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In their response to our manuscript, Hasmann et al. [1] describe
important aspects of the quantitative antibody response after SARS-
CoV-2 immunization. Slight differences in the response rates in dif-
ferent studies may also relate to different SARS-CoV-2 related test
systems being used. Hereby, we are pleased to report the antibody
and T-cellular response levels to SARS-CoV-2 vaccination in the larg-
est cohort of dialysis patients reported to date [2]. De novo reactivity
of anti-spike S1 IgG antibodies - Figure 1a (QuantiVac from Euroim-
mun[3]), anti-SpikeS1 receptor binding domain (RBD) IgG antibodies
- Figure 1b (Euroimmun [4]), and de novo T-cellular SARS-CoV-2
immune response measurements as assessed by an specific inter-
feron-g release assay (IGRA, Euroimmun [2,5,6]) at the T2 time point
are included in this letter. The T2 time point includes blood samples
from study participants eight weeks after the first vaccination and
five (BNT162b2 mRNA) / four weeks (mRNA-1273) after booster vac-
cination.

We reported an only marginally lower seroconversion rate of
95.3% in dialysis patients compared with an immunocompetent
medical personnel group. Focusing on antibody levels in posi-
tively responding study participants, clear cut differences in dial-
ysis patients can be appreciated when compared to the medical
personnel group (see figure 1). The quantitative anti-Spike S1-IgG
levels in responsive participants are lowest in kidney transplant
recipients, intermediate in dialysis patients and highest in medi-
cal personnel (Figure 1a). Hereby, anti-Spike S1 IgG antibody lev-
els are beyond the upper limit of 384 BAU/ml in all but one of
the medical personnel (99.2%), in the majority (85.7%) of dialysis
patients, and to a lesser extent (44.6%) in responding transplant
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recipients. A very similar pattern can be observed regarding anti-
Spike S1-RBD antibody levels in all subgroups (Figure 1b) as
being considered a surrogate parameter for SARS-Cov-2 neutraliz-
ing capacity [4].

Similar to the seroconversion rate, the de novo T-cellular conver-
sion rate of 78.2% via IGRA measurements in dialysis patients was
almost comparable to medical personnel (85.7%) [2]. In contrast to
antibody levels, IGRA levels in vaccination responding dialysis
patients were not different from medical personnel, while markedly
decreased levels were noted in responding transplant recipients
(Figure 1c).

In this context, it is likely that these quantitative differences
regarding vaccination related humoral and T-cellular responses
between all three study groups (considering only responding
study participants) may be important for effective protection
against SARS-CoV-2 infection[7], especially regarding novel more
infectious variants. Future studies, investigating antibody and/or
cellular response fading over longer time periods, will be needed
to explore threshold values with clinical consequences for loss of
vaccination related protection and/or need for booster vaccina-
tions [8,9]. Nevertheless, it also needs to be considered that
immunocompromised (ie dialysis patients) or immunosuppressed
(ie transplant recipients) populations may have delayed immune
responses compared to an immunocompetent population.
Delayed humoral responses, as we have already illustrated in the
time course of T0 (before 1st vaccination), T1 (before 2nd vacci-
nation) and T2 (8 weeks after 1st vaccination) [2], could theoreti-
cally lead to a further increase in the humoral response at later
time points [10�12].

A second major and novel finding of our original study was
that the seroconversion success rate in dialysis patients was
dependent on the mRNA vaccine type with a clear advantage for
mRNA-12732. Comparing vaccination related antibody titres at T2
of positively responding study participants, certain differences
can be seen dependent on the use of BNT162b2 mRNA or mRNA-
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Figure 1a. shows the de novo prevalence of anti-Spike S1 immunoglobulin G antibody levels in humoral responsive participants to SARS-CoV-2 mRNA vaccination at the time point
T2 in medical personnel, dialysis patients and kidney transplant recipients.
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1273 in particular in dialysis patients but also in all three study
subgroups (Figure 1d). While levels of anti-Spike S1 IgG antibody
titres were independent of vaccine type in medical personnel,
these titres were significantly higher in dialysis patients as well
as in transplant recipients using mRNA-1273 vaccine compared to
BNT162b2 mRNA. Despite a difference between the two vaccine
Figure 1b. shows the de novo prevalence of anti-Spike S1 immunoglobulin G antibody aga
CoV-2 mRNA vaccination at T2 in medical personnel, dialysis patients and kidney transplant
types, anti-Spike S1 RBD antibody titres were all above 90% in
medical personnel using either mRNA vaccines. In dialysis
patients, this difference in anti-Spike S1-RBD antibody formation
was pronounced, with higher levels for mRNA-1273, whereas in
transplant recipients there was only a trend in favor of mRNA-
1273 (Figure 1e). In contrast, no vaccine dependent differences
inst receptor binding domain (RBD) levels in humoral responsive participants to SARS-
recipients.



Figure 1c. shows de novo prevalence of T-cellular response levels as assessed by interferon-g release assay (IGRA) in T-cellular responsive participants (positive means �100 mIU/
ml) at T2 in medical personnel, dialysis patients and kidney transplant recipients.
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were observed regarding de novo T-cell immunity according to
IGRA levels in any subgroup of responding study participants
(Figure 1f).

In conclusion, these results demonstrate that even in vaccination
responders eight weeks after vaccination start, the level of anti-Spike
S1 antibody formation is impaired in immunocompromised dialysis
patients. This difference increases further in immunosuppressed
Figure 1d. shows the de novo prevalence of anti-Spike S1 immunoglobulin G antibody leve
in medical personnel, dialysis patients and kidney transplant recipients.
kidney transplant recipients, where also the degree of a positive T-
cell response is decreased compared to both other groups. In this
non-randomised observational study, the use of mRNA-1273 led to
higher seroconversion rates and higher antibody but not IGRA titres
than BNT162b2 mRNA among dialysis patients and kidney transplant
recipients who mounted a response. Longitudinal follow up investi-
gations are under way to explore the clinical consequences of these
ls in humoral responsive participants to different SARS-CoV-2 mRNA vaccinations at T2



Figure 1e. shows the de novo prevalence of anti-Spike S1 RBD antibody levels in humoral responsive participants to different SARS-CoV-2 mRNA vaccinations at T2 in medical per-
sonnel, dialysis patients and kidney transplant recipients.

Figure 1f. shows the de novo prevalence of T-cellular response levels as assessed by interferon-g release assay (IGRA) in T-cellular responsive participants (positive means �100
mIU/ml) to different SARS-CoV-2 mRNA vaccinations at T2 in medical personnel, dialysis patients and kidney transplant recipients. T2 = 8 weeks after 1st SARS-CoV-2 vaccination
and five (BNT162b2 mRNA � Tozinamaran, BioNTech-Pfizer) or four weeks (mRNA-1273 � Elasomeran, Moderna) after 2nd vaccination, respectively. The lower dashed gray lines
indicate the threshold for a positive humoral or cellular immune response in each test. The upper dashed gray lines indicate the upper limit of quantitation of the tests. Red dot indi-
cate mean values, red lines show the standard deviation. For this evaluation, all participants with asymptomatic* or documented symptomatic** COVID-19 disease before and dur-
ing vaccination were excluded. Humoral vaccination responses were assessed as positive, when de novo production of the IgG antibody to the Spike S1 protein was above lower
test limit. A positive IGRA response required de novo positivity above a threshold value of 100 mIU/ml, as being recommended by the manufactures. *Asymptomatic COVID-19 dis-
ease definition - neither knowledge nor symptoms of COVID-19 disease, but IgG-antibody reaction to nucleocapsid (T0, T1 or T2) or to the Spike protein subunit S1 (only T0) of the
SARS-CoV-2 virus is positive. **Symptomatic COVID-19 disease definition - SARS-CoV-2 PCR positive patients with clinical symptoms.
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Table 1
g) Adapted from Hausmann et al. Comparison of SARS-CoV-2 S Antibody response rate and median antibody titre after vaccination between hemodialysis patients and healthy con-
trols/medical personnel using the median and the interquartile range.

dialysis patients p-value medical personnel (healthy
controls)

kidney transplant
recipients

p-value test method cut-off / unit
(upper limit
of test)

Danthu et al., CJASN 2021 RR 81% (N=78) Ab titre
278 (83-526)

< 0.001 RR 100% (N= 7) Ab titre 1082
(735-1662)

LIAISON SARS-CoV-2 Tri-
mericS IgG (DiaSorin)

> 13 AU/ml

Espi et al., Kidney Int 2021 RR 82% (N=106) Ab titre
176

< 0.001 RR 100% (N=30) Significant
higher titre, but no
median reported

Maglumi� SARS-CoV-2 S-
RBD IgG test(Snibe
Diagnostic)

> 1 AU/ml

Grupper et al., CJASN 2021 RR 96% (N=56) Ab titre
2900 (1128-5651)

< 0.001 RR 100% (N=95) Ab titre
7401 (3687-15471)

SARS-CoV-2 IgG II (Abbott) > 50 AU/ml

Jahn et al., vaccines 2021 RR 93% (N=72) Ab titer
titre.5 (89.6-606)

< 0.001 100% (N=16) Ab titre 800
(520-800)

LIAISON� SARS-CoV-2 Tri-
mericS IgG (Diasorin)

AU/ml

Simon et al., NDT 2021 RR 91% (N=81) Ab titre
171

< 0.001 RR 100% (N=80) Ab titre
2500

Elecsys Anti-SARS-CoV-2 S
(Roche)

> 0,4 U/ml

Paal et al., CKJ 2021 RR 96.6% (N=179) Ab
titre 253.5 (64.2 - 679)

< 0.001 RR 97.1%(N=70) ##Ab titre
1756 (971.5- 2436.5

Elecsys Anti-SARS-CoV-2 S
(Roche)

> 0,8 U/ml

Yanay et al., Kidney Int 2021 RR 90% (N=160) Ab titre
116.5 (66-160)

< 0.001 RR 100% (N=132) Ab titre
176.5 (142-235)

LIAISON SARS-CoV-2 Tri-
mericS IgG (DiaSorin)

AU/ml

Stumpf et al., Lancet
Regional Health 2021

IgG S1 SARS-CoV-2-Ab RR 94.5 % (N = 1074 of
1136) Ab titre 384
(384 - 384)

< 0.001 RR 98.5 % (N = 132 of 134) Ab
titre 384 (384 - 384)

RR 33.6 % (N = 112 of
333) Ab titre 8.0
(3.2 - 127.1)

< 0.001 SARS-CoV-2-QuantiVac
(Euroimmun)

� 35.2 BAU/
ml(> 384
BAU/ml)

Figure 1g) shows a table, adapted from Hasmann et al. For further comparison, SARS-CoV-2 S1 antibody response rate and median antibody titres after vaccination in transplant
recipients are also included. Within these groups comparison of all vaccination related study participants (not just the positive responding as shown above in figures 1a-d) are being
considered. * response rate (RR), defined as antibody titre above the cut-off of the assay antibody (Ab). # p-value comparing the median Ab titre, if reported ## cohort of non dialy-
sis patients.
Data analysis and graphics were performed using the statistical software R[13] and the ggplot2 package[14]. The following tests were used: Kruskal�Wallis test for comparisons
among groups; Wilcoxon test for paired groups. For significance levels in the figures 1a-f, p<0.05 = *, p<0.01 = **, p<0.001 = *** and p<0.0001 = ****.
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subgroup and vaccine type specific humoral and T-cellular immuni-
zation differences.
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