Received: 5 June 2020

Accepted: 22 June 2020

DOI: 10.1002/jmv.26213

RESEARCH ARTICLE

JOURNAL OF

MEDICAL viRoLoGY WILEY

SARS-CoV-2-reactive interferon-y-producing CD8+ T cells in
patients hospitalized with coronavirus disease 2019

Estela Giménez! | Eliseo Albert! | Ignacio Torres® | Maria José Remigia? |
Maria Jesus Alcaraz! | Maria José Galindo® | Maria Luisa Blasco* | Carlos Solano?” |

Maria José Forner®> | Josep Red6n®° | Jaime Signes-Costa® | David Navarro®’

Microbiology Service, Clinic University
Hospital, INCLIVA Health Research Institute,
Valencia, Spain

?Hematology Service, Clinic University
Hospital, INCLIVA Health Research Institute,
Valencia, Spain

SInternal Medicine Department, Clinic
University Hospital, INCLIVA Health Research
Institute, Valencia, Spain

“Medical Intensive Care Unit, Clinic University
Hospital, INCLIVA Health Research Institute,
Valencia, Spain

5Department of Medicine, School of Medicine,
University of Valencia, Valencia, Spain

4Pneumology Service, Clinic University
Hospital, INCLIVA Health Research Institute,
Valencia, Spain

“Department of Microbiology, School of
Medicine, University of Valencia, Valencia,
Spain

Correspondence

David Navarro, Microbiology Service, Hospital
Clinico Universitario, Instituto de Investigacion
INCLIVA, Valencia, and Department of
Microbiology, University of Valencia, Valencia,
Spain. Av. Blasco Ibafez 17, 46010 Valencia,
Spain.

Email: david.navarro@uv.es

1 | INTRODUCTION

On 11 March 2020 the World Health Organization declared cor-
onavirus disease 2019 (COVID-19) a pandemic.® As of June 19 more
than 8 500 000 cases of COVID-19 have been reported worldwide,

Abstract

There is limited information on severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) T-cell immune responses in patients with coronavirus disease 2019
(COVID-19). Both CD4+ and CD8+ T cells may be instrumental in resolution of and
protection from SARS-CoV-2 infection. Here, we tested 25 hospitalized patients
either with microbiologically documented COVID-19 (n = 19) or highly suspected of
having the disease (n = 6) for presence of SARS-CoV-2-reactive CD69+ expressing
interferon-y (IFN-y) producing CD8+ T cells using flow-cytometry for intracellular
cytokine staining assay. Two sets of overlapping peptides encompassing the SARS-
CoV-2 Spike glycoprotein N-terminal 1 to 643 amino acid sequence and the entire
sequence of SARS-CoV-2 M protein were used simultaneously as antigenic stimulus.
Ten patients (40%) had detectable responses, displaying frequencies ranging from
0.15 to 2.7% (median of 0.57 cells/uL; range, 0.43-9.98 cells/uL). The detection rate
of SARS-CoV-2-reactive IFN-y CD8+ T cells in patients admitted to intensive care
was comparable (P =.28) to the rate in patients hospitalized in other medical wards.
No correlation was found between SARS-CoV-2-reactive IFN-y CD8+ T-cell counts
and SARS-CoV-2 S-specific antibody levels. Likewise, no correlation was observed
between either SARS-CoV-2-reactive IFN-y CD8+ T cells or S-specific im-
munoglobulin G-antibody titers and blood cell count or levels of inflammatory bio-
markers. In summary, in this descriptive, preliminary study we showed that SARS-
CoV-2-reactive IFN-y CD8+ T cells can be detected in a non-negligible percentage of
patients with moderate to severe forms of COVID-19. Further studies are war-
ranted to determine whether quantitation of these T-cell subsets may provide

prognostic information on the clinical course of COVID-19.
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causing over 454000 deaths.”? COVID-19 commonly results in
pneumonia, which can evolve to into acute respiratory distress syn-
drome, leading to respiratory or multiorgan failure.>* Elucidation of
immune responses conferring protection against severe acute re-

spiratory syndrome coronavirus 2 (SARS-CoV-2) is crucial to develop
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an effective vaccine prototype, which is urgently needed to blunt the
progression of the pandemic. A number of studies have focused on
characterizing SARS-CoV-2-specific antibody kinetic profiles.>*°
Nevertheless, there is scant information on T-cell responses against
SARS-CoV-2 in patients with COVID-19. CD4+ and CD8+ T cells
targeting structural viral proteins appear to confer broad and long-
lasting protection against SARS-CoV.'! Several clusters of cytotoxic
T lymphocyte (CTL) epitopes restricted by HLA-class | specificities
commonly found in Caucasians (ie, HLA-A02) have been mapped
within the spike (S) and the membrane (M) of SARS-CoV proteins.*
Since SARS-CoV shares high sequence identity with SARS-CoV-2,%? it
is reasonable to expect an analogous scenario in the SARS-CoV-2
infection. There is limited information on the features of T-cell re-
sponses against SARS-CoV-2; several studies demonstrated the
presence of SARS-CoV-2 -reactive T cells in a large number of pa-
tients with COVID-19 and also in unexposed inidviduals, although
the potential functionality of these cells was not comprehensively
investigated.’> > Here, we developed a flow cytometry for in-
tracellular cytokine staining (ICS) assay to enumerate peripheral
blood SARS-CoV-2-reactive interferon y (IFN-y)-producing CD8+ T
cells, which was used to assess virus-elicited T-cell immunity in pa-
tients with moderate to severe COVID-19.

2 | PATIENTS AND METHODS
2.1 | Patients

Twenty-five nonconsecutive patients (14 male and 11 female;
median age, 69 years; range, 62-87 years), admitted to Clinical
University Hospital of Valencia from 17 March to 24 April with
clinically suspected COVID-19 were included in the current
study. The only inclusion criterion was availability of blood spe-
cimens for T-cell immunity analyses. Medical history and la-
boratory data were retrospectively reviewed. The current study
was approved by the Research Ethics Committee of Hospital
Clinico Universitario INCLIVA.

2.2 | Detection of SARS-CoV-2 by reverse
transcription-polymerase chain reaction

Nasopharyngeal or oropharyngeal specimens were obtained with
flocked swabs in universal transport medium (Beckton Dickinson,
Sparks, MD, or Copan Diagnostics, Murrieta, CA) and conserved
at 4°C until processed (within 6 hours). Undiluted tracheal aspi-
rate samples obtained from mechanically ventilated patients
were also processed when available. Nucleic acid extraction was
performed using the Qiagen EZ-1 Viral extraction kit or the DSP
virus Pathogen Minikit using EZ1 or Qiasymphony Robot in-
struments (Qiagen, Valencia, CA), respectively. We used one or
more of the following

commercially-available reverse

transcription-polymerase chain reaction (RT-PCR) assays for

SARS-CoV-2 testing: E-gene/LightMix Modular SARS-CoV-2
(COVID-19) RdRP gene from TIB MOLBIOL GmHD, distributed
by Roche Diagnostics (Pleasanton, CA) on the Light Cycler 2.0
instrument; the SARS-COV-2 Real-time PCR Kit from Vircell Di-
agnostics (Granada, Spain) and the Real Quality RQ-2019-nCoV
from AB ANALITICA (Padua, Italy), both on the Applied Biosys-
tems 7500 instrument; the SARS-CoV-2 (S gene)—BD MAX Sys-
tem (VIASURE Real-Time PCR Detection Kits; CerTest, Zaragoza,
Spain), and the Abbott RealTime SARS-CoV-2 Assay (Abbott
Molecular Diagnostics, Chicago). A number of these specimens
were screened for other respiratory pathogens using the
NxTAG Respiratory Pathogen Panel (Luminex Corp, Austin, Tx).

2.3 | Antibody detection methods

Initial screening for SARS-CoV-2-specific antibodies was carried out
using the 2019-nCOV immunoglobuliin G (IgG)/immunoglobulin M
(IgM) rapid test (Hangzhou AllTest Biotech C, Ltd. China), a rapid
lateral flow chromatographic immunoassay (LFIC) designed for qua-
litative detection of IgG and IgM antibodies in human whole blood or
serum. Sera obtained at the time of blood collection for SARS-CoV-2
CD8+ T cell immunity analyses were analyzed by the LIAISON SARS-
CoV-2 IgG (DiaSorin, Saluggia, Italy), a fully automated quantitative
chemiluminescent assay (CLIA) detecting IgG antibodies against
SARS-CoV-2 S protein (S1 and S2 subunits). Immunoassays were
performed and interpreted according the respective manufacturer's

instructions.

2.4 | SARS-CoV-2-reactive interferon y CD8+
T cells

Enumeration of SARS-CoV-2-reactive CD69+-expressing-IFNy-
producing-CD8+ T cells was carried out by flow cytometry for ICS
BD-Beckton

Biosciences, San Jose, CA), following an adapted protocol devel-

(BD Fastimmune, Dickinson and Company-
oped by our group for quantitation of cytomegalovirus-specific
T cells.*®'” Briefly, heparinized whole blood (0.5mL) was si-
multaneously stimulated for 6 hours with two sets of 15-mer
overlapping peptides (11-mer overlap) encompassing the SARS-
CoV-2 Spike glycoprotein N-terminal 1 to 643 amino acid se-
quence (158 peptides) and the entire sequence of SARS-CoV-2 M
protein (53 peptides), at a concentration of 1 ug/mL per peptide,
in the presence of 1ug/ml of costimulatory monoclonal anti-
bodies (mAbs) to CD28 and CD49d. Peptide mixes were obtained
from JPT peptide Technologies GmbH (Berlin, Germany). Samples
mock stimulated with phosphate-buffered saline (PBS)/dimethyl
sulfoxide and costimulatory antibodies were run in parallel.
Brefeldin A (10 ug/mL) was added for the last 4 hours of in-
cubation. Blood was then lysed (BD FACS lysing solution) and
frozen at -80°C until tested. On the day of testing, stimulated
blood was thawed at 37°C, washed, permeabilized (BD



GIMENEZ €T AL

permeabilizing solution), and stained with a combination of la-
beled mAbs (anti-IFNy-FITC, anti-CD69-PE, anti-CD8-PerCP-
Cy5.5, and anti-CD3-APC) for 1 hour at room temperature. Ap-
propriate positive (phytohemagglutinin) and isotype controls
were used. Cells were then washed, resuspended in 200 L of 1%
paraformaldehyde in PBS, and analyzed within 2 hours on an
FACScanto flow cytometer using DIVA v8 software (BD Bios-
ciences Immunocytometry Systems, San Jose, CA). CD3+/CD8+
events were gated and then analyzed for the CD69+ activation
marker and IFN-y production (Figure 1A). The total number of
SARS-CoV-2-reactive CD8+ T cells was calculated by multiplying
the percentages of CD8+ T cells producing IFN-y on stimulation
(after background subtraction) by the absolute CD8+ T cell count.
Responses 20.1% were considered specific.
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2.5 | Laboratory measurements

Clinical laboratory investigation included complete blood count and
serum levels of ferritin, Dimer-D, and C reactive protein (CRP). Data

on serum interleukin-6 (IL-6) levels were not available.

2.6 | Statistical methods

Frequency comparisons for categorical variables were carried out
using the Fisher exact test. Differences between medians were
compared using the Mann-Whitney U test. The Spearman's rank test
was used for analysis of correlation between continuous variables.
Two-sided exact P values were reported. A P-value <.05 was
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FIGURE 1 Enumeration of SARS-CoV-2-S1/M-reactive CD69+-expressing IFN-y-producing CD8+ T cells by flow cytometry for intracellular

staining in patients with COVID-19. Panel A depicts the gating strategy. Panel B includes plots from patients with detectable responses, while
panel C shows plots from 10 patients testing negative. Dot-plot figures were built with Flow-lo software (BD Biosciences). COVID-19,
coronavirus disease 2019; IFN-y, interferon-y; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2
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considered statistically significant. The analyses were performed
using SPSS version 20.0 (SPSS, Chicago, IL).

3 | RESULTS
3.1 | Patient clinical characteristics

Patients in this cohort were admitted to our center at a median of
7 days (range, 0-28 days) after onset of symptoms. Twenty-two pa-
tients presented with pneumonia and imaging findings on chest-X-ray
or computed tomography-scans compatible with COVID-19. The
remaining three patients, clinically suspected of COVID-19 with no
evidence of pneumonia, were admitted due to either aggravation of
baseline chronic conditions (n=2) or venous thrombosis. Median
hospitalization time of patients was 18 days (range, 4-52 days). Seven
patients needed intensive care unit (ICU), of whom two died.

As shown in Table 1, diagnosis of COVID-19 was reached in
18 patients by RT-PCR in upper or lower respiratory tract specimens,
either at initial screening (n=11) or after repeat testing (n=7). Of
these, 14 also had serological evidence of SARS-CoV-2 infection. One
patient repeatedly tested negative by RT-PCR, but exhibited IgG
seroconversion. Finally, in six patients no microbiological evidence of
SARS-CoV-2 infection was obtained. These latter patients tested
negative by a multiplexed RT-PCR assay targeting prevalent re-
spiratory viruses and bacteria in upper or lower respiratory tract

specimens.

3.2 | Detection of SARS-CoV-2-reactive
IFN-y CD8+ T cells in patients with COVID-19

peripheral blood SARS-CoV-2-S1/M-reactive
CD69+-IFN-y CD8+ T cells was carried out at a median of 27 days

from onset of symptoms (range, 2-47 days). Eight patients were re-

Enumeration of

screened within the next 5 days. Ten patients (40%) had detectable
responses (Table 1 and Figure 1B), displaying frequencies ranging
from 0.15 to 2.7% (median of 0.57 cells/uL; range, 0.43-9.98 cells/uL).
Nine of these patients had previously tested positive by RT-PCR, and
eight had specific antibodies detected by LFIC, CLIA, or both. Among
the latter patients, three had IgM antibodies. A single patient
(number 13 in Table 1) displayed detectable SARS-CoV-2-reactive
IFN-y CD8+ T cells despite absence of microbiological confirmation
of COVID-19 by either RT-PCR or serological methods. Fifteen pa-
tients had no detectable SARS-CoV-2 IFN-y CD8+ T-cell responses
(representative examples shown in Figure 1C).

Among those with microbiologically documented COVID-19, the
detection rate of SARS-CoV-2-reactive IFN-y CD8+ T cells in patients
admitted to ICU (57%) was not significantly different (P =.54) from
the rate in patients hospitalized in other medical wards (43%).

No correlation was found between levels of SARS-CoV-2-
reactive IFN-y CD8+ T cells and levels of SARS-CoV-2 S-specific
antibodies quantitated by CLIA (Figure 2) in paired whole blood and

serum specimens. Patients without microbiological confirmation of
COVID-19 were excluded for this analysis.

3.3 | Adaptive immune responses to SARS-CoV-2
and laboratory markers of COVID-19 severity

We next investigated the potential relationship between SARS-CoV-
2-reactive IFN-y CD8+ T-cell counts, S-specific IgG-antibody titers
and blood levels of a number of prognostic laboratory parameters of
COVID-19 progression, including total leukocyte, lymphocyte and
neutrophil counts, and markers of inflammation (or coagulation), such
as ferritin, CRP, and Dimer-D. To this end, only patients with mi-
crobiological confirmation of COVID-19 were included in these
analyses. A proinflammatory state was noticed in most patients in
this series, while cytopenias were less frequently observed (Table 2).
Patients with or without detectable SARS-CoV-2-reactive IFN-y
CD8+ T cells were comparable regarding these parameters (Table 2).
In addition, no correlation was found between either SARS-CoV-2-
reactive IFN-y CD8+ T cells or S-specific IgG-antibody titers and
blood cell count or levels of any of these biomarkers (Rho < 0.2 and

P >.5 in all correlation analyses).

4 | DISCUSSION

There is a knowledge gap regarding the immune mechanisms that
confer protection against SARS-CoV-2. On the basis of experimental
evidence gathered on SARS-CoV and MERS-CoV infections, ' it is
assumed that both CD4+ and CD8+ T cells play a major role in virus
clearance and long-term protection against SARS-CoV-2 infection.
Although plausible, data supporting this assumption is lacking. In this
context, to the best of our knowledge, only a few studies have as-
sessed the frequency of SARS-CoV-2-reactive CD4+ T cells (by flow
cytometry) or T-cells (by IFNy-ELISPOT) in peripheral blood from
patients with COVID-19 or COVID-19 convalescent individuals, re-
spectively.'**°

Here, we optimized a flow cytometry ICS method for quantita-
tion of SARS-CoV-2-reactive-activated (CD69+ expressing)-CD8+
T cells producing IFN-y upon antigenic stimulation. This assay uses
whole blood as a matrix, thus circumventing the need for peripheral
blood mononuclear cells separation, and a combination of two pep-
tide mixes composed of overlapping peptides spanning the S1 region
of the S glycoprotein and the entire amino acid sequence of the
M protein. We chose SARS-CoV-2 S1 and M proteins as antigenic
stimuli because they are expected to contain highly immunogenic
CTL epitopes restricted by HLA-class | specificities commonly found
in Caucasian individuals (all patients in this series), based on se-
quence alignment with SARS-CoV homologous proteins.**?° More-
over, amino acid sequences of these CTL epitopes are reasonably
distinct from aligned sequences present in seasonal coronaviruses,
thereby minimizing the likelihood of detecting cross-reactive CD8+

T cells.* In turn, by combining S1 and M peptide libraries, we



379

*Z SNJIABUOIOD SWOIPUAS Al0jelldsal 33nde SUsASS ‘Z-A0D-SYVS ‘Uoloeal uleyd asesswAjod-uoljdiidsuel) 95193l ‘YDd-1Y ‘S|ge|leAe jou
‘YN ‘AydeaSojewoaydounwiwi Moy} [edarel ‘D147 ‘A ulingojSounwwi ‘N3] ‘5 ulingojSounwiw ‘D3| {U1930.d dA110B3I-D ‘dYD ‘ABSSE JUISaUIWN|IWSYD ‘WV|TD {6 TOZ 95e9SIP SNUIABUOIOD ‘4T-AIAQD :SUOIIBIASIqQY
‘9A13e38U ‘- BAIsod ‘+ 2J0N

~-WILEY

MEDICAL VIROLOGY

JOURNAL OF

GIMENEZ T AL

15% ov61 8'8 VN S'eT VN 9C 0 ST -98I/-N8I - (014
S/6'S 09€T/0S6 T'L/S'L L19 GT/0T 6EEY /L 0/0 VN -93|/-IN8I - 4
¢'Se/TS 069/08L S'L9/9°9 §ce/iot Tty S8/v1€e €T/6 0/0 VN -98I/-N8I - €C
€01 08 L1T 18T €T T6 yx4 8L7C VN -98I/-N8I = €T
901 00€T €T (014 ¥9 4% 8 0 VN -931/-N8I - [4%
LT 0961 S [4%9% 8 51474 S 0 VN -98I/-N8I - [0}
€T ov6T 6 zse 69 Sve 4 0 YN -D3I/+ N8I - 8T
9'G 041¢C 6 (444 €1 981 71 0 10T -93|/-IN8I + S¢
L'E/TE 0L¥T/0LST S G89/06L 62/T¢ €0TT/L0LT ST/TT 8%°0/0 VN -98I/-N8I + [44
[4°] 0S56¢C 96 8¢ a4’ 689 VN 0 VN -98I/-N8| + 174
61 0S¢ 861 €8 (014 LYS ST 0 VN -981/-N8I + €
L8 (01474% 1T 9Tv 61 S¥9 44 0 9€T +9381/-IN8| + 1T
€€ 0162 L 19 80 SvS VN 0zt YN  +D3I/+ N8I + 61
Gie 0£0T 19 8¢Y LTT 9¢¢ 1924 9 '6c +D3|/-IN8| + LT
L6 060C LT YT T€e 1344 144 0 €6L +98|/-IN8| + 91
9'S 0007 L 60T c0 68€ [4% €90 oct +D3|/-IN8| + ST
4] 0691 8 919 124 9eY € LGS0 68 +931/-IN8I + 71
6'€ 811¢C 89 [744 (44 06€ 14 0 14 +93|/+N8| + 6
15 0sze v'8 16T ()4 01$ Ly 0 05T +93I/-W8| + 8
901 0861 9€l 1144 86 6G¢CT 175 866 6CE VN + L
¥L/1TT 0z8/0Z€ET SOoT/VvT 066/.88 9'0€/L°0 €0ST/T0V1 ob/s€ 0/0 6'6G +98|/+N8| + 9
6'9/801 055/00C €8/CTT ¥€S/2Cy 95/0C 7€9/8¥8 /6€ 0/0 8'0¢ +D3|/+IN8| + S
¥/S 09st/0C€ET 19/8L 706 11/vet 604/12S S€/LT 0/€¥°0 65 +93|/+N8| + ¥
£01/89 065/0€ET 8T1/S°6 41 T01/8 €191/015€ 0€/5¢C €8'0/0 LY +93|/+IN8| + 4
6'C/€01 09S1/0v8 9/€T c9s 11/0€ 916/8EVT v/Le ¢L0/0 €T +98]/-W3| + T
(¢ aldwes (g sjdwes/T a|dwes) (z adwes (z adwes (z adwes (z adwes (z adwes (z aidwes |w/NV (VI1D) DId41 s3nsaa }nsai  apod
/T 9)dwes) 7/50T Ul 3unod /T 9)dwes) /T ajdwes)jw /T 9|dwes p /T 9|dwes) quw /T 9|dwes) uoljeuiwialap /T 9|dwes) )nsas 93| |NS| pue 98] Ydd-Ld
7/40T, Ul 3unod> 9)Ac0ydwA| [eyo) 7/40T, Ul 3unod /3u ujupuiag /3w ul uidjoud /3u ul Jswip-q aunwuw] 0} swojldwAs qr/s|92 ul S92 Z-A0D-SYVS  Z-A0D-SUVS
llydoynau [eyo) 91420)n9| |e30 aAIRE3I-D JO }3suo wouy skeq -1 +8@D dA1de3

“C"\OD-SUVS

Apnys ayy Ut papnpul 6T-QIAOD YHM siuaiied Jo ejep Aojeloge| pue [eiS0j0IqodlN T 318V L



GIMENEZ €T AL

380
WILEY —MEDICAL VIROLOGY

__ 2507 6=-0.09; P=0.69
=
% 2004 o
f’ 1501 o
s °
g 1001 !..
0
¢ 50{ 8°
3 " .
0- i °
0 2 4 6 8 10

SARS-COV2 specific IFN-y-producing
CD8+ T-cells (cells/ul)

FIGURE 2 Correlation between SARS-CoV-2-S1/M-reactive
CD69+ expressing IFN-y-producing CD8+ T cells and serum levels of
anti-S-1gG antibodies measured by CLIA in patients with
microbiologically documented COVID-19. Rho and P values are
shown. COVID-19, coronavirus disease 2019; IFN-y, interferon-y;
1gG, immunoglobulin G; SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2

maximized our chances of capturing as many SARS-CoV-2 TCR
specificities as possible, thus potentially increasing the sensitivity
of the assay.

Several findings arose from our study. First, SARS-CoV-2 IFN-y
CD8+ T cells targeting S1 and M proteins were detected in 40% of
patients at a relatively late stage after onset of symptoms (median,
27 days). It is likely that these T-cell subsets could have been cir-
culating long before; our study, however, was not designed to char-
acterize their kinetics. It is relevant to note that the median age of
our patients was high (62 years); although speculative, the rate of
detection could arguably have been higher in younger people (no
immunosenescence).

Braun and colleagues detected S1 and S2-reactive CD4+ T cells
expressing cell-surface activation markers in 12 and 15 out of
18 patients (median age, 52 years old), respectively, presenting with
mild to severe forms of COVID-19.*® However, the potential antiviral

functionality of these T-cell subsets was not explored. Ni et al

identified SARS-CoV-2-specific IFN-y T cells (measured by ELISPOT)
targeting the nucleocapsid protein, the M protein or the S1 receptor
binding domain (RBD) in up to 7 out of 14 individuals who had re-
covered from COVID-19.* Grifoni et al*® showed that the M, spike,
and N proteins each accounted for 11%-27% of the total functional
(IL-2 or IFN-y- producing) CD4+ T-cell responses, which also targeted
nsp3, nsp4, ORF3a (open reading frame), and ORF8, among others. In
addition, at least eight ORFs including those encoding the S and
M proteins were recognized by CD8+ T cells.

Second, the frequency of SARS-CoV-2-reactive IFN-y CD8+
T cells varied widely across patients in this series, and was un-
expectedly high in some cases (eg, patient 7 in Table 1: 2.75%). A
number of reasons could account for this apparent variability in-
cluding the magnitude of the viral challenge, the host genetic back-
ground or the elapsed since infection acquisition. Further studies are
warranted to address this issue.

Third, SARS-CoV-2-reactive IFN-y-CD8+ T cells appeared to de-
velop at comparable rates and frequencies irrespective of COVID-19
severity. However, the two deceased patients in this series, who had no
history of immunodeficiency conditions, did not exhibit detectable re-
sponses. This latter observation is reminiscent of findings reported by

Braun et al*®

who showed that patients with critical disease states
lacked S1-reactive CD4+ T cells. In line with this assumption, data
published in the SARS-CoV infection setting pointed to impaired de-
velopment of adaptive immune responses in patients with severe forms
of the disease.”’’ Nevertheless, the limited size of the current series
precluded us from drawing robust conclusions on this issue.

Fourth, interestingly enough, SARS-CoV-2-reactive IFN-y CD8+
T cells were detected in one patient with high clinical suspicion of
COVID-19 but without microbiological documentation of SARS-CoV-2
infection, and who tested negative for respiratory viruses and bacteria
commonly causing community-acquired respiratory tract infections. Al-
though speculative, this suggests that T-cell immunity assays might be a
valuable tool for COVID-19 diagnosis in patients with repeated negative
RT-PCR test results and delayed or no antibody conversion. This

assumption awaits confirmation in further studies.

TABLE 2 Laboratory data of patients with microbiologically documented COVID-19 with or without detectable SARS-CoV-2-reactive IFN-y-

producing CD8+ T-cells

Detection of SARS-CoV-2-reactive specific IFN-y-producing CD8+ T-cells

Parameter Yes (n=9)

Days since onset of symptoms (median, range) 32 (11-43)
Total leukocyte count (x10%/L), (median, range) 7.41 (5.63-13.58)
Total lymphocyte count (x10%/L), (median, range) 1,515 (590-2,910)
Total neutrophil count (x10%/L), (median, range) 5.12 (2.88-10.66)
Ferritin in ng/mL (median, range) 428 (61-1079)
533 (91-1613)

11 (0.2-124)

Dimer-D in ng/mL, (median, range)

C-reactive protein in mg/L, (median, range)

No (n=10) P value
26 (2-45) 31
8.76 (4.93-19.80) .53
1,360 (200-2,950) .65
5.90 (2.33-19.12) 41
409 (83-1362) .89
634 (85-4339) .83
15 (0.7-144) .80

Note: Normal values: 12 to 300 ng/mL for ferritin, <100 ng/mL for Dimer-D, and <10 mg/L for C-reactive protein.
Abbreviations: COVID-19, coronavirus disease 2019; IFN-y, interferon-y; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Fifth, among patients with microbiologically confirmed COVID-19,
we found no correlation between SARS-CoV-2-reactive IFN-y CD8+ T
cells and S-specific antibody levels, which in turn appear to strongly
correlate with SARS-CoV-2 neutralizing activity of sera,? suggesting
that SARS-CoV-2 targeted B and T-cell responses may follow divergent
dynamics, as noticed in SARS CoV infection.’® Our data is nevertheless
in contrast with the study by Ni et al** who found a strong correlation
between SARS-CoV-reactive IFN-y T cells and S1-RBD-specific neu-
tralizing antibodies in convalescent individuals (in our current study
patients with active disease were included).

Sixth, lung inflammation is the main cause of life-threatening
respiratory disorders at the severe stage of COVID-19. It is plausible
that SARS-CoV-2-reactive T cells and certain specificities of SARS
CoV-2-specific antibodies (ie, those mediating antibody-dependent
enhancement-ADE-) may be mechanistically involved in promoting
such a proinflammatory state.”>?* In this respect, we found no cor-
relation between SARS-CoV-2-reactive IFN-y CD8+ T cells, anti-
bodies targeting the S protein (which contain both neutralizing and
ADE epitopes) and serum levels of ferritin, CRP, and Dimer-D.
However, these findings should not be overinterpreted, and by no
means rule out involvement of virus-driven immunopathogenic me-
chanisms in progression to acute respiratory distress syndrome.
Further prospective studies assessing how the dynamics of these
parameters relate in sequential specimens are needed to shed light
on this issue.

Besides the low number of patients in our series, the main lim-
itation of the current study is that the specificity of SARS-CoV-2-
reactive IFN-y-CD8+ T cells was not proven. Based on sequence
analyses, SARS-CoV-2 and seasonal alpha and beta coronaviruses
may share HLA-class I-restricted immunogenic epitopes mapping
within S1 and M potentially eliciting cross-reactive T cells.?° In
support of this assumption, S-reactive CD4+ T cells could be de-
tected in 34% of healthy control individuals who had seemingly not
been infected by SARS-CoV-2, albeit at lower frequencies than in
patients with COVID-19, and displaying a differential pattern of cell-
surface activation markers.'®> Moreover, Grifoni et al'® detected
SARS-CoV-2-reactive CD4+ T cells in approximately 40% to 60% of
unexposed individuals, suggesting cross-reactive T cell recognition
between circulating “common cold” coronaviruses and SARS-CoV-2.
We also tested four healthy asymptomatic individuals with no evi-
dence of active or past COVID-19 and found one of them to be
reactive, although displaying a low frequency of SARS-CoV-2 reactive
IFN-y-CD8+ T cells (0.12%) (data not shown). Against the epide-
miological framework of heavy SARS CoV-2 community transmission,
as is currently confronting Spain, it may be unwise to recruit
asymptomatic individuals as negative controls, even ones testing
negative by RT-PCR or having no evidence of seroconversion, given
that some of these subjects could have been exposed to and devel-
oped measurable T-cell responses. Unfortunately, cryopreserved
blood specimens from healthy individuals with or without docu-
mented infection caused by seasonal coronaviruses had not been
collected before SARS-CoV-2 appeared in our health department.
Studies aimed at assessing the specificity of IFN-y CD8+ T cells
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detected by our assay have been designed and are to be initiated as
soon as control is gained over our local epidemic outbreak.

In summary, in this descriptive, preliminary study we showed
that SARS-CoV-2-reactive IFN-y CD8+ T cells can be detected in a

non-negligible percentage of patients with moderate to severe forms

d113.15

of COVID-19. As previously suggeste quantitation of these

T-cell subsets, whether cross-reactive or specific, may provide
prognostic information on the clinical course of COVID-19. Studies
designed to address this issue are currently underway.
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