выработан-
ный к первоначальным вариантам вируса, может оказаться недостаточно эффективным против вновь воз-
никающих штаммов вследствие появления у вируса мутаций, позволяющих избегать выработанных ранее 
антител. 

Ключевые слова: SARS-CoV-2; антитела; сыворотка; нейтрализация; штаммы; NGS-секвенирование
Для цитирования: Пальянова Н.В., Адаменко Л.С., Курская О.Г., Сароян Т.А., Соломатина М.В., Собо-
лев И.А., Шестопалов А.М. Суммарные антитела и нейтрализующая способность сывороток реконвалес-
центов по отношению к трем разным штаммам SARS-CoV-2. Вопросы вирусологии. 2025; 70(1): 78–86.  
DOI: https://doi.org/10.36233/0507-4088-290 EDN: https://elibrary.ru/qcllgf
Финансирование. Работа выполнена при поддержке гранта РНФ, проект № 23-64-00005 (сбор материалов и 
секвенирование). Генетический и статистический анализы выполнены в соответствии с государственным зада-
нием Министерства науки и высшего образования России для НИИ Вирусологии ФИЦ ФТМ (FGMU-2025-0009).
Конфликт интересов. Авторы декларируют отсутствие явных и потенциальных конфликтов интересов, связан-
ных с публикацией настоящей статьи.
Этическое утверждение. Исследование проводилось при информированном согласии пациентов. Протокол 
исследования одобрен Комитетом по биомедицинской этике при ФИЦ ФТМ (протокол № 8 от 11.03.2020).

Introduction 
In December 2019, an outbreak of a new coronavirus 

infection (COVID-19) began in China, which was rec-
ognized as a pandemic by the World Health Organiza-
tion (WHO) in March 2020. In Russia, the incidence 
began to increase from March 2020, but the first wave 
was small compared to subsequent waves. By the end 
of 2020, 27,885 people in the Novosibirsk Region (pop-
ulation 2.8 million) had contracted the disease, accord-
ing to official data1. Infection caused by SARS-CoV-2 
can be latent (asymptomatic) [1] or cause a wide range 
of COVID-19 symptoms, from fever, asthenia or myalgia 
to pneumonia, with acute respiratory distress syndrome 
developing in the most severe cases [2]. Diagnosis of 
COVID-19 is based on detection of SARS-CoV-2 RNA 
using real-time polymerase chain reaction (qPCR). At the 
beginning of the pandemic in the Novosibirsk region, all 
patients with symptoms of acute respiratory infections, 
travelers, and persons at risk were tested [3], but the as-
ymptomatic infections remained hidden both to the pa-
tients and to official statistics. One way to establish the 
true number of new coronavirus infection convalescents 

is to detect antibodies to SARS-CoV-2 by enzyme-linked 
immunosorbent assay (ELISA). By early 2021, measure-
ment of specific antibody levels had become particularly 
relevant for the purpose of making vaccination decisions 
and monitoring vaccine efficacy. Vaccination at that time 
had just begun, and by the end of December 2020, on-
ly 1,280 residents of the region had been vaccinated2.

Initially, the level of protective antibodies was mea-
sured using different test systems from different man-
ufacturers and with different levels of reliability. Later, 
quantitative and qualitative indicators were recalculated 
in international BAU (binding antibody units) according 
to WHO standards (WHO, NIBSC code 20/136). In the 
present study, both qualitative antibody test and quantita-
tive test calculated in BAU/mL were used.

The presence of antibodies to SARS-CoV-2 is not in 
itself a reason to consider a patient or a group of persons 
protected from re-infection [4]. It is necessary to ascer-
tain the neutralizing ability of these antibodies and, con-
sequently, the level of protection against infection. Fur-
thermore, the level of neutralization may be different for 
different variants of the virus. 

1Yandex DataLens. Coronavirus: dashboard. Available at: https://
datalens.yandex/7o7is1q6ikh23?tab=X1&state=512ef5d71481 (in 
Russian)

2Government of the Novosibirsk region. Vaccination against 
coronavirus continues in the Novosibirsk region. Available at: https://
www.nso.ru/news/44654 (in Russian)
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Materials and methods

Sample characteristics
259 people participated in the study. The subjects were 

recruited randomly in the Federal Research Center for 
Fundamental and Translational Medicine (FRC FTM) 
and the A.V. Nikolaev Institute of Inorganic Chemistry 
(Siberian branch of the Russian Academy of Sciences). 
All study participants were over 18 years of age and signed 
informed consents to participate in the study. The design 
of the study was approved by the Biomedical Ethics 
Committee of the FRC FTM (protocol #8 of 11.03.2020). 
A total of 77 people agreed to complete the participant 
questionnaire. The questionnaire included a question 
about age and date of detection of SARS-CoV-2 RNA 
in swabs. By the time the study started, 63 respondents 
indicated on the questionnaire that they had already had 
COVID-19 at various times and 14 respondents did not 
provide this information. By the end of the study, none of 
the participants had been immunized or reported recurrent 
disease, but it cannot be stated that there were no recurrent 
asymptomatic cases in the group, as regular PCR testing 
for SARS-CoV-2 RNA was not performed. The age of the 
reporting respondents ranged from 18 years to 81 years 
with a median age of 55 years. The study population 
included 40% males and 60% females. 

Due to the fact that not all study participants had their 
blood drawn the same number of times, and the time from 
undergoing COVID-19 to the start of the study differed, 
multiple groups were formed: 

• the group of individuals who received a qualitative 
SARS-CoV-2 antibody assay (259 participants);

• the group of individuals who were tested for 
antibodies to SARS-CoV-2 in quantitative assay (94 
participants);

• groups of individuals (7 groups) who underwent 
COVID-19 at 1, 2, 3, 4, 5, 6, and 7–9 months prior 
to the study (6, 23, 37, 38, 34, 17, 8 participants 
respectively);

• the dynamic antibody monitoring group: COVID-19 
convalescents 3 months prior to the study 
who underwent blood sampling once a month 
for 4 consecutive months (8 participants);

• the group of respondents who indicated on the 
questionnaire that they had not had COVID-19  
(14 participants);

• the neutralization group: individuals whose serum 
was tested not only for antibody concentration but 
also for neutralizing activity against SARS-CoV-2 
(30 participants).

Analysis of serum antibodies to SARS-CoV-2
Blood sampling was performed in the procedure 

room of the FRC FTM clinic once a month. Qualitative 
analysis of antibodies to SARS-CoV-2 was performed 
monthly from November 2020 to November 2021 using 
SARS-CoV-2-IgG-ELISA-BEST reagent kits (Vector-
Best, Russia). Each participant could donate blood one or 
more times. A total of 596 samples from 259 people were 
analyzed during this period. 

For serum samples collected in January, February, 
March and April 2021 and preliminarily characterized 
as seropositive to SARS-CoV-2 by the qualitative total 
antibody test, total serum IgM and IgG to SARS-CoV-2 
were quantified by ELISA using the SARS-CoV-2-AT 
total-ELISA-BEST reagent kits (Vector-Best, Russia): a 
total of 209 samples from 94 individuals. 

Despite the emergence of an international standard, 
different manufacturers of test systems specify different 
threshold values for determining a positive, negative or 
doubtful test result. Thus, in [5] samples with a level 
of less than 25.6 BAU/mL were classified as negative, 
from 25.7 to 35.1 were considered borderline, with a level 
of more than 35.2 BAU/mL were considered positive, 
while in the Vector-Best test-system the manufacturer 
recommends to be guided by the following table. 

Gradation for Vector-Best test system (according to the 
manufacturer’s data):

• 0 to 10 BAU/mL – negative, no antibodies present;
• 11–79 BAU/mL – viral neutralizing effect is low 

(decision to vaccinate);
• 80–149.9 BAU/ml – viral neutralizing effect only 

in 50% of cases (control in dynamics);
• more than 150 BAU/ml – virus neutralizing activity 

is strongly expressed in 100% of cases (sufficient 
level for protection, vaccination is not required);

• 500 and above – maximum antibody level developed 
(no vaccination required)

In the present study, the gradation of the Vector-Best kit 
manufacturer was used as the guide. 

Production and characterization of SARS-CoV-2 strains 
for neutralization

3 different strains of SARS-CoV-2 were obtained (iso-
lated) for neutralization by sera of the convalescents  
(Table 1). The choice of variants corresponded to the 3 first 
waves of the pandemic in the Novosibirsk region. The 
complete genomes of these SARS-CoV-2 strains were se-
quenced and their affiliation to phylogenetic clades was 
determined using NextClade3. Sequencing was performed 
using Illumina MiSeq platform and corresponding reagent 
kits (Illumina, USA). Prior to sequencing, reverse tran-
scription and amplification of genomes were performed 
for subsequent sequencing. When preparing genomic 
libraries for SARS-CoV-2 sequencing, the ARTIC v3 
primer set was used4. Full genome nucleotide sequences 
were assembled using bowtie software. SARS-CoV-2 se-
quences were deposited in the international GISAID da-
tabase with the names (identifiers) EPI_ISL_19424270, 
EPI_ISL_19424271, EPI_ISL_19424272.

In our previous study, we determined which SARS-
CoV-2 variants were prevalent in the Siberian Federal 
District (SFD) during different periods of the pandemic 
[6], which allowed us to determine the periods of circula-
tion in the Novosibirsk region of variants genetically sim-
ilar to the strains obtained in the present study (Table 1).

3Nextclade. Available at: https://clades.nextstrain.org/
4hCoV-2019/nCoV-2019 Version 3 Amplicon Set. Available at: 
https://artic.network/resources/ncov/ncov-amplicon-v3.pdf
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Since the virus variants belonging to the Delta clade 
appeared in the Novosibirsk region only in the summer 
of 2021, there were no patient exposure to them at the 
time of sera collection.

Neutralizing ability of sera against three SARS-CoV-2 
variants

Twenty-nine patients with antibodies to SARS-CoV-2 
and one participant with no disease and no antibodies 
were randomly selected for neutralizing capacity analysis. 
In all patients, serum obtained in January, February, or 
March was analyzed.  

Neutralization reaction (NR) studies of sera were 
performed by micromethod in Vero cell culture 
grown on 96-well plates from TPP (Switzerland). The 
neutralization reaction was performed with a constant 
drug dose of 100 TCID50/mL for each strain. The 
patients’ sera were preheated in a water bath at 56 °C 
for 30 min, then 8 consecutive twofold dilutions were 
prepared, starting with undiluted serum. The sera 
were diluted with PBS (phosphate-buffered saline). A 
mixture of serum dilutions and working virus dilution 
in equal volumes was prepared. The mixture was 
incubated for 1 h at room temperature, then added to 
the wells of a 96-well plate with a Vero cell culture 
monolayer and incubated for 4 days at 37 °C, 5% CO2. 
The results of titration were taken into account visually 
by microscopic examination of the cell monolayer for 
the presence of cytopathic effect (CPE) on the 4th day 
after infection. The titer of serum was considered to be 
the reverse value of its last dilution, in which no signs 
of CPE were recorded. The following controls were 
placed in the NR: cell control (CC) – wells not infected 
with virus; serum negative control (C−) – serum in 
dilution 1/10; virus control (VC) – wells infected with 
virus in twofold dilution; control of virus working 
concentration – two consecutive 10-fold dilutions 
of working virus concentration (vc/10, vc/100) were 
prepared. The values of the controls were counted 
as follows: CC – intact cell monolayer, C−, VC and 
vc/10 – complete degeneration of the cell monolayer, 
vc/100 ‒ ½ of the infected wells had signs of CPE.

Statistical analysis
Statistical analysis was performed using Statistica 10.0 

software. Reliability of differences between groups was 
assessed using the χ2 criterion and Student’s t-criterion. 
Confidence intervals for relative values were calculated 
using the EPITOOLS online calculator5.

Results

Qualitative analysis for antibodies to SARS-CoV-2
For November and December 2020, 69 samples were 

tested, of which 32 were positive (33.3%; CI 95%: 24.7–
43.2%). For 10 months of 2021, 537 serum samples were 
tested, of which 434 were positive (80.8%; CI 95%: 77.3–
83.9%). During the entire follow-up period for 259 study 
participants, 195 had antibodies to SARS-CoV-2 (75.3%; 
CI 95%: 69.7–80.2%). 

Quantitative analysis for antibodies to SARS-CoV-2
During 4 months (January, February, March and 

April 2021), quantitative analysis of antibodies to SARS-
CoV-2 was performed for sera that preliminarily showed 
the presence of antibodies in qualitative analysis (total 
of 209 samples from 94 individuals). Among all blood 
samples tested, the minimum amount of total antibodies 
to SARS-CoV-2 was 14 BAU/mL, the maximum 
was 190 BAU/mL, the mean was 133.42 ± 7.2 BAU/mL, 
and the median was 157.5 BAU/mL. Because a different 
amount of time elapsed from the time of illness to the start 
of the study for each patient, participants with similar time 
from illness were combined into 7 groups: 1, 2, 3, 4, 5, 6, 7–9 
months from illness. The number of patients in each group 
was: 6, 23, 37, 38, 34, 17, 8 patients respectively (Fig. 1). 

The amount of antibodies did not depend on the sex and 
age of the patients, as well as on the time elapsed after 
COVID-19 (Fig. 1). The spread of values in group 1 was 
quite large, and the number of participants was small; 
it was not possible to obtain the level of reliability of 

Table 1. SARS-CoV-2 strains used to test the neutralizing ability of sera
Таблица 1. Штаммы SARS-CoV-2, использованные для проверки нейтрализующей способности сывороток 

Name
Название EPI_ISL_19424272 EPI_ISL_19424271 EPI_ISL_19424270

Clade
Клада B.1.1 B.1.1.397 B.1.617.2.122

Reference variant
Референсный вариант

Wuhan
Ухань

Wuhan
Ухань

Delta
Дельта

Circulated in the Siberian  
Federal District
Циркулировал в СФО

From the beginning  
of the pandemic until May 2021

С начала пандемии  
до мая 2021 г.

January 2021 – May 2021
Январь 2021 г. – май 2021 г.

June 2021 – January 2022
Июнь 2021 г. – январь 2022 г.

Conventional designation  
in the article
Условное обозначение в статье

Wuhan 1
Ухань 1

Wuhan 2
Ухань 2

Delta
Дельта

5Epitools – Calculate confidence limits for a sample proportion. 
Available at: https://epitools.ausvet.com.au/ciproportion
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differences between this group and the others. On average, 
the antibody level persisted for at least 6 months.

Study participants never infected by COVID-19
The control group was to consist of study participants 

who did not have COVID-19. When antibody levels were 

measured in this group, it was found that only one person 
out of 14 who reported not having COVID-19 actually had 
no antibodies to SARS-CoV-2. The others were positive in 
both qualitative and quantitative assays according to the 
test kit manufacturer’s table (greater than 11 BAU/mL).  
These individuals may have carried the disease 
asymptomatically. Interestingly, despite the 
asymptomatic course, we cannot claim that this cohort 
had a less robust immune response than symptomatic 
overexposure. The variation in antibody levels in this 
group was quite large (Fig. 2). Some participants 
in this group donated blood more than once, which 
allowed calculation of the mean antibody count over 
the 4 months of follow-up. For the others, the result of a 
single measurement is shown.

Dynamic monitoring of antibody levels for 4 months
It was possible to trace the dynamics of antibody 

levels over 4 months in 8 participants. For a correct 
comparison, the dynamics were observed in the largest 
group ‒ those who had the disease 3 months before the 
start of the study and who donated blood every month 
for 4 months. Three scenarios were observed in this 
group: a gradual drop in antibody levels, an increase in 
antibody levels, and a wave-like behavior of antibody 
levels. The difference between the minimum and 
maximum antibody levels averaged 28 ± 7.7 BAU/mL 
(Fig. 3). The difference in the scenarios is explained by 
the different situation in which the study participants 
may have been in. Thus, a drop in antibody levels 
is a natural process, although not very noticeable 
over such a short period of time. When re-infection 
occurs, antibody levels rise, even if the infection is 
asymptomatic. 

Fig. 1. Dynamics of the number of antibodies. 
Average number of total antibodies 1, 2, 3, 4, 5, 6, 7–9 months after 

COVID-19, quantitative method, BAU/мл (N = 6, 23, 37, 38, 34, 17, 8). 
Рис. 1. Динамика количества антител. 

Среднее количество суммарных антител через 1, 2, 3, 4, 5, 6, 7–9 мес 
после перенесенного COVID-19, количественный метод, BAU/мл  

(N = 6, 23, 37, 38, 34, 17, 8). 

Fig. 2. The level of total IgM and IgG 
antibodies to SARS-CoV-2 in 14 study 

participants who did not have COVID-19 
(according to the questionnaire), BAU/mL. 
Mean values and measurement errors were cal-
culated when possible (more than three antibody 
concentration measurements). Participant No. 1 
had a negative result, the rest of the study partici-

pants had a positive result. 
Рис. 2. Уровень суммарный IgM и IgG  
к SARS-CoV-2 у 14 участников иссле-
дования, не болевших COVID-19 (по 

данным анкетирования), BAU/мл. 
При возможности (более 3 измерений уровня 
антител) были рассчитаны средние значения 
и погрешности измерений. Участник № 1 
имел отрицательный результат, у остальных 
участников исследования ‒ положительный 

результат.
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Analysis of the dynamics of antibody levels for partici-
pants who underwent blood sampling at least 2 times re-
vealed a pattern: antibody levels in one person, although 
they could fluctuate, remained relatively stable (standard 
deviation 16.6 ± 3.5) throughout the study. Apparently, 
the antibody level is individual for each person and varies 
within small limits in the absence of additional influences 
(vaccination, disease). 

Neutralizing activity of antibodies 
Three virus strains were selected for neutralization and 

tested against sera collected in January, February and 

March 2021. When comparing the time of circulation in 
SFD [6] and the time of serum collection, it was found 
that the samples collected in early 2021 were from 
individuals who may have had contact with the first two 
virus variants but not with the third. 

All 30 sera were tested against the 3 strains of SARS-
CoV-2. For the participant who did not have antibodies to 
SARS-CoV-2, no neutralizing ability was also detected in 
the serum for any strain (Table 2). 

Against EPI_ISL_19424272 strain (Wuhan 1), one se-
rum out of 29 seropositive sera did not show neutraliza-
tion, against EPI_ISL_19424271 (Wuhan 2), 3 sera did 

Fig. 3. Change in the concentration of antibodies 
over 4 months. 

Dynamic changes in antibody levels with-
in 4 months in the group that had COVID-19  

3 months before the start of the study, BAU/mL. 
Рис. 3. Изменение количества антител 

 в течение 4 мес. 
Динамическое наблюдение за уровнем антител в те-
чение 4 мес в группе лиц, переболевших COVID-19 

за 3 мес до начала исследования, BAU/мл. 

Fig. 4. Neutralizing ability of convalescent se-
rum against three strains of SARS-CoV-2: EPI_
ISL_19424272 (Wuhan 1), EPI_ISL_19424271 

(Wuhan 2) и EPI_ISL_19424270 (Delta).
Рис. 4. Нейтрализующая способность сывороток 

реконвалесцентов против 3 штаммов SARS-CoV-2: 
EPI_ISL_19424272 (Ухань 1),  

EPI_ISL_19424271 (Ухань 2) и EPI_ISL_19424270 
(Дельта).
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not show neutralization, and against EPI_ISL_19424270 
(Delta), 50% of the sera did not show neutralization. A 
geometric mean titer was calculated for the rest (Fig. 4). 

As shown above, the neutralizing ability of the sera of 
the convalescent patients has the highest activity against 
those variants of the virus that the patient has had, while 
against the new variant it is reduced or absent at all. 
It was also found that the level of neutralization does 
not depend on the concentration of antibodies and on 
whether the person has had the disease with or without 
symptoms. The group of patients whose sera showed no 
neutralization did not differ from the rest of the study 

participants. The level of antibodies to SARS-CoV-2, 
the severity of the disease course, and the time since 
illness did not affect the neutralization rate. Thus, the 
concentration of antibodies cannot serve as a reliable 
criterion of a person’s protection against the disease, 
since these antibodies could have been developed 
against an earlier variant of the virus.

Discussion
The mechanisms of immune response to SARS-CoV-2 

are not yet fully understood. It is unclear whether or 
not persistent immunity develops in convalescents. The 

Table 2. Neutralizing ability of sera and the concentration of antibodies to SARS-CoV-2 in 30 study participants

Таблица 2. Нейтрализующая способность сывороток и количество антител к SARS-CoV-2 у 30 участников исследования 

№ Months from illness
Месяцев от болезни

Age
Возраст

January
2021

Январь

February
Февраль

2021

March
Март
2021

April
Апрель

2021

Wuhan 1
Ухань 1

Wuhan 2
Ухань 2

Delta
Дельта

1 0 37 164,3 164,3 185,9 157,5 1 : 32 1 : 16 1 : 16

2 1 49 160,6 181,9 181,9 161 1 : 2 1 : 64 0

3 1 58 ‒ ‒ 185,9 157,5 1 : 4 1 : 16 1 : 2

4 2 29 25,6 18,3 ‒ 21 1 : 8 1 : 4 1 : 8

5 2 41 171,6 167,9 190 164,5 1 : 4 1 : 32 0

6 2 25 ‒ 24,3 24,25 ‒ 1 : 4 1 : 8 0

7 2 80 167,9 185,9 190 161 1 : 64 1 : 32 0
8 2 47 43,8 36 32,3 21 1 : 4 1 : 4 1 : 2
9 2 68 ‒ 181,9 177,8 154 1 : 8 1 : 32 0
10 2 54 25,6 ‒ 20,2 21 1 : 4 1 : 8 0
11 2 64 171,6 185,9 185,9 157,5 1 : 128 1 : 128 1 : 64

12 3 64 175,2 185,9 185,9 ‒ 1 : 64 1 : 128 1 : 64

13 3 57 146 137,4 137,4 125 1 : 32 1 : 8 1 : 4
14 3 67 157 157 165,7 148,2 1 : 64 1 : 8 0
15 3 32 105,9 93 93 ‒ 1 : 32 0 0

16 3 49 69,4 55 44,5 35 1 : 32 1 : 8 0

17 3 35 157 157 170 ‒ 1 : 32 1 : 8 1 : 4

18 3 64 146 113,2 93 108,5 1 : 8 1 : 16 0

19 3 78 164,3 165,7 157,6 154 1 : 32 1 : 1,1 0

20 3 71 171,6 167,9 173,8 150,5 1 : 16 1 : 32 0
21 3 50 ‒ ‒ 84,9 ‒ 1 : 16 1 : 8 1 : 8
22 3 59 ‒ 167,9 181,9 157,5 ‒ 1 : 32 0

23 3 63 167,9 173,8 157,6 ‒ 1 : 8 1 : 16 1 : 4
24 3 62 171,6 181,9 190 ‒ 1 : 64 1 : 128 1 : 64
25 3 66 164,3 160,6 177,8 154 1 : 16 1 : 32 1 : 16

26 3 65 167,9 160,6 ‒ 157,5 1 : 32 0 1 : 16

27 3 66 160,6 164,4 173,8 150,5 1 : 8 1 : 32 0

28 Hadn’t COVID-19
Не болел 36 0,0 4,0 4,0 0,0 0 0 0

29 No data
Нет данных 57 ‒ ‒ 121,25 ‒ 1 : 2 1 : 2 0

30 No data
Нет данных 31 105,9 84,9 72,8 73,5 1 : 16 1 : 4 1 : 8

Note. «–» – no data; «0» –  no neutralization.
Примечание. «–» – отсутствуют данные; «0» – отсутствует нейтрализация.
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decision to vaccinate should be based not only on the 
epidemiologic situation but also on the immunity status 
of the vaccinated patient [7]. In the present study, we 
investigated the antibody component of the humoral 
immunity of the convalescents. The obtained results are 
consistent with the data of [5], where the average antibody 
level was 129.67 BAU/mL at the 3rd month after SARS-
CoV-2 infection. We also looked at the dynamics of 
antibody counts at 4 months after COVID-19 3 months ago 
and found that although antibody levels varied significantly 
between patients, the changes for each patient did not vary 
as much. A large number of patients infected with SARS-
CoV-2 were asymptomatic [1, 8], which does not allow 
us to sufficiently assess the incidence and potential for 
spread of this infection. We found no correlation between 
the asymptomatic course of the disease and antibody 
levels. Works on the neutralizing ability of sera are quite 
rare, because it is necessary to use live virus. Most studies 
present data on the formation of vaccine-induced immunity 
[9]. In our case, all study participants were not vaccinated, 
and the virus variants were selected so that it was possible 
to compare the neutralization of the variant circulating at 
the time of serum collection and the Delta variant, which 
was not encountered by the study participants. Since no 
correlation between antibody levels and neutralization 
titer was found, it is not possible to speak of protective 
humoral immunity based on antibody concentration alone.

Conclusion 
With the ever-changing variants of SARS-CoV-2, 

information on the number of cases and the antibody levels 
of the patients may not be sufficient to make a vaccination 
decision, as new variants of the virus may effectively 
avoid previously developed immunity. Furthermore, 
immunity developed against early vaccine strains may not 
be sufficient to protect against subsequent SARS-CoV-2 
variants, as is already the case with influenza virus. 
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