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Objective: T-cell responses against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) are
observed in unexposed individuals. We evaluated the impact of this pre-existing cellular response on
incident SARS-CoV-2 infections.
Methods: This was a follow-up study of 38 seronegative healthcare workers (HCWs) with previous
evaluation of CD8+ and CD4+ T-cell responses after stimulation with SARS-CoV-2 structural proteins.
Infection was considered in the presence of a positive RT-PCR test and/or confirmed seroconversion.
Results: Twenty of the 38 HCWs included (53%) had a previous specific CD8+ T-cell response to peptides
encompassing the spike protein (S) in 13 (34%), the membrane (M) in 17 (45%), or/and the nucleocapsid
(N) in three (8%). During a follow-up of 189 days (interquartile range (IQR) 172—195), 11 HCWs (29%) had
an RT-PCR-positive test (n = 9) or seroconverted (n = 2). Median duration of symptoms was 2 days (IQR 0
—7), and time to negative RT-PCR was 9 days (IQR 4—10). Notably, six incident infections (55%) occurred
in HCWs with a pre-existing T-cell response (30% of those with a cellular response), who showed a
significantly lower duration of symptoms (three were asymptomatic). Three of the six HCWs having a
previous T-cell response continued to test seronegative. All the infected patients developed a robust T-
cell response to different structural SARS-CoV-2 proteins, especially to protein S (91%).
Conclusion: A pre-existing T-cell response does not seem to reduce incident SARS-CoV-2 infections, but it
may contribute to asymptomatic or mild disease, rapid viral clearance and differences in seroconversion.
José L. Casado, Clin Microbiol Infect 2021;27:916.e1-916.e4
© 2021 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All
rights reserved.
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Introduction

Data from other coronavirus infections have demonstrated that
cellular immunity is a determinant for long-term protection [1], a
crucial fact since antibody levels against severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) wane quickly during the
follow-up period [2,3]. Notably, recent studies described T-cell re-
sponses to viral peptides in patients not exposed to SARS-CoV-2,
probably due to cross-reactivity to common coronavirus
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infections [4]. However, there are no data regarding how this T-cell
response can intervene in the evolution of SARS CoV-2 infection.
Thus, we investigated the incidence and characteristics of SARS-
CoV-2 infections during follow-up in healthcare workers (HCWs)
initially evaluated for the presence of T-cell immunity.

Methods

A cohort of 38 uninfected HCWs (asymptomatic and without
specific IgG antibodies) underwent blood analysis in May 2020 to
evaluate the presence of T-cell immune response against SARS-
CoV-2, and were followed to ascertain the incidence of COVID-19.
Incident cases were defined as presence of a positive RT-PCR test
on nasopharyngeal swab, or/and seroconversion during the follow-
up. At the end of November 2020, all the remaining HCWs

1198-743X/© 2021 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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underwent specific serological testing to evaluate asymptomatic
infections. Mild/moderate disease was defined as the absence/
presence of radiological infiltrates and lack of hypoxaemia (oxygen
saturation >95% on room air). No severe disease was observed [5].

The study was approved by our ethic committee (EC162/20;
NCT04402827). Written informed consent was obtained from all
the participants.
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Both at inclusion and at the end of follow-up, the presence of
antibodies was assessed by SARS-CoV-2 ELISA (COVID-19-SARS-
CoV-2 IgG ELISA, Demeditec, Germany).

The presence of a cellular immune response was assessed at the
same time points. SARS-CoV-2-specific CD4+ and CD8+ T cells
were measured using in vitro stimulation with SARS-CoV-2 peptide
pools of viral proteins encompassing the spike (S), membrane (M),
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Fig. 1. IFN-y producing CD8+ and CD4+ T-cell (log%) in both cases responding to peptides spanning the immunogenic domains of the SARS-CoV-2 spike (S), membrane (M), and
nucleocapsid proteins (N) in HCWs at inclusion in May 2020, and according to subsequent SARS-CoV-2 infection during follow up. Fig. 1A: detection of IFN-y-producing CD8+ T-
cells and CD4+ T-cells (%): US, unstimulated or negative controls; NR, non-reactive response, below 2-fold increase in stimulated well compared to unstimulated well; R, reactive
CD8+ and CD4+ T-cells, both in patients not infected (NI) or infected (I) during follow up. Diamonds indicate incident infections. Lines indicate median values. There were sig-
nificant differences for IFN- y producing CD8 T cells in response to protein S among NI and I patients. Fig. 1B showed individual changes of [FN-y producing CD8+ and CD4+ T-cells
in response to stimulation with structural viral peptides at inclusion and after incident SARS-CoV-2 infections during the follow up (N = 11). Lines represent the change of response

for each individual.
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and nucleocapsid (N), followed by quantification of CD4+ and
CD8+ T-cell-specific interferon (IFN)-v in live cell flow cytometry,
using peripheral blood mononuclear cell (PBMC) samples from all
subjects. It was considered significantly reactive if the proportion of
positive cells in stimulated wells was at least 2-fold higher in
comparison with the negative control wells (unstimulated). A
detailed description is included as a supplementary file, including
the flow cytometry gating strategy (see web-only Supplementary
Material).

Statistical analysis

Comparisons between groups were performed using > or
Fisher's exact tests for categorical variables, and the
Mann—Whitney test or one-way analysis of variance (Krus-
kal—Wallis test) with Dunn's correction for multiple comparisons,
as appropriate. Analysis of paired observations during follow-up
was performed using the Wilcoxon rank t-test. Statistical signifi-
cance was defined as two-sided p values < 0.05. Statistics were
done with IBM SPSS Statistics, version 23.0.

Results

Initially, 20 out of the 38 serologically negative HCWs (53%)
presented T-cell responses against structural proteins of SARS-CoV-
2, based mainly in a reactive CD8+ response toward peptides of
protein S (13, 34%), M (17, 45%), or/and N (3, 8%) (Fig. 1A). Of note,
seven participants had a CD8+ T-cell response only to protein M,
whereas three had an exclusive response to protein S.

During a median follow-up of 189 days (interquartile range
(IQR) 172—195, 18.5 person-years of follow up), 11 of these 38 HCW's
(29%) were finally considered as incident cases of infection; seven
were studied because of symptoms, two due to contact with a
partner, and two were asymptomatic seroconversions. Character-
istics of these 11 infected HCWs are detailed in Table 1.

Deidentified clinical data with the characteristic of all the
infected HCWs are available in the Supplementary Material
Table S1. Three HCWs were asymptomatic and eight had a mild
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disease, with resolution of symptoms in a median time of 2 days
(IQR 0—7), and median time until a negative RT-PCR was 9 days
(IQR 7—-10).

Six out of the 11 HCWs (55%) with incident infection had a
previous CD8+ T-cell response to SARS-CoV-2 proteins, repre-
senting 30% of those with a T-cell response (six out of 20). These six
infected HCWs showed a limited CD8+ T-cell response to SARS-
CoV-2 epitopes (three to protein M, two to protein S, one to pro-
teins S and M, Fig. 1A). Strikingly, a significantly weaker CD8-+ T-cell
response to protein S was observed in infected patients (p 0.034). In
any case, a pre-existing T-cell response was associated with short
duration of symptoms (1.5 versus 7; p 0.029), and the three infected
individuals with a cellular response to protein S were
asymptomatic.

Of interest, HCW#6 had a previous CD8+ T-cell response to
protein M and became infected after contact with an undiagnosed
patient. Before developing symptoms, he attended a dinner with
co-workers, spreading the infection to HCWs#7, #8 and #10, who
developed symptomatic SARS-CoV-2 infection.

After infection, antibodies against SARS-CoV-2 were not detec-
ted in three HCWs with pre-existing T cells (one with a response to
S). Nevertheless, T-cell response was observed in these 11 HCWs
after incident infection, with emergence of a robust CD8+ T-cell
response involving the three studied structural proteins in seven
cases (64%), and with response to protein S in ten cases (91%)
(Fig. 1B; see also web-only Supplementary Material Table ST and
Fig. S1).

Discussion

In this study we investigated and compared incident SARS-CoV-
2 infections in a cohort of HCWs according to a pre-existing T-cell
immune response, a fact observed in 30—81% of unexposed in-
dividuals in recent studies [6—8]. We found that 53% of seronega-
tive HCWs had a T-cell response to structural viral proteins. Several
studies suggest that these pre-existing T cells were mainly cross-
reactive, with comparable affinity to SARS-CoV-2 and common
cold coronaviruses [4,9]. This fact could also be suggested by the

Table 1
Clinical characteristics of 38 seronegative heath care workers according to incident SARS-CoV-2 infection during the follow up
Overall Infected Not infected p-value
N =38 N=11 N =27
Age (years) 38 [22-60] 41 [25-60] 36 [22-57] 0.975
Sex (female) 21 (55%) 7 (64%) 14 (52%) 0.721
Body Mass Index (Kg/m2) 23.1 (20.3-25.5) 23.1 (20-23.6) 23 (20-26) 0.612
HCWs': 0.582
Physicians 26 (68%) 9 (82%) 17 (63%)
Nurses 12 (32%) 2 (18%) 10 (37%)
Concomitant comorbidities 0.987
Hypertension 1(3%) — 1(4%)
Diabetes 1(3%) — 1 (4%)
Working at COVID-19 ward 14 (37%) 4 (36%) 10 (37%) 0.287
Exposure to aerosol generating procedures? 12 (32%) 2(18%) 10 (37%) 0.456
Time to evaluation (days)* 189 [172-195] 159 [147-170] 190 [188-196] <0.001
Previous T-cell response
CD8+ reactive 20 (53%) 6 (55%) 14 (52%) 0.880
CD4+ reactive 13 (34%) 2 (18%) 11 (41%) 0.268
SARS-CoV-2 RT-PCR
Positive 9 (24%) 9 (82%) —
Negative 8 (21%) — 8 (30%)

Data are expressed as median and interquartile range, and percentage. Mann-Whitney U test for statistical differences between variables. HCW, health care workers; RT-PCR,
reverse transcriptase- PCR; 'chi-square test; 2aerosol-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; >Time from study

inclusion to positive RT-PCR testing or final serologic testing, depending of the group.
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predominance of a response to protein M in our study, which
showed 90% structural identity with that of other coronaviruses
[10].

Nonetheless, no studies have addressed the incidence and
clinical importance of this pre-existing T-cell response. In our
study, six of the 11 incident infections (55%) were observed in
HCWs with pre-existing T-cell immunity. As expected, cellular
response does not provide sterilizing immunity, and indeed it
could be associated with transmission, as we showed with one
HCW in our cohort. However, as demonstrated with influenza,
some degree of pre-existing cellular immunity correlate with less
severe disease [11]. This could explain the short duration of
symptoms and rapid viral clearance, although we cannot exclude
the beneficial effect of the young age and the absence of
comorbidities.

We offer data about the functional capacity and evolution of
pre-existing T-cell responses. HCWs who acquired COVID-19 (3/7
and 3/13 with response to proteins M and S, respectively) previ-
ously had a weaker IFN-y-producing CD8+ T-cell response. It is not
known which is the most protective profile of cellular response,
although T-cell reactivities in convalescent patients covered mul-
tiple SARS-CoV-2 proteins [3,12], and we observed a rapid and
extensive SARS-CoV-2-specific CD8+ T-cell response affecting
multiple epitopes after infection.

Our study has several limitations, including the small number of
HCWs that limits statistical associations. First, the possibility of
previous asymptomatic infections and misclassification was
possible but unlikely because of the high sensitivity of the sero-
logical test, and the differences in T-cell responses with convales-
cent patients. Second, initial T-cell evaluation was performed
5—6 months before infection, and we cannot preclude a slight
decrease in T-cell immunity during this period. Finally, we did not
include T-cell response to other structural proteins, such as ORF1a,
which have been showed to be immunodominant in some studies
[13].

In conclusion, we found that 30% of HCWs with a pre-existing T-
cell response acquired a SARS-CoV-2 infection during a 6-month
follow-up, confirming that symptomatic, transmissible SARS-CoV-
2 infection is possible in the presence of previous cellular immu-
nity. However, our data suggest that this T-cell background,
although weak, could modify seroconversion rates and could help
to attenuate the clinical course, explaining differences in duration
and severity of the disease.
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