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Abstract

Poor responses to mRNA COVID-19 vaccine have been reported after 2 vaccine injec-
tions in kidney transplant recipients (KTRs) treated with belatacept. We analyzed the hu-
moral response in belatacept-treated KTRs without a history of SARS-CoV-2 infection
who received three injections of BNT162b2-mRNA COVID-19 vaccine. We also investi-
gated vaccine immunogenicity in belatacept-treated KTRs with prior COVID-19 and char-
acterized symptomatic COVID-19 infections after the vaccine in belatacept-treated KTRs.
Among the 62 belatacept-treated KTRs (36 [58%] males), the median age (63.5 years IQR
[51-72]), without COVID-19 history, only four patients (6.4%) developed anti-SARS-CoV-2
IgG with low antibody titers (median 209, IQR [20-409] AU/ml). 71% were treated with
mycophenolic acid and 100% with steroids in association with belatacept. In contrast, in
all the 5 KTRs with prior COVID-19 history, mRNA vaccine induced a strong antibody
response with high antibody titers (median 10 769 AU/ml, IQR [6410-20 069]) after two
injections. Seroprevalence after three-vaccine doses in 35 non-belatacept-treated KTRs
was 37.1%. Twelve KTRs developed symptomatic COVID-19 after vaccination, including
severe forms (50% of mortality). Breakthrough COVID-19 occurred in 5% of fully vacci-
nated patients. Administration of a third dose of BNT162b2 mRNA COVID-19 vaccine did
not improve immunogenicity in KTRs treated with belatacept without prior COVID-19.

Other strategies aiming to improve patient protection are needed.
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mRNA vaccines have been observed in kidney transplant recipients

(KTRs) after two vaccine injections. Several studies demonstrated
In contrast toimmunocompetentindividuals, poorimmune responses seroconversion rates between 30% and 54% in patients treated with

to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) calcineurin inhibitors (CNI)-based immunosuppressive therapy.!™

Abbreviations: ATG, antithymocyte globulin; AU, arbitrary units; CNI, calcineurin inhibitors; eGFR, estimated glomerular filtration rate; IQR, interquartile range; KT, kidney
transplantation; KTR, kidney transplant recipient; MPA, mycophenolic acid; mTOR, mammalian target of rapamycin; RT-PCR, reverse transcriptase-polymerase chain reaction; S, spike;
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SCr, serum creatinine.
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However, immune responses were particularly low in KTRs treated
with belatacept, with a seroconversion rate of O to 5.7% in three
studies.b®

These findings, associated with reports of symptomatic
COVID-19 infections following mRNA vaccine in immunosup-
pressed patients’ *? lead the French National Authority for Health
to recommend, on April 2021, the use of the third injection in this
population.!® The first report of post-vaccinal humoral responses
after three injections14 demonstrated a significant improvement of
vaccine immunogenicity in solid organ transplant patients, mostly
treated with CNI. The prevalence of anti-SARS-CoV-2 antibodies
was, respectively, 40% and 68% after the second and the third dose.

Moreover, immunocompetent individuals with prior SARS-CoV-2
infection exhibited stronger immune responses after mRNA vac-
cine,’® which prompted the recommendation of a single vaccine dose
in these patients. However, no previous study reported immune re-
sponses to mMRNA SARS-CoV-2 vaccine in belatacept-treated KTRs
with prior COVID-19 infection.

We aimed in this study to report the humoral response in
belatacept-treated KTRs without a history of SARS-CoV-2 infection
who received three injections of BNT162b2 mRNA COVID-19 vac-
cine. We also investigated vaccine immunogenicity in belatacept-
treated KTRs with prior COVID-19 infection and characterized
symptomatic COVID-19 infections after mRNA vaccine in KTRs
treated with belatacept.

2 | METHODS

2.1 | Patients

We retrospectively included all KTRs followed at Necker's
Hospital, Paris, France and treated with belatacept, who received
three injections of BNT162b2 mRNA COVID-19 vaccine (Pfizer-
BioNTech) and had their anti-SARS-CoV-2 spike (S) protein anti-
bodies assessed.

The main indications for belatacept conversion in our center in-
clude: a low eGFR associated with renal chronic vascular lesions; CNI
nephrotoxicity on a graft biopsy or clinically suspected nephrotoxic-
ity and prolonged delayed graft function. Patients were excluded if
they were treated with eculizumab in association with belatacept (to
avoid underestimating humoral response under belatacept, as eculi-
zumab therapy has been associated with weak vaccinal responses®é).

Epidemiological, clinical data, and post-vaccinal humoral re-
sponses of non-belatacept-treated KTRs with available anti-SARS-
CoV-2 serology were also retrospectively analyzed.

KTRs who presented COVID-19 infection (defined as the pres-
ence of a positive SARS-CoV-2 on reverse transcriptase-polymerase
chain reaction (RT-PCR) testing performed on nasopharyngeal swab
or positive anti-SARS-CoV-2 IgG antibodies directed against the
SARS-CoV-2 nucleocapsid protein) before vaccination were identi-
fied and their data were analyzed separately. Additionally, patients
who developed a symptomatic COVID-19 infection after vaccination

(at least 1 dose) were identified and COVID-19 infections (severity
and outcome) were characterized.

The following clinical and epidemiological data were retrospec-
tively collected using hospital databases and clinical records: age,
gender, transplant date, transplant range, induction immunosup-
pressive therapy, acute rejection treatment in 24 months before
vaccination, maintenance immunosuppression associated with bela-
tacept (type and doses) at vaccination time and serum creatinine (es-
timated glomerular filtration rate [eGFR]) at first vaccine injection.

Written informed consent was obtained to collect clinical data
for the prospective transplant database Données Informatiques
Validées en Transplantation (DIVAT). The study was approved by the
Institutional Review Board of Necker Hospital. In addition, all patients
provided informed consent for blood collection and serum samples
were collected and stored as part of the Necker biobank (DC-2009-95).

2.2 | mRNA vaccination modalities
The two first injections of 30-pg doses of BNT162b2 mRNA
COVID-19 vaccine (Pfizer-BioNTech), were administered intramus-
cularly 28 days apart to all patients. The third injection was per-
formed between 26 and 95 days after the second injection.
Anti-SARS-CoV-2 post-vaccinal humoral response against S pro-
tein was assessed using the SARS-CoV-2 IgG Il Quant antibody test
(Abbott, USA) according to the manufacturer's instructions (titers
>50 arbitrary units per mL [AU/ml] were considered as positive). This
test had been demonstrated to display a high specificity (>99%) and
sensitivity (90%)."

2.3 | Statistical analysis

Categorical data were expressed as numbers and percentages, while
continuous variables were expressed as medians (interquartile ranges
[IQR]) or as mean (standard deviation, SD), as appropriate. Continuous
and categorical variables were both compared using t tests or Mann-
Whitney tests, and chi-squared tests or Fisher's exact tests, as appro-
priate, after verification of the skewness of the distribution. Values of
p < .05 in two-tailed tests were considered statistically significant. All
analyses and figures were, respectively, conducted with Stata v15.0
(StataCorp, College Station, TX, USA) and GraphPad Prism 6.

3 | RESULTS

3.1 | Poor post-vaccinal humoral response in KTRs
converted to belatacept without prior COVID-19
infection

Sixty-two KTRs without prior COVID-19 infection received three in-
jections of BNT162b2 mRNA COVID-19 vaccine between January
12 and May 21, 2021 (Table 1). Of them, 36 (58%) were male and
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the median age was 63.5 (51-72) years. Immunosuppressive induc-
tion consisted in antithymocyte globulin (ATG) in 20 patients (32%).
Belatacept conversion was performed at a median of 11.5 (3-26)
months after transplantation. At vaccination, 44 patients (71%) were
treated with mycophenolic acid (MPA) (median dose: 1000 [750-
1500] mg/day), 8 (13%) with mammalian target of rapamycin (mTOR)
inhibitors (median serum concentration: 4.9 [6.1-6.6] ng/ml), 3 (5%)
with azathioprine and 62 (100%) with steroids (median dose: 7.5
[5-10] mg/day) in adjunction to belatacept. The median basal serum
creatinine was 137 (105.1-180) pmol/L and median eGFR 44.4 (33.2-
59.7) ml/min/1.73 m?. None of the patients was treated for rejection
in the 24 months preceding vaccination.

The first dose of vaccine was initiated in a median time of 47.5
(25.3-79) months after transplantation and 28.8 (16.5-51.7) months
after conversion to belatacept. The first two doses were given to all
patients 28 days apart, and the third dose was administered in a me-
dian time of 69.5 (40-84) days after the second dose. The median time
between the third injection and anti-SARS-CoV-2 antibodies assess-
ment was 28 (28-33) days. We observed a favorable safety profile: no
patient presented severe systemic events.

Only four patients (6.4%) developed anti-SARS-COV-2 antibod-
ies after the third injection (Figure 1). All four patients had negative
anti-S serology at first vaccine injection. None of them had serocon-
verted after the first nor the second injection. The median antibodies
titer in these patients was 298 (209-409) AU/ml. The four patients
(median age of 51.5 [42-58] years) were vaccinated in a median time
of 43 (32.6-51.2) months after transplantation and 36.2 (26.5-39.7)
months after conversion to belatacept. Two of them were treated
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FIGURE 1 Humoral response following o
anti-SARS-CoV2 mRNA vaccine in %
62 KTRs treated with belatacept without 8
prior COVID-19 infection. Anti-SARS- [ 100
CoV-2 IgG at first injection and after %
first, second, and third injection. 0% of N
patients had a positive IgG response after Threshold positivty =
first and second injections. After the

third injection, only four (6.4%) patients 0-
exhibited positive 1gG response with low
1gG titers (median 1gG titers: 298 AU/ml,
IQR [209-409]). AU, arbitrary unit [Color
figure can be viewed at wileyonlinelibrary. w
com]

with MPA (1000mg/day) while the two other patients were treated
with azathioprine. All four were treated with steroids (median dose 5
[5-6.25] mg/day) in association with belatacept.

In the 58 remaining patients, the median antibodies titer was dra-
matically low (0 AU/ml [0-0]).

Thirty-five consecutive non-belatacept-treated KTRs without
prior COVID-19 were included Epidemiological and transplant char-
acteristics of these patients were comparable to belatacept patients
except for age (KTRs treated with belatacept were significantly older)
(Table S1). In contrast to belatacept patients, 13/35 (37.1%) patients
developed humoral response after the third vaccine dose.

3.2 | Effective post-vaccinal humoral response
in KTRs converted to belatacept with prior
COVID-19 infection

Five KTRs (1 [20%] males and median age of 66 [46-67] years)
who developed COVID-19 infection before vaccination were iden-
tified (Table 2). Of them, two (40%) received ATG at induction.
Belatacept conversion was performed at a median time of 2 (0-3)
months after transplantation and the median time between be-
latacept conversion and vaccination was 18 (9-34) months. 80%
of them received MPA (median dose: 1000 [1000-1000] mg/day)
and steroids (median dose: 10 [8-10] mg/day) in association with
belatacept. One patient received mTOR-I (i.e., everolimus). None
of the patients was treated for rejection in the 24 months preced-

ing vaccination.

o]e]
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TABLE 1 Baseline characteristics and post-vaccinal humoral responses of the 62 KTRs converted to belatacept, who received three

injections of BNT162b2 mRNA COVID-19 vaccine

Variables
Age, median (IQR)
Sex (males), N (%)
KT >1, N (%)
Induction immunosuppressive therapy
Antithymocyte globulin, N (%)
Basiliximab, N (%)
Rituximab at induction, N (%)
Maintenance immunosuppressive therapy
Calcineurin inhibitors, N (%)
Azathioprine, N (%)
Mycophenolic acid, N (%)
Dose, median (IQR)
mTOR-i (everolimus), N (%)
Dose, median (IQR)
Steroids, N (%)
Dose, median (IQR)
Belatacept, N (%)
Time between KT and belatacept conversion, months, median
(IQR)
At first vaccine injection
SCr at first vaccine injection, median (IQR)
eGFR at first vaccine injection, median (IQR)
Time between KT and first injection, months, median (IQR)

Time between belatacept conversion and first injection,
months, median (IQR)

SARS-CoV-2 anti-Spike IgG titer at first injection,
median (IQR)

Outcomes after first vaccine injection

SARS-CoV-2 anti-Spike IgG titer at first injection,
median (IQR)

Positive SARS-CoV-2 serology 28 days after 1 injection, N (%)

SARS-CoV-2 anti-Spike IgG titer 28 days after first injection,
AU/ml, median (IQR)

Outcomes after second vaccine injection
Positive SARS-CoV-2 serology after 2 injections, N (%)

SARS-CoV-2 anti-Spike IgG titer after second injection,
median (IQR)

Outcomes after third vaccine injection

Delay between second and third injections, days,
median (IQR)

Delay between third injection and serology, days,
median (IQR)

Positive SARS-CoV-2 serology after 3 injections, N (%)

SARS-CoV-2 anti-Spike IgG titer after third injection, AU/ml,
median (IQR)

Whole cohort, N = 62
63.5 (51-72)

36 (58)

6 (10)

20(32)
42 (68)
10 (16)

2(3)

3(5)

44 (71)

1000 (750-1500)
8(13)

4.9 (6.1-6.6)

62 (100)

7.5 (5-10)

62 (100)
11.5(3-26)

137 (105.1-180)
44.4(33.2-59.7)
47.5(25.3-79)

28.8(16.5-51.7)

0(0-0)

0(0-0)

1.5(0-3)

0(0-0)

69.5 (40-84)

28 (28-33)

4(6.4)
0(0-1)

Non responders, N = 58
(94%)

64 (51.5-72)

33(57)

5(8.6)

20 (34)
38 (66)
10 (17)

2(3)

1(2)

42(72)

1000 (750-1500)
8(14)

4.9 (6.1-6.6)

48 (100)

7.5 (5-10)

48 (100)

12 (3-30)

136.9 (105.1-178.2)
44.4(33.2-59.7)

52 (25-82)

28 (16.5-55)
0(0-0)

0(0-0)

1(0-3)

0(0-0)

71 (40-84)

28 (28-33)

0(0-0)

Responders, N =4
(6%)

51.5(42-58)
3(75)

1(25)

4 (100)

0

2 (50)

2(50)

1000 (1000-1000)
0

0

4(100)

5(5-6.25)

4(100)
3.5(2.5-8.5)

151 (105.8-193)
42.0(34.5-61.5)
41.5(33-4¢)
36 (26.5-40)

0(0-0)

0(0-0)

2(2-2)

0
3(1.5-4.5)

44.5 (32-63)

34.5(29-41)

4 (100)
298 (209-409)

Abbreviations: AU, arbitrary units; eGFR, estimated glomerular filtration rate; IQR, interquartile range; KT, kidney transplantation; SCr, serum

creatinine.
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Diagnosis of COVID-19 infection was established on a posi-
tive anti-SARS-CoV-2 PCR in patients with typical symptoms of
COVID-19 in all cases (100%).

The five patients received two vaccine injections including two
patients who received three injections. The median time between
COVID-19 infection and first vaccine injection was 344 (276-347)
days and median IgG titer was 76 (39-290) AU/ml at the time of the
first injection. The second dose was performed 28 days after the
first injection and the time between the second and third injection
was 40 (36-69) days.

In contrast to KTRs without prior COVID-19 infection before
vaccination, all patients developed a strong antibody response after
vaccination. Antibodies titers increased in all patients after one
injection with a median IgG titer of 720 (695-745) AU/ml, and hu-
moral response was boosted after the second and third injections
(Figure 2). In the five patients with two injections, titers increased
to 10 769 AU/ml (6410-20069) and in the two patients with three
injections, titers increased to 2175 AU/ml (1665-2685).

No patient presented severe systemic side effect.

3.3 | Symptomatic COVID-19 infection after
BNT162b2 mRNA vaccine in KTRs converted
to belatacept

One hundred and eighty-one KTRs treated with belatacept in
our center received 22 COVID-19 BNT162b2 vaccines. Among
them, 12 patients (6.6%) developed a symptomatic COVID-19 in
a median time of 18 (8-30) days after their last vaccine infusion,
including 9 (5.0%) 214 days after the second dose (breakthrough
COVID-19) (Table 3).

All 12 patients presented 22 comorbidities (hypertension in
all, diabetes in 8 patients, history of major cardio-vascular event
[coronary heart disease, peripheral artery disease, and history
of stroke] in 8 and chronic respiratory disease in 7). None of the
patients was treated for rejection in the 24 months preceding
vaccination.

COVID-19 occurred after the first injection in three patients,
and after the second injection in eight patients, in a median time
of 31.5 (15-58) days after injection. One patient also developed
COVID-19 6 days after the third dose. The whole population fol-
low-up was, however, short (median follow-up of 44 days [40-49]
after the third injection). No patients had developed COVID-19
infection prior to vaccine. Among the six patients with available
data on anti-SARS-CoV-2 antibodies between the second vaccine
dose and COVID-19 infection, all had negative serology (0 [0-0]
AU/ml).

Eight (67%) patients required hospitalization, including three in
Intensive Care Unit. Six received high doses of steroids, four were
treated with tocilizumab, one was administered monoclonal antibod-
ies (not available in our center during the first and second outbreaks)
and one received convalescent plasma. Four over eight patients
presented secondary complications during hospitalization including

septic shock in one patient, stroke in one, norovirus infection in
one, and femoral neck fracture in 1. 6 (50%) patients died. Causes
of death were: acute respiratory failure in four patients, myocardial
infarction in one, and septic shock in one.

Thus, vaccination did not confer protection against severe dis-
ease in this high-risk population.

4 | DISCUSSION

We report in this study the humoral response after three injec-
tions of BNT162b2 mRNA COVID-19 vaccine in KTRs treated with
belatacept. We found that seroconversion rate remained dramati-
cally weak (6.4%) after three injections in patients without prior
COVID-19 infection. In contrast, belatacept-treated KTRs with a his-
tory of COVID-19 before the vaccine exhibited a strong humoral re-
sponse and anti-S antibodies titers increased after the vaccine in all
patients. Twelve patients developed symptomatic COVID-19 after at
least one vaccine injection including 75% of patients requiring hospi-
talization and 50% of mortality.

We and others®~® reported a poor post-vaccinal response after
two injections of BNT162b2 mRNA vaccine in KTRs treated with
belatacept. Seroconversion rate after the third dose was close to
that observed after two injections (6.3% vs. 0%-5.7%) and anti-
bodies titers remained drastically low, suggesting that additional
injections would not be beneficial in these patients. Interestingly,
Kamar et al.** reported post-vaccinal humoral responses of 68%
after three injections. Among these patients, 12 were treated
with belatacept. The proportion of patients given belatacept was
higher among non-responders. However, seroconversion rates
were higher (seroconversion occurred in 5/12 patients). A possible
explanation could be a maintenance immunosuppressive therapy
associated with belatacept or the use of belatacept without MPA
or steroids. In fact, the intensity of immunosuppression (particu-
larly MPA therapy) has been associated with a lower likelihood of
developing post-vaccinal humoral response in previous studies.”
Of our patients, 71% were treated with MPA and all had steroids in
association with belatacept.

This poor humoral response could be explained by several
underlying mechanisms: belatacept had been shown to play a di-
rect and active role at several steps of the humoral response by
reducing plasmablast differentiation, Ig production, and the ex-
pression of the major transcription factor involved in plasma cell
function, Blimp-1, in a T cell-independent manner.'® Moreover,
belatacept modulates B cell-Tfh crosstalk, leading to an impaired
germinal center formation and an improper antibody response in
KTRs treated with belatacept.’®!? Interestingly, a recent study re-
porting immune responses to mRNA vaccines, showed that most
spike-specific Th cells expressed the coactivating molecule CD28;
and could therefore be theoretically be inhibited by belatacept.?®

COVID-19 infection has been demonstrated to be more severe
in KTRs with increased morbidity and mortality.m’23 Many studies
reported COVID-19 infections following COVID-19 vaccination in
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TABLE 2 Characteristics and post-vaccinal humoral responses
to BNT162b2 mRNA COVID-19 vaccine of KTRs converted to

belatacept with prior COVID-19 infections

Variables

Age, median (IQR)
Sex (males), N (%)
KT >1, N (%)

Induction immunosuppressive
therapy

Antithymocyte globulin, N (%)
Basiliximab, N (%)
Rituximab at induction, N (%)

Maintenance immunosuppressive
therapy

Calcineurin inhibitors, N (%)
Azathioprine, N (%)
Mycophenolic acid, N (%)

Dose, median (IQR)
mTOR-i (everolimus), N (%)

Dose, median (IQR)
Steroids, N (%)

Dose, median (IQR)
Belatacept, N (%)

Time between KT and belatacept
conversion, months,
median (IQR)

At first vaccine injection

SCr at first vaccine injection,
median (IQR)

eGFR at first vaccine injection,
median (IQR)

Time between COVID-19 infection
and first injection, days,
median (IQR)

Time between KT and first injection,
months, median (IQR)

Time between belatacept
conversion and first injection,
months, median (IQR)

SARS-CoV-2 anti-Spike IgG titer at
first injection, median (IQR)

Positive SARS-CoV-2 serology at
first injection, N (%) (N = 5)

SARS-CoV-2 anti-Spike IgG titer
at first injection, median (IQR)
(N=15)

Outcomes after first injection

Positive serology 28 days after first
injection, N (%) (N = 2)

SARS-CoV-2 anti-Spike 1gG titer
28 days after first injection,
median (IQR) (N = 2)

KTRs with prior

COVID-19 infection,N=5

66 (46-67)
1(20)
0

2 (40)
3(60)

0

0

4(80)

1000 (1000-1000)
1(20)

2.4(2.4-2.4)
5(100)

10 (10-10)

5(100)

2(0-3)

134 (83-145)

39 (32.4-63.4)

344 (276-347)

19 (12-36)

18 (9-34)

3(60)

76 (39-290)

2 (100)

720 (695-745)

(Continues)

TABLE 2 (Continued)

KTRs with prior
Variables COVID-19 infection,N=5
Outcomes after second injection
Patients who received 2 5(100)
injections, N (%)
Positive serology after 2 injections, 4 (100)
N (%) (N = 4)

SARS-CoV-2 anti-Spike IgG titer
after second injection, median

(IQR) (N = 4)

Outcomes after third injection

10 769 (6410-20 069)

Patients who received 3 2 (40)
injections, N (%)

Time between second and third 40 (36-69)
injection, days, median (IQR)

Positive serology after 3 2 (100)

injections, N (%)

SARS-CoV-2 anti-Spike I1gG
titer after third injection,
median (IQR)

2175 (1665-2685)

Abbreviations: AU, arbitrary units; eGFR, estimated glomerular
filtration rate; IQR, interquartile range; KT, kidney transplantation; SCr,
serum creatinine.

KTRs.”*? In our cohort, 12 patients developed COVID-19 follow-
ing at least one vaccine injection and nine patients after 22 in-
jections, including severe forms (50% of mortality). Breakthrough
infection, defined by Centers for disease Control and Prevention
(CDC) as COVID-19 infection 214 days postvaccine series com-
pletion, then occurred in 5% of belatacept-treated KTRs in our
center. This rate was higher compared to breakthrough infections
in general population (0.01%) and in solid organ transplants (0.23
to 2.52%).24%° In a cohort of 459 solid organ transplant, Malinis
et al.% reported three patients (0.65%) who developed break-
through infections. Interestingly, two of them were treated with
belatacept. The breakthrough infection rate in our study was com-
parable to previously reported de novo COVID-19 rates in unvacci-
nated solid organ transplant patients (5%)?%and in COVID-19 rate
reported in our center during the first outbreak.?’ Additionally,
postvaccinal mortality rate was 50% in patients (25% in patients
with breakthrough infection). In contrast with previous data that
showed a lower mortality rate (9.3%) in breakthrough COVID-19
in comparison with unvaccinated patients,25 vaccination in our
belatacept-treated KTRs did not provide protection against severe
forms of the disease.

The follow-up was too short after the third dose for analyzing
COVID-19 infection rate in KTRs treated with belatacept. Given the
persistent weak humoral response after three injections, COVID-19
infection risk is likely to be similar to after two injections. Thus, pa-
tients should maintain barrier measures.

In addition to the different strategies aiming to increase vac-
cinal response to COVID-19 vaccine in KTRs (as the use of a third
dose or increasing vaccine dose), a complementary reflection
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about the degree and type of immunosuppressive therapy during
COVID-19 vaccination is needed. Interestingly, mTOR inhibition
may enhance vaccine responses, particularly in old patients. A re-
cent study demonstrated that activation of mMTORC1 at late endo-
somes misdirects T cell fate decision in older individuals but not in
young individuals.?® mTORC1 inhibition by low dose of rapamycin
produced an enhanced primary and memory recall CD8+ T cell re-
sponse in mice and promoted follicular helper cell over T helper cell
1 generation.?8-%0

In our study, patients treated with mTORi in association with
belatacept did not exhibit post-vaccinal humoral responses. Thus,
in some selected KTRs, a strategy evaluating the effectiveness on
vaccinal responses of a planned temporary belatacept interruption
during the vaccination period with a replacement by mTORi-based
therapy, could be investigated. The benefit-risk balance of this
strategy should be assessed for each patient and a close follow-up
is warranted during this period. Dose of steroids and MPA could
also be reduced during this period for some low immunological risk
patients.

In addition to vaccination, other preventive strategies aiming
to improve patient's protection should be evaluated. Monoclonal
antibodies might provide an alternative tool for the prevention
of COVID-19 in KTRs. Their use as a preventive strategy in pa-
tients who failed to develop post-vaccinal responses needs to be
assessed.

Conversely, the humoral response was strongly boosted in KTRs
treated with belatacept with prior COVID-19 infection suggesting

that vaccination strategy should be different in this particular cate-
gory of belatacept-treated KTRs and two vaccine doses are probably
sufficient to boost their immunity. Interestingly, immunosuppression
was reduced during COVID-19 infection (including belatacept with-
drawal), which may lead to the development of a stronger natural
immunity to SARS-CoV-2 infection.

The main limitations of our study are the lack of data about the
cellular response after the vaccine. The weak immune response did not
allow us to analyze independent risk factors of non-response in these
patients. As we performed an unmatched analysis between belatacept
and non-belatacept-treated patients, we cannot totally rule out that
KTRs treated with belatacept may present intrinsic differences that
could impact the vaccinal response. Also, there is a small number of pa-
tients in the group of KTRs with prior COVID-19 infection. However, all
patients had a similar post-vaccinal response with increasing antibodies
titers after vaccination. The specificity and sensitivity of the Abbott
serological assay refer to the diagnosis of past COVID-19 infection,
not vaccine response. Finally, the short follow-up after the third dose
did not allow us to assess the occurrence of symptomatic COVID-19 in

these patients.

5 | CONCLUSION

In conclusion, the administration of the third dose of
BNT162b2 mRNA COVID-19 vaccine did not improve immuno-
genicity in KTRs treated with belatacept without prior COVID-19
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are still needed. Barrier measures and indirect protection as vacci-
Coronary heart disease, N (%) 7(58) . - -
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