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Exploring the Utility of Enzyme-Linked Immunospot Assays in COVID-19
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ABSTRACT

Most studies of immunocompetence against severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) have focused on humoral immunity. Therefore, cellular immunity after coronavirus
disease 2019 (COVID-19) infection or vaccination is still unknown. We conducted a single-center
cross-sectional observational study in December 2021 to investigate the differences between SARS-
CoV-2 serological assays : the enzyme-linked immunospot (ELISPOT) assay for cellular immunity
and the enzyme-linked immunosorbent assay (ELISA) for humoral immunity. Thirty participants
were enrolled : 5 who had had only 1 vaccination after COVID-19, 5 who had had 2 vaccinations after
COVID-19, and 20 without COVID-19 who had received 2 vaccinations. The median interval from
when blood samples were obtained was 244 days for the last vaccination and 396 days for infection.
Spike-protein T-cell responses remained positive in all participants in both assays. The degree of
spike-protein T-cell responses did not differ according to the presence or absence of postvaccination
fever in the ELISPOT assay, and spike antibody titer also did not differ according to postvaccination
fever. On the other hand, nucleocapsid- and membrane-specific T-cell responses lasted for a longer
time (maximum, > 600 days) in participants with a history of COVID-19 compared to the ELISA. The
results of this study indicate that after COVID-19 infection and vaccination, cellular immunity per-
sists longer than humoral immunity. Therefore, previously infected persons can be identified more

accurately with the ELISPOT assay than with ELISA.
(Jikeikai Med J 2023 ; 70 : 53-60)
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infections have occurred in persons who have been vacci-

INTRODUCTION nated™.

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), first identified in 2019, has spread world-
wide and has significantly affected healthcare and the econ-
omy. Various vaccines for coronavirus disease 2019 (COV-
ID-19) have been developed and administered and have
effectively controlled the spread of COVID-19. However,
the vaccines are not completely effective, and breakthrough

Therefore, evaluating the immunity acquired with CO-
VID-19 vaccines is crucial to determine the possibility of
infection and countermeasures. The method most common-
ly used worldwide to assess immunity against SARS-CoV-2
is the enzyme-linked immunosorbent assay (ELISA), which
measures neutralizing antibodies against SARS-CoV-2%4,
This assay has the advantages of being inexpensive and
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easy to perform and is considered useful for evaluating im-
munity. In contrast, a disadvantage of ELISA is that it mea-
sures only humoral immunity, which is only one aspect of
the immune response to vaccines. In contrast, the enzyme-
linked immunospot (ELISPOT) assay measures cellular im-
munity, which acts upstream of humoral immunity in the
immune response to vaccines. Although the number of
studies of the ELISPOT assay has increased, not enough is
known about its usefulness in measuring immunity against
COVID-19.

The aim of the present study was to examine the
strength and durability of cellular immunity to SARS-
CoV-2, assessed with the ELISPOT assay, in persons who
have either had COVID-19 or been vaccinated against
SARS-CoV-2. Many studies have assessed immunity to
SARS-CoV-2 by measuring humoral immunity, that is, anti-
body levels, by means of ELISA. However, the immune re-
sponse to SARS-CoV-2 is a concerted effort of both cellular
immunity and humoral immunity, and evaluating both is im-
portant for accurately assessing immunity. To obtain new
insights into how infection immunity and cellular immunity
are related, we evaluated cellular immunity with the
ELISPOT assay and humoral immunity with the ELISA to
comprehensively assess the immune response following
COVID-19 infection or reception of a SARS-CoV-2 vaccine.

MATERIAL and METHODS

1. Study design and participants

We conducted a single-center cross-sectional observa-
tional study in December 2021 with 10 participants who had
a history of COVID-19 and 20 participants who did not. The
participants, all of whom were healthcare workers, includ-
ing physicians, nurses, and clinical engineers, were recruit-
ed from The Jikei University Hospital (Tokyo, Japan). A his-
tory of COVID-19 was defined on the basis of a positive
SARS-CoV-2 polymerase chain reaction record. The partic-
ipants were as follows : Group 1, 5 participants who had re-
covered from COVID-19 and had later received only 1 dose
of a COVID-19 messenger (m) RNA vaccine ; Group 2, 5
participants who had recovered from COVID-19 and had
later received 2 doses of a vaccine ; and Group 3, 20 partic-
ipants who had no history of COVID-19 and had received 2
doses of a vaccine. All participants in this study were older
than 20 years.
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This study was approved by the Ethics Committee of
The Jikei University School of Medicine for Biomedical Re-
search 33-168(10785). All participants provided written in-
formed consent to be included in the study. The procedures
were performed in compliance with the principles of the
Declaration of Helsinki (2008). After informed consent had
been obtained, blood samples and completed questionnaires

were collected from the participants.

2. Measurement of cellular immunity

Cellular immunity against SARS-CoV-2 was analyzed
with the T-SPOT® Discovery SARS-CoV-2 ELISPOT assay
kit (Oxford Immunotec, Oxford, UK). Blood samples were
drawn into sodium heparin tubes, and peripheral blood
mononuclear cells (PBMCs) were isolated with density gra-
dient centrifugation. Isolated PBMCs were processed on
the basis of the package insert and were incubated under 6
conditions : COVID-19 Panel 1, detecting T-cell immune
responses induced by SARS-CoV-2 spike proteins (S1) ;
COVID-19 Panel 3, detecting T-cell immune responses in-
duced by SARS-CoV-2 nucleocapsid proteins ; COVID-19
Panel 4, detecting T-cell immune responses induced by
SARS-CoV-2 membrane proteins ; and COVID-19 Panel
13, panel containing SARS-CoV-2 epitopes with a high de-
gree of homology with endemic coronaviruses ; and nega-
tive and positive controls. Panel 13 allowed the cross-reac-
tivity with endemic strains of coronaviruses to be
investigated. A secreted cytokine, interferon-gamma, was
captured with specific antibodies on the membrane. A sec-
ondary antibody was added and bound to the cytokine cap-
tured on the membrane surface. Finally, a soluble substrate
was added to each well, which was cleaved by the bound
enzyme to form an insoluble precipitate at the reaction site.
Each spot represents the footprint of an individual cyto-
kine-secreting T-cell.

The number of spot-forming cells (SFCs) obtained
showed the abundance of antigen-specific effector T-cells
in the peripheral blood. The number of SFCs in the nega-
tive control wells was subtracted from the antigen stimula-
tion wells to quantify antigen-specific responses.

3. Measurement of humoral immunity

Humoral SARS-CoV-2 immunity was analyzed with
the quantity of antibodies, measured with ELISA, against
the SARS-CoV-2 nucleocapsid and the receptor-binding
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domain (RBD) of the S1 subunit of the spike protein. Immu-
noglobulins specific for the SARS-CoV-2 spike protein
(spike antibody) and nucleocapsid protein (nucleocapsid an-
tibody) were quantified with the Abbott SARS-CoV-2 IgG II
quantification assay (Abbott SARS-CoV-2 IgG II Quant
assay ; Abbott, Lake Bluff, IL, USA). Blood samples were
centrifuged at 3,000 rpm for 5 minutes and run on the Ab-
bott Alinity instrument following the manufacturer’s in-
structions. The cut-off values (1.40 index value) for the nu-
cleocapsid protein—specific immunoglobulin index were
determined according to the manufacturer’s instructions.

4. Questionnaire

The survey asked the participants the following
questions : age, sex, underlying medical conditions, medi-
cations, adverse reactions to COVID-19 vaccination, history
of COVID-19 infection, and symptoms during infection in
those with a history of COVID-19. A “fever” was defined as
a body temperature = 38°C after vaccination and during
COVID-19 infection. Adverse reactions were defined as

symptoms occurring within 48 hours after vaccination.

5. Statistical analysis

Continuous data are expressed as medians with inter-
quartile ranges (IQRs). Categorical data are presented as
numbers and percentages. Continuous variables between
groups were compared via the Mann-Whitney U test, and
variables of Groups 1, 2, and 3 were compared via the Krus-
kal-Wallis test and Dunn’s post hoc analysis. Categorical
data were compared via Fisher’s exact test. The correlation
between 2 continuous numbers was calculated with Spear-
man’s correlation analysis. All statistical analyses were per-
formed with EZR®, a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria).
More precisely, EZR is a modified version of the R com-
mander designed to add statistical functions frequently used
in biostatistics. A P value < 0.05 was considered to indicate
statistical significance.

RESULTS

1. Cohort of participants

The 30 participants had a median age of 25.5 years
(range, 22-58 years) when blood samples were collected
and consisted of 4 (13.3%) men and 26 (86.7%) women.
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One participant who had not had COVID-19 had received 2
doses of the mRNA-1273 vaccine (Moderna, Inc., Cam-
bridge, MA, USA), and the other 29 participants received 1
or 2 doses of the BNT162b2 mRNA vaccine (BioNTech SE,
Mainz, Germany). The median time until the collection of
blood specimens was 244 days (IQR, 215-250.75 days) after
the last COVID-19 vaccination and 395.5 days (IQR, 319.3-
568.3 days) after the diagnosis of COVID-19 infection.

2. Questionnaire

Of the 30 participants, 4 (13.3%) had an underlying dis-
ease ; 1 had bronchial asthma and was being treated with a
medication (an oral glucocorticoid) that might affect im-
mune acquisition. Of the 10 participants who had been in-
fected with COVID-19 (Groups 1 and 2), 6 (60%) had a fe-
ver at the time of illness. After receiving the first dose of a
COVID-19 vaccine, fever was reported by 7 participants
(23.3%). Furthermore, after receiving a second dose of a
vaccine (Groups 2 and 3), 16 (64.0%) of 24 participants re-
ported having a fever.

3. Cellular and humoral immune responses against SARS-
CoV-2
(1) Cellular immune response : S1-specific T-cell re-
sponse
All participants showed S1-specific T-cell responses
(range, 12-532 SFCs/10° PBMCs), and the median number
of S1-specific T-cells was 84 SFCs/10° PBMCs (IQR, 56-
242 SFCs/10° PBMCs) (Table 1). The S1-specific T-cell re-
sponses did not differ significantly among the 3 groups with
a different history of COVID-19 infection or vaccination.
Furthermore, the responses did not differ significantly be-
tween the groups with a history of COVID-19 infection
(Groups 1 and 2) and the group without (Group 3). In addi-
tion, responses did not differ significantly between partici-
pants with or without a fever after COVID-19 vaccination
(Fig. 1). Also, no significant difference was noted within the
group with no history of COVID-19 (Group 3) between
those who had or did not have a fever after COVID-19 vac-
cination. The T-cell responses specific to S1 were still
present in several participants even more than 250 days af-
ter their last vaccination. No correlation was found between
the decrease in S1-specific T-cell responses and the num-
ber of days after vaccination (Fig. 2). Even after the number
of vaccinations and history of COVID-19 infection were
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Table 1. Characteristics of participants included in the analysis
Values of participants
Variable P value*
All Group 1 Group 2 Group 3

Number of participants 30 5 5 20
Age, year (range) 25.5 (22-58) 36 (25-58) 33 (28-36) 24 (22-48) 0.006
Sex (male/female) 4/26 1/4 2/3 1/19 0.095
History of COVID-19 Yes Yes No

Time after COVID-19, days 395.5 (319.3-568.3) 324 (295-500) 467 (320-591) NA 0.69
Number of COVID-19 vaccines re-

. 1 2 2
ceived

Fever after first vaccine dose 7 (23.3%) 2 (40%) 1 (20%) 4 (20%) 0.81

Fever after second vaccine dose 16 (64%) NA 3 (60%) 13 (65%) 1

Time after last vaccination, days 244 (215-250.8) 235 (169-267) 238 (234-246) 245 (215-250.5) 0.986
Sl-specific T-cell response, - - - i
SFCs/10° PBMCs 84 (56-242) 56 (28-212) 208 (164-292) 84 (59-198) 0.438
Nucleocapsid-specific T-cell re- - - - -
sponse, SFCs/10° PBMCs 4 (0-27) 56 (28-112) 28 (4-72) 4 (0-8) 0.024
Membrane-specific T-cell response, . - - .
SFCs/10° PBMCs 2 (0-8) 20 (8-24) 4 (0-16) 0(0-4) 0.064
Spike antibody, AU/mL 915 (658.4-2145)  2,545.5 (628.2-3556.1) 1,937.5 (1093.6-1983.9) 837.3 (619.5-1464.5)  0.310
Nucleocapsid antibody, AU/mL 0.085 (0.0425-0.155) 0.35 (0.08-0.46) 0.14 (0.07-0.27) 0.055 (0.0275-0.0925)  0.048

Continuous variables are expressed as median (interquartile range) unless indicated.
COVID-19, coronavirus disease 2019 ; SFCs, spot-forming cells ; PBMCs, peripheral blood mononuclear cells ; S1, S1 subtype of
spike protein ; AU, antibody units ; NA, not available
*Comparisons among groups were conducted using the Mann-Whitney U test, the Kruskal-Wallis test, or Fisher’s exact test.
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Relationship between S1-specific T-cell responses and
the presence or absence of postvaccination fever and a
history of COVID-19.

The number of spot-forming cells of S1-specific T-cell
did not differ significantly between participants with or
without a fever after COVID-19 vaccination.

SFCs, spot-forming cells ; PBMCs, peripheral blood
mononuclear cells ; NS, not significant

mononuclear cells

considered, no correlation was found.

(2) Cellular immune response : nucleocapsid-specific

and membrane-specific T-cell responses

Both nucleocapsid-specific and membrane-specific T-

cell responses were significantly higher in participants with



June, 2023

a history of COVID-19 than in those without (nucleocapsid-
specific T-cell response : p = 0.0038 ; membrane-specific
T-cell response : p = 0.0169). In addition, a moderate cor-
relation was noted between nucleocapsid-specific and
membrane-specific T-cell responses (r = 0.679, P <
0.00005). Although the strength of N-specific and mem-
brane-specific T-cell responses in participants with a histo-
ry of COVID-19 (Groups 1 and 2) were expected to de-
crease with the time after the infection, no correlation was
found between the strength of the response and the number
of days after infection (Fig. 3). No correlation was observed
in nucleocapsid-specific and membrane-specific T-cell re-
sponses, except for those in participants with extremely
low numbers of SFCs (< 4).
(3) Humoral immune response : spike antibody and nu-
cleocapsid antibody
The median value of the spike antibody in all partici-
pants was 914.95 antibody units (AU)/mL (IQR, 658.375-
2,145 AU/mL). The spike antibody titer did not differ signif-
icantly among the 3 groups. Furthermore, the S1-specific
T-cell responses did not differ significantly between partici-
pants who had or did not have a fever after being vaccinated
for COVID-19 (Fig. 4), even among participants with no
history of COVID-19 infection (Group 3). On the other
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Fig. 3. Relationship among nucleocapsid-specific/membrane-
specific T-cell response levels and the number of days
since COVID-19 infection.
One dot-dashed line is a regression line for spot-form-
ing cells (SFCs) of nucleocapsid-specific T-cells and
the number of days after COVID-19 infection, and the
dashed line is a regression line for SFCs of membrane-
specific T-cells and the number of days after COVID-19
infection.
The number of days after COVID-19 infection was not
correlated with the number of SFCs of nucleocapsid-
specific T-cells (p = 0.141) or of membrane-specific T-
cells (p = 0.176).
SFCs, spot-forming cells ; PBMCs, peripheral blood
mononuclear cells
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hand, the spike antibody titer and the number of days after
vaccination were negatively correlated (Fig. 5).

Only 1 participant in Group 3 was positive for the nu-
cleocapsid antibody, while the remaining 29 participants, in-
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Fig. 4. Relationships of spike antibody titers and the presence
or absence of postvaccination fever and the history of
COVID-19 disease.

Spike antibody titers did not differ significantly between
participants with or without fever after vaccination.
NS, not significant
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Fig. 5. Relation between spike antibody titer and the number
of days since vaccination.
Dashed line is a regression line for the spike antibody
titer and the number of days after the last COVID-19
vaccination.
A negative correlation was found between the spike
antibody titer and the number of days after vaccination (»
= -0.71,p = 0.00000557).
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cluding those with a history of COVID-19, had negative re-
sults. The S1-specific T-cell responses and the value of the
spike antibody were not correlated (Fig. 6).

DiscussioN

In the present study, cellular immunity obtained by
COVID-19 infection and vaccination, represented by S1-
specific T-cell responses, were similar in participants who
had received 1 dose of a vaccine after infection and in par-
ticipants who had received 2 doses after infection. Previous
studies have found that S1-specific T-cell responses and
spike protein-neutralizing antibodies are equivalent be-
tween 1 and 2 vaccinations in COVID-19-infected per-
sons®. Additionally, as in a previous study', participants of
the present study with no history of infection showed simi-
lar responses to the 2 vaccine doses. Several studies indi-
cate that spike antibody titers are higher in persons who re-
ceive 2 doses of vaccine after COVID-19 infected than in
persons who have not been infected'"2.

Another finding of the present study was that postvac-
cination fever was not correlated with the strength of the
S1-specific T-cell response but was correlated with the
spike antibody titer. In contrast, a previous study has found
that adverse reactions after the second dose of a COVID-19
vaccine is correlated with acquired cellular immunity exam-
ined with the QuantiFERON assay". There are several pos-
sible reasons for the differences between the present study
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and the previous study in the correlation of cellular immu-
nity and postvaccination fever. First, the tests used in the 2
studies differed between the ELISPOT assay and the Quan-
tiIFERON assay. A second possible reason is that cellular
immunity was measured in the present study at a median
time of about 35 weeks after vaccination but was measured
in the previous study 8 weeks after vaccination. A third
possible reason for the difference in correlation is that the
previous study found that cellular immunity was stronger in
persons with a history of COVID-19 infection but that the
present study found that the strength of cellular immunity
was not affected by the history of COVID-19 infection. Re-
garding the population, the median S1-specific T-cell re-
sponse measured 6 months after 2 doses of a vaccine in a
previous Japanese study that used the ELISPOT assay was
84 SFCs/10° PBMCs (IQR, 43-188 SFCs/10° PBMCs)™,
similar to our result. Therefore, that the population of the
present study differed significantly from those of previous
studies is unlikely. In humoral immunity, several studies
have found a correlation between the spike antibody titer

15,16

and adverse reactions after vaccination'>', while others

have not!’

. Further studies of the relationship between im-
munocompetence and adverse reactions are warranted.
Another feature of the present study is that 26 of 30
participants had been vaccinated more than 6 months be-
fore the study began. The participants’ immune status was
evaluated as long as 274 days after the last vaccination. Al-
though humoral immunity acquired with vaccination is
known to decrease after approximately 6 months™® %, less is
known about the durability of cellular immunity. Several
previous studies have found that T-cell responses 6 to 9
months after vaccination decrease to a lesser extent then
do spike antibody titers, suggesting that T-cellular immuni-
ty is somewhat maintained over the long term***. Two dos-
es of vaccine against infection have been reported to have a
peak effect 1 month after vaccination and gradually decline.
However, the effectiveness against any severe, critical, or
fatal case of COVID-19 remains high even 6 months after
vaccination®. In the present study, as in previous studies,
S1-specific T-cell responses were maintained even in par-
ticipants who had been vaccinated more than 9 months ear-
lier. This finding suggests that T-cellular immunity is a ma-
jor contributing factor in vaccination decreasing the risk of
a severe disease. This finding also suggests that a possible
reason for not being infected again with SARS-CoV-2, de-
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spite low spike antibody titers, is that T-cellular immunity
is preserved. Several previous studies have also found that
the stronger strength of the T-cell response is associated
with a milder outcome®*.

Another issue investigated by the present study was
the possible contribution to epidemiological information of
nucleocapsid-specific T-cell responses and membrane-spe-
cific T-cell responses via the ELISPOT assay. The nucleo-
capsid antibody titer, generally used to determine whether
a person has ever had COVID-19, is known to decrease
quickly and fall below the cut-off value. Previous studies
have found that the half-life of nucleocapsid antibodies is 47
to 59 days®?® and that only 43.8% of infected persons have
detectable nucleocapsid antibodies after 1 year of infection.
In the present study, none of the 10 participants with a his-
tory of COVID-19 had detectable levels of nucleocapsid an-
tibodies. In contrast, the ELISPOT assay showed that the
nucleocapsid and membrane panels remained positive even
in participants more than 600 days after infection, were
young, and had no underlying immunocompromising dis-
eases. These findings suggest that the ELISPOT assay is
superior to tests of specific immunoglobulin G antibodies
for determining the cumulative number of infected persons
in a population that includes vaccinated and asymptomati-
cally infected persons and, especially, young and healthy
persons, such as healthcare workers.

The present study has several limitations. First, this
was a cross-sectional study with a small sample size, and
the number of days between COVID-19 infection and vacci-
nation in the blood test was inconsistent. A second limita-
tion is that individuals who had previously contracted COV-
ID-19 might have mistakenly been classified as COVID-19-
negative during analysis. For example, several participants
in Group 3 were positive for both nucleocapsid-specific and
membrane-specific T-cell responses. This result suggests
that several participants in Group 3 had had an asymptom-
atic SARS-CoV-2 infection. However, the quality of infec-
tion assessment was not particularly poor in this study. Pre-
vious studies have also been limited by their ability to
accurately assess the history of COVID-19. In this context,
studies relying solely on nucleocapsid antibodies to evalu-
ate past infections may have underestimated these results.
A third limitation of the study is that the type of vaccine
given to the participants was not standardized : one partici-
pant received mRNA-1273. This may have affected the S1-
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specific T-cell response and the spike antibody titer. How-
ever, the analysis excluding 1 mRNA-1273 vaccination did
not show any change in trend from the present results. A
fourth and final limitation of the present study is that the
cellular and humoral immunities were measured only after
1 or 2 doses of the COVID-19 vaccine had been given.

CONCLUSION

This study shows that cellular immunity persists lon-
ger than humoral immunity after COVID-19 infection and
vaccination. Therefore, previously infected persons can be
identified more accurately with the ELISPOT assay than
with ELISA. Further evaluation of immunity after the third
or fourth dose, which started after this study recruitment,

is needed.
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