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Abstract

Objective: The peculiarity of immune response
during and after severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection
is of special interest as this may contribute to
the development of an efficient diagnostic ap-
proach. Data characterizing humoral or T-cell
mediated immune responses after SARS-CoV-2
infection are available, although the same sam-
ple determination of both these biomarkers of
immune response has not been performed yet.

Materials and Methods: We have determined
the biomarkers related to humoral and T-cell-
mediated immune response after SARS-CoV-2
infection by using the enzyme-linked immuno-
sorbent assay (ELISA) method in blood samples
of 49 patients who recovered from COVID-19
(35 females and 14 males; age range: 17-55
years) after paucisymptomatic disease that did
not require hospitalization nor corticosteroid
therapy. In all participants, SARS-CoV-2 infec-
tion was documented through clinical symp-
toms and polymerase chain reaction (PCR) test
for SARS-CoV-2 performed through a nasopha-
ryngeal swab.

Results: 1t has been revealed that: a) 28 (57.1%)
participants were positive for biomarker of hu-
moral immune response against SARS-CoV-2,
and b) negative (16 cases; 32.7%) or equivocal (5
cases; 10.2%) for biomarker of humoral immune
response against SARS-CoV-2. Patients with a
negative status of immunoglobulin G (IgG) anti-
bodies directed against SARS-CoV-2 nucleocap-

sid protein exhibited an increased expression of
specific biomarkers of T-cell-mediated immune
response (Ki67 and IL-2).

Conclusions: SARS-CoV-2 infection can induce
both a humoral and a T-cell-mediated immune
response. Yet, the regulatory mechanisms of this
process should be further investigated. Future
and larger case-control studies with additional
biomarkers of SARS-CoV-2-specific immune re-
sponse are warranted to confirm our prelimi-
nary findings.

INTRODUCTION

The severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) caused the coronavirus dis-
ease 2019 (COVID-19) pandemic, which changed
our daily habits and is now considered as a ma-
jor global health challenge'. The peculiarities of
SARS-CoV-2 infection and its induced immune
response are currently the top research priority. It
has been reported that the protective immunity af-
ter SARS-CoV-2 infection is based on the immu-
nological memory, which can determine the pro-
tection against SARS-CoV-2 reinfection as well as
the efficacy of COVID-19 vaccination’. However,
research on the mechanisms of SARS-CoV-2-in-
duced immune response needs further investiga-
tion to provide more data on innate and adaptive
immune responses’. It has been reported that im-
munoglobulin G (IgG), IgM, and IgA antibodies
against SARS-CoV-2 spike (S) and nucleocapsid
(N) proteins develop within 2 weeks after the onset
of clinical symptoms of COVID-19. Yet, IgG may
be not detected in some cases after SARS-CoV-2
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infection®. It has been found that the nucleocapsid
protein of SARS-CoV-2 is a multivalent RNA-bind-
ing protein, which is critical for viral replication and
genome packaging’. It has been revealed that the
detection of IgG antibodies against SARS-CoV-2
nucleocapsid protein is more sensitive than the de-
tection of antibodies directed against SARS-CoV-2
spike protein in some COVID-19 cases®. Cases of
development of SARS-CoV-2-specific T-cell mem-
ory after recovery from SARS-CoV-2 infection
have been reported’. We, therefore, postulated that
in IgG-negative cases of SARS-CoV-2 infection,
there is development of T-cell memory. To address
this question, we conducted a study aimed to de-
termine the expression of Ki67, interferon gamma
(IFN-y) and interleukin 2 (IL-2) after SARS-CoV-2
infection by enzyme-linked immunosorbent assay
(ELISA). Indeed, it has been reported that Ki67 ex-
pression is a specific, quantitative and reproducible
indicator of antigen-specific T-cell proliferation®.
Another indicator of T-cell proliferation is IL-2,
whose expression is stimulated by IFN-y produced
by multifunctional memory T cells’.

MATERIALS AND METHODS

In this study, we analyzed blood samples of 49 pa-
tients who recovered from COVID-19 after pau-
cisymptomatic disease that did not require hos-
pitalization nor corticosteroid therapy. The age
distribution of the participants was between 17 and
55 years. 35 participants were female, and 14 were
male. In all participants, SARS-CoV-2 infection
was documented through clinical symptoms and
polymerase chain reaction (PCR) test for SARS-
CoV-2 performed through a nasopharyngeal swab.
For determination of all biomarkers, we used the
ELISA method.

The NovaLisa SARS-CoV-2 (COVID-19) IgG
ELISA diagnostic kit (NovaTec Immunodiag-
nostica GmbH, Dietzenbach, Germany) was used
for determination of IgG directed against SARS-
CoV-2 nucleocapsid protein. According to the man-
ufacturer instructions, the determined positive re-
sults correspond to a specificity of 99.53% and the
analytical sensitivity is defined as the probability
of the assay of scoring positive in the presence of
the specific analyte. The study has been performed
according to the ELISA kit specific protocol; the
absorbance was measured at 450 nm wavelength.

For the calculation of results, we used the manu-
facturer’s guidelines: sample absorbance value x
10 / cut-off control absorbance value. The results
were interpreted as following: a) positive (> 11); b)
equivocal (9 — 11); and ¢) negative (< 9).

Human Ki67 ELISA kit (MyBioSource Inc, San
Diego, CA, USA) for research use only was used
for determination of Ki67. The study has been per-
formed according to the ELISA kit specific proto-
col; the absorbance was measured at 450 nm wave-
length. The detection range of Human Ki67 ELISA
kit is 0.016-10 ng/ml. It has been reported that the
median serum levels of Ki67 in healthy population
is 3.92 (2.72-7.29) ng/ml".

Human IFN gamma ELISA kit (Abcam, Cam-
bridge, UK) for research use only has been used for
determination of IFN-y according to the manufac-
turer’s protocol. The colorimetric detection method
at 450 nm wavelength was used. The sensitivity of
the mentioned ELISA kit is <5 pg/ml (range: 12.5-
400 pg/ml).

For detection of IL-2, we used Human IL-2 ELI-
SA kit (Abcam, Cambridge, UK) for research use
only. The procedure has been performed according
to the manufacturer’s protocol. Again, for detec-
tion we used the colorimetric method at 450 nm
wavelength. The sensitivity of this kit is 32.1 pg/ml
(range: 39-2500 pg/ml).

RESsULTS

It has been revealed that: a) 16 (32.7%) out of 49
samples were interpreted as negative for IgG di-
rected against SARS-CoV-2 nucleocapsid protein;
b) 5 (10.2%) out of 49 samples were interpreted as
equivocal for IgG directed against SARS-CoV-2
nucleocapsid protein; and c) 28 (57.1%) out of 49
samples were interpreted as positive for IgG di-
rected against SARS-CoV-2 nucleocapsid protein.
Furthermore, it has been revealed that: a) median
levels of Ki67 in samples negative for IgG direct-
ed against SARS-CoV-2 nucleocapsid protein were
14.95 ng/ml (range: 11.8-18.9 ng/ml); b) median lev-
els of Ki67 in samples equivocal for IgG directed
against SARS-CoV-2 nucleocapsid protein were
10.6 ng/ml (range: 8.2-14.2 ng/ml); and ¢) median
levels of Ki67 in samples positive for IgG directed
against SARS-CoV-2 nucleocapsid protein were 8.3
ng/ml (range: 5.7-10.9 ng/ml). Furthermore, mod-
erately increased median levels of IL-2 were re-



SARS-CoV-2 immune response 3

Table 1. Correlation between Ki67, IL-2, IFN-y levels and status of IgG directed against SARS-CoV-2 nucleocapsid protein.

IgG status Ki67 IL-2 IFN-y
Value Positive 8.3 ng/ml 73 pg/ml 42 pg/ml
Value Equivocal 10.6 ng/ml 874 pg/ml 42 pg/ml
Value Negative 14.95 ng/ml 1702 pg/ml 42 pg/ml

Abbreviations: IFN-y, interferon gamma; IgG, immunoglobulin G; IL-2, interleukin-2.

vealed in samples negative for IgG directed against
SARS-CoV-2 nucleocapsid protein (1702 pg/ml
[range: 1400-2002 pg/ml]) and in samples equivo-
cal for IgG directed against SARS-CoV-2 nucleo-
capsid protein (874 pg/ml [range: 700-1100 pg/ml]).
In samples positive for IgG directed against SARS-
CoV-2 nucleocapsid protein, the median level of
IL-2 was 73 pg/ml (range: 52-97 pg/ml). The me-
dian levels of IFN-y in all three sample categories
of IgG directed against SARS-CoV-2 nucleocapsid
protein (negative, equivocal and positive) were 42
pg/ml (range: 31-52 pg/ml). The results are shown
in Table 1.

DiscussIoN

Our findings suggest that increased levels of Ki67
and IL-2 are associated with the negative status of
IgG directed against SARS-CoV-2 nucleocapsid
protein. Nonetheless, the median levels of IFN-y do
not seem to be associated with the status of IgG di-
rected against SARS-CoV-2 nucleocapsid protein.
Therefore, we assume that in SARS-CoV-2 cases
negative for IgG antibodies anti-SARS-CoV-2 nu-
cleocapsid protein, T-cell proliferation may occur
along with the development of T-cell memory. We
acknowledge that the major limitation of the pres-
ent study is the lack of a healthy control group.

CONCLUSIONS

In conclusion, future and larger case-control stud-
ies with additional biomarkers of SARS-CoV-2-
specific immune response are warranted to con-
firm our preliminary findings.

ACKNOWLEDGEMENT:
Authors acknowledge participants for their interest and par-
ticipation in the present study.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE:

The present study has been approved by the Bioethics Com-
mittee of the Petre Shotadze Tbilisi Medical Academy. All
procedures performed in the present study were in accor-
dance with the Helsinki Declaration (as revised in 2013).
The participants were informed about the study design and
objectives. All participants provided informed consent for
inclusion and for anonymous data publication before they
participated in the study.

FunpinG:
No funding is declared for this article.

AUTHORS* CONTRIBUTIONS:
All authors contributed equally to this article. SI performed
experimental activities and data analysis; TS organized and
performed samples collection; EK contributed to study per-
formance and manuscript preparation. All authors read and
approved the final manuscript.

ORCID:
Ekaterine Kldiashvili: https:/orcid.org/0000-0003-1764-7778

CONFLICT OF INTEREST:
The authors declare that they have no conflict of interest to
disclose.

DATA AVAILABILITY STATEMENT:
Data sharing is not applicable to this article as no datasets
were generated or analysed during the current study.

REFERENCES

1. Caroppo E, Mazza M, Sannella A, Marano G, Avallone
C, Claro AE, Janiri D, Moccia L, Janiri L, Sani G. Will
Nothing Be the Same Again? Changes in Lifestyle dur-
ing COVID-19 Pandemic and Consequences on Mental
Health. Int J Environ Res Public Health 2021; 18: 8433.

2. Dan JM, Mateus J, Kato Y, Hastie KM, Yu ED, Faliti
CE, Grifoni A, Ramirez SI, Haupt S, Frazier A, Nakao
C, Rayaprolu V, Rawlings SA, Peters B, Krammer F, Si-
mon V, Saphire EO, Smith DM, Weiskopf D, Sette A,
Crotty S. Immunological memory to SARS-CoV-2 as-
sessed for up to 8 months after infection. Science 2021,
371: eabf4063.

3. Jordan SC. Innate and adaptive immune responses to
SARS-CoV-2 in humans: relevance to acquired immuni-
ty and vaccine responses. Clin Exp Immunol 2021; 204:
310-320.



4

E. Kldiashvili, S. lordanishvili, T. Shotadze

4. Petersen LR, Sami S, Vuong N, Pathela P, Weiss D, Mor-

genthau BM, Henseler RA, Daskalakis DC, Atas J, Patel
A, Lukacs S, Mackey L, Grohskopf LA, Thornburg N,
Akinbami LJ. Lack of Antibodies to Severe Acute Re-
spiratory Syndrome Coronavirus 2 (SARS-CoV-2) in a
Large Cohort of Previously Infected Persons. Clin Infect
Dis 2021; 73: €3066-e3073.

Cubuk J, Alston JJ, Incicco JJ, Singh S, Stuchell-Brere-
ton MD, Ward MD, Zimmerman MI, Vithani N, Griffith
D, Wagoner JA, Bowman GR, Hall KB, Soranno A,
Holehouse AS. The SARS-CoV-2 nucleocapsid protein
is dynamic, disordered, and phase separates with RNA.
Nat Commun 2021; 12: 1936.

. Burbelo PD, Riedo FX, Morishima C, Rawlings S, Smith

D, Das S, Strich JR, Chertow DS, Davey RT, Cohen JI.
Sensitivity in Detection of Antibodies to Nucleocapsid
and Spike Proteins of Severe Acute Respiratory Syn-
drome Coronavirus 2 in Patients With Coronavirus Dis-
ease 2019. J Infect Dis 2020; 222: 206-213.

10.

Wang Z, Yang X, Zhong J, Zhou Y, Tang Z, Zhou H.
Exposure to SARS-CoV-2 generates T-cell memory in
the absence of a detectable viral infection. Nat Commun
2021; 12: 1724.

Soares A, Govender L, Hughes J, Mavakla W, de Kock
M, Barnard C, Pienaar B, Janse van Rensburg E, Jacobs
G, Khomba G, Stone L, Abel B, Scriba TJ, Hanekom
WA. Novel application of Ki67 to quantify antigen-spe-
cific in vitro lymphoproliferation. J Immunol Methods
2010; 362: 43-50.

Westerhof LM, McGuire K, MacLellan L, Flynn A, Gray
JI, Thomas M, Goodyear CS, MacLeod MKL. Multi-
functional cytokine production reveals functional supe-
riority of memory CD4 T cells. Eur J Immunol 2019; 49:
2019-2029.

Ragab HM, Samy N, Afify M, Maksoud N, Shaaban H.
Assessment of Ki-67 as a potential biomarker in patients
with breast cancer. J Genet Eng Biotechnol 2018; 16:
479-484.



