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Abstract

Background: Healthcare workers (HCWs) are at increased risk since they are di-
rectly exposed to SARS-CoV-2-infected patients, and nevertheless, some remain
without the development of anti-SARS-CoV-2 antibodies or related symptoms, sug-
gesting less susceptibility to the infection.

Methods: This cross-sectional, case-control study aimed to compare SARS-
CoV-2 T-cell response by two different technologies, the analysis of IFN-y* CD8"/
CD4* T cells by flow cytometry and the quantification of IFN-y release by ELISA-
related assay (without cell discrimination), both after SARS-CoV-2 stimulation
among uninfected and convalescent HCWs.

Results: A high proportion of uninfected HCWs (53.8%) had pre-existing IFN-y™
CDS8 T-cell response after stimulation with at least one of the structural viral pro-
teins S, M or N, while 35.9% had pre-existing IFN-y* CD4 T-cell response. This
proportion was nearly or greater than 90% among convalescent HCWs. Interestingly,
the magnitude of the response in uninfected was lower compared to that found in
convalescent HCWs, using both methods. The concordance, quantifying the specific
cellular response in convalescent HCWs, between both methods was 94.1% compar-
ing CD8 T-cell response and 89.7% comparing CD4 T-cell response. This concord-
ance was lower but still high in uninfected HCWs (76.5%) comparing CD8 T-cell
response and 71.8% comparing CD4 T-cell response.

Conclusions: The good concordance between the proportion of individuals with
IFN-y release after SARS-COV-2 stimulation with the proportion of individuals with
specific IFN-y™ CD8/CD4 T cells found in this study drives IFN-y release assays to
be a simple and easy way to determine the protective immunity to SARS-CoV-2 in

a wide population.
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1 | INTRODUCTION

The SARS-CoV-2 epidemic started in December 2019 in
Wuhan (China) and has spread rapidly worldwide becoming
a pandemic threatening public health.'® Healthcare workers
(HCW) have been at increased risk of SARS-CoV-2 infec-
tion since they have been continuous and directly exposed
to infected individuals.* The seroprevalence of SARS-CoV-2
infection among healthcare workers is estimated to be up to
38.9% (23.7% in an intramural survey performed in April
2020 including 4968 health professionals of our hospital,
data not published),s'7 while it is up to 5.7% in the general
population.8 This higher prevalence among HCW is closely
related to risk factors such as exposure to aerosol-generating
procedures, suboptimal handwashing after patient contact
and suboptimal use of protective personal equipment during
the first wave.”'”

Although HCWs reported poor access to protective equip-
ment while having very close contact with SARS-CoV-2 in-
fected patients at the beginning of the pandemic, many have
developed neither positive serology nor related symptoms,
suggesting less susceptibility to the infection.

The immune response to SARS-CoV-2 infection involves
not only the humoral response but also an important cellular
response.“’12 We hypothesized that these HCWs could have,
at least in part, a cellular immune response that could limit
the infection and/or the antibody development.

Here we analysed the SASR-CoV-2 immune response
comparing two different technologies after SARS-CoV-2
stimulation, that is, analysing the proportion of IFN-y* CD8"
and CD4" T cells by flow cytometry, and the quantification
of released soluble IFN-y that could be performed by stan-
dard ELISA or other multiparametric assays, in uninfected
and convalescent HCWs.

2 | DESIGN AND METHODS

This was a cross-sectional, case-control study (2:1 ratio),
performed in a tertiary university Hospital in Madrid, Spain.
Uninfected healthcare workers (HCW) with proven direct
and continued care for COVID-19 patients for more than two
weeks during the first wave of the pandemic, and with no
diagnosis of current or past SARS-CoV-2 infection, ascer-
tained by the absence of clinical SARS-CoV-2-compatible
symptoms and negative serology for anti-SARS-CoV-2 an-
tibodies performed in an intramural survey (IgM/IgA and
IgG antibodies, Novatec Immunodiagnostica, Germany),
were included as cases. Convalescent HCWs, with similar
exposure to COVID-19 patients, who had been diagnosed by
RT-PCR (not performed in all of them because during the
first wave this technology was only performed in individu-
als with compatible symptoms) and/or specific serology in

the intramural survey (all individuals had anti-SARS-CoV-2
IgG positive), were included as controls. The viral exposure
level among HCWs included continuous care for COVID-19
patients, incomplete personal protective equipment, aerosol-
generating procedures exposure’ and additional close contact
with infected households. Cases and controls were identified
through informal interviews with hospital staff and by self-
identification and were included from 6 May to 1 June 2020.
Exclusion criteria included having any kind of recent/current
cancer have been under immunosuppress therapy and preg-
nancy. This study was approved by our Institutional Review
Board (EC162/20) and performed according to the principles
of the Declaration of Helsinki. Written informed consent was
obtained from all the participants. The global study was reg-
istered at clinicaltrials.gov (NCT04402827). Reporting of the
study conforms to broad Equator guidelines.13

Age, sex, COVID-19 symptoms, exposure to SARS-
CoV-2-infected patients, handling of aerosol-generating
procedures and additional close contacts with an infected
household were collected at the inclusion visit. At study
inclusion, three serologic assays to detect the presence of
SARS-CoV-2 antibodies were used: Anti-SARS-CoV-2 IgG
and IgM antibodies, (COVID-19 IgG/IgM Rapid Test Kit;
UNscience Biotechnology) and anti-SARS-CoV-2 IgA anti-
bodies (COVID-19 -SARS-CoV-2 IgA ELISA; Demeditec).
Quantitative measurement of ACE-2 in plasma samples was
performed with a sandwich enzyme immunoassay (Human
Angiotensin Converting Enzyme 2—ACE2 ELISA kit;
Reddot Biotech).

Peripheral blood mononuclear cells (PBMCs) were iso-
lated from EDTA blood samples and stored in liquid nitrogen
until use. After centrifugation at 200 g for 10 min, plasma
fraction was collected and again centrifuged at 1200 g for
15 min, aliquoted and stored at —80°C. The cellular frac-
tion was subjected to ficoll density gradient centrifugation
at 500 g for 20 min. PBMCs were then washed and frozen
in 90% foetal bovine serum (FBS; Sigma) and 10% dimethyl
sulfoxide (DMSO; Sigma) in liquid nitrogen. PBMCs were
thawed and cultured in RPMI-1640 culture medium (Lonza)
supplemented with 10% human serum (AB serum; Sigma),
100 IU of penicillin/streptomycin/mL. (Lonza), 2 mM L-
glutamine (complete medium) during 24 hours before stimu-
lation assay. SARS-CoV-2 peptide pools of proteins S, M and
N were used for the stimulation of cultured PBMCs. Each
peptide pool is composed of peptides consisting mainly of
15-mer sequences with 11 amino acids overlap, covering
the immunodominant sequence domains of the surface gly-
coprotein S, the complete sequence of the membrane glyco-
protein M and the complete nucleocapsid phosphoprotein N
of SARS-CoV-2 (PepTivator SARS-CoV-2 Prot S, M, and
N; Miltenyi Biotec). In addition, unstimulated (only culture
medium) and SEB (1.5 mg/well staphylococcal enterotoxin
B; Sigma) stimulated PBMCs were also assayed as negative
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and positive controls, respectively. A sample with no re-
sponse to SEB would be excluded from the analysis. PBMCs
were plated in 96-well flat-bottom plates at 10° cells/well in
RPMI-1640 medium (Gibco) supplemented with 10% heat-
inactivated AB in duplicate for the abovementioned five
conditions. IFN-y expression was finally analysed for either
CD4 or CD8 T cells by multiparametric flow cytometry. For
IFN-y*-CD8 and IFN-y*-CD4 cell analysis (Rapid Cytokine
Inspector CD4/CDS8 T-cell kit; Miltenyi Biotec), cells were
stimulated for 2 h and then treated with brefeldin A to stop
cytokine release and kept in culture for other 14 h in an incu-
bator at 37°C and 5% CO,. Then, cells were fixed and per-
meabilized according to the manufacturer’s instructions for
intracellular staining using the following antibodies: CD3-
VioBlue, CD4-APC, CDS8-FITC, CD14+CD20-PerCP and
IFN-y-PE. Samples were analysed with a MACSQuant cy-
tometer and the MACSQuantify software v2.13.1. To exclude

(A) Flow cytometry strategy
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dead cells, viability 405/520 fixable dye staining (Miltenyi,
Cologne Germany) was added for the last 10 min of incu-
bation. Single (FSC-A/FSC-H) dot plot and live cells were
first selected. Cell debris and monocytes were excluded from
the analysis with CD14- and CD20-PerCP antibodies. Then,
lymphocytes were selected with a FSC-A/SSC-A dot plot,
and CD3 T cells were gated. IFN-y expression was finally
analysed for either CD4 or CD8 T cells and considered posi-
tive when the percentage of cells expressing IFN-y increased
twofold compared with the unstimulated control. A sample
was considered reactive when the percentage of cells express-
ing IFN-vy increased twofold compared with the unstimulated
control. The flow cytometry strategy is shown in Figure 1A.

For the quantification of soluble IFN-y production, cells
were stimulated for 16 h. Then, 50 pl of supernatants was
tested for cytokine quantification in duplicate using a human
Th cytokine panel (Human MACSPlex Cytokine 12 Kkit;
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FIGURE 1 Response to SARS-CoV-2 peptides in healthcare workers (HCWs). (A) quantitative IFN-y-producing CD8/CD4 T cells and

IFN-y release after SARS-CoV-2 peptide in vitro stimulation (Mann-Whitney U test). (B) comparison of qualitative response to different peptides

between convalescent and uninfected HWCs (chi-square test). Unstim, unstimulated; Con, convalescent HCWs; UI, uninfected HCWs. Significant

when P < .005
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Miltenyi Biotec). Samples were analysed with a MACSQuant
cytometer and the MACSQuantify v2.13.1 software. Samples
were considered with significant positive results when the
concentration in stimulated wells reached twofold the con-
centration in the unstimulated well. Response index was the
ratio between the response to specific peptides divided by the
unstimulated response.

2.1 | Statistical analysis

The primary outcome of this study was the quantification of
IFN-y release, including cell-free supernatant and T-cell-
associated release, after stimulation with specific antigens of
the SARS-CoV-2 virus. Characteristics of both HCW groups
were compared using two-tailed statistical tests, chi-square or
Fisher's exact tests for categorical variables and Student's ¢ test
or Mann-Whitney U tests for continuous variables. Categorical
variables are shown as frequencies and proportions where con-
tinuous variables are shown as the mean and standard deviation
or median and interquartile ranges (IQR). A P-value below 0.05
was considered to be statistically significant. Statistics were
performed with the IBM SPSS Statistics, version 23.0.

3 | RESULTS

A total of 60 patients, 40 cases and 20 controls were included
in the study. Four individuals were finally excluded, one case
with positive serology and three controls with negative serol-
ogy. Hence, a total of 39 cases (all positive for SARS-CoV-2-
specific IgG antibodies) and 17 controls were finally included
for the analysis. The baseline characteristics of the partici-
pants are shown in Table 1. The mean age was 38 years, and
51% were female. The handling of aerosol-generating proce-
dures and/or additional risk contact with an infected house-
hold were similar in both groups (P = .224 and P = .440,
respectively). Uninfected HCWs had a longer time of viral
exposure compared to convalescents, with almost statistical
significance (P = .084). Soluble plasma ACE-2 was similar
between both groups of HCWs. While ACE-2 directly corre-
lated with age (r = 0.337, P = .011), no correlation with sex
was found (P = .924) (Figure S1).

The level of IFN-y* CDS8 T cells was higher in convales-
cents HCWs compared to uninfected HCWs for proteins S, M
and N (P =.014, P < .001 and P = .033, respectively), as shown
in Figure 1B. In parallel, the level of IFN-y* CD4 T cells was
higher in convalescents compared to uninfected for the three
viral proteins (P = .005, P = .002 and P < .001, respectively).
In parallel, the level of soluble IFN-y release was also higher in
convalescents compared to uninfected HCWs to the three virus
proteins (P = .015, P < .001 and P < .001, respectively).

In the same way, the number of individuals with posi-
tive IFN-y* CD8 T-cell response after peptide stimulation
was higher in convalescents compared to uninfected HCW's
with statistical significance for peptides M and N (P = .003
and P = .016), and almost with statistical significance for
peptide S (P = .097), as shown in Figure 1C. The number
of convalescent HCWs with a positive IFN-y* CD4 T-cell
response after peptide stimulation was higher compared
to uninfected HCWs for peptides M and N (P = .012 and
P = .024, respectively). On the other hand, the number
of convalescent HCWs with positive production of solu-
ble IFN-y after cell stimulation was higher for each of the
peptides S, M and N (P = .027, P < .001 and P < .001,
respectively).

When different combinations of viral epitopes (proteins
S, M and N) of positive response was analysed, no signifi-
cant differences were found among the response to a unique
epitope (only S, M or N) or a combination of two epitopes
(S+ M, S + N, or M + N) between convalescents and unin-
fected HCWs in either IFN-y* CD8 T-cell response, IFN-y*
CD4 T-cell response or soluble IFN-y production, as shown
in Table 2. Triple-positive response (epitopes S + M + N at
the same time) was only higher for soluble IFN-y production
found in convalescent HCW cells (P < .001). On the con-
trary, positive response for at least one epitope (only peptide
S, M or N) was higher in the convalescent HCW group in
either IFN-y* CDS8 T-cell response, IFN-y* CD4 T-cell re-
sponse or soluble IFN-y production (P = .003, P < .001 and
P = .005, respectively). In this case, 94.1% of the convales-
cent HCWs had a positive response to at least one epitope in
IFN-y" CD8 T cells compared to 53.8% among uninfected
HCWs.

Similar and high concordance between IFN-y* CD8 T-cell
response and soluble IFN-y production was found between
both groups, with 94.1% among convalescent HCWs and
89.7% among uninfected HCWs (P = .597) when comparing
the response for at least one viral epitope (either peptide S,
M or N), as shown in Table 3. This concordance was similar
between both groups for the rest of the epitope combinations
except for the response to at least peptide M, to the three epi-
topes at once and to epitope S only (P = .042, P = .005 and
P = .043, respectively).

In parallel, similar concordance between IFN-y* CD4 T-
cell response and soluble IFN-y production was found, with
76.5% among convalescent HCWs and 71.8% among unin-
fected HCWs (P = .716) when comparing the response for
at least one viral epitope. The concordance was similar be-
tween both groups for the rest of the epitope combinations
except for the comparison for the response to at least epitope
N (P < 0-001), to the three epitopes at once (P < .001), to
the combination of epitope S and M (P = .033) and epitope
S only (P =.043).
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TABLE 1 Characteristics of the healthcare workers (HCWs) included in this study
Uninfected HCWs Convalescent HCWs
N=39 N=17 p
Age (years) 39 [31-51] 38 [30-50] 0.894
Gender (Female) 20 (51.2%) 9 (52.9%) 0.519
Health professionals
Physicians 26 (66.6%) 14 (83.3%) 0.232°
Nurses 13 (33.3%) 3 (17.6%) 0.232°
Time of exposure (weeks attending COVID-19 8 [6-10] 6 [5-8] 0.084
patients)
Additional exposure
Aerosol generating procedures® 33 (84.6%) 12 (70.6%) 0.224%
SARS-CoV-2-infected household 5(12.8%) 1 (5.9%) 0.440°
Time from COVID-19 diagnosis to serological — 4 [2-6]
survey (weeks)
Time from serological survey to study inclusion 3[2-4] 5[3.5-5] <0.001
(weeks)
Serology at serological survey®
IgM/IgA positive 9
1gG positive 17
Serology at study inclusion®
IgA positive 3
IgM positive 3
IgG positive 17
SARS-CoV-2 RT-PCR
Positive — 11
Negative 6 —
Not performed 33 6

Note: Data are expressed as median and interquartile range and percentage. Mann-Whitney U test for statistical differences between continuous variables. HCW,

healthcare workers.

Chi-square test.

®Aerosol-generating procedures included airway suction, application of a high-flow O, instrument, bronchoscopy, endotracheal intubation, tracheostomy, nebulizer

treatment, sputum induction, positive pressure ventilation, manual ventilation and cardiopulmonary resuscitation.

“By ELISA.

dIgA by ELISA and IgG and IgM by rapid chromatographic immunoassay. With statistical significance when P <.005.

4 | DISCUSSION

The presence of the SARS-CoV-2 cellular immune response
in the absence of specific antibodies could be very impor-
tant for understanding immune protection in the general
population. In this study, a high proportion of the uninfected
HCWs (53.8%) had pre-existing positive IFN-y* CD8 T-cell
response after stimulation with at least one of the structural
viral proteins S, M or N, and 35.9% had a pre-existing positive
IFN-y" CD4 T-cell response. Nevertheless and of note, both
the proportion and the magnitude of this cellular response
were significantly lower compared to the cellular response
found in the convalescent HCWs. The data regarding the re-
lease of IFN-y after SARS. CoV-2 stimulation was partially

reported in a pre-print format and included for the analysis of
the concordance with the CD8/CD4 T-cell response. 14

Interestingly, the concordance between CD8 T-cell re-
sponse and the release of IFN-y was high in both conva-
lescent (94.1%) and uninfected HCWs (89.7%), while was
around 75% between CD4 T-cell response and the release of
IFN-y in both groups, for the response to at least one peptide.
On the other hand, the CD8 and CD4 T-cell responses only to
S peptide were completely concordant (100%) to the release
of IFN-y in convalescent HCWs, while was around 80% in
uninfected HCWs. This high concordance validates the use
of the cytokine release assays when ELISPOT or flow cy-
tometry, which require more complex laboratory equipment,
is not available.
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TABLE 3 Concordance level between CD8-IFN+ (CD4-IFN+) cells and soluble IFN-positive qualitative responses

CDS-IFN-y* cells vs soluble

IFN-y (N, %)

CD4-IFN-y* cells vs soluble
IFN-y (N, %)

Peptide combination Con Ul

At least one peptide (any) 16 35
94.1%

At least S 15 30
88.2%

At least M 16 27
94.1%

At least N 12 33
70.6%

S+M+N 9 34
52.9%

S+M 12 31
70.6%

S+N 17 37
100%

M+N 15 35
88.2%

S only 17 31
100%

M only 16 35
94.1%

N only 17 37
100%

Negative for all peptides 16 35
94.1%

Note: Chi-square test with statistical significance when P <.005.

89.7%

76.9%

69.2%

84.6%

87.2%

79.5%

94.9%

89.7%

79.5%

89.7%

94.9%

89.7%

p Con Ul P

0.597 13 28 0.716
76.5% 71.8%

0.327 9 29 0.114
52.9% 74.3%

0.042 12 28 0.927
70.6% 71.8%

0.224 5 32 <0.001
29.4% 82.1%

0.005 6 35 <0.001
35.3% 89.7%

0.468 12 36 0.033
70.6% 92.3%

0.341 15 37 0.375
88.2% 94.9%

0.866 15 38 0.159
88.2% 97.4%

0.043 17 31 0.043
100% 79.5%

0.597 14 37 0.131
82.3% 94.9%

0.341 17 37 0.342
100% 94.9%

0.597 13 28 0.716
76.5% 71.8%

Abbreviations: Con, convalescent HCWs; M, SARS-CoV-2 membrane; N, SARS-CoV-2 nucleocapsid; S, SARS-CoV-2 spike; UL, uninfected HCWs.

These findings are in agreement with several other stud-
ies that have reported the presence of specific T-cell re-
sponse, using either ELISPOT or flow cytometry, in almost
all SARS-CoV-2-infected and recovered patients.'®' In in-
fected and recovered patients, the specific cellular response
was directed mainly to structural and nonstructural proteins,
while the response to nonstructural proteins was rarely de-
tected in uninfected individuals, measured by the production
of IFN-y and TNF-a by CD4 and CD8 T cells.'>!”

Wide rate of response ranged from 30% to 60% has
been reported in unexposed healthy individuals.'®?!
Nevertheless, other studies have reported no T-cell response
in healthy controls.?” On the other hand, only a few studies
have performed IFN-y release assays to detect specific T-
cell responses.23‘24 In these studies, no specific T-cell re-
sponse was detected in healthy unexposed individuals, in
contrast to our study in healthy highly exposed individu-
als. Nevertheless, others reported up to 45% of unexposed
subjects with T-cell response analysed by cytokine release
assay, in agreement with our results with 53.8% of T-cell
response, slightly higher rate since these individuals were

highly exposed.21 Besides, none of these studies compared
IFN-y release with specific CD4/CD8 T-cell responses, as
we do in this study.

The reason why healthy subjects might have a specific
SARS-CoV-2 T-cell response remains unclear and is sub-
ject to speculation. Many studies have concluded that this
response comes from prior contact with seasonal coronavi-
ruses, previous exposure to flu and/or CMV viruses or other
microbial agents.'®*>* In this study, the pre-existing CD8
T-cell response was directed mainly to peptides S and M
(36.9% and 46.1%, respectively) among uninfected HCWs,
which is in accordance with the higher release of IFN-y after
peptide S stimulation (38.5%). This is important given that
the main infective way for SARS-CoV-2 is through pro-
tein S and its interaction with the human receptor ACE-2.
Of note, the pre-existing CD8 T-cell response according to
the different epitopes was similar in both groups of HCWs,
being the proportion of CD8 T cells that respond to only one
of the peptides S or M predominant (20.5%). On the other
hand, the proportion of CD8 T cells that respond to the three
peptides (S, M and N) together was higher in convalescents
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(23.5%), although not significant. In parallel, both IFN-y*
T-cell response and soluble IFN-y released after stimula-
tion only to peptide S was significantly higher in uninfected
HCWs (23.1%) compared to the absence of response in con-
valescents. Although the response to a different combina-
tion of epitopes was less frequently found among uninfected
HCWs, no statistical significance was found. The quanti-
fication of IFN-y after cellular stimulation could reflect in
a good and easier way the proportion of IFN-y-producing
CD8/CDA4 T cells.

Our study has some limitations including the cross-
sectional design that limits the association between expo-
sure and the immune response. Additionally, the number of
patients included was limited and there was a selection bias
towards the inclusion of subjects including high and pro-
longed exposed HCWs with negative specific serology as the
population of the study. Another limitation of the study was
the impossibility of ascertaining that uninfected individuals
were certainly never infected since they could have been as-
ymptomatic and with no developing any specific serology,
although we consider this unprovable.

In conclusions, this study confirms the high presence
of SARS-CoV-2-specific cellular immunity in seronegative
highly exposed individuals (53.8%). This specific cellular
immunity could be detected by the analysis of specific CD4*
and CD8" T cells or by the quantification of IFN-y release
upon SARS-CoV-2 stimulation since both methods showed
a good concordance. Since IFN-y release is simple and can
be easily performed in a basic laboratory, it might be widely
implemented to quantify T-cell response in the general popu-
lation to determine the protective immunity to SARS-CoV-2
infection in future situations including post-vaccine immune
status. It is still unknown whether this pre-existing level of
cellular response would be sufficient to limit viral infec-
tion, attenuate the disease, or could enhance the response to
SARS-CoV-2 vaccines.
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