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Summary
The SARS-CoV-2 pandemic has claimed many lives and
disrupted the quality of life of most individuals. Diagnostic
tests not only serve to confirm past exposure but can pro-
vide information crucial for guiding healthcare options for
patients. Current diagnostic tests for the presence of the
SARS-CoV-2 virus or anti-spike protein antibodies do not
address the question whether longer lasting cellular im-
munity is mounted in most individuals. Using an activation
marker flow cytometric immunoassay (SARS-CoV-2 lym-
phocytes analysis), we showed that both CD4+/CD8+ T
cell and B cell activation differ between naïve and infect-
ed individuals up to 11 months after infection. On the basis
of the specificity of this diagnostic tool for detecting both
SARS-CoV-2-experienced T and B cells, we propose that
this assay could benefit immunocompromised individuals
who are unable to mount sustained antibody responses,
by determining cellular immunity as possible partial pro-
tection, and for studying immune correlates of protection
– thereby increasing knowledge of COVID-19 in a wider
range of patient groups.

Introduction

The 2019 novel severe acute respiratory syndrome coro-
navirus-2 (SARS-CoV-2) pandemic has emphasised the
need for efficient management of population health in the
context of infectious diseases. Although physical distanc-
ing and “lockdown” measures prevented hospital satura-
tion and mortality, these measures are not sustainable in
the long term. Diagnostic tests are therefore indispensable
in the strategic management of this pandemic. Currently,
there are two major types of diagnostic tool, which are
most informative at different stages of the disease: (1) virus
detection around symptom onset (active infection) or (2)
host antibody testing after symptom onset (past infection)
[1, 2].

The design of vaccines for protective immunity against
SARS-CoV-2 has focused on inducing neutralising anti-
bodies against the viral spike (S) protein at its receptor-
binding domain, thus blocking binding to the angiotensin
converting-enzyme-2 receptor and preventing cell entry
[3, 4]. The two COVID-19 vaccines currently available in
Switzerland, Comirnaty® (BNT162b2; Pfizer/BioNTech)
and the Moderna COVID-19 vaccine (mRNA-1273; Mod-
erna) — approved by Swissmedic, the Swiss authorisation
and supervisory authority for drugs and medical products
— are both mRNA vaccines encoding the SARS-CoV-2 S
protein [5]. It is encouraging that both vaccines induce ro-
bust antibody and CD4+/CD8+ T cell responses against the
S protein [3, 5–7], but cellular immune responses to oth-
er viral antigens are not induced. Other viral antigens be-
sides the S protein, such as the nucleocapsid or open read-
ing frames, are, however, probably important for overall
immunity since they are able to induce stronger CD8+ T
cell responses, which help kill virus-infected cells [8]. This
indicates that, although it is important to prevent entry of
SARS-CoV-2 into cells via the S protein´s receptor-bind-
ing domain (which predominantly induces antibodies and
CD4+ T cells), other antigens also contribute to stimu-
lating a more complete immune response (e.g., CD8+ T
cells), which improves the likelihood of persistent protec-
tion [9]. There is therefore a need to focus not just on the S
protein, but also on the capacities of other viral antigens to
induce immune responses, because of the inconsistencies
in antigenic stimulation of immune responses [10]. Fur-
ther support for the relevance of T cell responses against
SARS-CoV-2 comes from the observation that the sever-
ity of COVID-19 correlates with the T cell profile of the
individual, typically with higher or normal T cell counts
in individuals with mild symptoms. In contrast, individ-
uals with moderate and severe COVID-19 present with
CD4+/CD8+ T cell lymphopenia [11]. Currently, there is
a lack of COVID-19 diagnostic tests for memory T cells
due to the need for cell culture, which requires specialised

Correspondence:
Daniel Yerly, PhD
ADR-AC GmbH
Holligenstrasse 91
CH-3008 Bern
daniel.yerly[at]adr-ac.ch

Swiss Medical Weekly · PDF of the online version · www.smw.ch

Published under the copyright license “Attribution-NonCommercial-ShareAlike 4.0”.
No commercial reuse without permission. See https://smw.ch/permissions

Page 1 of 6



laboratory expertise and tools. However, with the growing
evidence of of the relevance of T cell in COVID-19 sever-
ity and with vaccination programmes starting, it is crucial
to be able to monitor an individual´s comprehensive im-
mune profile against this disease, which is still puzzling in
its presentation and severity.

Here, we sought to assess the feasibility of detecting and
discerning anti-SARS-CoV-2 memory lymphocytes in an
in vitro diagnostic assay starting with collection of whole
blood from both COVID-19 patients and uninfected
donors. To assess this, we measured upregulation of mem-
ory lymphocyte activation markers using an activation
marker assay [12–14] after in vitro viral antigen stimu-
lation. We further assessed correlations of memory lym-
phocyte activation with anti-SARS-CoV-2 spike antibody
titres.

Aims of the study
(1) Comparison of distinguishable and lasting memory
helper CD4+ and cytotoxic CD8+ T cell activation be-
tween naïve and infected individuals with an in vitro diag-
nostic immunoassay (SARS-CoV-2 lymphocyte analysis).

(2) Detection of activated memory T cells against other
SARS-CoV-2 antigens (membrane and nucleocapsid) in
addition to the S protein.

(3) Development of a diagnostic testing analysis for mem-
ory T cells against SARS-CoV-2 to complement antibody
testing, hence providing an in-depth immunological profile
to improve clinical understanding of immune correlates of
protection, particularly for immunodeficient individuals.

Materials and methods

Cohort and ethics approval
Convalescent patients from the out-patient clinic in the
Institut de recherche Appliquée en Allergologie et Im-
munologie Clinique (INRAAIC) or the Immunology Clin-
ic of the Hôpital de la Tour, Meyrin, were recruited from
individuals who had previously given consent to partic-
ipate in observational studies and in the data bank pro-
gramme of the institute. A complementary signed in-
formed consent form explaining the purpose of the study
was also obtained from all subjects. Both sexes (25 males
and 15 females) of all ages (9–78 years old) were included
in the study. Individuals were considered convalescent if
they had past history of a positive test for SARS-CoV-2
antigen and/or antibody (within 6 weeks of symptoms).
Unexposed control individuals were volunteers with no
known COVID-19 symptoms nor anti-S1 IgG antibodies.
Thirty millilitres of whole blood were collected for the
lymphocyte analysis. Anti-S IgG antibody titres were mea-
sured using an anti-SARS-CoV-2 enzyme-linked im-
munosorbent assay (ELISA) directed against the S1 do-
main of the spike proteins (EUROIMMUN Medizinische
Labordiagnostika AG, Lübeck, Germany).

In vitro culture conditions
Peripheral blood mononuclear cells (PBMCs) were isolat-
ed from heparin-treated room-temperature whole blood us-
ing Ficoll-Paque PLUS (density 1.077 g/ml; VWR) gra-
dient centrifugation at 2000 rpm for 30 minutes at 24°C.
Following two washes in 1X phophate-buffered saline

(PBS; pH 7.4; Gibco), PBMCs were resuspended in
Roswell Park Memorial Institute (RPMI)-1640 medium
without L-glutamine (VWR) supplemented with 25 mM
HEPES (VWR), 10% human serum albumin (Octapharm)
and 1% GlutaMAX (Gibco). Then 1x106 PBMCs were
plated into the wells of a U-bottom 96-well plate and stim-
ulated with individual SARS-CoV-2 antigens (1 µg/ml re-
combinant proteins or 10 µg/ml peptide mixes); cells stim-
ulated with recombinant proteins were cultured
independently of those stimulated with peptides. The pos-
itive control for T and B cells stimulation was 1 µg/ml
phytohaemagglutinin (PHA). Negative assay controls were
cells cultured in medium alone or with 0.56% dimethyl
sulphoxide (DMSO; solvent for peptides). Cells were kept
in a 5% CO2 incubator at 37°C for 5 days. At day 5, cells
were processed for flow cytometric analyses.

Design of the SARS-CoV-2 recombinant proteins and
peptides
Recombinant structural S1, S2 and nucleocapsid proteins
of SARS-CoV-2 produced in a human HEK293 cell line
expression system were purchased from RayBiotech
(Peachtree Corners, Georgia). SARS-CoV-2 peptides from
S, nucleocapsid and membrane proteins (28 S peptides, 18
nucelocapsid peptides, 11 membrane peptides) were self-
designed using the T Cell Epitope Prediction Tool on the
Immune Epitope Database and Analysis Resource web-
site (www.iedb.org) for fit within 11 human leucocyte anti-
gen (HLA) supertypes (6 HLA-A and 5 HLA-B) under the
three criteria important for peptide loading on HLAs: affin-
ity to peptide groove, proteosomal processing and peptide
transport into the endoplasmic reticulum. Suitable peptides
were synthesised by ProImmune Ltd. (Oxford, UK).

Flow cytometry
After 5 days of in vitro stimulation, PBMCs were stained
with 100 µl of fixable viability dye (ZombieYellow, Bi-
oLegend) for 15 minutes at 4°C. Following 2x wash with
1x PBS (2% FCS) at 1500 rpm for 5 minutes at 4°C, cell
pellets were resuspended in 50 µl anti-human antibody mix
(all from BioLegend) containing anti-CD3 (PerCP/Cya-
nine5.5, clone OKT3), anti-CD19 (FITC, clone HIB19),
anti-CD4 (PE/Cyanine7, clone OKT4), anti-CD8 (APC/
Cyanine7, clone SK1), anti-CD38 (AlexaFluor® 700,
clone HIT2), anti-CD69 (APC, clone FN50), anti-CD134
(Brilliant Violet 510™, clone ACT25), and anti-CD137
(Brilliant Violet 711™, clone 4B4-1) and incubated for 45
minutes at 4°C. Following another wash, samples were re-
suspended in CellWASH (BD Biosciences) and analysed
on an Attune NxT flow cytometer (Thermo Fisher) with
the in-built Attune NxT Software.

Statistical analysis
All statistical tests were performed with GraphPad Prism5
for Windows (version 5.02). Group comparisons were
analysed with the Mann Whitney t test and relationships
were analysed with the Spearman correlation analysis. For
all statistical analyses: * p <0.05; ** p <0.01; *** p
<0.001.
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Results

SARS-CoV-2 lymphocytes analysis scheme and flow
cytometry gating strategy
To detect memory lymphocytes against SARS-CoV-2, iso-
lated peripheral blood mononuclear cells (PBMCs) were
isolated from individuals with confirmed past SARS-
CoV-2 infection (by PCR and/or positive antibody tests
within 6 weeks of symptoms). PBMCs containing lympho-
cytes and antigen presenting cells were then cultured with
SARS-CoV-2 recombinant proteins or synthetic peptides
for 5 days to stimulate CD4+ or CD8+ memory T cells
(fig. 1A). CD4+ T cells recognise SARS-CoV-2 peptides
processed from the recombinant proteins by antigen pre-
senting cells whereas CD8+ T cells recognise the synthe-
sised peptides (covering 57 specific peptides from mem-
brane, nucleocapsid and S proteins). For the synthetic
peptides, the HLA restriction covered 80% of the HLA
class I haplotypes within the Caucasian population. B cells
were able to directly recognise SARS-CoV-2 recombinant
proteins. Upregulation of activation markers (helper CD4
T cells: CD134+ CD137+; cytotoxic CD8 T cells: CD69+
CD137+; CD19 B cells: CD38+) in SARS-CoV-2-specific
memory lymphocytes were then detected by flow cytome-
try (fig. 1B).

High sensitivity and specificity for detecting memory
CD4+/CD8+ T cells and CD38+ B cells in SARS-CoV-2
convalescent individuals
In a Swiss cohort of 30 COVID-19 convalescent individu-
als and 10 unexposed donors (table 1), memory T cell acti-
vation against all the tested antigens could be detected with
overall 85% sensitivity and 75% specificity (table 2). For
CD8+ cells, the maximum sensitivity value for activation
by synthetic peptides was 80% due to our synthetic pep-
tide design, which accounts for 80% of HLA class I within
the Caucasian population. There was an overall >80% pos-
itive predictive value, but the overall negative predictive
values ranged from 28% to 82%, depending on the antigen
tested (table 2). Memory B cell activation against all tested
antigens was also detectable, with overall 87% sensitivity
and 90% specificity (table 2). Since B and T cell responses
against particular SARS-CoV-2 antigens have been report-
ed to be discordant [10], we used the criteria of T or B cell
activation by at least one tested antigen to determine test
positivity.

Our SARS-CoV-2 lymphocyte analysis detected both
memory CD4+ (fig. 2A) and CD8+ (fig. 2B) T cells, which
were significantly more activated in convalescent individ-
uals than naïve individuals. Memory CD4+ T cells re-
sponded well to all the tested recombinant proteins (S1, S2
and nucleocapsid; fig. 2A), and memory CD8+ T cells re-

Figure 1: SARS-CoV-2 lymphocyte testing analysis scheme. (A) Flow-chart of the stages involved for the SARS-CoV-2 lymphocyte testing
analysis from isolation of the patient´s peripheral blood mononuclear cells (PBMCs) to culturing conditions and flow cytometric analysis before
the final report is sent to doctors and patients. (B) Flow cytometry gating strategy to identify activated T and B cells against SARS-CoV-2.
APCs: antigen presenting cells.
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sponded well to the S and nucleocapsid peptide mixes (fig.
2B). Memory CD38+ B cells similarly responded well to
all tested recombinant proteins, including to the S1/2 pro-
tein (fig. 2C), in line with the anti-SARS-CoV-2 antibody
profiles being strongly directed against the S1 protein [15].

Overall, this SARS-CoV-2 lymphocyte analysis is there-
fore able to detect specific memory T and B cells against
all the tested SARS-CoV-2 antigens (table 2) and, because
of the reliable detection of activation against S and nuceo-
capsid antigens, this assay would likely allow vaccinated
individuals (good S protein-specific memory T cell re-
sponses) to be distinguished from previously (now asymp-
tomatic) infected individuals (good S- and nuceocapsid-
specific memory T cell responses).

Anti-S IgG antibody titres correlate with both memory
CD4+ T cell and CD38+ B cell activation
Since CD4+ helper T cells provide support to B cells to
produce antibodies, we assessed if antibody titres in con-
valescent individuals correlated with CD4+ T cell activa-
tion. We could detect anti-S IgG antibodies in 26/30 conva-
lescent individuals at the time of the lymphocyte analysis,
which correlated to CD4+ T cell (fig. 3A) or CD38+ B cell
(fig. 3B) activation by spike proteins (S2 or S1, respective-
ly), but not to NC recombinant SARS-CoV-2 proteins.

Of the four individuals in whom anti-SARS-CoV-2 anti-
bodies became undetectable over time, two had increased
memory CD4+/CD8+ T cell and CD19+ B cell activation
(fig. 2 – blue/lilac symbols), whereas the other two re-
mained negative in all except for B cell activation by S2
recombinant protein (fig. 2 – red/pink symbols). Although

Figure 2: COVID-19 convalescent individuals were distinguishable
from naïve individuals. (A) Activated CD4+ T cells
(CD134+ CD137+) 5 days post-incubation with SARS-CoV-2 re-
combinant S1, S2 or nucelocapsid proteins. (B) Activated CD8+ T
cells (CD69+ CD137+) 5 days post-incubation with mixtures of
SARS-CoV-2 synthetic membrane peptides (11 total), S peptides
(28 total), or nuceocapsid peptides (18 total). (C) Activated
CD19+ B cells (CD38+) 5 days post-incubation with SARS-CoV-2
recombinant S1, S2 or nuceocapsid proteins. Dotted line at SI = 2
indicates activation threshold. Coloured symbols represent the four
convalescent individuals with no detectable anti-S antibodies. S:
spike; M: membrane; NC: nucleocapsid; Inf: infected; Ctrl: unex-
posed donor control. Error bars in the graph indicate mean ± SEM.
Statistics: Mann Whitney t test.

Table 1:
Cohort characteristics.

Variable Characteristics Frequency (n = 40) Percent

Age (years) <20 2 5

20—49 23 58

≥50 15 38

Sex and exposure status Male 25 63

Unexposed 6 15

Convalescent 19 48

Female 15 38

Unexposed 4 10

Convalescent 11 28

Table 2:
Diagnostic values of the SARS-CoV-2 lymphocytes analysis. Sensitivity and specificity of the SARS-CoV-2 lymphocytes analysis against SARS-CoV-2 antigens covering the
spike (S1 and S2), nucleocapsid (NC) and membrane proteins. Activation cut-off value is measured as the upregulation of CD134+ CD137+ for helper CD4 T cells, CD69+
CD137+ for cytotoxic CD8 T cells and CD38+ for B cells relative to the culture medium and DMSO negative controls.

Antigen Activation cut-off value (relative to negative control) Convalescent (n = 30) Unexposed (n = 10) PPV NPV

+ — Sensitivity + — Specificity

CD4+ T cells S1 2 26 4 87% 1 9 90% 96% 69%

S2 2 22 8 73% 1 9 90% 96% 53%

NC 2 24 6 80% 0 10 100% 100% 63%

Combined statistics 2 in at least one stimuli condition 28 2 93% 1 9 90% 97% 82%

CD8+ T cells Membrane mix 2 12 18 40% 3 7 70% 80% 28%

Spike mix 2 15 15 50% 3 7 70% 83% 32%

NC mix 2 17 13 57% 1 9 90% 94% 41%

Combined statistics 2 in at least one stimuli condition 23 7 77% 4 6 60% 85% 46%

CD38+ B cells S1 2 19 11 63% 0 10 100% 100% 48%

S2 2 15 15 50% 1 9 90% 94% 38%

NC 2 16 14 53% 0 10 100% 100% 42%

Combined statistics 2 in at least one stimuli condition 26 4 87% 1 9 90% 96% 69%

PPV: positive predictive value; NPV: negative predictive value.
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interesting, this must be followed up in more individuals to
determine if memory lymphocytes may be more stably de-
tectable than antibodies.

CD8+ T cell activation decreases at later time post-
symptoms
In order to determine the longevity of recall responses
against SARS-CoV-2 — specifically, if the response de-
creases with time after infection — we performed an
analysis of the correlation of activation potential to the dif-
ferent times at which blood samples were obtained after
symptoms (fig.4). Whereas CD4+ T cell activation re-
mained constant irrespective of the time after symptoms
(up to 11 months) or antigenic stimuli (fig. 4A), CD8+ T
cell activation against the nucleocapsid peptide mix were
reduced when tested at later times, albeit still mostly ac-
tivated (fig. 4B and table 2). This indicates that optimal
nucleocapsid-specific memory CD8+ T cell activation de-
creases with time after symptoms. Activated CD19+
CD38+ B cells remained constant in their potential for ac-
tivation by SARS-CoV-2 recombinant proteins up to 11
months after symptoms (fig. 4C).

Discussion and conclusion

We showed that our SARS-CoV-2 lymphocyte testing
analysis can reproducibly detect memory T and B cells
by activation marker upregulation against not only SARS-
CoV-2 antigen from the S protein, but also against mem-
brane and nucleocapsid proteins, which may indicate a
more comprehensive and protective immunity profile of
an individual. As peripheral circulating memory lympho-
cytes are heterogeneous in their memory marker expres-
sions (e.g., CD45RO+ CCR7+ T central memory,
CD45RO+ CCR7- T effector memory, CD45RA+ CCR7-
T effector memory) [13, 14, 16–20], assessing activation
markers improves detection of SARS-CoV- 2 specific lym-
phocytes, especially when the contribution of such specific
memory subsets to COVID-19 remains undetermined.

Furthermore, by testing with various antigens other than
the S protein, our test should be able to distinguish between
vaccinated and previously infected individuals – this may
be particularly valuable in determining asymptomatic in-
fected individuals’ immune profiles and improving under-

Figure 3: Both CD4+ T cell and CD38+ B cell activation are corre-
lated to anti-S IgG antibody titres. Anti-S IgG antibody titres in con-
valescent individuals were correlated to their (A) CD4+ T cell or (B)
CD38+ B cell activation when stimulated in vitro with S1, S2, or
nuceocapsid recombinant SARS- CoV-2 proteins. Dotted line at SI
= 2 indicates activation threshold. (A and B). Linear regression
lines for each stimulation condition are also presented. Statistics:
Spearman correlation analysis.

standing of this group's relevance for immune correlates of
protection.

For individuals with immunodeficiencies, be it primary
(e.g., common variable immunodeficiency) or secondary
due to immunosuppressive treatments for transplantation
or cancer (e.g., methotrexate or rituximab), humoral anti-
body immune responses are significantly impaired [21]. To
date, the efficacy of the two COVID-19 vaccines approved
by Swissmedic and available in Switzerland has not been
investigated in immunodeficient individuals, although they
are a risk group for infection and severe disease. Therefore,
testing for cellular immunity supports detection of vaccine
responses apart from antibodies, and would provide a lab-
oratory-measurable parameter to support clinicians deci-
sions on how to best care for immunodeficient individuals.
Ease of access to this testing service, especially geared to-
wards a clinical environment, would also encourage clin-
icians to pursue clinical research into immune correlates
against SARS-CoV-2.

Other applications for this test could be the clinical assess-
ment of “long COVID” patients, especially with increas-
ing reports of such individuals [22, 23]. Since T cells, par-
ticularly killer CD8+, are essential for the elimination of
virus-infected cells, they may contribute to symptom du-
ration in “long COVID” patients. This SARS-CoV-2 lym-
phocyte testing analysis could measure specific cellular
immunity against SARS-CoV-2 in relation to long COVID
symptoms, which might provide an improved picture of
the underlying biological cause of the symptoms and dif-
ferentiation of it it from post-viral syndrome or post-inten-
sive care syndrome.

In conclusion, we describe here a useful laboratory testing
analysis to characterise and quantify specific memory lym-
phocyte responses against SARS-CoV-2 and therefore con-

Figure 4: Decreased CD8+ memory T cell activation in later analy-
ses. Time after symptoms in convalescent individuals was correlat-
ed to their (A) CD4+ T cell activation when stimulated in vitro with
S1, S2, or nucleocapsid recombinant SARS-CoV-2 proteins or (B)
CD8+ T cell activation when stimulated in vitro with peptide mixes
from membrane, S or nucleocapsid SARS-CoV-2 proteins. (C)
Correlation of time after symptoms in convalescent individuals to
CD19+ CD38+ B cell activation when stimulated in vitro with S1,
S2 or nucleocapsid recombinant SARS-CoV-2 proteins. (A—C)
Linear regression lines for each stimulation condition are also pre-
sented. Statistics: Spearman correlation analysis.
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tribute to improved screening of the population for likely
protective immunity beyond the current antibody testing
services.
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