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1  |  INTRODUC TION

During the course of coronavirus disease 2019 (COVID-19), both 
the humoral and cellular arms of the adaptive immune system are 

required for viral clearance and resolution of the infection, as well 
as possibly for protection against a second SARS-CoV-2 infection.1 
It has been suggested that exaggerated innate and adaptive immune 
responses might be involved in the severe progression of the dis-
ease occurring in 15% of cases, leading to severe distress respiratory 
syndrome and/or multiple organ failure.2,3 Immunosuppressed pa-
tients such as transplanted patients have been considered at risk for 
severe forms of the disease.4 Here, we report the first assessment 
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of the cellular and humoral immune response to SARS-CoV-2 in 
11 kidney-transplanted patients and two patients on hemodialysis 
awaiting a kidney transplant, recovering or recovered from a SARS-
CoV-2 reverse transcription–polymerase chain reaction (RT-PCR)–
confirmed (n = 5) or initially suspected (n = 6) COVID-19 infection. 
We show that after tapering of therapeutic immunosuppression, 
confirmed COVID-19 transplant patients were able to mount vigor-
ous antiviral-specific T cell and antibody responses, as efficiently as 
patients on hemodialysis. By contrast, SARS-CoV-2–PCR-negative 
patients displayed no antibody response and no or very few specific 
T cells. Finally, low levels of T cell reactivity to SARS-CoV-2 antigens 
were detected in seronegative healthy controls with no known ex-
posure to the virus during the study period.

2  |  METHODS

2.1  |  Subjects

All subjects were recruited between April 14, 2020 and May 28, 
2020. Eleven kidney-transplanted patients were included in the 
study, including five patients diagnosed with SARS-CoV-2 RT-
PCR–confirmed COVID-19, six patients suspected of COVID-19 
based on suggestive symptomatology (n = 5) or typical pulmonary 
radiological imaging (n = 1), and two patients on hemodialysis 
awaiting a kidney transplant and diagnosed with RT-PCR–con-
firmed COVID-19. Blood samplings were performed close to or 
after their recovery, except in one patient still hospitalized for 
post-COVID-19 pulmonary functional impairment. In addition, 31 
healthy donors were included in the study during the same period. 
None of them had a known exposure to SARS-CoV-2 during the 
epidemic and were not RT-PCR tested. All subjects provided in-
formed and written consent.

2.2  |  SARS-CoV-2 serology

A multiplex addressable laser bead immunoassays (ALBIA) was de-
signed for the detection of IgG and IgM targeting the S1 subunit of S 
protein as well as IgG specific for the N protein. Sensitivity of these 
assays was, respectively, >97%, 75%, and 100% at >13 days post–
symptom onset (Drouot et al, manuscript in preparation). Specificity 
was ≥98% for all three parameters.

2.3  |  IFNγ enzyme-linked immunospot assay 
(ELISPOT)

Peripheral blood mononuclear cells were isolated by density gradi-
ent centrifugation of blood samples and used immediately. PBMCs 
(in concentrations adjusted to 2x105 CD3+ T cells per well) were 
plated in anti-IFNγ–coated Elispot 96-well plate in presence of over-
lapping 15-mer peptide pools spanning the sequence of SARS-CoV-2 

structural and nonstructural proteins: S (pool S1 spanning the 
N-terminal part of the protein including the S1-subunit, and pool 
S2 spanning the C-terminal part), N, M, E, NS3A, NS7A, NS8, NS9B 
(JPT, Strassberg, Germany). Negative and positive control stimula-
tion, medium only, and phytohemagglutinin, respectively, were in-
cluded in the assay. After an overnight culture, cells were washed 
and captured IFNγ was revealed using a colorimetric assay (UCytech, 
Utrecht, The Netherlands). Spots were counted with an automated 
ELISPOT reader (AID, Strassberg, Germany). For each stimulation 
condition, the average spot number observed in wells without an-
tigen was subtracted. Results were expressed as spot forming cells 
(SFC) per 106 CD3+ T cells. For each assay, a specific response was 
considered positive if SFC number was superior to 3 standard devia-
tions of spot numbers observed in wells without antigens (ranging 
between 9 and 20 SFC/106 CD3+ T cells).

3  |  RESULTS

Between February and April 2020, six kidney-transplanted pa-
tients were diagnosed with COVID-19 based on a positive SARS-
CoV-2 RT-PCR on a nasopharyngeal swab (n = 5, KTX1-5) or 
typical pulmonary radiological imaging (n = 1, KTX6; Table 1). All 
of them were hospitalized. Four (KTX1, 2, 3, and 5) experienced 
a severe course of the disease, requiring intensive care with me-
chanical ventilation in one case (Table 2). Five of them presented 
with lymphopenia ranging 190 to 730 lymphocytes/mm3 (Table 3). 
Immunosuppressive therapy was reduced in all six cases, with 
withdrawal of mycophenolate acid (n = 6), calcineurin inhibitors 
(n = 4), or belatacept (n = 1) (Table 2). Steroids were maintained 
at 20 mg per day in all patients including KTX6. All patients but 
one recovered and were discharged from hospital on 26 ± 12 
(mean±standard deviation [SD]) days after symptom onset with 
reintroduction of the previous immunosuppressive regimen 
shortly before or on the day of hospital discharge (Table 2). A sin-
gle patient (KTX3) was still hospitalized in intensive care unit (ICU) 
more than 80 days after symptom onset, due to post-COVID-19 
pulmonary function impairment, without reintroduction of im-
munosuppressive therapy and no impact on kidney graft function 
to date. Five additional transplanted patients (KTX7-11) reported 
mild symptoms compatible with COVID-19. SARS-CoV-2 RT-PCR 
testing was negative in all of them. Only one displayed significant 
lymphopenia (KTX9). The patients who remained suspected of 
COVID-19 were cared for as confined outpatients. Their immu-
nosuppressive therapy was unchanged and they recovered rapidly 
without complications. Two patients on hemodialysis awaiting a 
kidney transplant and followed in our center were also diagnosed 
with COVID-19 based on PCR testing. One of them was hospi-
talized for dyspnea that retroceded rapidly allowing for hospital 
discharge a week later.

We assessed the immune response to SARS-CoV-2 in these 13 
patients (seven RT-PCR positive and six RT-PCR-negative) close to 
and/or after their recovery, except in one patient (KTX3) who was 
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still in the ICU (Table 2). Using a multiplex ALBIA serological assay, 
we found that all seven patients with RT-PCR–confirmed COVID-
19 displayed SARS-CoV-2 antibodies (Figure 1A) 21 to 42 days after 
symptom onset (mean ± SD: 33 ± 8 days): IgG reactive to the N pro-
tein was detected in all seven cases; IgG reactive to the S1 subunit 
was detected in five cases while S1 IgM was found in only three pa-
tients. In three cases (KTX1, KTX5, and HD1), testing was repeated 
17 to 28 days later showing a decrease in anti-S1 (n = 2) and anti-N 
(n = 3) IgG titers (Figure 1B). There was a trend toward a negative 
correlation between N IgG titer and time from symptom onset. 
In the six transplanted patients with negative RT-PCR, no SARS-
CoV-2–specific antibodies could be detected, thus potentially ruling 
out COVID-19 diagnosis. None of the 31 healthy controls, except 
one, showed significant titers of SARS-CoV-2 antibodies.

We then evaluated the T cell response to nine structural and 
nonstructural SARS-CoV-2 peptide pools using an IFNγ ELISPOT 
assay (Figure 2A). All seven PCR-confirmed COVID-19 patients, 
transplanted or on hemodialysis, displayed IFNγ-producing T cells 
reactive to at least six of the nine peptide pools, 17 to 42 days post–
symptom onset (mean ± SD: 28 ± 10 days). Total numbers of SARS-
CoV-2–reactive T cells were high (mean ± SD: 3911 ± 2837 SFC/106 
CD3+ T cells; Table 3). Responses to S (pool S1 and S2), N, M, and 
accessory protein ORF3A were dominant (mean ± SD: 948 ± 770; 
946 ± 727; 616 ± 725, 663 ± 713; and 449 ± 536 SFC/106 CD3+ 
T cells for S1, S2, N, M, and ORF3A, respectively). T cells reac-
tive to structural protein E and accessory proteins ORF7A, ORF8, 
and ORF9B were less numerous (mean ± SD: 18 ± 29; 140 ± 107; 
84 ± 142; and 45 ± 23 SFC/106 CD3+ T cells, respectively). Overall, 
SARS-CoV-2–reactive T cells represented on average 0.4% ± 0.3% 

of total CD3+ T cells or, taking into account CD3+ T cell counts, 
moderately low in six of seven patients, 5.0 ± 7.3 specific cells/mm3 
(Table 3). The level of responses did not significantly differ between 
transplanted patients and those on hemodialysis. No correlation be-
tween time since symptom onset and number of T cells reactive was 
evidenced (Figure S1). However, in KTX1, the number of T cells reac-
tive to S1, S2, N, and M decreased significantly (at least 2 fold) when 
tested 22 days later, after hospital discharge and reintroduction of a 
full immunosuppressive regimen (Figure S1).

By contrast, among patients with negative SARS-CoV-2 RT-PCR 
(KTX-6-11) suspected of COVID-19, three did not show any SARS-
CoV-2–reactive T cells, including patient KTX6 who displayed pul-
monary radiological imaging strongly suggestive of SARS-CoV-2 
pneumonia. One patient (KTX7) displayed low numbers (≤35 
SFC/106 CD3+ T cells) of T cells producing IFNγ in response to S2, N, 
and M while two others (KTX9 and KTX10) showed a weak response 
to S2 only (≤30 SFC/106 CD3+ T cells). Similar reactivity profiles were 
observed among healthy controls with no known exposure to SARS-
CoV-2: few T cells (≤35 SFC/106 CD3+ T cells) reactive to S2 only, S2 
plus one or two other proteins or a single non-S2 structural or acces-
sory protein were detected in 29.0%, 12.9%, and 29.0% of the cases, 
respectively. Of note, in the single healthy donor with a low titer of 
anti-N IgG, no SARS-CoV-2 T cell reactivity was detected. Overall, 
SARS-CoV-2 RT-PCR–negative patients suspected of COVID-19 
and healthy controls showed similar low total number of T cells 
reactive to three or less SARS-CoV-2 peptide pools (mean ± SD: 
21 ± 29 and 21 ± 19 SFC/106 CD3+ T cells, respectively, P > .05). To 
explore a possible T cell cross-reactivity toward common coronavi-
rus and SARS-CoV-2, we evaluated the response to the S protein of 

TA B L E  1  Clinical characteristics of patients

Patient Age Sex
Time from 
transplant Comorbiditiesa

Symptoms
at onsetb

Radiological 
pneumoniac

SARS-CoV−2 
RT-PCR

Disease
severity at diagnosisd

Kidney-transplanted patients

KTX1 76 M 2013 HBP Dy, Co, Fe + + Moderate

KTX2 32 M 2009 HBP Fe, Di, An/Ag + + Moderate

KTX3 62 F 2017 Diab, Card, Isch Dy, Co, Fe + + Severe

KTX4 36 M 2016 HBP Dy, Co, Fe + + Moderate

KTX5 76 M 2016 HBP, Card, Isch Co, Fe + + Severe

KTX6 62 F 2001 Diab, HBP Dy, Fe, + - Moderate

KTX7 26 F 2018 HBP Co, Fe nd - Mild

KTX8 36 M 2012 HBP An/Ag, Fe nd - Mild

KTX9 57 M 2006 HBP, Diab Di, Fe nd - Mild

KTX10 30 F 2016 — Fe, Di nd - Mild

KTX11 70 F 1993 HBP, Card, Isch Fe, Dy, Co nd - Mild

Patients on hemodialysis

HD1 77 M - HBP Fe, Di nd + Moderate

HD2 60 M - HBP Dy, Co, Fe, Di + + Severe

Abbreviations: HBP, high blood pressure; Diab, diabetes; Card, cardiopathy; Isch, previous ischemic episode; Dy, dyspnea; Co, cough; Fe, fever; Di, 
diarrhea; An/Ag, anosmia/ageusia; nd, not done.
Mild: no O2 therapy required; moderate: O2<5 L/mn; severe: O2≥5 L/mn.



    |  857CANDON et Al.

TA
B

LE
 2

 
C

lin
ic

al
 m

an
ag

em
en

t o
f p

at
ie

nt
s

Pa
tie

nt
Ty

pe
 o

f 
ca

re
a  

D
ay

 o
f 

ho
sp

ita
liz

at
io

n
po

st
–s

ym
pt

om
 

on
se

t

D
ay

 o
f I

CU
 

tr
an

sf
er

po
st

–s
ym

pt
om

on
se

t
Ty

pe
 o

f O
2 

th
er

ap
yb  

Im
m

un
o

su
pp

re
ss

io
n

at
 o

ns
et

c  

Im
m

un
o

su
pp

re
ss

io
n 

le
ve

l a
t 

di
ag

no
si

sd  

Im
m

un
o

su
pp

re
ss

io
n

ta
pe

rin
ge  

Im
m

un
o

su
pp

re
ss

an
ts

du
rin

g 
CO

V
ID

−1
9f  

D
ay

 o
f 

im
m

un
os

up
pr

es
si

ve
 

re
gi

m
en

 re
su

m
pt

io
ng  

Ti
m

e 
of

 
re

co
ve

ry
 p

os
t–

sy
m

pt
om

 o
ns

et
(d

ay
s)

Sa
m

pl
in

g 
da

ys
po

st
–s

ym
pt

om
 

on
se

th  

K
id

ne
y 

tr
an

sp
la

nt
ed

 p
at

ie
nt

s

K
TX

1
IC

U
4

5
H

FN
C

Ta
c,

 M
PA

, C
s

Ta
c 

<2
.2

i  
M

PA
 5

00
 m

g 
x2

Ta
c↕

, M
PA

↕
Ta

c 
<2

.2
C

s 
20

 m
g

24
 (T

ac
 M

PA
 C

s 
7.

5 
m

g)
24

19
E −3

8S −6
0E,

S

K
TX

2
IC

U
10

16
H

FN
C

Ta
c,

 M
PA

, C
s

Ta
c 

8
M

PA
 7

50
 m

g 
x2

Ta
c↕

, M
PA

↕
dy

 1
3 

Ta
c 

4.
4

dy
 1

6 
Ta

c<
2.

2
C

s 
20

 m
g

37
 (T

ac
 M

PA
 C

s 
10

 m
g)

37
31

E −5
3E,

S

K
TX

3
IC

U
10

10
M

V
Be

l, 
M

PA
, C

s
Be

l d
ay

 −
27

M
PA

 5
00

 m
g 

x2
Be

l↕
, M

PA
↕

C
s 

20
 m

g
- (

C
s 

20
 m

g)
>8

0j  
26

E,
S

K
TX

4
H

os
p

7
—

C
on

v
Ta

c,
 M

PA
, C

s
Ta

c 
4.

7
M

PA
 7

50
 m

g 
x 

2
M

PA
↕

Ta
c 

4
C

s 
20

 m
g

12
 (T

ac
 M

PA
 C

s 
7.

5 
m

g)
12

42
E,

S

K
TX

5
IC

U
14

14
H

FN
C

Ta
c,

 M
PA

, C
s

Ta
c 

6.
1

M
PA

 5
00

 m
g 

x2
M

PA
↕

Ta
c 

4
C

s 
20

 m
g

40
 (T

ac
 M

PA
 C

s 
7.

5 
m

g)
40

39
E,

S −5
6E,

S

K
TX

6
H

os
p

12
—

C
on

v
C

sA
, M

PA
C

sA
 7

8
M

PA
 5

00
 m

g 
x 

2
C

sa
↕

, M
PA

↕
C

s 
20

 m
g

25
 (C

sA
 M

PA
 C

s 
5 

m
g)

29
26

E,
S

K
TX

7
O

ut
pa

tie
nt

—
—

—
Ta

c,
 M

PA
, C

s
Ta

c 
6.

6
M

PA
 5

00
 m

g 
x2

—
—

—
—

48
E,

S

K
TX

8
O

ut
pa

tie
nt

—
—

—
Be

l, 
M

PA
, C

s
Be

l d
ay

 0
M

PA
 5

00
 m

g 
x2

—
—

—
—

37
E,

S

K
TX

9
O

ut
pa

tie
nt

—
—

—
Be

l, 
M

PA
, C

s
Be

l d
ay

 −
5

M
PA

 5
00

 m
g 

x2
—

—
—

—
37

E,
S

K
TX

10
O

ut
pa

tie
nt

—
—

—
Ta

c,
 M

PA
Ta

c 
9

M
PA

 7
50

 m
g 

x2
—

—
—

—
40

E,
S

K
TX

11
O

ut
pa

tie
nt

—
—

—
Si

r, 
C

s
Si

r 1
0

—
—

—
—

49
E,

S

Pa
tie

nt
s 

on
 h

em
od

ia
ly

si
s

H
D

1
O

ut
pa

tie
nt

—
—

—
—

—
–

—
—

—
21

E,
S −4

9S

H
D

2
H

os
p

4
—

C
on

v
—

—
–

—
—

16
17

E

a IC
U

: i
nt

en
si

ve
 c

ar
e 

un
it;

 H
os

p:
 p

at
ie

nt
 h

os
pi

ta
liz

ed
 in

 c
on

ve
nt

io
na

l m
ed

ic
al

 u
ni

t. 
b C

on
v:

 c
on

ve
nt

io
na

l o
xy

ge
n 

th
er

ap
y;

 H
FN

C
: h

ig
h-

flo
w

 n
as

al
 c

an
ul

a;
 M

V:
 m

ec
ha

ni
ca

l v
en

til
at

io
n.

 
c Ta

c:
 ta

cr
ol

im
us

; C
sA

: c
yc

lo
sp

or
in

e 
A

; M
PA

: m
yc

op
he

no
lic

 a
ci

d 
or

 m
yc

op
he

no
la

te
 m

of
et

il;
 C

s:
 c

or
tic

os
te

ro
id

s;
 B

el
: b

el
at

ac
ep

t. 
Si

r: 
si

ro
lim

us
. 

d Tr
ou

gh
 le

ve
ls

 o
f t

ac
ro

lim
us

 (T
ac

), 
cy

cl
os

po
rin

e 
A

 (C
sA

), 
or

 s
iro

lim
us

 (S
ir)

 in
 n

g/
m

l, 
da

y 
of

 th
e 

la
st

 b
el

at
ac

ep
t (

Be
l) 

in
fu

si
on

 re
la

tiv
e 

to
 s

ym
pt

om
s 

on
se

t, 
an

d 
m

yc
op

he
no

lic
 a

ci
d 

or
 m

yc
op

he
no

la
te

 m
of

et
il 

(M
PA

) d
os

ag
e 

pe
r d

ay
. 

e ↕
: w

ith
dr

aw
al

. 
f Tr

ou
gh

 le
ve

ls
 o

f t
ac

ro
lim

us
 o

n 
th

e 
in

di
ca

te
d 

da
y 

re
la

tiv
e 

to
 s

ym
pt

om
s 

on
se

t a
nd

 d
os

ag
e 

of
 c

or
tic

os
te

ro
id

s 
(C

s)
. 

g Im
m

un
os

up
pr

es
si

ve
 re

gi
m

en
 a

t r
es

um
pt

io
n 

in
 b

ra
ck

et
s.

 Im
m

un
os

up
pr

es
sa

nt
s 

w
er

e 
no

t r
e-

ad
m

in
is

te
re

d 
in

 p
at

ie
nt

 K
TX

3.
 

h Th
e 

ty
pe

 o
f i

m
m

un
ol

og
ic

al
 a

ss
ay

 p
er

fo
rm

ed
 a

t e
ac

h 
sa

m
pl

in
g 

da
te

 is
 in

di
ca

te
d 

as
 E

: E
LI

SP
O

T,
 S

: s
er

ol
og

y.
 In

 b
ol

d,
 s

am
pl

in
g 

do
ne

 u
nd

er
 o

r a
ft

er
 re

in
tr

od
uc

tio
n 

of
 a

 fu
ll 

im
m

un
os

up
pr

es
si

ve
 re

gi
m

en
. 

i Lo
w

 T
ac

 tr
ou

gh
 le

ve
ls

 m
ai

nt
ai

ne
d 

pr
io

r t
o 

an
d 

af
te

r C
O

V
ID

-1
9 

du
e 

to
 K

ap
os

i s
ar

co
m

a 
in

 th
is

 p
at

ie
nt

. 
j Pa

tie
nt

 s
til

l h
os

pi
ta

liz
ed

 in
 IC

U
 d

ue
 to

 p
os

t-
CO

V
ID

-1
9 

pu
lm

on
ar

y 
fu

nc
tio

n 
im

pa
irm

en
t. 



858  |    CANDON et Al.

TA
B

LE
 3

 
Ly

m
ph

oc
yt

es
 a

nd
 T

 c
el

l c
ou

nt
s 

at
 C

O
V

ID
-1

9 
di

ag
no

si
s 

an
d 

du
rin

g 
fo

llo
w

-u
p

Pa
tie

nt
a  

Ly
m

ph
oc

yt
e 

co
un

ts
at

 d
ia

gn
os

is
(N

: 1
20

0-
40

00
/m

m
3 )

D
ay

 o
f

EL
IS

PO
T 

te
st

in
g

po
st

–s
ym

pt
om

on
se

tb  

Ly
m

ph
oc

yt
es

 c
ou

nt
s

at
 E

LI
SP

O
T 

te
st

in
g

(/
m

m
3 )

(N
: 1

20
0-

40
00

/m
m

3 )

To
ta

l T
 c

el
ls

at
 E

LI
SP

O
T 

te
st

in
g

SA
RS

-C
oV

−2
-

re
ac

tiv
e 

T 
ce

lls
c  

%
CD

3
(N

: 5
6%

−8
4%

)
CD

3
(N

: 1
40

0 
−3

30
0/

m
m

3 )

CD
4

(N
: 1

00
0 

-
22

00
/m

m
3 )

CD
8

(N
: 3

30
 - 

92
0/

m
m

3 )
/m

m
3

%
 o

r ‰
 

of
 C

D
3+

 
T 

ce
lls

K
id

ne
y 

tr
an

sp
la

nt
ed

 p
at

ie
nt

s

K
TX

1
38

0
19 60

96
0

17
43

76
.7

%
86

.7
%

73
6

15
12

30
4

57
7

42
6

10
02

2.
5

3.
9

0.
33

%
0.

26
%

K
TX

2
73

0
31 53

36
72

29
77

84
.8

%
84

.6
%

31
14

25
19

20
14

15
95

10
41

89
7

21
.1

7.
4

0.
68

%
0.

29
%

K
TX

3
53

0
26

60
1

80
.2

%
48

2
26

6
20

3
5.

9
0.

25
%

K
TX

4
10

10
42

16
81

80
.6

%
13

55
84

8
45

2
1.

5
0.

11
%

K
TX

5
19

0
39 56

54
9

72
5

79
.2

%
81

.0
%

43
5

58
7

15
6

22
1

26
7

32
6

0.
4

0.
3

0.
08

%
0.

07
%

K
TX

6
10

80
50

10
99

61
.7

%
67

8
41

2
25

8
0.

0
0.

0%

K
TX

7
13

00
48

12
97

74
.3

%
96

4
48

1
35

8
0.

07
0.

08
‰

K
TX

8
13

10
37

78
0

91
.0

%
71

0
23

1
44

9
0.

00
0.

0%

K
TX

9
59

0
37

13
44

66
.1

%
88

8
61

8
24

9
0.

02
0.

02
‰

K
TX

10
22

30
40

17
89

67
.4

%
12

06
83

6
35

3
0.

03
0.

03
‰

K
TX

11
10

40
49

14
88

84
.9

%
12

63
49

9
71

5
0.

00
0.

0%

Pa
tie

nt
s 

on
 h

em
od

ia
ly

si
s

H
D

1
26

0
21

95
5

71
.5

%
68

3
34

7
33

1
3.

1
0.

45
%

H
D

2
57

0
17

77
7

69
.6

%
54

1
35

8
16

7
4.

5
0.

83
%

A
bb

re
vi

at
io

n:
 N

, n
or

m
al

 v
al

ue
s.

a Pa
tie

nt
s 

w
ith

 c
on

fir
m

ed
 C

O
V

ID
-1

9 
(R

T-
PC

R 
po

si
tiv

e)
 a

re
 h

ig
hl

ig
ht

ed
 in

 b
ol

d.
 

b Tw
o 

va
lu

es
 a

re
 s

ho
w

n 
fo

r p
at

ie
nt

s 
K

TX
1,

 K
TX

2,
 a

nd
 K

TX
5 

w
ho

 w
er

e 
te

st
ed

 tw
ic

e.
 

c Th
e 

fr
eq

ue
nc

y 
of

 S
A

RS
-C

oV
-2

–r
ea

ct
iv

e 
T 

ce
lls

, a
s 

de
te

ct
ed

 b
y 

EL
IS

PO
T 

as
sa

y,
 is

 e
xp

re
ss

ed
 e

ith
er

 a
s 

co
un

ts
 p

er
 m

m
3  o

f p
er

ip
he

ra
l b

lo
od

 o
r a

s 
pr

op
or

tio
ns

 (%
 o

r ‰
) o

f t
ot

al
 C

D
3+

 T
 c

el
ls

. 



    |  859CANDON et Al.

HCoV-229E and HCoV-OC43, two endemic benign coronaviruses, in 
15 of the 31 healthy controls and 10 of the 11 transplanted patients. 
T cells reactive to HCoV-229E and/or HCoV-OC43 were detected in 
these 15 healthy controls as well as in all transplant recipients with 
positive (n = 4) or negative (n = 6) SARS-CoV-2 RT-PCR (Figure 2B). 
Similar numbers of T cells reactive to HCoV-229E or HCoV-OC43 
(S1 plus S2 pools) were observed in these three groups of patients 
(mean ± SD; HCoV-229E: 128 ± 29, 74 ± 80, and 102 ± 70 SFC/106 
CD3+ T cells in RT-PCR–positive COVID-19 patients, RT-PCR–neg-
ative patients, and healthy controls, respectively; HCoV-OC43: 
175 ± 170, 135 ± 71 SFC, and 65 ± 54 SFC/106 CD3+ T cells, respec-
tively). A trend for a positive correlation between numbers of T cells 
reactive to SARS-CoV-2 and HCoV-OC43 S2 pools was observed 
in seronegative healthy controls and transplanted patients (n = 21, 
r = .4394, P = .0463), that was not observed for HCoV-229E (n = 21, 
r = .3641, P = .1047).

4  |  DISCUSSION

We present here the first report of assessment of the humoral and 
cellular immune response to SARS-CoV-2 in kidney transplant re-
cipients recovering or recovered from COVID-19 after reduction 
of immunosuppressive therapy. In patients with RT-PCR–confirmed 

COVID-19, transplanted or on hemodialysis, significant titers of 
anti-S1 and anti-N IgGs were observed from day 26 to day 53 fol-
lowing symptom onset. Anti-N IgGs were detected in all six tested 
patients and anti-S1 IgGs in five of them. Anti-S1 IgMs were found 
in three patients only. These results are in line with several reports 
showing that anti-SARS-CoV-2 IgG antibodies can be first detected 
between 7 and 14 days after symptom onset and that they persist 
following virus clearance.5 Surprisingly, we found in two recovered 
transplanted patients (severe disease course) and one patient on 
hemodialysis (moderate severity), who could be tested again 2 to 
4 weeks after the first sampling, a sharp decrease in anti-S1 or anti-
N IgG titers that still remained detectable. Based on the knowledge 
regarding the kinetics of the immune response to SARS-CoV-1 and 
MERS-CoV, it is expected that antibody responses to SARS-CoV-2 
might wane slowly and persist up to 60 weeks after symptom onset.5-

7 In a recent retrospective study in COVID-19 kidney-transplanted 
patients in whom immunosuppressive regimen was withdrawn or 
reduced, IgG antibodies to SARS-CoV-2 N and S proteins were main-
tained at stable titers up to 59 days following infection, indepen-
dently of disease severity.8 However, a rapid decay of IgGs targeting 
the spike receptor-binding domain (RBD) was recently shown in 34 
non immunosuppressed patients recovered from mild COVID-19 be-
tween 37 days and 86 days after symptoms onset, corresponding 
to an approximate half-life of 36 days.9 Moreover, such decline in 

F I G U R E  1  SARS-CoV-2 antibody response in SARS-CoV-2 RT-PCR–positive or RT-PCR–negative patients. A, Titers of S1 IgG, N IgG, and 
S1 IgM are shown in the first samplings of six patients with RT-PCR–positive COVID-19 (KTX1, 2, 3, 4, 5, and HD1), six RT-PCR–negative 
patients (KTX6, 7, 8, 9, 10, and 11), and healthy controls (HC). B, Relation between SARS-CoV-2 antibody titers and time of sampling relative 
to symptom onset in RT-PCR–positive patients. Triangles: patients on hemodialysis (HD1: black); circles: kidney-transplanted patients (KTX1: 
red, KTX2: green, KTX3: white, KTX4: black, KTX5: blue). Three patients (KTX1, KTX5, and HD1) were tested twice. Samples from the same 
patient are connected through dotted lines. * Test performed after reintroduction of a full immunosuppressive regimen [Color figure can be 
viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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antibody titers was also reported among 65 patients sequentially an-
alyzed up to 90 days after disease onset.10 Interestingly, the severity 
of the disease impacted the magnitude of the neutralizing antibody 
response but not its kinetics. Further studies are needed to confirm 
the fast decrease in anti-SARS-CoV-2 antibody titers found in these 
three patients and determine if such kinetics are generally observed 
in immunosuppressed patients and/or dependent upon the severity 
of the disease.

Patients with RT-PCR–confirmed COVID-19 also displayed high 
numbers of T cells reactive to at least six SARS-CoV-2 structural 
and accessory protein-derived peptide pools. S (S1 and S2 peptide 
pools), N, and M structural proteins were clearly immunodominant, 
evoking T cell responses in all seven tested patients. T cell reactiv-
ity toward ORF3A and ORF7A was also significant. These results, 

reflecting the reactivity of both CD4+ and CD8+ T cells to 15-mer 
peptide pools, are in accordance with recent findings in nonimmuno-
suppressed patients recovered from COVID-19.11-14 Indeed, Grifoni 
et al., using a flow cytometry-based T cell receptor-dependent acti-
vation marker (AIM) assay in patients with mild disease, described 
the coimmunodominance of S, M, and N proteins for CD4+ T cells 
with significant reactivity toward ORF3, ORF7A, and ORF8.13 CD8+ 
T cells targeted both structural and accessory proteins with no clear 
dominance. Frequencies of total SARS-CoV-2–reactive T cells were 
in the same range identified (up to 2% of CD4+ and 1% of CD8+ T 
cells) as those found in our study (ranging from 0.08% to 0.83% of 
CD3+ T cells) and those commonly detected for CMV-specific T cells, 
particularly in transplanted patients.13,15,16 Importantly, in our study, 
the five transplanted patients, in whom the immunosuppressive 

F I G U R E  2  SARS-CoV-2–reactive IFNγ-producing T cells in SARS-CoV-2 RT-PCR–positive or RT-PCR–negative patients. A, Numbers of 
T cells (expressed as SFC/106 CD3+ T cells) reactive to nine overlapping peptide pools spanning SARS-CoV-2 structural proteins S (pool S1 
and S2), N, M, E, and accessory proteins ORF3A, 7A, 8, and 9B in transplanted patients (KTX, dark gray bars) and patients on hemodialysis 
(HD, light gray bars) with SARS-CoV-2–positive RT-PCR (upper panel), in SARS-CoV-2 RT-PCR–negative transplanted patients (hatched gray 
bars, middle panel) and 31 healthy controls (white bars, lower panel). In patients with several samplings, only the first ones are plotted. B, 
Numbers of T cells reactive to S1 and S2 peptide pools representative of the S protein of HCoV-229E (E-S1 and E-S2) and HCoV-OC43 (O-S1 
and O-S2) in four RT-PCR–positive transplanted patients, six RT-PCR negative transplanted patients, and 15 healthy controls
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regimen was systematically reduced at diagnosis, showed similar 
amplitude and reactivity profile of SARS-CoV-2 T cell response than 
the two patients on hemodialysis. We did not observe a significant 
correlation between SARS-CoV-2–reactive T cell numbers and anti-
body titers in patients with confirmed COVID-19 (data not shown). 
Noteworthily, the two patients (KTX1 and KTX5) in whom a sharp 
decrease in SARS-CoV-2 antibody titers (S1 and/or N IgGs) was ob-
served between two samplings (day 38-60 and day 39-56, respec-
tively) did not show any significant change in their S- or N-specific 
T cell numbers. This may reflect differential kinetics of the humoral 
and cellular responses, with a faster decline in antibody titers9,10 as 
compared to the rate of contraction of T cell numbers that can be 
expected following viral clearance.

The role of numerous and diverse anti-SARS-CoV-2 T cell re-
sponses, such as those evidenced here, in the severity of the 
disease could not be addressed due to the limited size of our 
study. Such T cell response may well contribute to severe pro-
gression of the disease through cytokine production and tissular 
immunopathology. A recent study found however no significant 
difference in the numbers of IFNγ-producing T cells in response 
to S, M, or N peptide pools between patients convalescent from 
mild or severe disease.17 In our study, the frequencies of SARS-
CoV-2–specific T cells were in fact in the same range as those 
observed in convalescent patients from predominantly mild13,18 
or severe COVID-19.11 Interestingly, Kroemer et al. observed 
higher numbers of IFNγ-producing T cells reactive to N peptide 
pool in patients with mild illness as compared to patients with 
severe pneumonia, 21 to 53 days following symptoms onset.19 
Such preliminary observations in convalescent individuals sug-
gest that the amplitude of the T cell response may not directly 
impact disease severity. However, precise kinetics of peripheral 
and tissular SARS-CoV-2–specific T cell expansion and function 
over the course of the disease are needed to directly address 
this important issue.

Six transplanted patients showing symptoms compatible with 
COVID-19 were also included in the study. All of them were SARS-
CoV-2 RT-PCR negative but were suspected of the disease based 
on the knowledge of an approximate 30% rate of false negativity 
of PCR testing20 or, in one patient (KTX6), on typical pulmonary 
radiological imaging. However, all of them displayed a negative 
SARS-CoV-2 serology and none of them showed significantly higher 
frequency of SARS-CoV-2 reactive T cells as compared to healthy 
controls without known exposure to the virus. Thus, COVID-19 can 
most likely be ruled out at least in the three transplanted patients 
in whom no SARS-CoV-2 T cells could be detected, including KTX6 
who underwent the withdrawal of immunosuppressants. However, 
in the case of the three patients who showed detectable low num-
bers of SARS-CoV-2–reactive T cells and remained under full im-
munosuppressive therapy, we cannot exclude that they might have 
been exposed to the virus and, despite their inability to mount an 
antibody response, protected from a severe form of the disease 
through minimal T cell immunity. Development of antiviral T cells 
in absence of a concomitant antibody response has indeed been 

described in other contexts such as subclinical HCV infection21 or 
even, as recently reported, during intrafamilial exposure to SARS-
CoV-2 in subjects reporting mild symptoms or even asymptom-
atic.17,22 However, in the latter situations, SARS-CoV-2–reactive 
T cells were found generally at higher frequencies17,22 than those 
observed in the seronegative transplanted patients from our center. 
Nevertheless, our results suggest that assessment of both humoral 
and cellular immunity may be useful for the differential diagnosis of 
COVID-19, after resolution of the infection and also possibly early 
during its course.

Due to the small number of transplanted patients, the lack of 
COVID-19 nontransplanted patients and the cross-sectional nature 
of our study, the impact of therapeutic immunosuppression on the 
amplitude of anti-SARS-CoV-2 T cell responses and the course of 
the disease could not be evaluated. Noteworthily, four of the five 
COVID-19 transplanted patients presented with a severe form of the 
disease, immediately at diagnosis before reduction of immunosup-
pressive therapy (KTX3 and KTX5), or 1 (KTX1) to 6 days (KTX2) 
following hospitalization and immunosuppressant withdrawal. Such 
picture suggests that immunosuppressed transplant recipients are 
at risk for severe forms of COVID-19, which is in accordance with 
reports from other transplantation centers.4,23,24 However, the re-
spective role of comorbidities and therapeutic immunosuppression 
on disease progression remains to be clarified.

All of the 31 healthy controls with no known exposure to the 
virus were seronegative except one who showed a low titer of an-
ti-N IgG, close to the positivity threshold of the assay and no spe-
cific T cell response. Low levels of T cell responses to SARS-CoV-2 
proteins were observed in 71% of the donors, ranging from 0.01‰ 
to 0.08‰ of total CD3+ T cells, as compared to 0.08% to 0.83% in 
COVID-19 patients. The C-terminal part of the S protein (S2 pep-
tide pool) was targeted in 41.9% of the cases. These results are 
in accordance with other reports showing the presence of SARS-
CoV-2–reactive T cells in seronegative healthy subjects.11-14,18 
Using a cytometry-based assay, low frequencies of CD4+ T cells, 
responding almost exclusively to the same S2 peptide pool as the 
one used in our study, were found in 34% of seronegative healthy 
donors (n = 68).12 Grifoni et al and Weiskopf et al also showed, 
using similar cytometry-based assays, that CD4+, and CD8+ T cell 
responses were detected in 40-60% of unexposed subjects before 
the pandemic.11,13,18 Cross-reactivity with endemic HCoV (229E, 
OC43, HKU1, and NL63), estimated to account for 20% of benign 
upper respiratory tract infections, is currently proposed to explain 
this SARS-CoV-2 T cell reactivity in unexposed individuals. In fact, 
some level of homology exists between SARS-CoV-2 and several 
HCoV proteins, although relatively low within the C-terminal part 
of the S protein (ie, 34.6% and 39.7% identity between SARS-
CoV-2 and HCoV-229E or HCoV-OC43, respectively, in the region 
spanned by the respective S2 peptide pools).12 Such cross-reactiv-
ity was recently demonstrated by Mateus et al, who derived from 
unexposed donors 42 CD4+ T cell lines, specific for various SARS-
CoV-2 epitopes (derived from the C-terminal end of S, or from N 
and nonstructural proteins) and showed that 24% of them were in 
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fact also reactive to analogous epitopes from HCoVs, that in some 
cases were better antigens than the corresponding SARS-CoV-2 
peptides.25 Such results support the speculation that preexisting 
cross-reactive T cells to HCoVs could impact infection outcome in 
case of exposure to SARS-CoV-2, and potentially afford some level 
of protection as observed for influenza virus H1N1. However, as 
in RT-PCR–negative transplanted patients, we cannot rule out 
that in some of our healthy controls who were recruited during 
the pandemic, low numbers of SARS-CoV-2–specific T cells may 
have been induced through exposure to SARS-CoV-2 in absence of 
overt symptomatology and detectable antibody responses, as de-
scribed in SARS-CoV-2–exposed family members and 2020 blood 
donors.17

Overall, we show that following reduction of immunosuppres-
sive therapy, kidney-transplanted patients with severe COVID-19 
are able to mount vigorous T cell and antibody responses to SARS-
CoV-2, that are detectable up to 60 days following symptom onset. 
The ability of fully immunosuppressed transplanted patients to 
mount T cell and antibody responses to SARS-CoV-2 remains how-
ever to be determined. Assessment of T cell immunity together 
with humoral immunity may be helpful for differential diagnosis of 
COVID-19 in case of negative SARS-CoV-2 RT-PCR testing. In addi-
tion, low levels of T cell reactivity to SARS-CoV-2 can be observed 
in seronegative patients and healthy controls, that may arise from 
T cell cross-reactivity to endemic HCoVs or alternatively from un-
known exposure to SARS-CoV-2. Further longitudinal studies will be 
necessary to determine the early and long-term kinetics of T cell and 
antibody responses as well as the role of T cells in the progression 
of the disease.
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