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Objectives: The immunogenicity of the Comirnaty® vaccine against coronavirus disease 2019 (COVID-19)
has not been adequately studied in elderly people with comorbidities. We assessed antibody and T-cell
responses targeted to the S protein of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
following full vaccination in nursing-home residents.
Methods: Sixty nursing-home residents (44 female, age 53e100 years), of whom ten had previously been
diagnosed with COVID-19, and 18 healthy controls (15 female, age 27e54 years) were recruited. Pre- and
post-vaccination blood specimens were available for quantification of total antibodies binding the SARS-
CoV-2 S protein and for enumeration of SARS-CoV-2 S-reactive IFN-g CD4þ and CD8þ T cells by flow
cytometry.
Results: The seroconversion rate in (presumably) SARS-CoV-2-naïve nursing-home residents (41/43,
95.3%) was similar to that in controls (17/18, 94.4%). A booster effect was documented in post-vaccination
samples of nursing-home residents with prior COVID-19. Plasma antibody levels were higher (p < 0.01)
in recovered nursing-home residents (all 2500 IU/mL) than in individuals across the other two groups
(median 1120 IU/mL in naïve nursing-home residents and 2211 IU/ml in controls). A large percentage of
nursing-home residents had SARS-CoV-2 S-reactive IFN-g CD8þ (naïve 31/49, 63.2%; recovered 8/10,
80%) or CD4þ T cells (naïve 35/49, 71.4%; recovered 7/10, 70%) at baseline, in contrast to healthy controls
(3/17, 17.6% and 5/17, 29%, respectively). SARS-CoV-2 IFN-g CD8þ and CD4þ T-cell responses were
documented in 88% (15/17) and all control subjects after vaccination, respectively, but only in 65.5% (38/
58) and 22.4% (13/58) of nursing-home residents. Overall, the median frequency of SARS-CoV-2 IFN-g
CD8þ and CD4þ T cells in nursing-home residents decreased in post-vaccination specimens, whereas it
increased in controls.
Conclusion: The Comirnaty COVID-19 vaccine elicits robust SARS-CoV-2 S antibody responses in nursing-
home residents. Nevertheless, the rate and frequency of detectable SARS-CoV-2 IFN-g T-cell responses
after vaccination was lower in nursing-home residents than in controls. Ignacio Torres, Clin Microbiol
Infect 2021;27:1672
© 2021 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
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The Comirnaty® (PfizereBioNTech) coronavirus disease 2019
(COVID-19) vaccineda nucleoside-modified messenger RNA that
encodes the full-length transmembrane S glycoprotein locked in its
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Fig. 1. Severe acute respiratory syndrome coronavirus 2 S protein (SARS-CoV-2 S)
plasma antibody levels as measured by Roche Elecsys® Anti-SARS-CoV-2 S immuno-
assay in nursing-home residents (NHRs) with or without documented prior SARS-CoV-
2 infection and in healthy controls following complete vaccination. The limit of
detection of the assay is 0.4 IU/mL and its quantification range is between 0.8 and 250
IU/mL. Plasma specimens were further diluted (1/10) for antibody quantification when
appropriate. Bars represent median levels and the asterisks indicate a significant dif-
ference in antibody levels across groups (p < 0.01).
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perfusion conformationdelicits high levels of serum neutralizing
antibodies (NtAbs), targeting mainly the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) receptor-binding domain
(RBD), and strong TH1-skewed functional CD4þ and CD8þ T-cell re-
sponses in experimental models and humans [1e4]. The efficacy of
the vaccine has been shown to approach 95% inpreventing COVID-19
across a wide range of age groups [5]. Real-world data have
confirmed the efficacy of the vaccine in protecting against the
occurrence of severe clinical forms of the disease [6,7]. Nevertheless,
information on the immunogenicity and efficacy of this vaccine in
elderly people with comorbidities and frailty is scarce [8,9]; such
people have been prioritized for vaccination worldwide due to their
increased risk of developing severe clinical forms of COVID-19 [10].
To gain further insight into this issue, we assess here SARS-CoV-2-S-
targeted antibody and functional T-cell responses after vaccination
with Comirnaty in a cohort of nursing-home residents, most dis-
playing one or more comorbidities, and either presumably SARS-
CoV-2-naïve or with documented prior SARS-CoV-2 infection.

Material and methods

Participants and study design

A total of 60 participants (44 female) in the study, selected from
two nursing homes affiliated to the Clínico-Malvarrosa Health
Department, Valencia, Spaindwhich together provide care for 226
residentsdwere enrolled in the current study. A total of 18 healthy
individuals (15 female) with no history of SARS-CoV-2 infection at
baseline who worked in the microbiology laboratory (out of 50
potential participants) served as controls. Both patients and con-
trols were randomly selected by creating an aleatory list using the
Excel 2020 (Microsoft, Redmond, Washington, USA) INDEX func-
tion. Pre- and post-vaccination blood specimens from participants
were collected in sodium heparin tubes (Beckton Dickinson, UK Ltd,
UK). Informed consent was obtained from participants. The study
was approved by the Hospital Clínico Universitario INCLIVA
Research Ethics Committee (February, 2021).

Antibody assays

The following immunoassays were used in the current study. (a)
Roche Elecsys® Anti-SARS-CoV-2 S (Roche Diagnostics, Pleasanton,
CA, USA), an electrochemiluminescence sandwich immunoassay
(ECLIA) that quantifies total (IgG and IgM) antibodies directed
against RBD. The assay is calibratedwith the firstWHO International
Standard and Reference Panel for anti-SARS-CoV-2 antibody [10]. (b)
Elecsys® Anti-SARS-CoV-2 (Roche Diagnostics), a qualitative ECLIA
detecting IgG and IgM antibodies against SARS-CoV-2 nucleopro-
tein. Both assays were run on cobas® e601 modular analyser (Roche
Diagnostics, Rotkreuz, Switzerland). Plasma specimens were further
diluted (1/10) for antibody quantification when appropriate. (c)
LIAISON® SARS-CoV-2 TrimericS IgG assay (Diasorin S.p.A, Saluggia,
Italy), run on a DiaSorin LIAISON platform (DiaSorin, Stillwater,
USA). Immunoassays were performed and interpreted following the
instructions of the respective manufacturers. Cryopreserved
(e20�C) plasma specimens were thawed and assayed in singlets
within 1 month after collection. Baseline and follow-up specimens
from a given participant were analysed in the same run.

T-cell immunity assay

SARS-CoV-2-S-reactive IFNg-producing CD8þ and CD4þ T cells
were enumerated inwhole blood by flow cytometry for intracellular
cytokine staining (ICS) (BD Fastimmune, BD-Beckton Dickinson and
Company-Biosciences, San Jose, CA, USA) as previously described
[11,12] (see legend to Supplementary Material Fig. S1, which shows
representative flow cytometry plots).
Statistical methods

Frequency comparisons for categorical variables were carried
out using the Fisher exact test. Differences between medians were
compared using theManneWhitney U-test or theWilcoxon test for
unpaired and paired data, as appropriate. The Spearman rank test
was used for correlation analyses between continuous variables.
Two-sided exact p-values were reported; p < 0.05 was considered
statistically significant. The analyses were performed using SPSS
version 20.0 (SPSS, Chicago, IL, USA).
Results

Participants and sampling

The median age of the participants was 87.5 years (range
53e100) for nursing-home residents and 48.5 years (range
27e60 years) for controls. As shown in the Supplementary Material
Table S1, 51/60 subjects (84%) had one or more comorbidities at
enrolment (median 4, range 1e7). Baseline blood specimens were
collected within 1 week before the first vaccine dose in both
nursing-home residents and controls. Post-vaccination specimens
were drawn at a median of 17.5 days (range 14e35 days) or 15 days
(range 13e35 days) after the second dose in nursing-home resi-
dents and controls, respectively.
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SARS-CoV-2-specific antibodies in nursing-home residents and
controls

No serological evidence of prior SARS-CoV-2 infection was
found in 49/59 nursing-home residents (83%) at baseline. Pre-
vaccination plasma was not available from one patient; 17% of
nursing-home residents (10/59) had suffered from COVID-19
(nursing-home residents recovered).

Plasma collected after the second vaccine dose was available for
43 of the 49 nursing-home residents with no documented prior
infection. One of the remaining six patients died before receiving the
second dose. Forty-one out of the 43 subjects tested positive by
Roche SARS-CoV-2-S immunoassay. All but one specimen tested
negative by SARS-CoV-2-N immunoassay, suggesting that one
nursing-home resident had presumably contracted SARS-CoV-2
infection between the first and second vaccine doses. Therefore,
the overall seroconversion rate in this nursing-home resident group
was 95.3% (41/43). Of interest, plasma specimens from nursing-home
residents and controls testing negative were run with LIAISON®
SARS-CoV-2 TrimericS IgG assay, which also returned negative re-
sults. All ten recovered nursing-home residents had detectable SARS-
CoV-2 S- and N-binding antibodies at baseline; one patient died
before receiving the second vaccine dose. A booster effect was
observed in all nine individuals following full-dose vaccination, with
a median 33-fold (range 10e600-fold) increase in antibody levels.
Seventeen out of 18 controls had SARS-CoV-2 S-binding antibodies
after the second vaccine dose, while none tested positive for N-
specific antibodies. Accordingly, the seroconversion rate in this sub-
group was 94.4% (17/18). As shown in Fig. 1, plasma levels of SARS-
CoV-2 S antibodies following complete vaccination were higher
(p< 0.01) in recovered nursing-home residents (all 2500 IU/mL) than
in those presumably SARS-CoV-2-naïve (median 1120 IU/mL; range
1.08e2500) or controls (median 2211 IU/mL; range, 18.4e2500). In
turn, controls displayed higher SARS-CoV-2 S antibody levels than
SARS-CoV-2-naïve nursing-home residents (p 0.05).

Among nursing-home residents with no documented prior
infection, the seroconversion rate was comparable (p > 0.99) in
individuals presenting either with comorbidities (33/35, 94%) or
without (9/9, 100%). Moreover, having a comorbidity did not impact
significantly (p 0.14) on SARS-CoV-2 S antibody levels in this pop-
ulation group (Supplementary Material Fig. S2).

SARS-CoV-2 S-specific T cells in nursing-home residents and controls

Analysis of pre-vaccination blood specimens revealed the
presence of SARS-CoV-2 S-reactive IFN-g CD8þ and CD4þ T cells in
Table 1
Detection of SARS-CoV-2-S-reactive T cells in pre- and post-vaccination blood specimen

Study group SARS-CoV-2 S IFN-g-producing T cells in
pre/post-vaccination peripheral-blood specimens

No. of subjects with detectable
CD8þ T-cell response (%)

No. of
CD4þ T

Pre-vaccination Post-vaccination Pre-va

Nursing-home residents
with no documented
prior SARS-CoV-2
infection

31 (63) 32 (65) 35 (71

Nursing home residents
with prior SARS-CoV-2
infectiona

8 (80) 6 (66) 7 (70)

Healthy controls 3 (17.6) 15 (88) 5 (29)

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
a One patient died before receiving the second vaccine dose.
31/49 (63%) and 35/49 (71.4%) of naïve nursing-home residents and
in 8/10 (80%) and 7/10 (70%) of nursing-home residents with a
history of SARS-CoV-2 infection; these figures were substantially
lower in healthy controls (3/17, 17.6% for CD8þ and 5/17, 29% for
CD4þ T cells) (Table 1). Following the second vaccine dose, all
control subjects had detectable SARS-CoV-2 S-reactive IFN-g CD4þ

T cells and 15/17 (88%) had both IFN-g CD4þ and CD8þ T cells.
Conversely, the percentage of nursing-home residents exhibiting
detectable SARS-CoV-2 IFN-g CD8þ or CD4þ T cell responses (or
both), independently of their baseline SARS-CoV-2 infection status,
dropped consistently after vaccination (except for CD8þ T cells in
nursing-home residents without prior infection), as shown in
Table 1. In fact, the percentage of responders was lower in nursing-
home residents than in controls (p 0.32 for CD8þ and p <0.001 for
CD4þ). Among nursing-home residents, the percentage of partici-
pants displaying detectable SARS-CoV-2 CD8þ and CD4þ T cells
following vaccination was comparable across presumably SARS-
CoV-2-naïve and recovered participants (p 0.99 for CD8þ and p 0.20
for CD4þ). Interestingly, both loss and de novo acquisition of
detectable SARS-CoV-2 IFN-g CD8þ or CD4þ T-cell responses were
observed in some nursing-home residents, particularly in CD8þ T
cells (Fig. 2).

As shown in Fig. 3 and Table 2, overall the magnitude of SARS-
CoV-2 IFN-g CD8þ or CD4þ T-cell responses in nursing-home resi-
dents, irrespective of their SARS-CoV-2 infection status, decreased
in post-vaccination specimens, although statistical significance was
reached only for SARS-CoV-2 IFN-g CD4þ T cells (p < 0.001 for
SARS-CoV-2-naïve and p 0.03 for recovered participants). The
opposite was observed for healthy controls (p < 0.001 for both T-
cell subsets). Moreover, median SARS-CoV-2-reactive T-cell fre-
quency in post-vaccination specimens was higher in controls than
in nursing-home residents (p < 0.001 for both CD8þ and CD4þ T
cells), whereas SARS-CoV-2-naïve and recovered individuals had
comparable median frequencies (p 0.72 for CD8þ and p 0.18 for
CD4þ).

Interestingly, neither SARS-CoV-2 IFN-g CD8þ nor CD4þ T-cell
frequencies in post-vaccination specimens correlated with SARS-
CoV-2 S antibody levels, as measured by ECLIA, in naïve nursing-
home residents (r 0.05, p 0.74 and r e0.06, p 0.73, respectively).
A correlation analysis in recovered nursing-home residents could
not be performed as SARS-CoV-2 antibody levels of 2500 IU/mL
were measured in all samples.

Overall, the rate and magnitude of detectable SARS-CoV-2 S-
reactive IFN-g CD8þ and CD4þ T-cell responses following vaccina-
tion were comparable in nursing-home residents with or without
comorbidities (Supplementary Material Table S2).
s from nursing-home residents and controls

subjects with detectable
-cell response

No. of subjects with detectable CD8þ

and CD4þ T-cell responses

ccination Post-vaccination Pre-vaccination Post-vaccination

) 9 (18) 25 (51) 5 (11)

4 (44) 7 (70) 2 (22)

17 (100) 2 (11) 15 (88)



Fig. 3. Box plots depicting pre- and post-vaccination severe acute respiratory syn-
drome coronavirus 2 S protein- (SARS-CoV-2 S-)reactive IFN-g-producing CD8þ or
CD4þ T-cell levels in presumably SARS-CoV-2-naïve (A) or recovered (B) nursing-home
residents (NHRs) and controls (C). The p values for comparisons are shown.

Fig. 2. Individual kinetics of severe acute respiratory syndrome coronavirus 2 S pro-
tein- (SARS-CoV-2 S-)reactive IFN-g-producing CD8þ or CD4þ T-cell levels in pre-
sumably SARS-CoV-2-naïve (A) and recovered (B) nursing-home residents (NHRs).
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Discussion

Here, SARS-CoV-2 S-targeted antibody and functional T-cell re-
sponses after vaccination with Comirnaty were evaluated in a
cohort of nursing-home residents and controls prior to and
2e3 weeks after vaccination with Comirnaty. To that purpose, total
antibodies binding SARS-CoV-2 RBD by means of an ECLIA
normalized to the first WHO international standard [11], which
strongly correlate with neutralizing antibody titres [14,15], were
quantified. In turn, SARS-CoV-2 S-reactive IFN-g-producing CD8þ

and CD4þ T cells were enumerated using a whole-blood flow
cytometry assay [12,13]. Most nursing-home residents recruited
(84%, median age 87.5 years) had one or more comorbidities, and
were either with or without a SARS-CoV-2 diagnosis by serological
and molecular assay prior to vaccination. The main findings of the
study are summarized as follows.

First, overall, the SARS-CoV-2 S seroconversion rate was similar
in nursing-home residents with no evidence of prior SARS-CoV-2
infection (41/43, 95.2%) and controls (17/18, 94.4%). Nevertheless,
median antibody levels were higher in controls than in naïve
nursing-home residents (p 0.05). This observation concurswith data
reported in the phase I vaccine trial by Walsh et al. [2], but is in
contrast to the findings of Collier et al. [9] who found no age-related
differences in post-vaccination antibody titres; however, they used a
neutralization assay instead of an RBD-binding total antibody ECLIA.

Second, a dramatic booster effect was documented in all
nursing-home residents previously infected by SARS-CoV-2; in fact,
these subjects reached significantly higher antibody levels than
were measured in those presumed to be naïve and in controls
(p < 0.01).

Third, while detectable SARS-CoV-2 S-reactive IFN-g CD8þ and/
or CD4þ T-cell responses were documented in post-vaccination
specimens from all control subjects, they were present in 18% (9/
49) to 66% (6/9) of nursing-home residents, depending upon the T-
cell subset considered and whether or not subjects had a prior
history of SARS-CoV-2 infection. The difference in the rate of
detectable responses between controls and nursing-home residents



Table 2
Frequency of SARS-CoV-2-S-reactive T cells in pre- and post-vaccination peripheral-blood specimens from nursing-home residents and healthy controls

Study group SARS-CoV-2 S IFN-g-producing T cells in pre/post-vaccination peripheral blood specimens

CD8þ median % (range)/no. of
specimens analysed

CD4þ median % (range)/no. of
specimens analysed

Pre-vaccination Post-vaccination Pre-vaccination Post-vaccination

Nursing home residents
with no documented
prior SARS-CoV-2
infection

0.08 (0e3.08)/49 0.14% (0e4.98)/43 0.50 (0e3.68)/49 0 (0e3.71)/43

Nursing home residents
with prior SARS-CoV-2
infection

0.38 (0e3.96)/10 0.04 (0e0.79)/9 0.73 (0e4.69)/10 0 (0e0.15)/9

Healthy controls 0 (0e1.72)/18 1.09 (0e7.33)/18 0 (0e0.69)/18 0.73 (0.03e3.08)/18

SARS-CoV-2 S, severe acute respiratory syndrome coronavirus 2 S protein; IFN, interferon.
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was particularly dramatic for SARS-CoV-2-S CD4þ Tcells (p< 0.001).
Among nursing-home residents, the percentage of participants
exhibiting detectable SARS-CoV-2 CD8þ or CD4þ T cells following
vaccination was comparable across presumably SARS-CoV-2-naïve
and recovered individuals (p 0.99 for CD8þ and p 0.20 for CD4þ).
Moreover, in contrast to controls, a decrease in the frequency of
SARS-CoV-2 S-reactive IFN-g T cells, most notably CD4þ T cells, was
noticed in post-vaccination specimens from most nursing-home
residents, regardless of their SARS-CoV-2 infection status. Inter-
preting the T-cell response data presented herein is confounded by
difficulty in ascertaining the true infection status of participants,
regarding which a differential effect of the second Comirnaty dose
on T- and B-cell immunity was reported in COVID-19-naïve and
recovered individuals, with the latter exhibiting poorer responses
[16,17], perhaps due to the development of immunological anergy.
These observations [16,17], if confirmed, would lend support to the
use of a single booster dose for previously infected individuals. In
effect, functional SARS-CoV-2 S IFN-g T cells detected in pre-
vaccination specimens may well have been seasonal coronavirus
cross-reactive T cells (see [18] for a review). Circulation of seasonal
coronaviruses in nursing-home facilities and repeated exposure of
residents is common over the winter season. Nevertheless, we
cannot rule out that some of the current study participants, nursing-
home residents in particular, could have been asymptomatically
infected and failed to mount durable antibody responses despite
robustly expanding SARS-CoV-2-specific T cells [19].

As stated above, a major finding of the current study is that,
regardless of the true SARS-CoV-2 infection status of participants,
overall nursing-home residents displayed poorer SARS-CoV-2 S T-
cell responses (in particular CD4þ T-cell responses) than healthy
controls after vaccination. In contrast, Collier et al. [9] found no age-
related (<80 versus >80 years old) differences in T-cell response, as
measured by a CD3þ IFN-g Fluorospot, after a full vaccination dose;
however, the authors admitted that they were unable to adjust for
confounders such as immune suppression and comorbidities and
had no information on the pre-vaccination SARS-CoV-2 infection
status of the participants. Our finding could be explained partly by
the detrimental impact of age-related immunosenescence on im-
mune responses to vaccines [20]. Nevertheless, the vaccine elicited
a seemingly robust humoral response in most nursing-home resi-
dents whowere presumably naïve or recovered, with SARS-CoV-2 S
antibody levels showing no correlation with SARS-CoV-2 T-cell
frequencies in SARS-CoV-2-naïve subjects. The apparent contrac-
tion of SARS-CoV-2-S-reactive IFN-g T cells in recovered nursing-
home residents following the second vaccine dose was also
observed by Camara et al. [16], who hypothesized that this second
dose may functionally exhaust SARS-CoV-2 S-specific T cells. This
may also apply to cross-reactive T cells. In this sense, CD4þ T-cell
responses against common cold coronaviruses (CCCs) were
decreased in SARS-CoV-2-infected healthcare workers, suggesting
that exposure to SARS-CoV-2 might somehow interfere with CCC
responses [21]. Whether this might also be the case following
vaccination needs to be defined.

Fourth, comorbidities did not appear to have a major impact on
either the seroconversion rate or the magnitude of antibody or T-
cell responses following the second vaccine dose in nursing-home
residents.

The current study has several limitations that must be empha-
sized. First, the number of participants was relatively limited. Sec-
ond, frequencies instead of absolute numbers of SARS-CoV-2 S-
reactive T cells are reported throughout the study; the latter would
have been advisable since discrete lymphopenia is not unusual in
the elderly. Third, the possibility that nursing-home residents dis-
played SARS-CoV-2 S-reactive T cells with functional specificities
other than IFN-g production was not explored. Fourth, a whole-
blood flow cytometry assay was used to assess T-cell immunity; it
is uncertain whether employing isolated peripheral-blood mono-
nuclear cells instead would have increased sensitivity. Fifth, serial
determinations may have provided more accurate information on
the T-cell responses elicited by the vaccine across comparison
groups. Sixth, no attempt was made to differentiate between truly
SARS-CoV-2-specific and cross-reactive T cells [22,23]. Seventh,
further sample dilutions to precisely measure antibody levels in
some participants was not performed.

In summary, we were able to document robust SARS-CoV-2 S
antibody responses in healthy controls and nursing-home residents
following two doses of the Comirnaty COVID-19 vaccine, Never-
theless, our data point to differential vaccine efficacy between
nursing-home residents and controls in terms of eliciting SARS-
CoV-2 IFN-g T-cell responses, in particular of the CD4þ T-cell sub-
set. In this context, the potentially detrimental effect of pre-existing
bona fide or cross-reactive SARS-CoV-2 immunity seen in nursing-
home residents merits further investigation.
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