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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) mRNA vaccination
may fail to sufficiently protect transplant recipients against coronavirus disease 2019
(COVID-19). We retrospectively evaluated COVID-19 in kidney transplant recipients
(n = 226) after BNT162b2 mRNA vaccine administration. The control group consisted
of unvaccinated patients (n = 194) during the previous pandemic wave. We meas-
ured anti-spike protein immunoglobulin G (IgG) levels and cellular responses, using
enzyme-linked immunosorbent spot assay, in a prospective cohort after vaccination
(n = 31) and recovery from COVID-19 (n = 19). COVID-19 was diagnosed in 37 (16%)
vaccinated and 43 (22%) unvaccinated patients. COVID-19 severity was similar in
both groups, with patients exhibiting a comparable need for hospitalization (41% vs.
40%, p = 1.000) and mortality (14% vs. 9%, p = .726). Short posttransplant periods
were associated with COVID-19 after vaccination (p < .001). Only 5 (16%) patients
achieved positive SARS-CoV-2 IgG after vaccination, and 17 (89%, p < .001) recovered
from COVID-19 (median IgG levels, 0.6 vs. 52.5 AU/ml, p < .001). A cellular response
following vaccination was present in the majority (n = 22, 71%), with an increase in in-
terleukin 2 secreting T cells (p < .001). Despite detectable T cell immunity after mRNA
vaccination, kidney transplant recipients remained at a high risk of severe COVID-19.
Humoral responses induced by vaccination were significantly lower than that after
COVID-19.

KEYWORDS
clinical research / practice, infectious disease, infection and infectious agents - viral, kidney
transplantation / nephrology, SARS-CoV-2/COVID-19, vaccine
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1 | INTRODUCTION

Kidney transplant patients are among the most vulnerable to
severe coronavirus disease 2019 (COVID-19) that is caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
A high percentage of kidney recipients require hospitalization,
and most studies indicate that mortality among them ranges
between 10 and 30%.1° In addition to chronic immunosup-
pression, adverse outcomes can be accounted for by the high
proportion of kidney recipients who are elderly or have asso-
ciated comorbidities.®>™® Given the limited therapeutic options
available, maximal efforts are directed toward the prevention
of COVID-19.

Vaccination against SARS-CoV-2 is the preferred route to
mitigate the impact of COVID-19. New mRNA vaccines show
robust humoral and T cell immune responses and provide 95%
protection against COVID-19 in the non-transplant population,
including in elderly patients and those with comorbidities.””’ The
vaccine is highly efficacious even against SARS-CoV-2 vari-
ants of concern, such as B.1.1.7 (alpha) or B.1.617.2 (delta).}®!!
Despite the fact that solid organ transplant recipients have not
been included in COVID-19 vaccine trials, vaccination is rec-
ommended in this population.!? Kidney transplant recipients
may exhibit long-term viral shedding; however, a significant
majority develop anti-SARS-CoV-2 immunoglobulin G (IgG) an-
tibodies and polyfunctional T cell immunity in levels that are
comparable to non-immunosuppressed patients.“’17 Despite
these promising data, a number of authors have reported poor
humoral responses in transplant recipients after mRNA vacci-
nation.'®22 Nevertheless, in contrast to the humoral response,
cellular immunity was detected in a significantly high proportion
of patients.zz’23 From a clinical point of view, protection against
COVID-19 in vaccinated patients after kidney transplantation
remains unclear.

To determine the efficacy of vaccination, we retrospectively
evaluated a cohort of kidney transplant recipients who received
the BNT162b2 mRNA vaccine during January 2021, when the
COVID-19 pandemic was at its peak in the Western Bohemia re-
gion. When the study began, the region experienced a 7-day in-
cidence of 528 new cases per 100 000 population. The pandemic
then peaked in March 2021, with values of 1050 new cases per
100 000 population (the “winter wave”), which corresponded to
the highest incidence to date since the beginning of the pan-
demic. The course of COVID-19 was compared among a group
of unvaccinated renal transplant recipients during the “autumn
wave” of the pandemic, which began in early September 2020
with a 7-day incidence of 78 new cases per 100 000 popula-
tion and peaked in late October 2020 at 817 cases per 100 000
population. In a follow-up prospective study, we measured the
humoral and cellular immune responses after vaccination in an-
other cohort who was vaccinated in February 2021 and com-
pared them to the responses in patients who had recovered from
COVID-19.

2 | METHODS

2.1 | Study population

The retrospective and prospective cohorts included adult kid-
ney transplant recipients from a single transplant center (Charles
University Teaching Hospital, Pilsen), all of whom were followed and
treated at the center. All patients who received the BNT162b2 mRNA
vaccine (Comirnaty, Pfizer/BioNTech, Mainz, Germany) in January
2021 (two doses at 4-week intervals) were retrospectively analyzed
until the end of June 2021. Patients who contracted COVID-19 be-
fore vaccination were excluded. Two weeks after receiving the sec-
ond dose, the patient was considered fully vaccinated. The control
group consisted of unvaccinated patients with no previous diagnosis
of COVID-19 who were retrospectively evaluated during the autumn
wave from September 2020 to the end of December 2020. Patients
with no history of COVID-19 who received BNT162b2 mRNA vaccina-
tion in February 2021 (two doses at 3-week intervals) were included
in the prospective study. All patients were screened using polymer-
ase chain reaction (PCR) for SARS-CoV-2 RNA from nasopharyngeal
swabs, and SARS-CoV-2 IgG levels were determined at the time of the
first dose. Individuals with positive PCR results and/or SARS-CoV-2
IgG were excluded. Both humoral (SARS-CoV-2 IgG) and cellular im-
mune responses (enzyme-linked immunosorbent spot assay [ELISpot]
technique) were evaluated 4 weeks after the second dose. The sec-
ond group of the prospective study consisted of patients who had a
previous COVID-19 infection 2-6 months prior to study participation,
in whom humoral and cellular responses were assessed. The study
was approved by the local ethics committee and conducted in compli-
ance with the Declaration of Helsinki and Istanbul. Written informed

consent was obtained from all the patients in the prospective cohort.

2.2 | Assessment of SARS-CoV-2
humoral immunity

Peripheral venous blood samples were collected using the VACUETTE
Blood Collection System (Greiner Bio-one Company, Kremsmiinster,
Austria). The serum was separated by a 10-min centrifugation at
1300x g and frozen at -80°C. Samples were thawed only once, just
prior to the analysis. An automated chemiluminescent (CLIA) ACCESS
SARS-CoV-2 IgG Il assay (manufacturer’s catalog number C69057)
was used to detect IgG antibodies against the receptor-binding domain
(RBD) in the S1 subunit of the spike protein (IgG anti-S1-RBD) (Beckman
Coulter, Brea, CA). Based on the manufacturer's instructions, concen-
trations of antibodies >10 arbitrary units per milliliter (AU/mL) were
considered to confirm the presence of antibodies against SARS-CoV-2.

2.3 | Assessment of SARS-CoV-2 cellular immunity

The quantitation of interferon-gamma (IFN-y) and interleukin-2
(IL-2)-producing cells was performed on isolated peripheral blood
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mononuclear cells (PBMCs) using a modified, dual-color, ELISpot
analysis (Mabtech, Sweden), as described previously.?* PBMCs
were obtained using density gradient centrifugation and stored in
liquid nitrogen. Thawed PBMCs at a concentration of 2 x 10° cells
per well were pipetted into ethanol-treated polyvinylidene dif-
luoride 96-well microplates pre-coated with primary monoclonal
antibodies specific for human IFN-y and IL-2 (Mabtech, Sweden)
and stimulated with antigens; an anti-CD3 monoclonal antibody
(Mabtech, Sweden) and medium alone were used as positive and
negative controls, respectively. Two sets of SARS-CoV-2 pep-
tide pools were utilized for antigenic stimulation: a SARS-CoV-2
S1 scanning pool (Mabtech, Sweden) consisting of peptide 15-
mers overlapping with 11 amino acids, covering the S1 domain of
the spike protein (amino acids 13-685), and a SARS-CoV-2 SNMO-
defined peptide pool (Mabtech, Sweden) containing 47 peptides
from the human SARS-CoV-2 virus spike protein (S), nucleoprotein
(N), membrane protein (M), and the open reading frame (ORF)-3a
and ORF-7a proteins.?® All experiments were performed in dupli-
cate wells. Cell cultures were cultivated in a CO2 incubator over-
night, after which the plates were washed, dried, and incubated
with detection antibodies and two fluorescent-labeled conjugates.
Fluorescent spots were counted using an automated ELISpot
reader equipped with filters for IFN-y and IL-2 detection (AID,
Germany). The mean spot count observed in the negative controls
was subtracted from the count in the stimulated wells in each run.
Aresult of 211-13 spot forming cells (SFC) per 2 x 10° cells for var-
ious stimulations was considered positive. This value corresponds
to the 75th percentile in non-vaccinated patients with undetect-
able SARS-CoV-2 IgG, assuming a possible cross-reactivity due to

previous infections with other common coronaviruses.?¢?”

2.4 | Outcomes and follow-up

The primary endpoint in retrospective cohorts was the occurrence
of COVID-19 in vaccinated and unvaccinated patients, diagnosed by
a positive PCR test result for SARS-CoV-2 RNA from nasopharyn-
geal swabs or bronchoalveolar lavage; in rare cases, a positive rapid
antigen test result was accepted. Secondary endpoints included
COVID-19 severity and mortality, along with an analysis of po-
tential factors that are predictive of COVID-19 development after
vaccination. The course of COVID-19 was compared between the
vaccinated and unvaccinated patients. The main parameters moni-
tored in the prospective follow-up cohort were humoral and cellular
immune responses 4 weeks after the second dose of vaccination.
The humoral response of the cohort was compared with that of a
group of patients who recovered from COVID-19. Other parameters
monitored were the contraction of COVID-19 after vaccination and
vaccination safety, as assessed by a questionnaire and laboratory
monitoring of graft function 4 weeks after the completion of the
vaccine course. The criteria for grading adverse events were as de-
scribed above (Table 51). The follow-up period ended on June 30,
2021.

2.5 | Statistical analysis

Quantitative parametric data were compared using Student’s t-
test or Mann-Whitney U-test for non-parametric distribution.
Qualitative data were analyzed using the X2 or Fisher's exact test.
Due to the non-parametric distribution, the Wilcoxon signed-rank
test was used to compare SARS-CoV-2 IgG levels and SFC counts
after antigenic stimulation before and after vaccination. Recipient,
donor, and transplant-related covariates (Table S2) were assessed as
potential risk factors for COVID-19 after vaccination. First, logistic
regression analyses were performed. Covariates with a p-value < .2
were included in a multivariate forward stepwise logistic regression.
Results are expressed as odds ratios (ORs) and 95% confidence in-
tervals (Cls). Statistical calculations were performed using the SAS
software (SAS Institute Inc., Cary, NC). Statistical significance was

setatp <.05.

3 | RESULTS

3.1 | COVID-19 after vaccination

The retrospective cohortincluded 420 patients (Figure 1). As of early
January 2021, 226 patients received mRNA vaccines. Of these, 37
(16%) were later diagnosed with COVID-19. Sixteen of the patients
who contracted COVID-19 had not been vaccinated completely;
21 patients were infected after completing the vaccination course.
The median time from the first dose to the onset of COVID-19 was
45 days, with a maximum of 105 days, reflecting the decrease in
cases in the region as a whole. During the autumn pandemic wave,
194 unvaccinated patients were evaluated, and 43 (22%) were diag-
nosed with COVID-19. Compared with the unvaccinated group, the
mRNA vaccination patients had shorter posttransplant periods and
were more likely to have diabetes and cardiovascular disease. The
two groups were comparable in terms of other demographic char-
acteristics and immunosuppressive therapy (Table 1). The charac-
teristics and treatment of COVID-19 are presented in Table 2 and
S3. SARS-CoV-2 was confirmed using PCR in all but four patients.
The B.1.1.7 variant was only detected in vaccinated patients dur-
ing the winter pandemic wave (43% vs. 0%, p < .001). The course
of COVID-19 was comparable between the vaccinated and unvac-
cinated groups, with both groups demonstrating a similar need for
hospitalization (41% vs. 40%, p = 1.000). There was also no differ-
ence in mortality, with 5 (14%) deaths in the vaccinated group and 4
deaths (9%, p = .726) in the unvaccinated group. We did not observe
a milder course of COVID-19 in patients with a complete course of
vaccination compared to patients who were not vaccinated com-
pletely (Table S4).

When compared with the non-COVID-19 group patients, pa-
tients who contracted COVID-19 did so in a significantly reduced
period of time following their transplant, had received renal re-
placement therapy for a shorter period of time, and were more
likely to have received tacrolimus and antilymphocyte antibody
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420 patients without history of
COVID-19 enrolled to retrospective cohort

I

194 unvaccinated patients
were evaluated in the autumn
pandemic wave

226 patients recieved BNT162b2
mRNA vaccine and were evaluated
in the winter pandemic wave

43 developed
COVID-19

4 died

——

189 without
COVID-19

37 developed
COVID-19

63 screened in prospective cohort

19 patients after 44 patients without history of
COVID-19 enrolled COVID-19 assessed for eligibility

16 with incomplete

21 with completed

vaccination® vaccination® 6 excluded due to ||
COVID-19 after 1* dose
1 died 4 died 19 were evaluated 31 recieved 2 doses of BNT162b2
for immune mRNA vaccine and were evaluated
response for immune response

7 excluded due to ||
positive SARS-CoV-2 IgG

37 included and recieved
BNT162b2 mRNA vaccine

FIGURE 1 Flow of patients through the study. COVID-19, coronavirus disease 2019. Included 5 patients with COVID-19 after 1% dose
and 11 patients <14 days after 2" dose. "More than 14 days after 2" dose

Age (years)

Gender (male)

Time posttransplant (months)

Previous transplantation

Cause of end stage renal disease
Chronic glomerulonephritis
Diabetic nephropathy
Polycystic kidney disease
Hypertension/nephrosclerosis
Other

Duration of RRT (months)

Donor type (deceased)

Body mass index (kg/m?)

Diabetes

Hypertension

Cardiovascular disease

Chronic pulmonary disease

Estimated GFR? (ml/min)

Immunosuppression at vaccination

Tacrolimus

Cyclosporine

Mycophenolate mofetil/sodium

Sirolimus

Depleting ALA within 6 months

Unvaccinated

(n=194)
58 +13
130 (67)
118 + 85
21(11)

90 (46)
10 (5)
36(19)
31(16)
6(16)
17+ 17
178 (92)
29 +5
44 (23)
192 (99)
55(28)
22 (11)
49 + 20

(n = 226)
58+ 11
143 (63)
88 +76
21(9)

210(93)
29 +5
79 (35)
226 (100)
106 (47)
26 (12)
50+ 20

195 (86)

25(11)

200 (88)
7(3)
2(1)

Note: Data are number of patients (percentage) or mean + SD.
Abbreviations: ALA, antilymphocyte antibody; COVID-19, coronavirus disease 2019; GFR,

glomerular filtration rate; RRT, renal replacement therapy.

#According to CKD-EPI formula.

mRNA vaccination

TABLE 1 Characteristics of
retrospective cohort according to
vaccination status

p
value

.948
485
<.001
.720
.054

.490
791
.087
.008
413
<.001
919
.993

424
.560
.903
.980
726
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TABLE 2 C.haracterirstics and t.reatment Unvaccinated mRNA vaccination p
of COVID-19 in unvaccinated patients and
after mRNA vaccination (n=43) (n=37) value
Time from first dose of vaccine - 52 +27
(days)
SARS-CoV-2 confirmation
PCR test? 41 (95) 35 (95) 1.000
Wild-type (WA1) 41 (100) 20(57) <.001
B.1.1.7 variant 0(0) 15 (43)
Rapid Ag test 2(5) 2(5)
Symptoms
Fever (238°C) 24 (56) 18 (49) .820
Cough 32 (74) 18 (49) .057
Fatigue/myalgia 37 (86) 35 (95) 275
Gastrointestinal 14 (33) 15 (41) 492
Acute kidney injury 13 (30) 12 (32) 1.000
Anosmia/ageusia 8(17) 4(11) 367
Confirmed pneumonia 15 (35) 14 (38) .819
Hospitalization 17 (40) 15 (41) 1.000
Treatment
Supplemental oxygen® 14 (33) 11 (30) .814
Dexamethasone 13 (30) 5(14) .107
Remdesivir 6 (14) 10 (27) 170
SARS-CoV-2 mAb© 0(0) 4(11) .042
Antibiotics 12 (28) 10 (27) 1.000
Modification of immunosuppression
No change? 3(7) 5 (14) 461
Mycophenolate mofetil 37 (86) 30(81) 562
withdrawal®
Reduction of tacrolimus’ 17 (40) 15 (41) 1.000
Death® 4(9) 5(14) 726

Note: Data are number of patients (percentage) or mean + SD.

Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2.

@Nasopharyngeal swab or bronchoalveolar lavage.

PMechanical ventilation in 1 unvaccinated and 2 vaccinated patients, high-flow oxygen device in 3
unvaccinated and 1 vaccinated patient.

¢Casirivimab + imdevimab in 3, bamlanivimab in 1. SARS-CoV-2 mAb were not available during
autumn pandemic wave. One patient progressed to severe COVID-19 and died in spite of
casirivimab + imdevimab administration.

Yncluding 1 vaccinated patient with fulminant course resulting in death within 12 h after
admission.

€4 unvaccinated patients and 5 after vaccination were not treated with mycophenolate mofetil at
the time of diagnosis.

MTargeting trough levels of 4-6 ng/ml in all hospitalized patients.

8Including 1 vaccinated patient with sudden death after discharge >1 months after COVID-19
diagnosis.

depletion in the 6 months prior (Table 3). However, the multivar- 3.2 | SARS-CoV-2-specificimmune response post-
jate analysis showed that temporal proximity to transplantation vaccination and after COVID-19: a prospective cohort
was the only independent risk factor for contracting COVID-19

post-vaccination. The presence of cardiovascular disease was pro- Of the 44 patients without a history of COVID-19, 7 were excluded
tective (Table 4). due to the presence of SARS-CoV-2 IgG, and 37 patients received



6 |

REISCHIG T AL.

TABLE 3 Characteristics of patients

(c;"ozvg)-w Y:izthfs";)covm'” Salue with and without COVID-19 after
vaccination

Age (years) 55+ 13 58 +11 192
Gender (male) 20 (54) 123 (65) 278
Time posttransplant (months) 34 + 27 99 +78 <.001
Previous transplantation 4(11) 17 (9) 969
Cause of end stage renal disease 231

Chronic glomerulonephritis 22 (59) 89 (47)

Diabetic nephropathy 2 (6) 12 (6)

Polycystic kidney disease 4(11) 36 (19)

Hypertension/nephrosclerosis 3(8) 18 (10)

Other 6(16) 34 (18)
Duration of RRT (months) 12 + 16 20+ 21 .010
Donor type (deceased) 36 (97) 174 (92) 433
Body mass index (kg/m?) 28+5 30+6 .340
Diabetes 11 (30) 68 (36) .589
Hypertension 37 (100) 189 (100) -
Cardiovascular disease 12 (32) 94 (50) .080
Chronic pulmonary disease 4(11) 22(12) .891
Estimated GFR? (ml/min) 46 + 17 51+20 149
Immunosuppression at vaccination

Tacrolimus® 36 (97) 159 (84) .062

Cyclosporine 0(0) 25(13) .039

Mycophenolate mofetil/sodium 32 (86) 168 (89) .891

Sirolimus 1(3) 6(3) 713

Depleting ALA within 6 months® 2 (5) 0(0) .024

Note: Data are number of patients (percentage) or mean + SD.

Abbreviations: ALA, antilymphocyte antibody; COVID-19, coronavirus disease 2019; GFR,

glomerular filtration rate; RRT, renal replacement therapy.
@According to CKD-EPI formula.

®Median tacrolimus trough levels were comparable in both groups (6.8 vs. 6.7 ng/ml, p = .767).

‘Thymoglobulin used for induction therapy in both patients.

the mRNA vaccine. Six patients were diagnosed with COVID-19
after the first dose, one of whom died. These patients were excluded
from the analysis (Figure 1). Thirty-one patients received both doses
of the mRNA vaccine and subsequently had their humoral and cel-
lular immune responses analyzed. The COVID-19 group consisted
of 19 patients 2-6 months (median, 107 days) after diagnosis. All
patients had mild or moderate disease (Table S5). Post-vaccination
and post-COVID-19 patients did not differ in baseline demograph-
ics or immunosuppressive treatment (Table 5).

Although there was a significant, albeit very modest, increase
in anti-RBD-S1 IgG levels after the completion of vaccination com-
pared with pre-vaccination levels (0.4 + 0.5 vs. 7.4 + 20.8 AU/ml,
p < .001), only 5 patients (16%) achieved a positive humoral re-
sponse in contrast to a significant majority of 17 patients (89%,
p < .001) who recovered from COVID-19. IgG levels were dramati-
cally higher in the post-COVID-19 group than in the mRNA vaccine
group (7.4 + 20.8 vs. 71.8 + 62.5 AU/ml, p < .001) (Figure 2 and
Table S6).

After vaccination, there was an increase in SARS-CoV-2-
specific T cell counts assessed by ELISpot after stimulation with
both the complex SNMO peptide pool and the S1 peptide pool
(Figure 3 and Table S7), although significant differences were
observed only for IL-2-secreting cells (11 + 30 vs. 15 + 17 SFC
per 2 x 10° PBMCs with SNMO peptide pool, and 10 + 20 vs.
16 + 17 SFC per 2 x 10° PBMCs with S1 peptide pool, p < .001).
The percentage of patients with a positive cellular response
increased from 26%-30% before vaccination to 45%-55%
after vaccination (Table S4). A positive cellular response with
at least one mode of stimulation (IFN-y or IL-2 secreting cells)
was achieved in 22 patients (71%) after vaccination, compared
with 14 (47%, p = .071) before vaccination. All patients with
a humoral response also showed a positive cellular response.
An analysis of demographic factors and immunosuppressive
treatment failed to show any factor that predicted response
to the mRNA vaccine (Table S8). SARS-CoV-2-specific T cells
could only be evaluated in 11 patients who recovered from



REISCHIG €T AL.

AL

TABLE 4 Risk factors for COVID-19 after mRNA vaccination

Odds
ratio 95% CI p value
Univariate®
Time posttransplant (per 0.971 0.946-0.996 .026
1 month increase)
Age (per 1 year increase) 0.977 0.947-1.008 144

Chronic glomerulonephritis (ref. 1.757 0.858-3.594 123

= other causes)

Cardiovascular disease (ref. = 0.485 0.230-1.022 .057
none)

Tacrolimus (ref. = cyclosporine  6.791 0.897-51.4 .064
or sirolimus)®

Estimated GFR (per 1 ml/min 0.986 0.968-1.005 .150
increase)

Multivariate

Time posttransplant (per 0.975 0.963-0.987 <.001
1 month increase)

Cardiovascular disease (ref. = 0.441 0.198-0.981 .045

none)

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease
2019; GFR, glomerular filtration rate.
#Variables with p-value < .2 are shown.

bBoth tacrolimus level (odds ratio, 1.036, 95% Cl, 0.872-1.230 per 1 ng/
mlincrease, p = .688) and mycophenolate mofetil dose (odds ratio,
1.000, 95% Cl, 1.000-1.001 per 1 mg/day increase, p = .361) did not
reach significance.

COVID-19 with a comparable response to patients after vacci-
nation (Table S7).

3.3 | The safety of the mRNA vaccine

The first and second doses of the BNT162b2 mRNA vaccine were
well tolerated. Local pain at the injection site was the most com-
monly reported adverse reaction (52%), with only mild to moderate
reactions in all cases (Figure 4). Systemic reactions occurred in 19%
of patients. Renal function remained stable after vaccination, and

none of the patients developed graft rejection.

4 | DISCUSSION

Our study shows that despite a good safety profile, the lack of ef-
ficacy of the BNT162b2 mRNA vaccine is a major problem in the
kidney transplant recipient population. As many as 80% of the vac-
cinated patients in our study failed to achieve a positive humoral
response after two doses, in contrast to the 90% response rate in pa-
tients who had experienced a COVID-19 infection. In addition, anti-
RBD-S1 IgG levels were dramatically higher after COVID-19 than
after vaccination. Indicators of cellular response showed a signifi-
cantincrease after vaccination, and detectable SARS-CoV-2-specific

immunity was demonstrable in 71% of patients, yet real protection
from COVID-19 was minimal. In epidemically unfavorable conditions,
16% of the vaccinated patients became infected within 3 months,
with a high proportion of severe cases and significant mortality. The
course of COVID-19 was similar to that seen in unvaccinated renal
transplant recipients during the previous autumn pandemic wave,
with comparable mortality rates. Finally, patients with a completed
course of vaccination did not have milder symptoms than those with
incomplete vaccinations.

It should be emphasized that patient follow-up took place during
the peak of the pandemic when SARS-CoV-2 variant B.1.1.7 (alpha),
a strain with high transmissibility, was widespread among the pop-
ulation, which influenced the high prevalence of COVID-19 in our
cohort.?®?? Despite recommendations to follow anti-epidemic
measures even after vaccination, the incidence of COVID-19 was
not lower in transplant recipients than in the general, largely un-
vaccinated population. In contrast, 37 infections in 226 vaccinated
patients in 105 days, corresponding to a 7-day incidence of 1091
new cases per 100 000 population, exceeded the incidence in the
general population over the same period (528 cases at the start of
the study, with a peak of 1050 cases). Although we did not observe
milder symptoms of COVID-19 in the vaccinated group in compari-
son with our autumn wave cohort, our data are not definitive, and
it cannot be excluded that vaccination may attenuate the course of
COVID-19. Our control group was not fully comparable to the vac-
cination cohort, as the patients had long posttransplant periods and
were all infected with wild-type SARS-CoV-2. Adherence to anti-
epidemic measures may be low in vaccinated patients. However,
some effective COVID-19 treatment options, such as neutralizing
monoclonal antibodies against the SARS-CoV-2 spike protein, were
not available during the autumn wave. The outcomes of COVID-19
in our patients appear as adverse as in cohorts of renal transplant
recipients before the vaccination era.?® Although the 14% mortality
rate is near the lower end of previously published data, a number
of studies have described outcomes predominantly in patients hos-
pitalized for COVID-19.>¢ Our study covers all cases of COVID-19,
including non-hospitalized patients, where mortality may be below
10%.% Consistent with our observation, several recently published
pilot studies have described the emergence of COVID-19 in renal
transplant recipients after receiving the mRNA vaccines, with the
need for hospitalization in up to 48% of these patients and mortality
rates as high as 28%.%%%! To date, no factors associated with the
development of COVID-19 after vaccination have been published. In
our cohort, temporal proximity to transplantation was the strongest
risk. This may be due not only to the high level of immunosuppression
in patients shortly after transplantation but also to the need for fre-
quent hospital visits with increased epidemiological risk. However,
an analysis of immunosuppressive drugs did not show an association
between individual immunosuppressive drugs and COVID-19. The
reason for the protective effect of cardiovascular disease was not
apparent. However, it can be speculated that patients without car-
diovascular disease are mobile, have social contacts, and are there-
fore at great risk of being infected with SARS-CoV-2.
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Vaccination Post-COVID-19 TABLE 5 Char.actz?ristics of pta\tients
(n=237) (n=19) pvalue after mMRNA vaccination and patients
recovered from COVID-19
Age (years) 51+13 53+9 .555
Gender (male) 24 (65) 15(79) .364
Time posttransplant (months) 100+ 78 126 + 87 .350
Previous transplantation 5(14) 1(5) .652
Cause of end stage renal disease .243
Chronic glomerulonephritis 19 (51) 8(42)
Diabetic nephropathy 2 (5) 0(0)
Polycystic kidney disease 4(11) 4(21)
Hypertension/nephrosclerosis 7 (19) 1(5)
Other 5 (14) 4(21)
Duration of RRT (months) 16 + 13 25+ 26 446
Donor type (deceased) 35 (95) 16 (84) .324
Body mass index (m?/kg) 29+5 28 +4 .340
Diabetes 8(22) 2(11) 467
Hypertension 36 (97) 19 (100) 1.000
Cardiovascular disease 11 (30) 4(21) .543
Chronic pulmonary disease 3(8) 1 (5) 1.000
Estimated GFR? (ml/min) 47 + 19 53+15 222
Immunosuppression at vaccination/COVID-19
Tacrolimus 33(89) 16 (84) 679
Cyclosporine 4 (11) 3 (16) 679
Mycophenolate mofetil/sodium 37 (100) 19 (100) 1.000
Depleting ALA within 6 months 1(3) 1(5) 1.000

Note: Data are number of patients (percentage) or mean + SD.

Abbreviations: ALA, antilymphocyte antibody; COVID-19, coronavirus disease 2019; GFR,
glomerular filtration rate; RRT, renal replacement therapy.

@According to CKD-EPI formula.
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In a follow-up prospective study, only 16% of patients achieved
positive anti-RBD-S1 1gG levels 4 weeks after the administration of
two doses of the BNT162b2 mRNA vaccine. Inadequate humoral
responses after vaccination have been repeatedly reported in solid
organ transplant recipients.m'23 Some authors describe a high pro-
portion of patients able to generate anti-SARS-CoV-2 antibodies up
to 54%.182021 |n contrast, many others have reported humoral re-
sponse in a minimum (<10%) of vaccinated patients.'??? The results
may vary mainly due to the different patient mix and especially the
intensity of immunosuppressive treatment. All of our patients were
treated with mycophenolate mofetil (or sodium), which is associated
with a low response to the vaccine.18:20.21 Although other risk fac-
tors have been described, the level of immunosuppression is crucial,

which is indirectly confirmed by the significantly good humoral im-
munity after vaccination in the dialysis population despite the high
prevalence of comorbidities.?? In contrast, the cellular immune re-
sponse was present in almost three-quarters of patients after vacci-
nation, which was comparable to patients who had recovered from
COVID-19. Nevertheless, the very small number of patients exam-
ined after COVID-19 precludes a relevant comparison. After the
second dose of vaccine, there was an increase in IFN-y and IL-2 se-
creting cells both after stimulation with the SARS-CoV-2 complex
peptide pool and with peptides covering the S1 domain of the spike
protein. As expected, cellular immunity was already present be-
fore vaccination in a number of SARS-CoV-2 serologically negative
patients without prior COVID-19, as described in previous studies
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FIGURE 4 Local and systemic reactions reported after the
BNT162b2 mRNA vaccination. Assessed in patients without
COVID-19 after vaccination (n = 31). There were no grade 3 or 4
adverse reactions nor any hospitalizations related to vaccination.
Serum creatinine remained stable 4 weeks after the second dose of
vaccine (157 + 97 pmol/L) compared to pre-vaccination level (162 +
94 pmol/L)

using ELISpot assays.?®?” These cross-reactive SARS-CoV-2 specific
T cells are likely induced by previous exposure to other circulating
coronaviruses. The finding of a high number of IFN-y-secreting
cross-reactive cells before vaccination in several patients may ex-
plain the non-significant increase in these cells after vaccination. A
significantly greater proportion of patients with a cellular response
versus a humoral response has been recently published.??2% Our clin-
ical data and that of others suggest that it is questionable whether
the level of cellular immunity induced by the mRNA vaccine confers
a degree of protection against COVID-19 in patients after kidney
transplantation. A detailed analysis of the SARS-CoV-2-specific
T cell response showed not only a lower number of reactive cells
but also significant functional abnormalities, such as impairment in
effector cytokine production, memory differentiation, and cellular
activation, in comparison with healthy controls or dialysis patients.??

The humoral response in patients who had recovered from
COVID-19 was robust when compared to that in patients who had
received the vaccination. A humoral response was present in vir-
tually all patients, and they exhibited significantly high I1gG levels.
A similar finding has recently been reported in a cohort of lung
transplant recipients.®? Both observations correlate well with the
detailed analyses of post-COVID-19 immunity in transplant recip-
ients, which document not only comparable SARS-CoV-2 IgG pro-
duction, including neutralizing antibody titers but also functional T
cell immunity with the ability to produce multiple pro-inflammatory
cytokines that are comparable to the general population.!*1¢17
Analogous to our results with COVID-19 is the stronger immune
response to natural influenza infection, seen in transplant patients
who had recovered from influenza, compared to transplant recipi-

ents who had received the influenza vaccine. The former group not

only exhibited a great diversity of humoral response but also a mul-
tifold high CD4* T cell immunity.3®3* The reason for the superior
immune response to a natural infection in immunocompromised
patients requires further study; however, one can speculate that
it is the co-stimulation of innate immunity caused by a natural in-
fection or an exposure to a broad spectrum of antigens than can be
achieved with vaccination.3%%°

Our study has limitations that need to be considered. The PCR
test for SARS-CoV-2 was performed mainly in patients with sus-
pected symptoms or in patients who had been in contact with
COVID-19 positive individuals; only a minority of PCR tests were
screening tests performed during hospitalizations for other rea-
sons. Therefore, some asymptomatic COVID-19 cases may have
been missed. However, the very high incidence of COVID-19 in our
patients, exceeding the regional incidence, suggests that the num-
ber of undiagnosed COVID-19 cases was small. This is aided by the
long-term organization of care, where even mild infections are man-
aged primarily within the transplant center. Another limitation of
our study is that the number of patients whose immune responses
were measured after vaccination was limited. Given the relatively
homogeneous immunosuppressive therapy used, it was not possi-
ble to determine the role of individual immunosuppressive drugs in
response to vaccination. Finally, we used a standard two-dose vac-
cination schedule, and a third booster dose of mRNA vaccine is now
recommended for transplant recipients, which may improve patient
protection.

Our results have important clinical implications. Although vac-
cination efficacy is generally suboptimal in kidney transplant re-
cipients, annual influenza vaccination is associated with a decrease
in influenza-associated morbidity.3¢%” Such evidence is lacking for
COVID-19. The need for a change in our vaccination strategy is ev-
ident and may even become urgent with the spread of new SARS-
CoV-2 variants, such as B.1.617.2 (delta), as these variants have a
reduced sensitivity to antibody neutralization.®® Based on the suc-
cess of the influenza vaccine, a high-dose vaccination or the admin-
istration of a third dose of the mRNA COVID-19 vaccine has been
suggested.3?40 Pilot studies have already been conducted with par-
tial success.**2 Finally, even in patients who have completed their
course of vaccination, it is important to insist on strict adherence to
preventative measures in order to curtail the transmission of SARS-
CoV-2. It is also important to consider treatment with neutralizing
monoclonal antibodies against the SARS-CoV-2 spike protein if
COVID-19 is detected.*?

In conclusion, despite the administration of the BNT162b2 mRNA
vaccine, kidney transplant recipients remain at a high risk of
COVID-19 infection with a severe course and high mortality. The
humoral response of vaccinated patients is significantly reduced
compared to that of patients who have recovered from COVID-19. A
cellular response is detectable in most patients; however, the level
of protection against COVID-19 remains uncertain. Therefore, there
is an urgent need to improve vaccination strategies for transplant
recipients.
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