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DYNAMICS OF HUMORAL IMMUNITY TO SARS-COV-2 IN THE PROFESSIONALLY HOMOGENEOUS
GROUP OF PEOPLE OVER A TWO-YEAR PERIOD OF COVID-19 OUTBREAK

Pomelova VG =, Bychenkova TA, Bekman NI, Osin NS, Ishkov YuN, Styazhkin KK
State Research Institute of Biological Instrumentation of the Federal Medical Biological Agency, Moscow, Russia

It is important to control the levels of specific IgG against SARS-CoV-2 to ensure the timely monitoring of immunity in patients with COVID-19. Yet it is unclear
what antibody levels protect against new infection and how long the protection is maintained. The study was aimed to assess the dynamic changes in the levels of
1gG against SARS-CoV-2 by the two-year controlled observation. Healthy individuals (n = 70), COVID-19 survivors (n = 42), and people vaccinated with Sputnik V
(n = 43) were enrolled. They were followed-up from April 2020 to April 2022. Serum IgG levels were defined (n = 312) using immunochip and the commercially
available test system. Significance of differences was estimated using the Mann-Whitney U test for p < 0.05. IgG levels in the disease survivors (median 97.1;
95% Cl: 80-162 BAU/mL) and vaccinated individuals (103.1; 78-139 BAU/mL) were significantly higher than in healthy people (4.3; 4.1-4.5 BAU/mL). Intensity of
immune response significantly increased after vaccination of the disease survivors (up to 1023; 657-1191 BAU/mL) or administration of booster dose to vaccinated
individuals (413; 213-545 BAU/mL). In elderly convalescents (60+), IgG levels were significantly higher, and in vaccinated people these were significantly lower, than
in people under the age of 60. IgG levels decreased faster in vaccinated individuals (after 3-4 months), than in the disease survivors, and stabilized at <100 BAU/mL
in 60% of subjects within 5-9 months. Thus, intensity and duration of immune response in COVID-19 survivors and vaccinated people vary significantly depending
on age, observation period, and additional vaccinations/revaccinations. Three cases of infection after full vaccination were reported over the entire follow-up period,
including infection in a patient having a history of the disease and subsequent vaccination.
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ONHAMUWKA N'YMOPAJIbHOITO MMMYHHOIO OTBETA K SARS-COV-2 B MPO®ECCUOHAJIbHO
O[JHOPOAHOW rPYNME NOAEV 3A ABYXJIETHUN SNUAEMUYECKUIA NEPNOJ, COVID-19

B. I Momenosa ™, T. A, Bbl4eHkoBa, H. V. Bekman, H. C. OcuH, HO. H. Mwkos, K. K. CTsXKMH
[ocynapCTBEHHbIN Hay4YHO-UCCNen0oBaTeNbCKNIA MHCTUTYT B1ON0OMMHECKOro NprbopocTpoeHrs deaepanbHoro MeaMko-o1onoriyeckoro areHTcTea, Mocksa, Poccust

[ng onepaTMBHOrO MOHWTOPWHIAa COCTOSHNSA cucTeMbl UMMyHUTETa npu COVID-19 BaXKHO KOHTPONMPOBATL YPOBeHb creumdunyHblx IgG k SARS-CoV-2.
OpfHaKO HESICHO, KaKo/ YPOBEHb aHTUTEN 1 HACKOMBKO [0r0 MOXET 06eCTeqnTb 3aLuTy OT HOBOrO 3apakeHust. Lienbto paboTbl 6bIo OLEHUTb B ABYX/IETHEM
KOHTPONMPYEMOM 06CnefoBaHN AyHaMKKY ypoBHel IgG k SARS-CoV-2. B nccnefoBaHun y4acTBoBaim 3n0posble nvua (n = 70), nepebonesune COVID-19
(n = 42) n BakumHMpoBaHHble «CryTHkoM V» (n = 43). MNepuog HabmoaeHns: anpenb 2020 r. — anpenb 2022 r. IgG BbISBASM B CbIBOPOTKE Kposn (N = 312)
Ha MMMYHOYMME 1 B KOMMEPYECKOM TecTe. [JOCTOBEPHOCTb pasn{uii OLEHVBaIM No Kputepnio ManHa-YutHn ans p < 0,05. Yposhu IgG y nepebonesLumx
(MegmnaHa 97,1; 95% [W1: 80-162 BAU/M”) 1 BakLMHMPOBaHHbIX (103,1; 78—139 BAU/MI) Gbinv 4OCTOBEPHO BblLLe, YeM Y 300POoBbIX toaen (4,3; 4,1-4,5 BAU/Mn).
Hanps»KeHHOCTb MMMYHHOMO OTBETa 3HaAYUTENbHO BO3pacTana nocne BakuuHauum nepeboneslnx (0o 1023; 657-1191 BAU/Mn) unn BBefeHns byctepa
BaKLMHMPOBaHHbIM (413; 213-545 BAU/Mn). Y pekoHBanecLeHToB cTapLuero sospacta (60+) yposeHb IgG OOCTOBEPHO BbilLE, Y BaKLMHMPOBAHHBIX —
[OCTOBEPHO HIMKe, YeM Yy ntofer Monoxke 60. IgG y BakLMHNMPOBAHHbIX CHUXKaNMCh BbicTpee (Hepes 3-4 MecsLa), HYem y nepeboneBLUnX, a Yepe3 5-9 MecsiLeB
cTabunmanpoBanuch Ha yposHe <100 BAU/Mn y 60% obcnenoBaHHbIX. Takvm 06pasoMm, nokadaTenn HanpsiKeHHOCTY 1 MPOAOMKUTENBHOCTY UMMYHHOTO OTBETa
y nepebonesnx COVID-19 1 BaKUMHMPOBAHHbIX JIOAEN CUIBHO BapbMPyIOT B 3aBMCHMOCTU OT BO3pacTa, CPOKa HabnoaeHns, JONOMHUTENBLHON BakLmHaLmK /
peBakLMHaLwK. 3a BeCb nepviof, HabnoaeHW OTMEHeHO TpU crydas 3abonesaHus nocne NoMHOro LKA BakLMHaLMK, B TOM Y1cne y paHee nepebonesLlero
(a 3aTeM BakLMHMPOBAHHOIO) YenoBeka.
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The pandemic of novel Coronavirus Disease 2019 (COVID-19),
declared by the WHO in March 2020, required a substantial
effort on the part of the health systems of different countries,
including Russia, to provide morbidity surveillance and the
measures to reduce the risk of infection. From an epidemiological
standpoint, the most effective protection is ensured by herd
immunity developing naturally due to the growing proportion
of insusceptible people having a history of infection in the
population, or due to vaccination.

It is recommended to control the levels of circulating IgG
antibodies to ensure timely monitoring of immunity [1, 2]. For
that purpose, it is necessary to use the registered test systems
for quantification of antibodies against various coronavirus
antigens (S, S1, RBD, N). It is believed that there is a strong
correlation between the levels of antibodies against the spike
protein S1 receptor-binding domain (RBD) of SARS-CoV-2 and
the neutralizing antibody titers measured using neutralization
test [3].

However, it is still unclear what antibody levels ensure
sufficient protection of the patient against the same and
especially against new variants of SARS-CoV-2, and how
long the necessary protection is maintained, that results
from infection or vaccination [4]. The intensity and duration
of immune response vary significantly among patients [5] and
are largely dependent on gender, age, and COVID-19 severity
[6-9].

The dynamic changes in humoral immunity are studied
mainly within 6-8 months after the disease onset or vaccination
[5, 8, 9]. That is why a longer follow-up is needed to assess
individual characteristics of the developing protective immunity,
which provide the basis for forecasting future trends of the
pandemic [10], and developing personalized protocols for
vaccination [8] and treatment.

It is of interest to obtain data on IgG formation and
maintaining the level of IgG antibodies against SARS-CoV-2
over the two-year observation period, the longest-ever reported
in the literature.

The study was aimed to assess the dynamic changes in the
levels of IgG against SARS-CoV-2 in the two-year controlled
observation of the State Research Institute of Biological
Instrumentation staff members, and to define the factors
affecting the intensity and duration of humoral immunity.

METHODS
Patients

The study was carried out in the molecular diagnostic laboratory
of the State Research Institute of Biological Instrumentation
from April 2020 to April 2022. A total of 77 research institute
staff members and 8 members of their families were enrolled,
who had COVID-19 or were vaccinated during the period.
Inclusion of family disease history was justified by the possibility
of expanding the age range (16-88 years) when assessing IgG
levels and dynamic changes in people who had recovered from
or were vaccinated against the disease, and by identification
of possible disease features in cohabiting family members.
Inclusion criteria: well-documented case of COVID-19 or
vaccination/revaccination (discharge summary, vaccination
certificate). Exclusion criteria: incomplete information about the
patient, error in labeling or inadequate appearance of serum
samples (hemolysis, drying, microbial germination).

The subjects (a total of 155 people) were divided into
three groups (Table 1): control group H that included healthy
donors (70 people; serum samples were collected before the
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pandemic in order to perform another study [11]); group D
that included convalescents (COVID-19 survivors, who had
not been vaccinated before the disease onset); group V that
included vaccinated people (who had no COVID-19 before
vaccination and were vaccinated with two doses of Sputnik V).

In group D, 24 out of 42 disease survivors (57.1%) were
fully vaccinated with Sputnik V 6-22 months (13.5 on average)
after the disease onset; among them 3 individuals were later
vaccinated with Sputnik Light (subgroup D + V).

In group V, 14 out of 43 people (32.6%) were revaccinated
(RV). They received a booster dose of one of the vaccines
(6-9 months after receiving the first dose of Sputnik V): two
doses of Sputnik V (8 people) or CoviVac (2 people), and a
single dose of Sputnik Light (4 people) (subgroup V + RV).

All the listed above vaccines, Sputnik V, Sputnik Light
(N. F. Gamaleya National Research Center for Epidemiology and
Microbiology; Russia), CoviVac (Chumakov Federal Scientific
Center for Research and Development of Immune-and-
Biological Products; Russia), were registered and approved
in the Russian Federation. Vaccination was performed by
healthcare professionals in accordance with the manufacturer's
instructions.

There were no significant differences between the groups
in gender (there were 71 males and 84 females) or age (the
average age was 52 years, the age range was 16-88 years).

A total of 1-12 serum samples were obtained from each
subject, including before the disease onset (or vaccination)
and on various dates after the disease onset (or administration
of the first vaccine dose); a total of 312 serum samples were
collected (Table 1). Serum aliquots were stored at =20 °C prior
to analysis.

Based on medical records (taking into account the length
of hospital stay and the extent of lung damage based on the
computed tomography results), moderate to severe COVID-19
was diagnosed in 11 out of 42 infected people (26.2%) in the
group D; the others had a mild disease.

Assessment of IgG against SARS-CoV-2

In 99 out of 312 serum samples (31.7%), 1gG levels were
measured by chemiluminescence immunoassay with
the ARCHITECT i1000sr immunoassay analyzer (Abbott
Laboratories; USA) using the SARS-CoV-2 IgG Il Quant Reagent
Kit (Abbott Ireland Diagnostic Division; Ireland). Analysis was
performed by INVITRO (Moscow).

In 312 serum samples (100%), IgG levels were measured
using the experimental immunochip-based test system (State
Research Institute of Biological Instrumentation), based on the
domestic patented PHOSPHAN phosphorescence analysis
technology for identification of the infectious and somatic
disease markers [11-13]. Immunoassay was performed in
the wells of standard polystyrene microplates by the method
similar to the enzyme-linked immunosorbent assay (ELISA). In
contrast to ELISA, eight microzones (0.5 mm in diameter each)
were printed on the bottom of each well, four microzones per
each of two antigens: recombinant SARS-CoV-2 spike protein,
RBD, Wuhan variant (catalog number ATMP02479CQV,;
AtaGenix, China), and recombinant SARS-CoV-2 spike protein,
RBD (L452R, T478K), variant B.1.617.2, Delta (code YP-
009724390.1, catalog number ATMP02527COV; AtaGenix, China).

Serum samples diluted 1 : 100 were injected into the wells
of the microplate 50 pL per well. After the 1.5-hour incubation,
50 pL of biotinylated (100 ng/50 L, 1-hour incubation)
monoclonal antibody against human IgG (SORBENT, Russia),
and 40 pL of streptavidin (Sigma-Aldrich; USA) conjugated
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Table 1. General characteristics of blood sera donors

) Code of the Time range of the Number Average age Number of assessed
Group (number) of subjects registered disease cases
group I (range), years serum samples
or vaccination events
males females
Healthy people (70) H No 30 40 50 (20-64) 70
COVID-19 survivors (42) D 04.2020 - 10.2021 22 20 50 (16-78)" 132
Of them vaccinated with Sputnik V 6-22 N
months after the disease onset (24)" D+V 02.2021 - 11.2021 12 12 49 (21-78) 32
Vaccinated people (43) \Y 12.2020 - 09.2021 19 24 55 (26-88)* 110
Of them revaccinated (14)*** V + RV 07.2021 - 01.2022 8 6 61 (38-76)" 14
Total (155) 04.2020 - 01.2022 71 84 52 (16-88)* 312

Note: * — extreme points of the age range (16, 76, 78, 88 years) are represented by relatives of the research institute staff members; ** — including 3 people
revaccinated with Sputnik Light about 6 months after receiving the first dose of Sputnik V; *** — booster vaccination with Sputnik V, 2 doses (8 people), Sputnik Light

(4 people) or CoviVac, 2 doses (2 people) 6-9 months after receiving the first dose of Sputnik V.

to platinum coproporphyrin (13 ng/40 pL, 30-min incubation)
were added to each well. All steps were performed at room
temperature with the samples shaken in a shaker. Microplate
was three times washed with buffer solution between the
steps, and at the final stage it was additionally three times
washed with distilled water. Microplate was dried, and then
fluorescence intensity was measured with the IPI-05 indicator
unit (Immunoscreen, Russia; MA number RZN, January 21,
2022) by time-resolved scanning of the microplate well bottoms.

IgG levels (measured in BAU/mL) were calculated using
calibration curves for each of two antigens of the immunochip.
Calibration samples were certified based on the first WHO
International Standard. The measurement range was 0-10000
BAU/mL. Quality control measurements involved the use of the
positive control serum (obtained from the COVID-19 survivor)
with the IgG level of about 500 BAU/mL, and the negative
control serum (made of serum obtained from healthy donor
before the pandemic; according to the commercially available
immunoassay, contained no IgG against SARS-CoV-2),
which were included in the assay settings. Test results were
considered positive (antibody detected) when 1gG levels
exceeded 10.0 BAU/mL.

Statistical analysis

Statistical processing of the results was performed using
the standard Microsoft Office Professional Plus Excel 2013

20 —
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Number of cases

04 05 06 07 08 09

2020 2021
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v. 15.0.4727.1000 (Microsoft; USA) and MedCalc v. 10
(MedCalc Software; Belgium) software using the parametric
and non-parametric techniques for data analysis. The
Pearson correlation method was used to assess the degree of
correlation; significance of differences was estimated using the
Mann-Whitney U test for the significance level of 0.05 (p < 0.05).

RESULTS

There was a high degree of correlation between IgG levels
measured by commercially available immunoassay and with
the use of immunochip containing SARS-CoV-2 Wuhan variant
(r =0.928544; N = 99) or Delta variant (r = 0.933363; N = 99);
correlation coefficient for the results obtained for two variants of
the virus was 0.978057 (N = 312). Against this background, the
results of IgG identification are provided only for immunochip
containing a Wuhan variant of the virus.

Distribution of the COVID-19 cases among the subjects is
presented in Fig. 1. The first cases were reported in April 2020,
and the maximum number of infected people was reported in
May. The second wave of infection took place from September
2020 to January 2021: 27 out of 42 group D members (64.3%)
were infected; of them five people were unvaccinated, and
one was a COVID-19 survivor who had been vaccinated with
Spitnik V 10 months after recovery.

Vaccination campaign was launched in late December
2020. By April 2021, 30 out of 43 people (69.8%) were fully

02 03 04
2022

Observation period (month)

Fig. 1. Monthly distribution of people getting COVID-19 (histograms) and vaccinated with Sputnik V (curve) over the two-year observation period
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Table 2. Serum anti-SARS-CoV-2 IgG levels as a function of gender and age
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) Median [95% CI] IgG levels,
Group Indicator Number of samples BAU/ML p
Gender:
44 83,1 [56,5-106,7]
male 39 160,1 [85,9-225,7] 0,2099
female
D: COVID-19 survivors
Age, years: N
26 162,8 [95,9-241,2]
=60 57 84,4 [55,6-128,5]" 0,0268
< 60
Gender:
19 79,7 [35,7-143,4]
male 33 117,7 [86,6-224,5] 0.1104
female
V: vaccinated
Aoe, years: 22 77,4 [25,9-99 6] 00191
; 60 30 137,0 [101,8-228,1]* ’

Note: Cl — Confidence Interval; * — the difference between the groups is statistically significant.

vaccinated with Spitnik V, and by October 100% of the group
V. members were vaccinated. Two members of this group were
infected in January 2022, six months after administration of the
first vaccine dose (Fig. 1).

In elderly COVID-19 survivors (aged 60+), IgG levels were
significantly higher (o = 0.0268) than in people under the age
of 60. On the contrary, significant negative correlation with age
was revealed in fully vaccinated people who had no COVID-19
(o = 0.0191). The patients' gender had no significant effect on
the antibody levels (Table 2).

The majority of infected individuals (73.8%) had a
mild disease. Moderate to severe course of infection was
reported in 11 people (26.2%). These cases were evenly
distributed over the months of the observation period. Males
were severely ill more frequently than females (eight out of
22 (36.4%) vs. three out of 20 (15%)); however, the differences
were non-significant due to small sample size. The age

of individuals with severe COVID-19 was 35-77 years
(on average, 58 years). Among eight severely ill males,
only three were elderly (70-77 years), and the others were
53 years of age or younger.

High heterogeneity of antibody levels was noted in both
COVID-19 survivors (Fig. 2A) and people vaccinated with two
doses of Sputnik V (Fig. 2B), especially shortly after the disease
onset or administration of the first vaccine dose (Fig. 2A, B).

In vaccinated people, IgG levels gradually declined (Fig. 2C).
The maximum value (median 195.3; 95% Cl: 45.5-403.2 BAU/mL)
was reported on day 37-55 after administration of the first
vaccine dose. By month 3-4, antibody levels declined by half
(median 108.7; 95% CI: 75.1-147.2 BAU/mL), and by month
7-9 these decreased by four times (median 48.7; 95% CI:
29.8-145.7 BAU/mL). The same trend of the IgG decrease
was observed in convalescents (Fig. 2C). The exception were
antibody levels observed by month 3-4 after the disease onset.
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Fig. 2. A. Distribution of the serum levels of antibodies against SARS-CoV-2 in COVID-19 survivors. 0 — before the disease onset (n = 16); | —2-8 (n = 14); | — 9-16
(n=17); Il —17-24 (n = 14); IV — 25-36 (n = 22); V — 37-68 (n = 15). B. Distribution of the serum levels of antibodies against SARS-CoV-2 in people vaccinated with
Sputnik V. 0 — before vaccination (n = 38); | —6-8 (n = 10); | —9-16 (n = 24); Il —17-24 (n = 12); IV — 25-36 (n = 12). Median values with 95% ClI are provided
for A and B (red dot). C. Median IgG levels for the observation period. 0 — before the disease onset or vaccination; | — 2-8 (survivors) or 6-8 (vaccinated individuals);
Il —9-16; Il — 17-24; IV — 25-36; V — 37-68. Median IgG levels are provided for the disease survivors (red line) and vaccinated people (blue dotted line)
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These values (median 249.8; 95% ClI: 94.9-427.5 BAU/mL) were
significantly higher (o = 0.029) compared to those of vaccinated
people observed within the same period after receiving the first
vaccine dose. After 5-9 months, antibody levels stabilized at
less than 100 BAU/mL (Fig. 2C) in about 60% of the subjects.

In general, antibody levels measured in the group D
convalescents (median 97.1; 95% ClI: 80-162 BAU/mL)
and group V vaccinated individuals (median 103.1; 95%
Cl: 78-139 BAU/mL) were comparable; these values were
significantly higher (o < 0.0001) than that of healthy donors
(median 4.3; 95% CI: 4.1-4.5 BAU/mL). Vaccination of the
disease survivors (subgroup D + V) or administration of booster
dose to vaccinated people (subgroup V + RV) resulted in the
significantly (p < 0.0001) increased immunity: up to median
values of 1023 BAU/mL (95% Cl: 657-1191) and 413 BAU/mL
(95% CI: 213-545 BAU/mL), respectively (Fig. 3).

Three new COVID-19 cases confirmed by positive PCR
test results were revealed during the whole observation period
(Fig. 1, Table 3). Three women aged 40-43 were infected.
Among them two women had no history of COVID-19, and
one woman had COVID-19 about 16 months before the new
infection. All of them were infected after full vaccination with
Sputnik V, about six months after receiving the first vaccine
dose; mild course of the disease was observed in all the
women.

DISCUSSION

Significant effects of age on IgG levels were found (Table 2). In
elderly convalescents (60+), antibody levels were significantly
higher than in people under the age of 60. On the contrary,
negative correlation with age was observed in fully vaccinated
people who had no history of the disease. Similar patterns were
revealed in other studies [6, 7].

No significant effects of gender on the antibody levels in
CQOVID-19 patients could be determined due to small sample
size. However, it is obvious that endocrine profile associated
with biological differences between men and women can affect
the immune response. According to our data, antibody levels in
men are almost twice lower compared to those in women (Table
2). Furthermore, men have moderate to severe COVID-19 twice
as frequently as women.

These observations are consistent with the results
of assessing representative patient samples [6, 14, 15].
According to some reports, men have lower levels of CD4+
T cells and CD19+ B cells, which play a vital part in humoral and
cellular immunity providing protection against COVID-19 [6].
This could result in delayed formation of protective antibodies
against the coronavirus S1 protein receptor-binding domain. In
women, 1gG levels dramatically increased and reached peak

10,000
1000 |

100 |

1gG (BAU/mL)

10 E

D+V \Y%
Group of subjects

Fig. 3. Distribution of the serum levels of antibodies against SARS-CoV-2 in
groups H (0 = 70), D (n = 84), D+ V (n = 32), V (h = 58), and V + RV (n = 14).
Median values with 95% Cl are provided (red dot)

values during the fourth week after the emergence of clinical
symptoms, and in men antibody levels increased gradually and
reached peak values during the seventh week [6, 14]. The fact
of delayed antibody formation in combination with the clinical
and biochemical data set made it possible to consider the
patient's male gender a risk factor of more severe COVID-19
and death [6, 9.

We have failed to trace the influence of the disease severity
on the protective immunity levels and dynamic changes,
despite the availability of evidence of such relationship [7].
Unfortunately, we had only later samples collected mainly not
earlier than 7—12 months after the disease onset, because staff
members having a history of moderate to severe COVID-19
refused to provide samples shortly after recovery.

Analysis of family history of the disease in three research
institute staff members revealed no patterns in the COVID-19
course in their cohabiting relatives (six people), who were
infected with an interval of 2-3 days. Two staff members
(woman aged 63 and man aged 58) had a mild disease;
among their relatives (three people aged 26-78 and two people
aged 16 and 42, respectively) only one person (aged 78) was
admitted to hospital due to moderate disease. The third female
employee (aged 62) was critically ill, however, her husband
(aged 65) had a mild disease.

The intensity of humoral immunity was dependent on the
time passed since the disease onset or administration of the
first vaccine dose. IgG levels in vaccinated people decreased
rapidly by month 3-4 of follow-up (Fig. 2B), which was in
line with the literature data [8]. Antibody levels observed in
convalescents during month 3-4 of follow-up were significantly

Table 3. Characteristics of new COVID-19 cases in staff members having a history of the disease and vaccinated individuals

Name Date of previous Vaccination date, vaccine Date of new COVID-19
(group) Gender Age COVID-19 infection type (dose) I9Gi levels, BAU/mL infection
RAA Sputnik V:
W) F 43 No 02.05.2021 (1) 360,5* 15.10.2021
23.05.2021 (2)
ZhOA Sputnik V:
D+V) F 40 15.10.2020 18.07.2021 (1) 617,2** 31.01.2022
08.08.2021 (2)
Sputnik V:
ZX;;N F 43 No 23.07.2021 (1) 37,2 26.01.2022
07.08.2021 (2)

Note: * — IgG level on day 42 after administration of the first vaccine dose; ** — IgG level on day 90 after administration of the first vaccine dose; *** — IgG level at

the time of the disease onset.
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higher (o = 0.029) than those observed in vaccinated people
(Fig. 2B). This was due to the contribution of sera with high
antibody levels obtained from elderly patients of both genders,
especially males, who's antibody levels reached maximum
values during this period (no data reported). The findings
support the conclusion that there is a positive correlation
between age and IgG levels in COVID-19 survivors (Table 2)
and are probably an indirect evidence of the delayed protective
immunity formation in men, as noted earlier [6].

In general, antibody levels decreased by month 5-9 and
stabilized at less than 100 BAU/mL (Fig. 2B) in about 60% of
surveyed patients, as noted by other researchers [10]. At the
same time, significant individual differences in the dynamics
of humoral immune response between the study participants
were revealed given that at least two serum samples had
been collected from each subject. In vaccinated people,
IgG levels gradually decreased, as previously reported for
the integral indicator of this group (Fig. 2B, 2C), however, in
some COVID-19 survivors the levels of protective immunity
remained unchanged until the end of the follow-up period (no
data reported).

Only three new cases of infection after full vaccination with
Spuntik V were revealed over the entire observation period (Fig. 1,
Table 3). The subjects were infected and had a mild disease
in October 2021 and January 2022, i.e. during the period
when the highly contagious Delta and Omicron coronavirus
variants predominated in Moscow, and the daily cases increase
reached 9,000 and 26,000, respectively [16, 17]. Taking into
account the total number (Table 1) of vaccinated people with
no history of the disease (43 people) and vaccinated disease
survivors (24 people), the prevalence of COVID-19 among
vaccinated people was 4.5%. These findings were in line with
the available data supporting the fact that Sputnik V vaccine
never provided 100% protection [18, 19], but contributed to the
milder COVID-19 course in vaccinated people [20].

It should be noted that in one infected female patient out
of three, I1gG level was low at the time of the disease onset
(87.2 BAU/mL). In the other two female patients, antibody
levels were 360.5 and 617.2 BAU/mL on days 42 and 90 after
receiving the first vaccine dose, respectively (i.e. 3-4.5 months
before the disease onset) (Table 3); however, these levels could
be reduced in half or more at the time of the new infection,
given the dynamics of IgG levels in vaccinated people (Fig. 2B).
Although until now there is no clear understanding of what
antibody levels are capable of providing sufficient protection
against the same and especially against new variants of the
SARS-CoV-2 coronavirus [4], the presence of antibodies is
clearly not the only factor of protection against COVID-19 [9].
No new cases of infection in 95.5% of the surveyed people, the
majority of them having the circulating antibody levels below
100 BAU/mL (Fig. 2C), support the view that the long-term
protective immunity is largely ensured by complex interactions
between the humoral and cellular immunity factors [5].

An important feature of the study is the use of immunochip
allowing us to simultaneously assess the levels of antibodies
against the receptor-binding domains of two SARS-CoV-2
variants (Wuhan and Delta). The data for the first variant are
provided, since antibody levels measured for both variants are
almost identical (r = 0.978057). This suggests that immune
response in COVID-19 survivors and people vaccinated with
Sputnik V provides effective protection against both variants,
as noted earlier [21]. However, such overlapping results were
obtained only for sera collected from patients, who had been
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infected from April 2020 to January 2021, i.e. during the first
two waves of infection among staff members (Fig. 1), when
the majority of COVID-19 cases were caused by Wuhan
(reference) variant and local Russian variants of the virus
[22, 23]. People infected in July—October 2021 (the third wave
of infection presented in Fig. 1) had at least twice as high levels
of antibodies against the Delta variant, that prevailed in the
population during this period [17, 23].

The increase in the analysis multiplexity, and, as a
consequence, in informativeness is a global trend related to
the possibility of combining several tests in a common format
by means of miniaturization and development of high-density
microarrays. Advanced multiplex technologies based on
chemiluminescence methods and flow cytometry (for example,
test systems manufactured by Merck, Luminex, etc.) provide
an opportunity for simultaneous detection of up to 100 various
markers and are best suited to assess the composite immune
response when studying various aspects of COVID-19 [24, 25].
However, such tests are expensive; sophisticated equipment
and highly qualified operator are required.

In our opinion, more simple and cost-effective tests, such
as PHOSPHAN, are more beneficial when used for monitoring.
Indeed, the resulting data set (high degree of correlation with the
commercially available test, and possibility of detecting specific
features of the specific antibody binding to the receptor-binding
domains of two variants of novel coronavirus) taking into
account the fundamental possibility of constructing multiplex
tests of various design depending on the research tasks (for
example, the use of a wider range of diagnostically significant
antigens, internal positive and negative controls in immunochip)
supports the assumption that PHOSPHAN technology platform
may be beneficial when used to monitor the levels of circulating
antibodies in COVID-19 survivors and vaccinated people. The
immunochip developed can make it possible not only to detect
specific antibodies, but also to distinguish between variants of
the virus based on the significant differences in antibody titers,
at least in people with no history of COVID-19 and unvaccinated
patients. The detailed analysis of this situation is beyond the
current scope of this study and will be reported later.

CONCLUSIONS

1. The intensity and duration of immune response in COVID-19
survivors and vaccinated people varied significantly depending
on age, observation period, and additional vaccinations/
revaccinations. 2. 1gG levels were significantly higher in
the following groups: elderly people (60+) having a history
of COVID-19 compared to individuals under the age of
60; COVID-19 survivors and individuals vaccinated with
Sputnik V compared to people with no disease history and
unvaccinated individuals; disease survivors after vaccination
and vaccinated individuals after receiving the booster dose.
3. 1gG levels were significantly lower in vaccinated elderly
people (60+) compared to individuals under the age of 60. 4.
IgG levels in vaccinated individuals decreased faster (within
3-4 months), than in COVID-19 survivors; after 5-9 months
IgG levels were stabilized at less than 100 BAU/mL in about
60% of subjects. 5. The prevalence of COVID-19 among
vaccinated people was 4.5% (three vaccinated people
out of 67 were infected). 6. Multiplex immunochip analysis
is a promising method for simultaneous quantification of
antibodies against two or even more variants of the novel
SARS-CoV-2 coronavirus.
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