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The emergence of new severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) variants and the global ep-

idemic of the Delta variant affecting both naïve and vaccinat-
ed individuals was a serious challenge [1-7]. End-stage renal 
disease (ESRD) patients on maintenance hemodialysis (MHD) 
posed a greater challenge due to their high burden of co-morbid-
ities. Moreover, MHD patients, even those with mild or asymp-
tomatic coronavirus disease 2019 (COVID-19), posed a unique 
logistic challenge: Once diagnosed, they were usually switched 
into a different dialysis setting and needed to be transported 
thrice weekly, under strict precautions, into hospital-based dial-
ysis beds, mostly within dedicated COVID-19 units. 

While partial immune-escape from neutralizing antibodies 
[8,9] and increased transmissibility [10] are important viral fac-
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ABSTRACT  Background: The reduced immune response of maintenance 
hemodialysis patients to coronavirus disease 2019 (COVID-19) 
vaccines is a major concern. 

  Objectives: To analyze the late (6 months after full vaccination) 
antibody response and compare it to early post-vaccination titer. 

  Methods: We conducted a multicenter prospective study of 13 
hemodialysis units in Israel. 

  Results: We demonstrated that the low titers observed among 
ESRD patients 2–3 months after vaccination with the Comir-
naty vaccine (median 63.8 AU/ml) declined to critically lower 
values 6 months after full vaccination. (Median anti-S  anti-
bodies, 31 AU/ml). Seropositivity significantly declined among 
hemodialysis patients from 89% to 74% (P < 0.0001), although 
it did not significantly change among controls.

  Conclusions: We recommend all patients on hemodialysis receive 
a booster COVID-19 vaccine 6 months after the second dose. 
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tors that explain breakthrough COVID-19 cases, host factors, 
and especially reduced and declining immune response among 
ESRD patients, might play a crucial role as well. 

Reduced humoral response of MHD patients to the SARS-
CoV-2 Comirnaty vaccine has been published [11], but longer 
follow-up data are lacking. Studies published at the time of our 
study presented a one-time snapshot of antibody titers; there-
fore, waning immune responses were not yet shown. 

We previously showed the lower seroconversion rates and 
antibody titers in a large representative nationwide cohort of 
MHD patients and controls [11]. During July–August 2021 we 
analyzed the late (6 months post full vaccination) antibody re-
sponse and compared it to early post-vaccination titer.

PATIENTS AND METHODS
Our nationwide cohort of MHD patients and healthy controls 
from a similar epidemiological milieu has been described in 
detail [11]. In brief, it consisted of patients recruited from 13 
hemodialysis units: 11 community units and 2 hospital-based 
units. The control group consisted of healthcare workers at the 
participating hemodialysis units as well as adult family mem-
bers of the dialysis patients enrolled in the study. 

Venous blood was drawn from patients and controls about 
6 months following vaccination. These results were compared 
with prior sera taken 2 to 3 months after the second dose of 
the Comirnaty (BNT162b2) vaccine. Samples were tested for 
anti-spike (anti-S) antibody levels with the LIAISON® SARS-
CoV-2 S1/S2 IgG assay (DiaSorin, Saluggia, Italy). The assay is 
considered highly sensitive and specific (97.4% sensitivity and 
98.9% specificity) correlating well with neutralizing antibody 
titers [12]. Antibody titers are presented as AU/ml. The cut-off 
for a positive result was ≥ 15 AU/ml. Anti-nucleocapsid (anti-N) 
antibody presence, which is indicative of previous SARS-CoV-2 
infection, was tested using the qualitative Elecsys® anti-SARS-
CoV-2 assay, (Cobas®, Roche Diagnostics, Switzerland). The 
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test has a sensitivity of 89% and a specificity of 100%. Patients 
with positive anti-N antibodies were excluded from the analysis. 

Categorical variables were compared with the chi square test. 
Continuous variables were compared with t-test or Mann-Whit-
ney U test, as applicable. Paired anti-S titers in the early and 
late tests were compared with the Wilcoxon test. P value was 
considered significant if < 0.05. All analyses were performed 
with Prism GraphPad software 9.2.0.

RESULTS
A late serological test was available for 452 individuals (339 
MHD patients and 113 controls), median 183 days (IQR 170–
191) following vaccination. Table 1 displays patient character-
istics and results of both serological tests in MHD patients and 
controls. Thirty-nine anti-N positive cases were excluded after 
the early test, and 12 after the late test. Out of MHD patients, 
seropositivity rate for anti-S antibodies significantly decreased, 
with 364/409 (89%) seropositive in the early test and 251/339 
(74%) in the late test (P < 0.0001). No difference was noted in 
controls, with 147/148 (99.3%) seropositive in the early test vs. 
111/113 (98.2%) in the late test (P > 0.999). Anti-S titers signifi-
cantly decreased in both groups, with median titers decreasing 
from 63.8 AU/ml (IQR 33.3–113) to 31 (14–59.5) in MHD pa-
tients (P < 0.0001) and from 201 (125–242) to 143 (89–199) in 
controls (P < 0.0001). Results are presented in Figure 1.

DISCUSSION
In this multicenter prospective cohort study, we measured the 
6-month immunogenicity of Comirnaty vaccine in MHD pa-

tients and non-dialysis controls composed of family members 
and dialysis unit staff. Immune responses were measured twice 
in this period, first between 2 and 3 months after vaccination 
and then at the end of this period. Early immune responses, mea-
sured as anti-S antibodies, were significantly reduced in MHD 
patients compared to controls, and included lower seropositivity 
and titers. Anti-S titers significantly diminished in both cohorts, 
although the seropositivity rate did not change in controls [11]. 

In the general population, short-term decline of anti-S titers 
following Comirnaty vaccination was described in a cohort of 

Table 1. Comparison of early and late serologic tests

Early test Late test P value

N
MHD patients 409 339

Controls 148 113

Time from vaccination to testing, days, median (IQR)
MHD patients 82 (64–87) 181 (170–190.3) < 0.0001

Controls 89 (68–96) 186 (164.5–194) < 0.0001

Anti-N seropositive*, N (%)
MHD patients 24 (5.9%) 9 (2.7%) 0.048

Controls 15 (10.1%) 3 (2.7%) 0.0246

Anti-S seropositive Ꚛ,*, N (%)
MHD patients 364 (89%) 251 (74%) < 0.0001

Controls 147 (99.3%) 111 (98.2%) 0.58

Anti-S titer, AU/ml, median (IQR)
MHD patients 69.6 (33.2–120) 31 (14–59.5) < 0.0001

Controls 196.5 (118.5–246) 143 (89–199) < 0.0001

MHD = maintenance hemodialysis, IQR = interquartile range; anti-N 
*Anti-nucleocapsid antibodies, used to identify previous SARS-CoV-2 infection 
ꚚAnti-spike antibodies, used to measure immune response to COVID-19 vaccine 
*Excluding anti-N seropositive patients

Figure 1. Anti-S titers in MHD patients [A] and controls [B] in early 
(median 82 days from vaccination) and late (median 183 days from 
vaccination) tests. Boxes and whiskers represent the median titers and 
interquartile range
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605 individuals, with a median age of 63. Titers decreased two-
fold after 70 days [13]. 

Among MHD patients, early immune response, which was 
measured as anti-S antibodies, was significantly reduced com-
pared to controls. However, to the best of our knowledge, declin-
ing titers have not yet been documented in MHD patients. As the 
initial anti-s titer of MHD patients was low (63.8 AU/ml, IQR 
33.3–113) and declined dramatically, being halved to 31 AU/ml 
(14–59.5), one might assume that MHD patients lose at least part 
of their immune protection against SARS-CoV-2 as early as 180 
days post vaccination. 

As neutralization titers of sera in those who were vaccinated 
against some of the variants of concern are significantly dimin-
ished, including the newly Delta variant that has spread globally 
[8,9], waning titers might decrease below a minimal threshold for 
protection. Clinical failure of the mRNA vaccines has been clear-
ly documented, with elderly individuals with multiple co-mor-
bidities and immunosuppression being most susceptible [2]. 
A lower vaccine effectiveness (VE) for mRNA vaccines was 
shown against infection with the Delta variant and with time, 
but not hospitalization in the United Kingdom [3,4] and the 
United States [5,6]. One of these studies showed that the 
time-interval from vaccination was correlated with lower VE 
[6]. Similar lower VE estimates were described in Israel [7]. 
Nevertheless, recent analyses have shown a decreased VE against 
hospitalization and severe disease to be correlated with time from 
vaccination [7] and were the basis for the decision on administer-
ing a booster vaccine dose at 6-month intervals from the onset of 
the vaccine schedule [14]. 

CONCLUSIONS
Considering the low and diminishing immune response of MHD 
patients, the complexity of ESRD patients, and the logistic bur-
den of hemodialysis for COVID-19 patients, we recommend of-
fering all patients on hemodialysis a booster COVID-19 vaccine 
6 months after the second dose.
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A scientist is in a sense a learned small boy. 
There is something of the scientist in every small boy. 

Others must outgrow it. Scientists can stay that way all their lives.
George Wald (1906–1997), scientist and Nobel laureate 


