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Even though a third and fourth dose (first and second booster,
respectively) of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) messenger RNA vaccine leads to higher SARS-
CoV-2 spike-specific antibody response and neutralizing activ-
ity against the wild type [1–3], data on the Omicron variant
B.1.1.529/BA.1 (BA.1)-specific neutralizing antibodies in chronic
intermittent haemodialysis patients (CIHD) are still scarce [4].

We prospectively investigated 76 HD patients in three out-
patient dialysis centres (Supplementary Table S1). Neutralizing
antibody titres specific for BA.1 were measured with a plaque
reduction neutralization test (PRNT) before and 4 weeks after
the second booster vaccine [0.25 ml (50 μg), RNA-1273, Moderna,
Cambridge,MA, USA; for details of the vaccination regimens see
Supplementary Table S2].

We also assessed antibody levels targeting SARS-CoV-2 spike
receptor binding domain (S-RBD) and potentially neutralizing
antibodies by surrogate neutralization assay [further referred
to as surrogate neutralizing antibodies (SNA)] against wild-type
SARS-CoV-2 6weeks before, directly before and 4weeks after the
second booster vaccination (Fig. 1).

In the 3 months of follow-up after the second booster vacci-
nation, SARS-CoV-2 infections and symptom severity were doc-
umented. Asymptomatic infections were detected either by oc-
casional polymerase chain reaction testing of nose and throat
swabs or a positive nucleocapsid antibody test in blood samples.

Notably, the BA.1-specific PRNT revealed that only 11.8%
(9/76) of our patients were positive (titre ≥1:20) before the sec-
ond booster (Fig. 2A). Four weeks after the second booster, 51.3%
(39/76) showed a positive result in BA.1-specific PRNT, which is
a 4.3-fold increase compared with the positivity rate before the
second booster (P < .001). This immune response is lower than
that reported for the general population (7.2-fold) [5].

However, we observed a 6-fold increase in S-RBD antibody
levels (P < .0001) after the second booster and a response rate
for SNA against wild-type of 98.7% (75/76) (Fig. 2B). There was
a strong correlation between S-RBD levels and Omicron BA.1
PRNTs (Spearman’s rank correlation, ρ = 0.69; Supplementary
Table S4, Fig. S1).

A total of 12 of 76 (15.8%) patients were infected with SARS-
CoV-2 in the 3 months following the second booster vaccination
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Figure 1: Flowchart of the study setup. Samples were collected at three different time points to evaluate the dynamics of the patients’ immunization status by different
methods.

Figure 2: Results. (A) Percentage of study population grouped by SARS-CoV-2 Omicron B.1.1.529/BA.1-specific neutralizing antibody titre assessed by PRNT at two

different time points (t1 = before and t2 = 4 weeks after the second booster). (B) Antibody response in plasma samples taken at three different time points [t0 = 6 weeks
after the first booster, t1 = 12 weeks after the first booster and before the second booster and t2 = 4 weeks after the second booster with mRNA-1273 (Moderna)]. Data
are expressed as median (interquartile range). **P ≤ .01, ***P ≤ .001, ****P ≤ .0001 (Friedman test).
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(from February to May 2022; dominated by the SARS-CoV-2 BA.1
and BA.2 variants [6, 7]). Six of these 12 patients were negative
in the corresponding Omicron BA.1 PRNT (neutralization titres
in Omicron BA.1 PRNTs were also applicable for BA.2 [8]).

Four infections were asymptomatic (three patients were
positive in the Omicron BA.1 PRNT), seven patients had mild
symptoms (three were positive in the Omicron BA.1 PRNT) and
one patient (negative in the PRNT) required inpatient therapy
of SARS-CoV-2-induced moderate pneumonia and diarrhoea.

The fact that 6 PRNT negative HD patients were not life-
threateningly ill upon SARS-CoV-2 infection suggests that not
only virus neutralization by the specific antibody response is of
relevance, but other mechanisms such as T-cell immunity and
non-neutralizing antibodies are active for the prevention of se-
vere coronavirus disease 2019 [9, 10].

Our findings reveal a high response rate for SNA against
wild-type after the second booster, whereas the BA.1-specific
neutralizing antibody response rate achieved only 51.3%. This
limited neutralizing potency against BA.1 refers to an antibody
immune evasion of SARS-CoV-2 [11]. Further studies are re-
quired to show whether SARS-CoV-2 variant-adapted vaccines
can enhance protection in this highly vulnerable population, e.g.
by optimizing neutralizing activity against Omicron variants.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.
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