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Observations on improving
COVID-19 vaccination

responses in kidney transplant
recipients: heterologous
vaccination and
immunosuppression modulation
To the editor: Solid organ transplant recipients have a
weaker humoral response to coronavirus disease 2019
(COVID-19) vaccination because of several factors, including
lymphopenia associated with immunosuppressive therapies
(particularly belatacept, antiproliferative drugs, and ste-
roids).1 Because of the high probability of severe COVID-19
symptoms in this at-risk population,2 a third vaccine dose
has been proposed for immunocompromised patients by the
French National Authority for Health to improve humoral
responses and vaccine efficiency.3 Despite this improved
vaccination schedule, >30% of kidney transplant recipients
(KTRs) do not develop a humoral response and remain at risk
of severe COVID-19 infection.

ChAdOx1-nCov vaccine (i.e., AstraZeneca) has been
sparingly used by transplant centers, because of the low
representation of patients with vulnerability in the initial trial4

but also its rare but serious thrombotic complications.5

Recently, emerging data reported that heterologous vaccina-
tion using an mRNA booster after ChAdOx1-nCov primed
vaccination induced a good—and in some cases an even
better—humoral response than exclusive mRNA vaccination.6

There are currently no data that assess the benefit of
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heterologous vaccination in solid organ transplant recipients,
or whether this can improve the humoral response. A total of
373 KTRs from our institution had a serologic assessment 1
month after the third vaccine injection (screening and bind-
ing antibody unit [BAU]/ml quantification of anti-spike IgG
by ECLIA Roche, Architect Abbott, or Diasorin). Among
them, 28 had a heterologous vaccination schedule (ChA-
dOx1-nCov priming, 1 or 2 injections, followed by 1 or 2
mRNA injections), and 345 received 3 mRNA injections. On
the basis of established risk factors of nonhumoral response
after mRNA vaccination, we identified a matched 2:1 control
cohort having received 3 mRNA vaccines (mRNA exclusive)
based on age (�5 years), lymphopenia (<1500/mm3), and
use of antiproliferative drugs and steroids. Conditional lo-
gistic regression was used to compare heterologous and
mRNA exclusive cohorts. The average age of both cohorts was
59 years, 71% received antiproliferative drugs, 39% received
steroids, and the mean lymphocyte count was 1700/mm3.
There was a trend of lower allograft function (assessed by the
Modification of Diet in Renal Disease) in the heterologous
cohort (44.6 vs. 51.5 ml/min; P ¼ 0.06; Table 1). No differ-
ence in serious adverse events was observed among patients
from the 2 groups. Median times of serologic screening in the
heterologous group and the mRNA exclusive group were 33
and 34 days, respectively. Seroconversion (i.e., anti-spike IgG
superior to laboratory threshold) was observed in 75% of
patients with heterologous vaccination and 67.8% of patients
with mRNA exclusive vaccination (odds ratio, 1.72; 95%
confidence interval, 0.59–4.99; P ¼ 0.32). Mean anti-spike
IgG titers were 159 BAU/ml in the heterologous group and
125 BAU/ml in the mRNA exclusive group (P ¼ 0.36;
Figure 1). Recent data by Behrens et al. demonstrated a higher
immune response induced by a heterologous schedule,
including neutralization of the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) delta variant.7 To our
knowledge, we report the first study assessing humoral re-
sponses to a heterologous vaccination schedule in immuno-
compromised KTRs. Seroconversion rates and antibody titers
induced by heterologous vaccination were at least equal to
mRNA-exclusive vaccination in immunocompromised
transplant recipients; although they trended higher in the
heterologous group, this did not reach statistical significance
because of the small cohort size. Moreover, the lower allograft
function in the heterologous cohort may have weakened the
observed humoral response.1 Overall, heterologous vaccina-
tion appears to induce a robust humoral response in KTRs
and may be considered to improve vaccine response in this
immunocompromised population.

Otherwise, there are important concerns for KTRs treated
with belatacept, the only costimulation blocker that has
received approval for clinical use.8 Although poor humoral
responses following 2 mRNA vaccine injections in KTRs
treated with belatacept has been well demonstrated,9–11

whether a third dose could overcome these issues, as in pa-
tients receiving conventional therapy, remains controversial.
Indeed, published rates of seroconversion vary dramatically
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Table 1 | Characteristics of the kidney transplant cohorts depending on their vaccination schedule (heterologous schedule:
ChAdOx1-S primed vaccination, then mRNA booster; mRNA exclusive: mRNA vaccine alone)

Characteristics

Heterologous (n [ 28) mRNA exclusive (n [ 56)

P valueN/A No. % N/A No. %

Positive serology after 3 doses 0 28 75.0 0 56 67.8 0.32
Male recipient 0 20 71.4 0 39 69.6 0.99
Transplant rank $2a 0 21 75.0 0 46 82.1 0.56
Calcineurin inhibitor treatment 0 24 85.7 0 44 78.5 0.56
mTOR inhibitor treatment 0 6 12.4 0 5 8.9 0.16
Antimetabolite treatment 0 20 71.4 0 40 71.4 1
Steroid treatment 0 11 39.3 0 22 39.3 1

N/A Mean SD N/A Mean SD P value

Age, yr 0 58.7 13.3 0 58.7 12.0 0.99
Time from transplantation, yr 0 8.2 6.2 0 8.5 7.4 0.79
Lymphocyte count, /mm3 0 1750 750 0 1730 1000 0.52
Anti-spike IgG titer, BAU/ml 1 159 110 0 125 116 0.36
Allograft functionbyMDRD,ml/min 0 44.6 18.0 0 51.5 19.2 0.06

BAU, binding antibody unit; MDRD, Modification of Diet in Renal Disease; N/A, nonavailable data.
aTransplant rank $2: patient having received a second or more transplant kidney.
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from 6.4% (4 of 62) in the study of Chavarot et al.12 to 41%
(5 of 12) in the report by Kamar et al.3 These discrepancies
could result from differences in confounding variables,
especially the association with antiproliferative drugs, usually
combined with belatacept and recognized as a risk factor for
poor response to mRNA vaccines.13 To avoid this pitfall, we
analyzed in our institutional cohort the seroconversion rate in
KTRs treated with belatacept having received 3 mRNA doses
and matched them with 2 KTRs not receiving belatacept, on
age (�5 years), total lymphocyte count (<1500/mm3), and
use of antiproliferative and steroid drugs. Characteristics of
the 27 belatacept-treated patients and 56 control patients are
presented in Table 2; none of them had a history of COVID-
19 infection. Seroconversion after the second injection was
observed in 13.3% of belatacept-treated patients and 25.8% of
control patients (P ¼ 0.45). After the third mRNA injection,
seroconversion was observed in 22.2% of patients exposed to
belatacept and 59.7% of the matched control patients
(Figure 2a), with mean anti-spike IgG titers at 24 and 106
Figure 1 | (a) Seroconversion rate after 3 injections (i.e., anti-spike IgG
heterologous schedule (ChAdOx1-S primed vaccination and mRNA b
spike IgGs, expressed in binding antibody unit (BAU)/ml, and their resp
groups.
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BAU/ml, respectively (P < 0.001; Figure 2b). The corre-
sponding odds ratio estimated from a conditional logistic
regression was 4.97 (95% confidence interval, 1.40–17.67; P ¼
0.01). Hence, our results confirm that belatacept severely
inhibits the humoral response to a third dose of mRNA
SARS-CoV-2 vaccine in an independent way.

Given the crucial importance for KTRs to be vaccinated,
it has been suggested that belatacept could be replaced with
conventional maintenance therapy to improve vaccine
effectiveness.13 However, whether this strategy is worthwhile
deserves further investigation for several reasons: (i) recent
data have shown that vaccine effectiveness is deeply
impacted by preexisting cross-reactive CD4þ T cells specific
for endemic human cold coronavirus14,15 and (ii) cos-
timulation blockade promotes specific T-cell hypores-
ponsiveness and anergy.16 Consequently, vaccine responses
could be impacted a long time after discontinuation of a
costimulation blockade. To address these issues, we assessed
the response to the mRNA SARS-CoV-2 vaccine in the
superior to laboratory threshold) in patients having received a
ooster) and a standard schedule (mRNA vaccine alone). (b) Anti-
ective mean titer 1 month after the last vaccine injection in both
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Table 2 | Characteristics of the cohort of patients undergoing belatacept therapy and matched controls

Characteristics

Belatacept (n [ 27) Matched controls (n [ 54)

P valueN/A No. % N/A No. %

Positive serology after 2 doses 12 2 13.3 24 8 25.8 0.45
Positive serology after 3 doses 0 6 22.2 0 32 59.7 0.01
Male recipient 0 16 59.2 0 38 70.3 0.33
Transplant rank $2a 0 4 14.8 0 15 38.4 0.26
Calcineurin inhibitor treatment 0 7 25.9 0 37 68.5 <0.001
mTOR inhibitor treatment 0 0 0 0 12 22.2 0.006
Antimetabolite treatment 0 18 66.7 0 36 66.7 1
Steroid treatment 0 19 70.3 0 38 70.3 1

N/A Mean SD N/A Mean SD P value

Age, yr 0 61.2 14.2 0 60.9 13.9 0.91
Time from transplantation, yr 0 4.4 3.9 0 7.4 7.8 0.27
Lymphocyte count, /mm3 0 1257 660 0 1450 958 0.57
Anti-spike IgG titer after 3 doses,
BAU/ml

0 24.5 69.6 0 106.5 116.4 <0.001

Allograft function by MDRD, ml/min 0 34.7 12.5 0 45.6 20.6 0.02

BAU, binding antibody unit; MDRD, Modification of Diet in Renal Disease; N/A, nonavailable data.
aTransplant rank $2: patient having received a second or more transplant kidney.

l e t t e r s to the ed i to r
KTRs of our whole cohort who had been previously
exposed to belatacept for at least 1 year. In the 9 patients
identified, belatacept had been intentionally withdrawn and
replaced with conventional immunosuppressive drugs,
mainly a mycophenolate derivative combined with a calci-
neurin inhibitor (see Supplementary Table S1 for details),
and none had presented a rejection episode in the follow-
up. The mean time between belatacept discontinuation
and vaccination was 32 months. One month after the third
vaccine dose, 8 of 9 patients (87.5%) had a positive
serology with a mean anti-spike IgG titer at 105 BAU/ml
(Figure 2b). These results are extremely encouraging with
Figure 2 | Serologic assessment was performed by ECLIA Roche, Arch
were expressed in binding antibody unit (BAU)/ml. Positivity was set
serologic screening in the belatacept group and the matched control gr
Seroconversion rate after 2 and 3 mRNA injections (i.e., anti-spike IgG lev
and matched controls. (b) Anti-spike IgGs, expressed in BAU/ml, and the
belatacept recipients and matched controls. Anti-spike IgGs, expressed
vaccine injection in belatacept recipients and patients who underwent b
nonsignificant difference.
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respect to withdrawing a costimulation blockade to improve
vaccine effectiveness. This obviously needs to be confirmed
in KTRs having stopped belatacept more recently.

In conclusion, several strategies can be considered to
improve humoral responses following COVID-19 vaccination
in KTRs. Heterologous vaccination, using an mRNA booster
after ChAdOx1-nCov priming, induced at least as good a
humoral response, if not a better response, to exclusive
mRNA vaccination. Otherwise, immunosuppression modu-
lation, notably temporary belatacept withdrawal, seems
promising to improve the poor humoral response in these
patients.
itect Abbott, or Diasorin technologies, and anti-spike IgG titers
as anti-spike IgG superior to laboratory threshold. Median times of
oup were 42 and 36 days, respectively, after the third injection. (a)
el superior to laboratory threshold) in patients receiving belatacept
ir respective mean titer 1 month after the last vaccine injection in
in BAU/ml, and their respective mean titer 1 month after the last
elatacept withdrawal. *P < 0.05, **P < 0.01, and ***P < 0.001. NS,
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SUPPLEMENTARY MATERIAL
Supplementary File (Word)
Table S1. Characteristics of the patients who underwent belatacept
withdrawal.
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REGEN-Cov antibody
combination to prevent

COVID-19 infection in kidney
transplant recipient without
detectable antibody response to
optimal vaccine scheme

To the editor: Many kidney transplant recipients (KTRs)
do not respond to an anti–severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) vaccine. Indeed,
concordant data indicate that about 30% of KTRs do not
develop antibodies after 3 doses of mRNA vaccines.1,2

However, KTRs are at a high risk of severe forms of
coronavirus disease 2019 (COVID-19) infection. Mortality
rates are reported to reach 15% to 20%, and the need for
hospitalization in an intensive unit care is even more
likely.3

In this setting, consideration for an alternative prevention
strategy of COVID-19 infection is particularly required.
Recently, the REGEN-Cov antibody combination
(casirivimab þ imdevimab; Regeneron Pharmaceuticals) has
been proven to be efficient to prevent infection in persons at
risk for infection because of household exposure to a person
with SARS-CoV-2 infection.4

Nevertheless, no data are available for preexposition pre-
vention in patients at risk.

The French government recently authorized the use of
REGEN-Cov to prevent COVID-19 infection in immunocom-
promised patients without any antibody response after 3 doses of
anti–SARS-CoV-2 vaccine (https://www.has-sante.fr/jcms/
p_3281999/fr/covid-19-autorisation-d-acces-precoce-accordee-
a-un-traitement-prophylactique).

We report the use of REGEN-Cov in preexposition pre-
vention in KTRs.

Among 402 KTRs having received 3 doses of vaccines and
for whom serology was available, 119 (29.6%) had no anti-
body response (anti-S titer < 50 arbitrary units [AU]; SARS-
CoV-2 immunoassay; Abbott; designed to detect IgG anti-
bodies to the receptor-binding domain of the S1 subunit of
the spike protein of SARS-CoV-2). Preexposition prevention
was proposed to all of them.

During the study period, the delta variant accounted for>99%
of COVID-19 cases. REGEN-Cov is effective against the delta
variant.5

The first dose of REGEN-Cov (1200 mg) was administered
i.v. The subsequent doses (600 mg) were administered s.c.
every 4 weeks. Nasopharyngeal swabs were obtained for pa-
tients to test for SARS-CoV-2 by quantitative reverse tran-
scription polymerase chain reaction before each
administration of REGEN-Cov. Anti-S antibodies were also
measured before each treatment.

Ninety-one patients (76%) accepted, whereas 28 refused.
Among the 91 patients, only 88 received a first dose of
645
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