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Summary Growing evidence shows diminished re-
sponse to mRNA-based SARS-CoV-2 vaccination in
kidney transplant recipients. We aimed to investi-
gate the seroconversion rate after a 3rd and 4th dose
of mRNA vaccination in kidney transplant recipients
without prior antibody response to two or three vac-
cination doses.

This retrospective study included 324 prevalent kid-
ney transplant recipients of a single tertiary trans-
plantation center of which 157 remained seroneg-
ative, defined as anti-spike-RBD-IgG antibody titer
<7.1 BAU/ml], after two doses of mRNA-based SARS-
CoV-2 vaccination. Maintenance immunosuppres-
sion was not changed. The median patient age was
60.6 years (IQR 51.4-68.1 years), 66.9% were male.
Positivity for anti-spike-RBD-IgG (=7.1 BAU/ml) was
measured 4-5 weeks after administration of a 3rd and
4th vaccine dose.

Seroconversion rates were 63.9% after a 3rd dose and
29.3% after a 4th dose of vaccine. Cumulative preva-
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lence of seropositivity was 51.5% after 2 doses, 80.5%
after 3 doses and 84.2% after 4 doses.

In conclusion, seroconversion can be achieved in the
majority of the kidney transplant recipients by admin-
istrating three or four doses of mRNA vaccine without
changing maintenance immunosuppression.
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Abbreviations

ADPKD Autosomal dominant polycystic kidney
disease

BAU/ml Binding antibody unit per milliliter

BMI Body mass index

BPAR Biopsy-proven acute rejection

IQR Interquartile range

mRNA Messenger ribonucleic acid

MTORI Mammalian target of rapamycin in-
hibitor

PCR Polymerase chain reaction

RBD Receptor binding domain

SARS-CoV-2 Severe acute respiratory syndrome coro-
navirus type 2
SD Standard deviation

Introduction

The risk of severe COVID-19 is higher in kidney trans-
plant recipients compared to the immunocompetent
persons [1]. mRNA vaccination has shown to be highly
efficient in a broad range of severe acute respiratory
syndrome of coronavirus type 2 (SARS-CoV-2) in the
general population [2]. Vaccine efficacy after the sec-
ond vaccination was reported to be 92% for docu-
mented infection, 94% for symptomatic COVID-19,
87% for hospitalization and 92% for severe disease
[2]. Nevertheless, growing evidence indicates dimin-
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ished responsiveness to mRNA vaccination in organ
transplant recipients, especially after two doses [3,
4]. According to published data, the de novo de-
tectable humoral response rate after the 3rd vacci-
nation is about 50% in kidney transplant recipients,
probably leaving many patients with little or no pro-
tection against COVID-19 [5]. This is of great clinical
relevance, as COVID-19-related hospitalizations and
deaths of transplant patients have been observed de-
spite prior SARS-CoV-2 vaccinations [6, 7].

Herein, we report our center’s (Ordensklinikum
Linz, Elisabethinen Hospital) experience on sero-
conversion of prevalent kidney transplant recipients
previously unresponsive to SARS-CoV-2 vaccinations
who received a 3rd and 4th dose of SARS-CoV-2 mRNA
vaccine.

Methods
Cohort

In this single center retrospective cohort study, 324
prevalent kidney transplant recipients in our COVID-
19 vaccine program were included. Kidney transplant
recipients were prioritized to receive COVID-19 vacci-
nation as soon as vaccines became available in Austria
in January 2021.

Intervention

For the 1st and 2nd dose between 15 January and 30
June 2021, both mRNA vaccine types (mRNA-1273,
Spikevax©, Moderna (Cambridge, Massachusetts,
USA) and BNT162b2, Comirnaty©, Biontech (Mainz,
Germany)/Pfizer (New York City, New York, USA))
were administered at standard dose (100 pg for mRNA-
1273 and 30pug for BNT162b2) and standard intervals
(4 weeks for mRNA-1273 and 3 weeks for BNT162b2),
depending on availability given the shortage of vac-
cines at the early stages of the vaccine program roll out
in Austria (n=74, 22.8% mRNA-1273; n=250, 77.2%
BNT162b2). After the 2nd dose 157 patients out of
324 (48.5%) remained seronegative. As recommended
by joint statements of the Austrian Society of Trans-
plantation and the Austrian Society of Nephrology,
patients without seroconversion to prior vaccinations
were invited to receive a 3rd dose of mRNA-based
SARS-CoV-2 vaccine between 2 September and 21
October 2021 and a 4th dose between 18 October and
8 December 2021 [8, 9].

Based on published data and our own work show-
ing higher odds of seroconversion after vaccination
with mRNA-1273 compared to BNT162b2 in kidney
transplant recipients, we preferred mRNA-1273 vac-
cine for the 3rd and 4th doses in seronegative patients
[10]. The dose for the 3rd and 4th vaccination was
100 png of mRNA-1273 or 30 ug of BNT162b2. The ad-
ministration of the 3rd and 4th doses was conducted
in our transplantation center, in outpatient clinics and

vaccination centers depending on availability and the
distance to the patients’ residence. Blood samples
for the assessment of the response to the vaccination
were taken exclusively in our transplantation center
outpatient clinic as part of routine checks. Mainte-
nance immunosuppression was continued through-
out the entire observation period according to center-
specific standards. Importantly, immunosuppression
was not modified or decreased in patients without
seroconversion after SARS-CoV-2-vaccinations. Base-
line patient characteristics were extracted from the
medical records. The Austrian electronic vaccination
card and electronic medical records were used to com-
plete missing data. Patients who failed to appear for
follow-up were contacted by telephone call and asked
for their drop-out reasons.

Measurement of humoral response

The humoral response to the vaccination was de-
termined after each vaccination dose: titers of anti-
SARS-CoV-2 antibodies directed against the receptor
binding domain of the S1 subunit of the spike (S) pro-
tein were measured 37 days (IQR 32-40 days) after the
administration of the 3rd and 26 days (IQR 26-27 days)
after the 4th dose. SARS-CoV-2 IgG II Quant assay
(Abbott Ireland Diagnostics Division, Sligo, Ireland)
was used, results were reported in binding antibody
units per ml (BAU/ml) [11]. A negative response was
defined as a titer <7.1 BAU/ml according to the man-
ufacturer in accordance with previous studies [10, 12].
The first detectable humoral response was defined as
seroconversion. Antibody trajectories over time were
not measured routinely due to transplantation center
policy.

COVID-19 infections

Screening for SARS-CoV-2 infections in asymptomatic
patients was not performed in our transplantation
center. SARS-CoV-2 infections in symptomatic pa-
tients (thus having COVID-19 per definition) were di-
agnosed by polymerase chain reaction (PCR) tests out-
side of our hospital and available only for analysis
in patients self-reporting their infection. A COVID-19
infection was diagnosed in one seronegative kidney
transplant recipient after two doses (asymptomatic in-
fection) and in three seronegative kidney transplant
recipients after three doses (two treated in hospital,
one at home).

Statistical analysis

Continuous variables were described by mean and
standard deviation or median and interquartile range
depending on data distribution. We calculated fre-
quencies and proportions to describe count data. For
explorative statistical analyses, proportions were com-
pared using Fisher’s exact test. Continuous variables
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Fig. 1 Patient flow chart for drop-out

were compared by the Student’s t-test or the Mann-
Whitney test depending on the distribution of data.
A P-value <0.05 (two sided) was regarded as statis-
tically significant. Because of the exploratory nature
of the statistical analyses, no correction for multiple
testing was performed. Data analysis was done using
GraphPad Prism (GraphPad Software, San Diego, CA,
USA) Version 9.3.1. The study was approved by the
Ethics Committee (ID 1100/2021). Patients provided
written informed consent.

Results

Of 324 kidney transplant recipients participating in
the study, 10 patients dropped out after dose 2 and
12 patients dropped out after dose 3. A patient flow
chart including reasons for patient drop-out is shown
in Fig. 1.

Of 147 kidney transplant recipients who remained
seronegative after 2 vaccine doses and received
a 3rd dose, 125 (85%) received mRNA-1273 and 22
(15%) received BNT162b2. After the 3rd vaccine
dose, 94 (63.9%) patients developed detectable anti-
Spike-RBD-IgG antibodies, with a median titer of
242.6 BAU/ml (IQR 39.9-821.1 BAU/ml). Characteris-
tics of patients with or without seroconversion after
a 3rd vaccine dose are shown in Table 1. In an ex-
ploratory statistical analysis, no significant differences
between patients with and without seroconversion af-
ter a 3rd vaccine dose were detected for age (p=0.18),
sex (p=0.27), mycophenolate use (p=0.6) or dose
(p=0.5), kidney transplant vintage (p=0.13) or serum
creatinine (p=0.07). An overview of p-values and
the dose of immunosuppression are presented in
supplementary tables 1 and 2.

Of 41 kidney transplant recipients who remained
seronegative after 3 vaccine doses and received a 4th
dose, 38 patients received mRNA-1273 (92.7%) and
3 patients (7.3%) received BNT162b2. After the 4th

vaccine dose, 12 (29.3%) patients developed a hu-
moral response with a median antibody titer of
44.7 BAU/ml (IQR 17.9-111.6 BAU/ml). The char-
acteristics of seronegative and de novo seropositive
patients after dose 4 are demonstrated in Table 1.
In an exploratory statistical analysis, no significant
differences between patients with and without sero-
conversion after a 4th vaccine dose were detected for
age (p=0.8), sex (p=0.7), mycophenolate use (p=0.9)
or dose (p=0.12), kidney transplant vintage (p=0.9)
or serum creatinine (p=0.6). Seroconversion rates of
seronegative kidney transplant recipients were 51.54%
of n=324 patients after a 2nd dose, 63.95% of n=147
seronegative patients after a 3rd dose and 29.27% of
n=41 seronegative patients after a 4th vaccine dose,
as shown in Fig. 2.

D

n after 2"9 dose = 324

&

n after 3" dose = 147

>

n after 4" dose = 41

Il 51.54% seroconversion
[ 48.46% no seroconversion

Il 63.95% seroconversion
[ 36.05% no seroconversion

Il 29.27% seroconversion
[ 70.73% no seroconversion

Fig. 2 Seroconversion rates defined as anti-Spike-RBD-IgG
antibody titer >7.1 (BAU/mI) after a 2nd (n=324; serocon-
version rate of 51.5%), 3rd (n=147; seroconversion rate of
63.9%) and 4th (n=41; seroconversion rate of 29.2%) vac-
cine dose with mRNA -based SARS-CoV-2-vaccines in kid-
ney transplant recipients without seroconversion after pre-
vious vaccinations. RBD receptor binding domain, BAU/ml
binding antibody units per milliliter, mMRNA messenger ribonu-
cleid acid

@ Springer

Humoral response after a third and fourth dose of mRNA-based SARS-CoV-2 vaccine in previously...



original article

Table 1
based vaccine

Baseline
after 3rd dose
Number of - n=324 n="53
patients
Type of vaccine mRNA-1273 n=74; 22.84% n=>51;96.27%
BNT162b2 n=250; 77.16% n=2;3.77%
Sex (male/ - n=217;66.98%/  n=32;60.38%/
female) n=107; 33.02% n=21; 39.63%
Age (years) - 60.60 65.10
(median, IQR) (51.43-68.18) (54.85-71.90)
BMI (kg/m?) - 26.08 25.47
(median, IQR) (22.89-29.41) (23.04-29.11)
Primary renal  Diabetes mellitus type 1 n=4; 1.24% n=0; 0.0%
disease Diabetes mellitus type 2 n=18; 5.56% n=6;11.32%
Hypertensive/vascular  n=19; 5.86% n=6;11.32%
ADPKD n=48; 14.81% n=7;13.21%
Glomerulonephritis n=136; 41.98% n=17; 32.08%
Reflux nephropathy/  n=26; 8.02% n=3;5.66%
pyelonephritis
Other n=73; 22.53% n=14; 26.42%
Comorbidities  Diabetes n=284%;25.93% n=14;26.42%
Coronary artery disease n=95; 29.32% n=14; 26.42%
Congestive heart failure n=25; 7.71% n=>5;9.43%
Peripheral occlusive n=53; 16.36% n=7;13.21%
vascular disease
Cerebrovascular dis- n=164;19.75% n=12; 22.64%
ease
Immunosup- Tacrolimus n=251;77.47% n=48; 90.57%
pressive therapy \ycophenolate n=228;70.37%  n=47;88.68%
Cyclosporin A n=35; 10.80% n=3; 5.66%
Azathioprine n=26; 8.02% n=1;1.89%
Glucocorticoids n=222; 68.52% n=40; 75.47%
mTORi n=30; 9.26% n=1;1.89%
Belatacept n=>5;1.54% n=1;1.89%
Donor type Living donor n=80; 24.69% n=11; 20.75%

Deceased donor
Number of kid- 1

n=244;75.31%
n=263; 81.17%

ney transplants n=48:1481%  n=7;1321%
3+ n=13; 4.02% n=0; 0.0%

Time since transplantation (years)

(median, IQR) - 7.00;3.42-11.28  3.60; 1.4-10.0

Blood parameters

(median, IQR)  Creatinine (mg/dl) 1.38; 1.11-1.83 1.54;1.19-1.94

(mean = SD) Hemoglobin (g/dl) 13.55+1.84 13.03+1.62

Remained seronegative Became seropositive

n=42;79.25%
n=46; 86.79%

Characteristics of the entire cohort of kidney transplant recipients before dose 1 and after doses 3 and 4 of mRNA-

Remained seronegative Became seropositive
after 4th dose after 4th dose

n=29 n=12

after 3rd dose
n=94
n="74;78.72%

n=26; 89.66% n=12;100.0%

n=20; 21.28% n=3;10.34% n=0; 0.0%
n=66; 70.21%/ n=19; 65.52%/ n=7; 58.33%/
n=28; 29.79% n=10; 34.49% n=5; 41.67%
58.64 66.80 67.75
(51.80-64.63) (57.45-73.60) (56.28-70.83)
25.88 25.36 25.54
(22.93-29.39) (23.04-28.22) (23.79-29.88)
n=1;1.06% n=0; 0.0% n=0; 0.0%
n=4; 4.26% n=5; 17.24% n=0; 0.0%
n=5; 5.32% n=14; 13.79% n=1; 8.33%
n=17;18.09% n=4; 13.79% n=1;8.33%
n=42; 44.68% n=8; 27.59% n=5; 41.67%
n=8;8.51% n=1; 3.45% n=1;8.33%
n=17;18.09% n=7; 24.14% n=4; 33.34%
n=26; 27.66% n=9; 31.03% n=2; 16.67%
n=28; 29.79% n=10; 34.48% n=2; 16.67%
n=7;7.45% n=1; 3.45% n=2; 16.67%
n=15; 15.96% n=6; 20.69% n=0; 0.00%
n=22; 23.40% n=8; 27.59% n=3; 25.00%

n=281; 86.17%
n=_87;92.56%

n=27;93.10%
n=27;93.10%

n=11;91.67%
n=11;91.67%

n=6; 6.38% n=1; 3.45% n=1; 8.33%
n=23;3.19% n=0; 0.0% n=1; 8.33%
n=68; 72.34% n=21;72.41% n=11;91.67%
n=4; 4.26% n=1; 3.45% n=0; 0.0%
n=1;1.07% n=0; 0.0% n=0; 0.0%
n=22; 23.40% n=4;13.79% n=1; 8.33%

n=172;76.60%
n=67;71.28%

n=25; 86.21%
n=25; 86.21%

n=11;91.67%
n=11;91.67%

n=19; 20.21% n=4;13.79% n=1; 8.33%
n=28;8.51% n=0; 0.0% n=0; 0.0%
5.15; 2.38-8.73 3.40; 1.40-10.60 4.40; 2.52-8.13
1.34;,1.10-1.75 1.54;1.25-1.93 1.52;1.21-1.88
13.79+1.69 12.93+1.68 13.38+1.53

IQR interquartile range, BM/ body mass index, ADPKD autosomal dominant polycystic kidney disease, SD standard deviation

Of the entire cohort of 324 kidney transplant recipi-
ents, 84.2% (n=273) ultimately developed anti-Spike-
RBD-IgG antibodies after 2, 3 or 4 doses of mRNA
vaccination (Fig. 3).

Safety

The application of a 3rd or 4th vaccination elicited
the typical local and systemic reactions, which were

generally mild. One patient who received the first
kidney transplantation approximately 1 year before
receiving the 3rd vaccine dose was diagnosed with
a biopsy-proven acute rejection (BPAR), classified as
Banff Ia, 2 weeks after the 3rd vaccine dose. Another
patient who received the first kidney transplant ap-
proximately 1.5 years before the 2nd vaccination was
diagnosed with BPAR classified as Banff Ia with acute
and chronic features 4 months after the 2nd vaccina-
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Fig. 3 Cumulative seroprevalence of anti-Spike-RBD-IgG
antibody positivity (=7.1 BAU/ml) in prevalent kidney trans-
plant recipients (KTR) after 2, 3 or 4 doses of mMRNA-based
SARS-CoV-2 vaccine. RBD receptor binding domain, BAU/m/
binding antibody units per milliliter, mMRNA messenger ribonu-
cleic acid

tion. This patient had a history of self-reported non-
adherence to immunosuppression.

Reasons for refusal of a 3rd or 4th vaccine dose are
shown in Fig. 1 and did not appear to be related to
adverse effects of SARS-CoV-2 vaccinations.

Discussion

The main finding of this study is that seroconver-
sion defined as anti-Spike-RBD-IgG antibodies =7.1
BAU/ml can be achieved in the majority (84.2%) of
prevalent kidney transplant recipients without mod-
ification of maintenance immunosuppression. This
may be of clinical importance as seroconversion rates
are known to be very low in kidney transplant recipi-
ents after two doses of mRNA-based SARS-CoV-2 vac-
cine. An alternative approach to repeated vaccina-
tions to increase seroconversion rates to SARS-CoV-2
vaccinations in kidney transplant recipients is tran-
sient reduction of immunosuppression. Several tri-
als investigating this approach are currently ongoing
(e.g. NCT05077254; NCT05060991), but results are
not available yet. Therefore, it can currently not be
concluded which vaccination strategy should be ad-
vocated in terms of efficacy (e.g. seroconversion rates)
and safety (e.g. graft rejection).

Due to lack of reaching statistical significance, pa-
tient characteristics such as age, kidney transplant
vintage or serum creatinine may not be fully suitable
to predict (non)responsiveness after the 3rd dose, but
still may influence vaccine responsiveness when stud-
ied in larger cohorts. Although the seroconversion
rate was higher after the 3rd dose (63.9%) compared
to the 4th dose (29.3%) in patients without serocon-
version to previous vaccinations, our findings indi-

cate that seroconversion can still be achieved in ap-
proximately one third of kidney transplant recipients
who failed to develop anti-Spike-RBD-IgG antibodies
to three previous vaccinations. Advocating a 3rd and
4th vaccine dose in patients without seroconversion to
prior vaccinations therefore seems justifiable, despite
the diagnosis of BPAR in two patients during the ob-
servation period. One patient developed BPAR shortly
after receiving a 3rd vaccine dose without obvious rea-
sons for graft rejection, rendering a causal relationship
between vaccination and BPAR possible. The other
patient had a history of self-reported nonadherence
to immunosuppressive therapy and had also signs of
chronic rejection in kidney graft histology, suggesting
nonadherence as the major cause for graft rejection.
The question of causal relationship between SARS-
CoV-2 mRNA-based vaccination and BPAR needs to
be addressed in further studies. Currently, only single
cases of BPAR associated with SARS-CoV-2 vaccina-
tions have been reported in kidney transplant recipi-
ents [13, 14].

Our study results are generally in line with find-
ings reported by other research groups, but it might
be worthwhile to highlight certain differences: Cail-
lard et al. reported on anti-Spike antibody responses
in prevalent kidney transplant recipients with anti-S
titers <143, with the majority of patients already
having detectable titers (median 16.4 BAU/mL, IQR
5.9-62.3 BAU/mL) [15]. This is different to the present
study, as we report on seroconversion rates after a 3rd
and 4th vaccination in patients without prior sero-
conversion (anti-Spike-RBD-IgG titer <7.1 BAU/ml).
This has to be taken into account when comparing se-
roconversion rates, as it has been reported previously
that transplant patients who develop low but de-
tectable antibody responses are very likely to develop
high antibody titers after additional vaccinations,
whereas the majority of patients who were seroneg-
ative after two vaccinations remained seronegative
after a 3rd vaccination [16, 17]. On the other hand,
Caillard et al. aimed for anti-S antibody titers >143
BAU/ml, with the rationale that anti-S antibody titers
which correlate with virus neutralization against the
SARS-CoV-2 Delta variant need to be higher com-
pared to the wild-type virus and the Alpha, Beta, and
Gamma variants. In the present study, we defined
seropositivity as anti-Spike-RBD-IgG antibody =7.1
BAU/ml in line with the assay manufacturers recom-
mendation, which was defined as correlation with
the presence of neutralizing antibodies against the
wild-type variant. In this respect, the study reported
by Kamar et al. on seroconversion rates after a 4th
vaccination is more similar to our report. Kamar et al.
included predominantly transplant patients without
seroconversion after three vaccinations and reported
a seroconversion rate (defined as any seropositiv-
ity) of 41.9% after a 4th dose, which is similar to
our findings reported in this manuscript [18]; how-
ever, an important difference between the study by
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Kamar et al. and our current report is that Kamar
et al. included solid organ transplant recipients (kid-
ney, liver, heart, pancreas), whereas we report on
a homogeneous group of prevalent kidney trans-
plant recipients. Differences in immunosuppressive
regimes for different organ transplants might lead
to relevant differences in seroconversion rates after
SARS-CoV-2 vaccinations. Naylor et al. reported in
a large population-based cohort study including over
12,000 organ transplant recipients a cumulative vac-
cination success rate of 72% after 3 doses of SARS-
CoV-2 vaccination including mRNA-based vaccines
and a vector-based vaccine (ChAdOx1). The findings
of Naylor et al. regarding cumulative seroconversion
after three doses are somewhat lower but still compa-
rable to the 80.5% seroconversion rate in our cohort.
An important difference to outline between the two
studies is the inclusion of vector-based vaccine type
in the cohort study of Naylor et al. [19].

A lower seroconversion rate after dose 3 was re-
ported by Reindl-Schwaighofer et al., who showed no
significant difference between mRNA vaccine and vec-
tor-based vaccine in a comparison of homogeneous
and heterogeneous vaccine types used for the third
dose [20].

Since the beginning of the SARS-CoV-2-pandemic
it has been a matter of debate which anti-Spike-
RBD-IgG antibody titers can be viewed as protective
against COVID-19, especially against severe disease
and whether a serological correlate of protection can
be defined at all [21]. There is probably no straight
answer to this question, as it may depend on genetic
susceptibility of individuals to severe inflammatory
response to a SARS-CoV-2 infection, underlying mor-
bidities, concomitant medication, patient age and
the SARS-CoV-2 virus variant, as well as perhaps
additional factors [22, 23].

Furthermore, several therapeutic options for
COVID-19 have become available (e.g. monoclonal
antibodies [24], antiviral drugs [25]), which substan-
tially ameliorate clinical outcomes.

Our study has limitations: as SARS-CoV-2 vacci-
nations and anti-Spike-RBD-IgG antibody titer mea-
surements were performed as part of clinical routine,
this study is formally of retrospective nature. Conse-
quently, we do not have data available on cellular im-
mune responses to SARS-CoV-2 vaccinations, as such
assays are not part of routine clinical testing at our
institution.

Within the prespecified vaccination program, an-
tibody measurement was only routinely performed
3—-4 weeks after each vaccination dose. Therefore, no
structured statement on antibody waning is possible.

Time intervals between vaccination doses were
determined by recommendations of national guide-
lines for nonresponders and therefore not consistent
throughout the study period. Potential influences re-
garding epidemic peaks or strains may not have been
considered adequately.

Furthermore, our reported SARS-CoV-2 infections
need to be interpreted with caution as there was no
systematic screening for SARS-Cov-2 positivity in our
transplantation center.

Conclusion

Seroconversion against SARS-CoV-2 can be achieved
in the majority of prevalent kidney transplant re-
cipients with up to four mRNA-based vaccinations
without modification of maintenance immunosup-
pression.
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