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ABSTRACT

The COVID-19 (coronavirus disease 2019) pandemic has spurred the development
of highly effective quantitative methods for assessing the adaptive immune response
to the SARS-CoV-2 (severe acute respiratory syndrome-related coronavirus 2) virus.
In order to assess the humoral component of the immune response, various methods
for detecting immunoglobulins A, M, G are widely used. ELISPOT seems to be the most
accessible and effective method to assess the level of T cells that specifically respond
to the SARS-CoV-2 virus antigens.

The aim. To assess cell-mediated and humoral immunity in COVID-19 in residents
of the Republic of Crimea.

Methods. The study was performed on 24 volunteers: the presence of coronavirus
antibodies was determined by ELISA method, and the presence of contact with coro-
navirus proteins — by the ELISPOT “TigraTest® SARS-CoV-2" method (Generium,
Russia). For retrospective study of humoral immunity in the population, we as-
sessed 10 000 ELISA tests (ECOlab IgM and IgG, Russia) performed in our laboratory
for the period from July 2020 to January 2022.

Results. The results show the effectiveness of using the ELISPOT method to detect
latent forms of coronavirus infection. It isimportant to note that there is statistically
significant relationship between the timing of the disease and the number of spots
in both antigen panels. After vaccination against SARS-CoV-2, cell-mediated im-
munity lasts up to 6 months or more.

Conclusions. As a result of the study, it was found that during 2021, the level
of immunization of the population of the Republic of Crimea against COVID-19
has significantly increased; the proportion of residents who have positive IgG test
has increased from 27 to 87 %. The results of ELISPOT studies using a set of reagents
for in vitro detection of blood T-lymphocytes that specifically respond to SARS-CoV-2
virus antigens (“TigraTest® SARS-CoV-2") showed that this method is more sensitive
than ELISA in detecting latent diseases.
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PE3IOME

Manoemus COVID-19 (coronavirus disease 2019) nociyxuna cmumysioMm K paspa-
60mKe 8bICOKO3(hheKMUBHbBIX KOIUHECMBEHHbIX MEMOO08 OUeHKU a0anmueHOo20
UMMYHHO20 omeema Ha 8upyc SARS-CoV-2 (severe acute respiratory syndrome-
related coronavirus 2).

C yesibio OYeHKU 2yMopasnbHO20 386eHA UMMYHHO20 0meema WUpPOKO NPUMeHSIom
passuYHele Memodsl 0emeKyuu UMMyHOo2106yuHos knaccos A, M, G. [lns oyeHku
ypo8Hs T-Kiiemok, cneyuguyecku omeeyaroujux Ha aHmuzeHsl supyca SARS-CoV-2,
Haubosnee 0ocmynHeIM U 3hghekmusHbIM Memodom npedcmasnaemcs ELISPOT.
Lene pabomel. OyeHUMb K/1eMOYHbIU U2yMOopasibHbit ummyHUmem npu COVID-19
y xumersnet Pecnybnuku Kpsim.

Memooel. BbeinosHeHo uccnedogaHue Ha 24 006pososibyax: onpedessnu Haau-
yue aHmumes K KOpOHAsUPYCy MeMoooM UMMyHOpepMeHmMHoz0 aHanusa (MDA)
U Hasnu4yue KOHMAakma c 6esikamu KopoHasupyca memooom ELISPOT «TuepaTecm®
SARS-CoV-2» (AO «leHepuym», Poccus). [lna pempocnekmugHo20 ucciedosd-
HUSA 2yMOpaIbHO20 UMMYyHUMema & nonyaayuu oueHunu 10 000 MOA-mecmos
(3A0 «3KOnab» IgM u IgG, Poccus), binosiHeHHbIx 8 Hawel 1abopamopuu 3a nepu-
00 c utona 2020 no sHeape 2022 2.

Pesynemamel. [lonyyeHHble pe3ysbmamel NOKA3biearom 3¢gexkmusHocme
ucnone3o8aHua memoda ELISPOT 05 evbisigieHUs CKpblMblx (hOPM KOPOHABUPYC-
Hol uHgekyuu. [pu 3mom crnedyem ommemume, YUMo eCmbs cmamucmuyecku
3Ha4YuUMas cea3b Mexo0y Cpokamu 3ab0os1e8aHUA U KOIUYECMBOM CNOMo8 8 obeux
naHenax aHmueeHos. locne sakyuHayuu npomus COVID-19 knemoyHeit uMmy-
HUMem coxpaHsemcs 00 6 Mecayes u bosee.

Bb1800bI. B pe3ynbmame uccie0o8aHusA ycmaHoseHo, 4Ymo Ha NpomsaxeHuu
2021 2. yposeHb uMMyHU3ayuu HacesneHus Pecnybnuku Kpsim npomus COVID-19
CywecmseHHO NOBbICUJICA; 803pOC/1a 00715 xxumesiel, UMEeWUX NOI0XUMesb-
Helti mecm Ha IgG, — ¢ 27 % 0o 87 %. Pesynsmamel ucciedosaHuli Memooom
ELISPOT c ucnonv3osaHuem Habopa pedzeHmos 0715 8blS8/1eHUS in Vitro 8 Kposu
T-numgoyumos, cneyughudecku omeedarowux Ha aHmuzeHsi supyca SARS-CoV-2
(«TuepaTecm® SARS-CoV-2»), nokasasnu, Ymo 0aHHAs MemoOuKa sesaemcs 6osee
uygcmeumesbHoU, Yem memood VIDA, cnocobHa 8biA8/19Mb NepeHeCcéHHbIe 8 CKPbI-
mou ¢hopme 3a60/1€8aHUS.

Knioyeessie cnoea: knemouHeiti ummyHumem, COVID-19, SARS-CoV-2 ELISPOT,
Tuepalecm
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INTRODUCTION

The relevance of studying the immune response dur-
ing the COVID-19 pandemic (coronavirus disease 2019)
lies in the value of predicting the possibility of disease
and the severity of the disease to determine the timing
of vaccination in humans, depending on the presence
of specificimmunity to SARS-CoV-2 (severe acute respirato-
ry syndrome-related coronavirus 2), and it is critical for epi-
demiological population-based prognostic studies.

The structural and molecular characteristics
of SARS-CoV-2, as well as the stages of adaptive immune
response, were the basis for the development of various
laboratory diagnostic methods for assessing immunity
in COVID-19 [1]. As a result of the past COVID-19, an im-
mune system is formed with a simplified structure that in-
cludes: 1) immunoglobulins (Ig) of classes A, G, M; 2) SARS-
CoV-2-specific CD8* and CD4* T cells; 3) B cells [2]. To study
specificimmunity, the most common methods are the de-
tection of specific antibodies and the detection of activat-
ed T cells. The basic objects of the study were SARS-CoV-
2-specific antibodies IgA, IgM IgG, determined by enzyme
immunoassay (ELISA), as well as T cells synthesizing inter-
feron y (IFN-y) in response to antigens of the SARS-CoV-2
virus [3, 4].

With the spread of the pandemic, a rapid evolution
of ELISA methods was observed - from qualitative screening
of total IgA, IgM, IgG antibodies against the virus up to quan-
titative detection of neutralizing IgG antibodies, including
detection of the receptor-binding domain (RBD, receptor-
binding domain) of the SARS-CoV-2 protein [5]. Later, for re-
search purposes, the PNA (pseudovirus neutralization assay)
method was used to assess the neutralizing ability of serum,
when the SARS-CoV-2 pseudovirus infects cells expressing
the ACE2 receptor, and after incubation with the tested se-
rum, the degree of neutralization of the pseudovirus is cal-
culated based on the luminescence value [6].

Three methods are relevant for the study of the cellular
immune response: flow cytometry (by the proliferative re-
sponse of T helpers (CD4*) and killer T cells (CD8") to anti-
gen restimulation in vitro); IGRA-ELISPOT (interferon-gam-
ma release assay) (by the number of IFN-y antigen-specif-
ic T cells producing among peripheral blood mononuclear
cells (PBMC) and ELISA (by changing the concentration
of IFN-y in response to stimulation of T cells by pathogen
antigens) [5].

Large studies described in the literature indicate
that on the 215t day from the onset of the disease, the plas-
ma of about 30 % of people who have past COVID-19 has low
titers of neutralizing antibodies specific to SARS-CoV-2,
or does not contain them atall [7, 8]. COVID-19 causes a pro-
nounced T cell response lasting up to 15 months [9], T cells
are widely produced in response to infection and vaccina-
tion [10], and IGRA-ELISPOT-based test systems detect 51 %
more COVID-19 survivors than IgG ELISA tests [11]. Asa con-
sequence, SARS-CoV-2-specific T cells may be a more sensi-
tive marker of the past COVID-19, and their detection me-
thods complement serology in the complex laboratory di-
agnostics of the immune response to SARS-CoV-2.
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The Republic of Crimea was isolated from the mainland
during the pandemic period outside the holiday season
in 2020 and 2021 due to travel restrictions. From May to Sep-
tember, however, there was a dramatic change in the epi-
demiological situation due to the active seasonal migration
of people to the resort region, this being reflected in the spe-
cifics of the population immunity, which this study focuses
on in comparing methods for determining the cellular and
humoral immune response.

PURPOSE

To assess cell-mediated and humoral immunity
in COVID-19 in residents of the Republic of Crimea.

METHODS

A study involving 24 volunteers (university staff) —
10 men and 14 women - with a known history of COVID-19
and vaccination was carried out in the summer of 2021
with the purpose of comparative evaluation of labora-
tory methods for diagnosis of immune response. Volun-
teers gave informed consent for the study and had their
venous blood taken in two sealed test tubes (with sodi-
um citrate coagulant) at the university clinic. The analysis
for the presence of humoral and T cell immunity by ELISA
and ELISPOT methods was carried outin the Central Research
Laboratory. The inclusion criteria were age 20-40 years; ab-
sence of any disease in the acute phase. The study was car-
ried out according to the instructions of the reagent kits:
1) ECOlab, CJSC IgM and IgG for the detection of immuno-
globulins to various components of the SARS-CoV-2 corona-
virus, including post-vaccination antibodies to S protein
by ELISA; 2) TigraTest” SARS-CoV-2 (Generium,JSC) for in vitro
detection of T-lymphocytes specifically responding to SARS-
CoV-2 virus antigens. This is a version of the ELISA method
IGRA ELISPOT (Interferon Gamma Release Assay, Enzyme-
Linked Spot analysis), in which the cytokine interferon-
gamma (IFNY) binds to the surface of the culture plate
membrane next to the secreting cells on the one hand
and IFNy binds to other antibodies conjugated to alkaline
phosphatase on the other. Treatment with a chromogen-
ic substrate, which is converted by alkaline phosphatase
into a colored spot of insoluble precipitate at the reac-
tion site, makes it possible to see the reaction. Each spot
an imprint of a single T cell secreting IFNy in response
to contact with the virus antigen, and spot counts quantify
the content of SARS-COV-2 antigen-specific CD4* and CD8*
T cells in the blood. The result of the analysis is the calcu-
lation of the number of spots in the wells with controls
and antigens.

For the study of humoral immunity in the population,
10,000 ELISA tests (ECOlab, CJSC IgM and IgG) performed
in our laboratory for the period from July 2020 to January
2022 for the residents of Crimea without signs of respirato-
ry disease who applied to verify previously past COVID-19
in asymptomatic form or without polymerase chain reaction
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Antigen panel No. 2
(protein peptides N, M,
03,07)

> 100 1 1
0

> 100 35 10

Antigen panel No. 1

Patient Negative control Positive control (S protein peptides)

Never had a disease,
not vaccinated

Had a disease

6 months before
the study, vaccinat-
ed 1 month before
the study
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prior to the study,
had a disease

2 months prior
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FIG. 1.
The results of studies on the example of patients from different groups: photographs of wells after incubation of lymphocytes with antigens
and visualization of cells activated for the interferon production with color marks; magnification 20x
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(PCR) confirmation as part of vaccination planning or eval-
uation of its effectiveness. All adult patients who contacted
the laboratory to assess specific immunity to SARS-CoV-2
were included in the study. The mean age of the patients
was 38 + 9.8 years in all study periods. The male to female
ratio was 4:5.

Statistical processing was performed using Statis-
tica 10.0 (StatSoft Inc., USA). The Shapiro-Wilk meth-
od was used to determine the normality of the distribu-
tion of the trait: the number of spots in wells with antigen
to peptide of protein S (AG1) and with antigen to peptides
of proteins N, M, O3, O7 (AG2) when assessing cellular im-
munity. Differences between groups of patients (group 1 -
not ill, not vaccinated; group 2 - not ill, vaccinated; group
3 - ill, not vaccinated; group 4 - ill, and then vaccinat-
ed) were evaluated by the Kruskall — Wallis test. The influ-
ence of factors on the number of spots in wells with anti-
gens was evaluated by the ANOVA method. Controlled fac-
tors were the presence and timing of the disease and vac-
cination (from the medical history). Differences at p < 0.05
were considered statistically significant.

Ethical standards were observed in the work; partici-
pants signed a voluntary informed consent, and the work
was approved by the ethics Committee of the V.I. Verna-
dsky Crimean Federal University (Protocol No. 4 dated
12.04.2022).

RESULTS AND DISCUSSION

In course of the study of cellular immunity, according
to the medical history, the studied individuals were dis-
tributed as follows: group 1 (not ill, not vaccinated) — 12 %
(n = 3); group 2 (not ill, vaccinated) — 21% (n = 5); group 3
(ill, not vaccinated) - 38% (n = 9); group 4 (ill, and then vac-
cinated) - 29% (n = 7).

Significantly, the study was performed 12 months af-
ter the onset of the pandemic in Crimea, and antibody
levels were 100% reflective of a 6-month medical histo-
ry; longer periods after the disease were not investigated.
That is, all individuals of the group 1 had a negative anti-
body level, and those of the groups 2-4 had a positive lev-
el of IgM or IgG detected only in the case of a previous dis-
ease (with PCR confirmation) or vaccination during the last
six months. In the case of disease or vaccination at an ear-
lier period, individuals in groups 2, 3, 4 had negative an-
tibody levels. For the uniformity of the study, only those
vaccinated with the two components of the Sputnik V vac-
cine were included in the number of vaccinated volunteers.

As a result of the ELISPOT study, according to his in-
terpretation, the groups were redistributed: group 1 -
4% (n=1);group2-17 % (n=4); group 3 -46 % (n=11);
group 4 —33 % (n=8). Only 1 person had no cellularimmu-
nity, the rest (healthy according to medical history and lab-
oratory tests for the presence of antibodies to coronavirus)
showed spots in wells with AG1 and AG2 in levels which were
evidence of subclinical disease. Among those in group 2,
1 out of 5 individuals had spots in the AG2 panel, indicating
a latent post-vaccination disease. Among those in groups 3
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and 4, there was a perfect match between the results of the
study and the medical history, but these groups increased
by individuals who had previously formed groups 1 and 2
(based on the medical history and antibody levels). However,
it should be noted that there is a statistically significant asso-
ciation between the timing of the disease and the number
of spots in both panels of antigens in group 3 and in panel
AG2 in group 4 patients. So, the more time passed since re-
covery, the fewer activated T-cells were detected. The num-
ber of spots in the panel of antigens against S-protein in vac-
cinated individuals ranged from 35 to 75, even 6 months af-
ter vaccination (Fig. 1).

The statistical results are shown in Figures 2 and 3.
A comparison of the number of spots in the AGT and AG2
wells between groups has revealed that the number
of spots in the AG1 well was statistically significantly high-
er in the vaccinated group than in those in groups 1 and 3
who did not receive the vaccine. Individuals from group 3
who had PCR-confirmed coronavirus infection had a statis-
tically significantly higher number of spots in the wells with
AG2 than those in the groups with no previous disease or la-
tent disease. Univariate ANOVA test showed a statistically
significant effect of the presence of the ailment and its tim-
ing on the number of spots in the well with AG2 (F = 12.40
and F = 7.88, respectively). Vaccine availability and timing
had a statistically significant effect on the number of spots
to both antigen panels (F = 21.98 for AG1 and F = 21.01
for AG2). However, it is worth noting that the number
of spots in the well with AG1 to S protein is statistically sig-
nificantly higher, while the number in the well with AG2
to N, M, 03, O7 peptides is statistically significantly lower
than in the absence of vaccination. The timing of the vaccine
has a similar effect, but its degree is much lower (F = 10.10
for AG1 and F = 5.05 for AG2).

80

70

60

50

&

40

30

20

Ag1

Ag2

o Median
025%-75%
1 2 3 4 T Min-Max

FIG. 2. Mean values of the spots number in wells with antigens
to S protein (AG1) and to N, M, Orf3a and Orf7a proteins (AG2)

-10

The study of humoral immunity has shown a progres-
sive increase in immunisation in the population of the Re-
public of Crimea. Only 27% of patients had a positive test
for any class of antibodies (n = 4499) in the autumn-win-
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ter period of 2020-2021, the majority having a predomi-
nance of IgG; the percentage of positive samples was 47 %
in the spring of 2021(n = 1760) with a predominance
of IgG and total post-vaccination antibodies. Positive sam-
ple proportions increased in the summer and autumn
of 2021 to 61-63 % (n = 2286); it reached 87 % by the win-
ter of 2021 2022. (n = 1455). The positive dynamics of these
monitoring indicators in the Republic of Crimea is evidence
of active immunization of the population, and the increase
in the number of immunized individuals to 80-87% coincid-
ed with the sharp decline, in fact the cessation, of the epi-
demic wave in the region.

CONCLUSIONS

As aresult of the study, it was found that the level of im-
munisation against COVID-19 in the Republic of Crimea
has increased throughout 2021, with an increase in the pro-
portion of residents who had a positive IgG test (a rise from
27 to 87 %). The results of ELISPOT studies using a set of re-
agents for in vitro detection of T lymphocytes in the blood
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that specifically respond to the antigens of the SARS-CoV-2
virus (TigraTest” SARS-CoV-2) showed that this technique
is more sensitive than the ELISA method and can be used
to diagnose latent disease.
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