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ABSTRACT

Background. Patients on hemodialysis are at high-risk for complications derived from coronavirus disease 2019
(COVID-19). The present analysis evaluated the impact of a booster vaccine dose and breakthrough severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infections on humoral immunity 3 months after the booster dose.
Methods. This is a multicentric and prospective study assessing immunoglobulin G anti-Spike antibodies 6 and
9 months after initial SARS-CoV-2 vaccination in patients on hemodialysis that had also received a booster dose before
the 6-month assessment (early booster) or between the 6- and 9-month assessments (late booster). The impact of
breakthrough infections, type of vaccine, time from the booster and clinical variables were assessed.
Results. A total of 711 patients [67% male, median age (range) 67 (20–89) years] were included. Of these, 545 (77%)
received an early booster and the rest a late booster. At 6 months, 64 (9%) patients had negative anti-Spike antibody
titers (3% of early booster and 29% of late booster patients, P = .001). At 9 months, 91% of patients with 6-month negative
response had seroconverted and there were no differences in residual prevalence of negative humoral response between
early and late booster patients (0.9% vs 0.6%, P = .693). During follow-up, 35 patients (5%) developed breakthrough
SARS-CoV-2 infection. Antibody titers at 9 months were independently associated with mRNA-1273 booster (P = .001),
lower time from booster (P = .043) and past breakthrough SARS-CoV-2 infection (P < .001).
Conclusions. In hemodialysis patients, higher titers of anti-Spike antibodies at 9 months were associated with
mRNA-1273 booster, lower time from booster and past breakthrough SARS-CoV-2 infection.

LAY SUMMARY

Patients on hemodialysis present higher rates of complications derived from SARS-CoV-2 infections. Initial
vaccination schedules have demonstrated suboptimal responses in those patients. The aim of the present study is to
evaluate the time-course of the humoral response after a booster dose of SARS-CoV-2 RNA-based vaccines (BNT162b2
or mRNA-1273) in patients on hemodialysis. We included 711 patients that had received a booster dose: 545 (77%) 6
months before the initial vaccination and 166 (23%) between 6 and 9 months from the initial vaccination. After the
booster, only 6 (<1%) patients presented persistent negative humoral response. During follow-up from Month 6 to
Month 9, 35 patients (5%) developed a SARS-CoV-2 infection. Patients that received the booster later, breakthrough
SARS-CoV-2 infection and mRNA-1273 booster were associated with higher anti-Spike titers.
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GRAPHICAL ABSTRACT

Keywords: booster, COVID-19, hemodialysis, SARS-CoV-2, vaccination

INTRODUCTION

Patients undergoing hemodialysis present higher mortality sec-
ondary to severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection [1]. SARS-CoV-2 vaccines attenuate the
risk of complications such as severe coronavirus disease 2019
(COVID-19), hospitalizations or the need for intensive care ad-
mission [2]. However, the initial vaccination schedule against
SARS-CoV-2 could be suboptimal in hemodialysis patients as
anti-Spike antibodies decline over time [3]. Indeed, some reports
have established the duration of anti-Spike antibodies in pa-
tients on hemodialysis between 4 and 6 months after vaccina-
tion, raising some concerns on the real effectivity of the initial
vaccine schedule in this vulnerable population [4].

To avoid the clinical consequences of losing humoral immu-
nity against SARS-CoV-2, many countries are offering a SARS-
CoV-2 vaccine booster dose. The most widely prescribed booster
is an mRNA vaccine (BNT162b2 or mRNA-1273). These mRNA
vaccines enter many cell types but only some of them (i.e. im-
mune cells) express the mRNA-encoded protein (Spike), which
triggers the development of antibodies [5]. Although BNT162b2
andmRNA-1273 have similarmechanisms of action, the amount
of mRNA differs (30 vs 100 μg, respectively). The development
of anti-Spike antibodies seems to be lower in hemodialysis pa-
tients than in other cohorts, so additional strategies are required
for maintaining their protection against COVID-19 [6].

A booster dose may protect from both spontaneous loss of
anti-Spike antibodies and from new virus variants, such as Omi-

cron, especially in immunosuppressed patients [7]. Recent small
studies have shown that a booster dose in patients on hemodial-
ysis helps in seroconverting patients with previous negative hu-
moral responses [8, 9]. However, evidence is not strong enough
to establish the ideal timing for prescribing a booster dose of
SARS-CoV-2 vaccines in hemodialysis. In addition, the impact
of breakthrough infections on humoral immunity has not been
determined.

In the current study, we evaluated the time-course of the hu-
moral response after a booster dose of SARS-CoV-2 RNA-based
vaccines among patients on hemodialysis. In addition, we also
determined the impact of breakthrough SARS-CoV-2 infections
on anti-Spike antibody development.

MATERIALS AND METHODS

Study design

SENCOVAC is a multicentric study promoted by the Spanish
Society of Nephrology. All patients in the present analysis had
chronic kidney disease (CKD) on hemodialysis and had received
both an initial SARS-CoV-2 vaccination schedule and a booster
dose, following the local health authority’s guidelines. Pre-
scribed initial vaccines were BNT162b2 (Pfizer-BioNTech®),
mRNA-1273 (Moderna®), ChAdOx1-S (AstraZeneca®) or
Ad26.COV.2 (Janssen®). In contrast, the booster was an mRNA-
based vaccine [BNT162b2 (Pfizer-BioNTech®) or mRNA-1273
(Moderna®)] for all patients. The original protocol included
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prespecified assessment of vaccine response at 3, 6 and 12
months and a 9-month assessment was later added as an
amendment. In Spain, local authorities determined the type
and timing of vaccines, stratifying by age and comorbidities.
Hemodialysis patients were the second group that received the
initial schedule (only after the elderly) and most of them were
prescribed mRNA-based vaccines as they were the only avail-
able at that moment. For booster dosing in Spain, all patients
received mRNA-based vaccine between 3 and 6 months after
completing the initial schedule. The type of vaccine was deter-
mined by the local healthcare center, depending on availability
of the different vaccines. Patients did not have the opportunity
to choose the type of vaccine. Since this was an observational
study and booster doses were recommended by health author-
ities after the study had been initiated, independently from the
study investigators, the analysis of the impact of booster doses
may be considered a post hoc analysis of prospectively drawn
samples at prespecified 6- and 9-month timepoints.

Population

This is a pre-specified analysis that included all hemodialysis
patients with anti-Spike antibody assessment 6 and 9 months
after completing the initial vaccination schedule. Exclusion cri-
teria were the lack of anti-Spike antibody assessment, solid or-
gan transplantation, active oncological or hematological dis-
ease, primary immunodeficiency, human immunodeficiency
virus and immunosuppressive treatment 6 months prior to vac-
cination [3, 10, 11]. Due to the different timelines of different re-
gions and hospitals throughout Spain, some patients received
the booster dose before the 6-month assessment (early booster)
of anti-Spike antibodies and others between the 6- and 9-month
assessments (late booster). This situation allowed dividision of
the sample in two groups based on the timing of the booster,
in a real-world pragmatic approach for evaluating the humoral
response to the booster. Investigators did not intervene when
determining the timing of the third dose, which fully depended
on local health authorities.

Outcomes

The primary outcome was to evaluate the impact of a booster
dose on humoral immunity, defined by anti-Spike immunoglob-
ulin G (IgG) antibodies. Secondary outcomes included assessing
anti-Spike IgG antibody development after breakthrough infec-
tions and exploring differences between RNA-based vaccines.

Variables and outcomes

At baseline, epidemiological variables and comorbidities were
registered. CKD etiology, vascular access, dialysis modality and
hemodialysis adequacy parameters were collected. Previous
COVID-19 was defined as an infection before initial vaccina-
tion confirmed by any of the available techniques [real-time
polymerase chain reaction (rt-PCR), antigen test or antibodies
against SARS-CoV-2]. Humoral immunity was assessed 6 and
9 months after initial vaccination with blood samples that were
sent to a central laboratory for testing by a CE-marked quanti-
tative chemiluminescence immunoassay (CLIA, COVID-19 Spike
Quantitative Virclia® IgG Monotest, Vircell SL, Spain), with a
sensitivity and specificity of 96% and 100%, respectively, which
detects IgG antibodies against the SARS-CoV-2 Spike protein.
This assay was calibrated against the First WHO International
Standard for anti-SARS-CoV-2 human immunoglobulin (NIBSC

code: 20/136) and results were expressed as IU/mL. According
to performance studies by the manufacturer, titers ≤32 IU/mL
were considered negative, between 32 and 36 equivocal and
>36 IU/mL positive, reflecting the presence of anti-Spike IgG an-
tibodies resulting from previous infection or vaccination.

Breakthrough infections during follow-up

SARS-CoV-2 infections were registered during follow-up from 6
to 9 months. A positive rt-PCR or antigen test were required for
confirming the SARS-CoV-2 infection.

Ethical concerns

The study was approved in February 2021 by the Ethical Com-
mittee (code SENCOVAC, ER_EO020-21_FJD-HRJC-HGV-HIE).

Statistical methods

Data are expressed as median (interquartile range). Categori-
cal variables were compared using Fisher test and continuous
variables with Mann–Whitney U test. Continuous variables from
more than two groups were compared with the Kruskal–Wallis
test. Logistic regression analysis was used to evaluate factors
associated with humoral response after the booster dose. Mul-
tivariate logistic regression models adjusted for variables with
P < .1 in univariate analysis and confounders were constructed.
SPSS version 26.0 (IBM Corp., Armonk, NY, USA) was used for
statistics and GraphPad Prism version 9.02 (GraphPad Holdings,
LLC) for plotting.

RESULTS

Baseline characteristics

Among the initial 2153 patients enrolled in SENCOVAC, 711
(33%) were included in the present analysis as they had anti-
Spike antibody data for both the pre-specified timepoints of 6
and 9 months: 67% male, median age (range) 67 (20–89) years
(Table 1, Fig. 1). The initial vaccination schedule was mainly
based on RNA-based vaccines [233 (33%) BNT162b2, 471 (66%)
mRNA-1273, 4 (<1%) ChAdOx1-S and 3 (<1%) Ad26.COV.2]. Be-
fore the 6-month assessment, 545 (77%) patients had received a
booster dose in contrast to 166 (23%) that received the booster
between Months 6 and 9. In 230 (32%) patients, the booster dose
was BNT162b2 and in 481 (68%) mRNA-1273 (Fig. 1).

Kinetics of anti-Spike antibodies after the booster dose

Amongst patients that received the booster before the 6-month
assessment, anti-Spike titers at 6 months were significantly
higher than in patients without booster by 6 months (P < .001);
however, they significantly decreased from 6 to 9 months [3788
(989–10 000) UI/mL vs 2807 (985–10 000) UI/mL] (P = .001). In
contrast, in patients who received the booster dose between the
6- and 9-month assessments, anti-Spike antibodies significantly
increased from 6 to 9months [142 (29–1666) UI/mL vs 6021 (1405–
10 000) UI/mL] (P < .001) (Fig. 2). As shown in Supplementary
data, Fig. S1, patients that received anmRNA-1273 booster before
the 6-month assessment developed higher titers of anti-Spike
antibodies at 9 months than those receiving BNT162b2 before
the 6-month assessment [3776 (1156–10 000) UI/mL vs 1712 (676–
8423) UI/mL] (P < .001). In contrast, in patients who received the
booster from 6 to 9 months there were no significant differences

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article/15/10/1856/6650224 by guest on 15 N

ovem
ber 2022



1860 Borja Quiroga et al.

Table 1. Baseline characteristics of the included hemodialysis patients by time of booster dosing: after the 6thmonth assessment (late booster)
and before the 6th month assessment (early booster)

Total N = 711 Late booster N = 166 Early booster N = 545 P

Sex (male), n (%) 475 (66.8) 113 (68.1) 362 (66.4) .623
Age (years), median (range) 67 (20–89) 68 (27–86) 67 (20–89) .316
Diabetic kidney disease, n (%) 212 (29.8) 53 (31.9) 159 (29.2) .497
Hemodialysis technique, n (%)
HFHD 321 (45.2) 84 (50.6) 237 (43.6) .226
HDx 36 (5.1) 6 (3.6) 30 (5.5)
OL-HDF 353 (49.7) 76 (45.8) 277 (50.9)

Vascular access, n (%):
AVF 469 (67.4) 103 (62.4) 366 (68.9) .119
Catheter 227 (32.6) 62 (37.6) 165 (31.1)

Anticoagulants, n (%) 113 (15.9) 33 (19.9) 80 (14.7) .109
Antiplatelet agents, n (%) 294 (41.4) 63 (38.0) 231 (42.4) .310
RAASi, n (%) 237 (33.3) 60 (36.1) 177 (32.5) .380
ESA, n (%) 536 (75.4) 116 (69.9) 420 (77.1) .060
Vaccine (initial), n (%)
BNT162b2 233 (32.8) 78 (47.0) 155 (28.4) .001
mRNA-1273 471 (66.2) 86 (51.8) 385 (70.6)
ChAdOx1-S 4 (0.6) 2 (1.2) 2 (0.4)
Ad26.COV.2 3 (0.4) 0 (0.0) 3 (0.6)

Vaccine (booster dose), n (%):
BNT162b2 230 (32.3) 82 (49.4) 148 (27.2) .001
mRNA-1273 481 (67.7) 84 (50.6) 397 (72.8)

COVID-19 before vaccination, n (%) 83 (11.7) 19 (11.4) 64 (11.7) .917

Data are presented as n (%), unless otherwise noted. ESA, erythropoiesis stimulating agent; HD, hemodialysis; HFHD, high flux hemodialysis; HDx, expanded hemodial-
ysis therapy; OL-HDF, online hemodiafiltration; AVF, arteriovenous fistulae; RAASi, renin–angiotensin–aldosterone inhibitors; COVID-19: coronavirus disease 2019.

in antibody titers at 9 months between types of RNA-based
vaccines (P = .142), although the same trend was observed.

Impact of breakthrough SARS-CoV-2 infection on
anti-Spike antibodies

During follow-up from Month 6 to Month 9, 35 patients (5%)
developed a SARS-CoV-2 infection: 22/545 (4.0%) in the early
booster and 13/166 (7.8%) in the later booster cohort (P = .063).
Baseline characteristics of infected and non-infected patients
are shown in Supplementary data, Table S1. At the 9-month
assessment, patients with an infection during follow-up had
higher titers of anti-Spike antibodies than those in the early
booster [10000 (4178–10 000) UI/mL vs 2665 (959–10 000) UI/mL]
(P = .003) and in the late booster cohorts [10000 (8014–10 000)
UI/mL vs 4443 (1365–10 000) UI/mL] (P = .021) (Supplementary
data, Fig. S2).

Anti-Spike antibody seroconversion

Six months after the initial vaccine, 64 (9%) patients presented a
negative humoral response, i.e. anti-Spike antibodies were not
detected. Most had not yet received the booster dose (48/166,
29% in the later booster cohort vs 16/545, 3% in the early booster
group) (P < .001) (Fig. 3). Beyond the booster, factors associated to
negative humoral response at 6months included no pre-vaccine
COVID-19 (P < .001) and BNT162b2 as initial vaccine (vs mRNA-
1273) (P = .018). Of patients with negative humoral response at
6 months, 58 (91%) seroconverted at 9 months. Six patients had
persistent negative humoral response at 9 months: 5/545 (0.9%)
in the early booster cohort and 1/166 (0.6%) in the late booster
cohort (P = .693) (Fig. 3). None of the seroconversions was at-
tributed to a SARS-CoV-2 breakthrough infection.

Factors associated to higher anti-Spike titers

Factors associated with higher anti-Spike titers at 9 months in
univariate analysis were younger age (P = .025), late booster
group, i.e. booster closer to antibody assessment (P = .030), less
time from booster to antibody assessment (P = .004), break-
through SARS-CoV-2 infection (P< .001) andmRNA-1273 booster
(P = .001) (Table 2). An adjusted linear regression showed that
less time from booster to assessment (B –0.12, P = .043), break-
through SARS-CoV-2 infection (B 2.29, P < .001) and mRNA-1273
booster (B 1.17,P= .001)were independently associated to higher
anti-Spike titers at 9 months (Table 2).

DISCUSSION

The key finding of the present study is that persistent stim-
ulation of the immune system, such as vaccine boosters and
breakthrough infections, contributed to stronger antibody re-
sponses when compared with isolated stimulation, namely sin-
gle or double vaccine dose, especially if the additional stimuli
were recent. In addition, the controversial issue of humoral re-
sponse duration and the impact of an early or late booster was
addressed. Our data show that 6 months after initial vaccina-
tion, 29% of hemodialysis patients lacked IgG anti-Spike anti-
bodies. However, most patients seroconverted after the booster
dose. Indeed, only one patient lacked anti-Spike antibodies af-
ter the booster. As anti-Spike antibodies have been related to
the severity of COVID-19 and monoclonal anti-Spike antibod-
ies are used to treat COVID-19, it seems realistic to use the hu-
moral response as a biomarker to stratify the risk of vulnerable
patients [12].

Breakthrough infections enhance antibody development. In
accordance with previous reports, our results showed that
even in patients having received only the initial vaccination,
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FIGURE 1: Flow chart.
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FIGURE 2:Anti-Spike antibodies 6 and 9months after the initial SARS-CoV-2 vac-
cination among hemodialysis patients that had received a booster dose: without
a booster dose before the 6th month assessment (late booster, left) and with a

booster dose before the 6th month assessment (early booster, right).

infections increased anti-Spike antibody titers to at least the
same level as the booster dose at 6months [13]. Indeed, previous
reports from the SENCOVAC study showed that previous COVID-
19 (even asymptomatic) was associated with higher humoral re-
sponses [3, 8]. As many SARS-CoV-2 infections remain asymp-
tomatic, especially in vaccinated individuals, the only method
available to assess anti-SARS-CoV-2 immunity would be tomon-
itor anti-Spike antibodies to avoid hyperstimulation of immune
cells by repeated boosters [14].

The type of vaccine is also a key driver for anti-Spike antibody
development. As previously demonstrated for the initial vacci-
nation schedule, patients that received the mRNA-1273 booster
achieved stronger humoral responses [8]. This finding agrees
with a prior study that compared two different types of a booster
and supports that dose is directly related to antibody titer devel-
opment, at least in hemodialysis patients, as mRNA-1273 con-
tains approximately 3-foldmoremRNA than BNT162b2 [15]. The
choice of mRNA vaccine should be of especial interest in vulner-
able patients with a rapid decline in pre-existing antibodies to
optimize their antibody response [3, 8]. To our knowledge, non-
mRNA vaccines, such as AZD1222 or Ad26.COV2.S, have not been
used to booster hemodialysis patients. Their use in initial vacci-
nation schedules resulted in lower antibody titers than mRNA-
based vaccines [16, 17]. Importantly, a recent study has shown
that heterologous vaccination (initial schedule and booster) with
AZD1222 and BNT162b2 was insufficient to generate antibodies
against Omicron [7]. Anecdotally, one small report has shown
that a fourth vaccine dose is safe and increases anti-Spike anti-
bodies in dialysis patients [18].
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FIGURE 3: Humoral response among SARS-CoV-2-vaccinated hemodialysis patients that had received a booster dose: without a booster dose before the 6th month
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Table 2. Linear regression for factors associated to anti-Spike titers (per 103 UI/mL)

Univariate Multivariatea

B (95% CI) P B (95% CI) P

Age (per year) –0.03 (–0.05, –0.01) 0.025
Gender (male) 0,33 (–0.03, –0.97) 0.302
Late booster (yes) 1.08 (0.37, 1.78) 0.030
Time from booster (per week) –0.21 (–0.19, –0.04) 0.004 –0.12 (–0.23, –0.01) 0.043
SARS-CoV-2 infection during follow-up (yes) 3.01 (1.68, 4.28) <0.001 2.29 (1.46, 4.39) <0.001
Type of booster (mRNA-1273) 1.05 (0.41, 1.68) 0.001 1.17 (0.45, 1.89) 0.001

aLinear regression adjusted for age, gender and date of booster.

Our study presents some limitations. First, breakthrough
infections may have been underestimated, as asymptomatic
SARS-CoV-2 infections may be unnoticed (i.e. local protocol for
detecting SARS-CoV-2 infections differed and ranged from pe-
riodic screening of the hemodialysis population to testing only
symptomatic individuals or contacts) and false-negative results
may occur in PCR and antigen tests.However, severe SARS-CoV-2
infections increase anti-Spike titers to higher levels than asymp-
tomatic infections, and the registered cases of our study were
mostly symptomatic [19]. Second, for logistic reasons we do not
have data on cellular immunity. This is a multicentric national
study with more than 50 participating centers that presents se-
rious challenges to the centralization of samples for this pur-
pose. Beyond this, humoral immunity is probably the best choice
for assessing protection against COVID-19 as it is easily mea-
surable and affordable in routine clinical practice. Finally, obser-
vational studies have inherent biases. However, SENCOVAC was
designed to be a prospective real-world study using a pragmatic
approach.

In conclusion, breakthrough SARS-CoV-2 infections, time
elapsed from booster dosing and type of booster are associated
with higher anti-Spike titers in hemodialysis patients. Assess-
ing the humoral response could be useful to stratify the need
for close monitoring of SARS-CoV-2 infection, maintaining iso-
lationmeasures and social distance, or the use of further booster
doses.
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