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Inferior humoral and
sustained cellular immunity

against wild-type and omicron
variant of concern in hemodialysis
patients immunized with 3
SARS-CoV-2 vaccine doses
compared with 4 doses

To the editor: Studies analyzing humoral immunity against
the most recent severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) variant of concern omicron (B.1.1.529)
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in the general population demonstrate a clear benefit of an
additional boost with respect to neutralization capacity,1 and
several national health authorities recommend the fourth
vaccination dose. For immunocompromised patients,
including kidney transplant and hemodialysis patients, the
fourth vaccination is of special relevance.

The aim of the present study was to evaluate the immu-
nogenicity of a fourth mRNA-based vaccination (BNT162b2;
Pfizer–BioNTech) in comparison to 3 vaccination doses in
hemodialysis patients. We analyzed the adaptive immunity
against SARS-CoV-2 wild-type (WT) and omicron variants of
concern in a cohort of hemodialysis patients (HDP; n ¼ 40)
following the third vaccination dose compared with the
fourth dose. Titers of binding antibodies as well as
HDP4x
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neutralizing antibodies against WT and omicron were esti-
mated by enzyme-linked immunosorbent assay and SARS-
CoV-2 spike-protein (S-protein) pseudovirus assays, respec-
tively. T-cell immunity reactive against WT- and omicron-
derived S-protein was analyzed by multiparameter flow
cytometry. The analyses were performed 4 to 6 weeks
following the third doses in all patients (HDP3x; n ¼ 40).
Patients who received an additional dose after 6 to 8 weeks
(HDP4x; n ¼ 19) were analyzed 4 to 6 weeks thereafter, and
patients who received only 3 doses (n ¼ 21) were analyzed
after 12 weeks (Supplementary Figure S1).

All patients demonstrated seroconversion with signifi-
cantly higher titers of binding and omicron-specific neutral-
izing antibodies in the HDP4x group compared with HDP3x
(Figure 1a and b). As expected, the fourth vaccination led to a
significant increase in titers of omicron-specific neutralizing
antibodies (HDP4x, T2), whereas a significant decline in
neutralizing antibody titers was observed between 6 and 12
weeks following the third vaccination (HDP3x, T2), if the
fourth dose was not applied (Figure 1c and Supplementary
Figure S1). Of interest, we demonstrated a significant corre-
lation between titers of binding and omicron-specific
neutralizing antibodies (Figure 1d), with receiver operating
characteristic curve demonstrating a higher area under the
curve for WT compared with omicron (Figure 1e). Notably,
we did not detect significant differences in humoral or cellular
immunity in patients who received coronavirus disease 2019
(COVID-19) vector vaccine from Johnson & Johnson or
mRNA vaccine BNT162b2 as a third vaccine dose (Figure 1c,
f, and g), as was previously reported.2

In contrast to the humoral immunity, the cellular immu-
nity remained stable in follow-up, without magnitude in-
crease of WT or omicron S-protein–specific T cells in the
HDP4x group (Figure 1f and g).

In line with the improved seroconversion rate in transplant
patients,3–5 our data demonstrate an improved omicron-
specific humoral immunity following the fourth mRNA
vaccination dose compared with the 3-dose vaccination
=
Figure 1 | Comparison of humoral and cellular immunity of hemodi
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccine dos
with 3 doses (n ¼ 40) or 4 doses (n ¼ 19), were analyzed for (a) titers (
glycoprotein S and (b) omicron-specific neutralizing antibodies (ND50).
after the third doses (T1, respectively), after 12 weeks (HDP3x, T2), or afte
CoV-2 WT binding and omicron-specific neutralizing antibodies (d) and r
of binding antibody titers against WT glycoprotein S for strong (>100 N
response, including the value for the area under the curve (AUC). (f,g) I
patients, vaccinated with 3 doses (HDP3x; n ¼ 19) or 4 doses (HDP4x; n
overlapping peptide pool from WT (left box plots) or the mutated region
reactive T helper cells were identified as life/dead-marker–CD3þCD4þCD
identified as life/dead-marker–CD3þCD8þCD137þ (g). In all box plots, red
those who received all 4 doses; light colors refer to the time point after
fourth dose or 12 weeks after the third. Groups were compared using 2-s
signed-rank paired test was employed; the correlation (d) was evaluated
defined as significant. ELISA, enzyme-linked immunosorbent assay.
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regimen in hemodialysis patients. Even though adequate
neutralization titers have been observed following the third
dose, the significant titer decline observed in follow-up jus-
tifies the fourth dose in this vulnerable population subgroup.
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Figure 1 | Kinetics of antispike antibodies. The figure shows the antis
months after the third dose of the mRNA BNT162b2 vaccine, and after
Moderna) in dialysis patients. Each point represents individual data. Antib
logarithm scale. The red points and vertical lines indicate the median wi
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Humoral response after a
fourth “booster” dose of a

Coronavirus disease 2019 vaccine
following a 3-dose regimen of
mRNA-based vaccination in
dialysis patients

To the editor: Despite an initial satisfactory increase in se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
antispike antibody (Ab) titer after completing a 3-dose
regimen in the first set of vaccination in dialysis patients,1

Ab titer substantially decreases at 6 months in this popula-
tion.2 Other authors suggested that for the B.1.1.529 Omicron
variant, 3 vaccine doses might be insufficient in in-center
hemodialysis patients.3

We assessed the dynamics of the anti–SARS-CoV-2 spike
protein S1 total Ig Ab (Roche Elecsys immunoassay4) of both
hemodialysis (n ¼ 17) and peritoneal dialysis (n ¼ 28) pa-
tients who received a 3-dose regimen of the mRNA
BNT162b2 (Pfizer–BioNTech), followed by a fourth “booster”
dose of mRNA vaccine (BNT162b2, n ¼ 43, or mRNA-1273
[Moderna], n ¼ 2), after a median of 7.6 [interquartile range:
7.1; 7.8] months after the third dose (Supplementary
Figure S1). Patients with a breakthrough infection (symp-
tomatic or not) before the fourth dose were excluded (Sup-
plementary Figure S2).
pike antibody (Ab) levels before, and 1 (M1), 3 (M3), and 6 (M6)
the fourth vaccine dose (BNT162b2 Pfizer–BioNech or mRNA-1273
ody titers lower than 1 cannot be plotted in the graph because of the
th interquartile range. Conversion factor: 1 AU/ml ¼ 1.0288 BAU/ml.
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