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Abstract

Background: A three-dose regimen is the current standard
for COVID-19 vaccination, but systematic data on immu-
nogenicity and safety in chronic kidney disease patients
remains limited. Objectives: We conducted a meta-analysis
on the immunogenicity and safety of three-dose COVID-19
vaccination in patients on renal replacement therapy (RRT).
Methods: Systematic literature search in four electronic
databases yielded twenty eligible studies (2,117 patients,
94% of whom received mRNA vaccines) for meta-analysis.
Results: The overall seropositivity rate of anti-SARS-CoV-2
was 74.2% (95% Cl: 65.0-83.4%) after three-dose COVID-19
vaccination. The seropositivity rate of anti-SARS-CoV-2 in
kidney transplant recipients (KTRs) was 64.6% (95% ClI:
58.7-70.5%), and 43.5% (95% Cl: 38.5-48.6%) of non-
responders after second dose became seropositive after
third dose. The seropositivity rate of anti-SARS-CoV-2 was

92.9% (95% Cl: 89.5-96.2%) in dialysis patients, and 64.6%
(95% Cl: 46.8-82.3%) of non-responders after second dose
became seropositive after third dose. In KTRs, each year
increase in transplant vintage was associated with 35.6%
increase in anti-SARS-CoV-2 seropositivity (95% Cl:
15.9-55.4%, p = 0.01). There were no serious adverse events
attributed to vaccination in KTRs, and the commonest local
and systemic adverse events were injection site pain and
fatigue, respectively. Conclusion: Three-dose COVID-19
vaccination regimen in patients on RRT is associated with
reduced immunogenicity, especially in KTRs. There are no
adverse events associated with third-dose COVID-19 vaccine

in KTRs. © 2024 The Author(s).
Published by S. Karger AG, Basel

Introduction

The coronavirus disease 2019 (COVID-19) pandemic,
caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), remains an important public health
concern. As of May 12, 2023, over half a billion confirmed
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cases of COVID-19 and more than 6.9 million cases of
mortality have been reported to the World Health Or-
ganization [1]. Patients with chronic kidney disease
(CKD) showed increased susceptibility to COVID-19
infection, with high rates of severe disease, intensive care
unit (ICU) admissions, and mortality [2]. Patients re-
ceiving long-term renal replacement therapy (RRT), be it
dialysis or kidney transplantation, are particularly vul-
nerable to COVID-19 infection. The reported mortality
rate of COVID-19 in kidney transplant recipients (KTRs)
(20-40%) was considerably higher than the overall
mortality rates in patients requiring hospitalization
(~10-15%) [3]. In dialysis population with COVID-19,
the attributable mortality rate was 20%, which was
17-fold higher than dialysis patients without COVID-19
(mortality ~1.2%) [4].

The availability of oral antivirals, such as
nirmatrelvir-ritonavir (also known as Paxlovid) and
molnupiravir (a nucleoside analog), offers new hopes
in combating the pandemic as they have been shown to
reduce hospitalization and mortality in patients in-
fected with COVID-19. However, there are many
limitations and concerns in the use of these oral an-
tiviral agents in KTRs and patients on long-term di-
alysis. In this context, nirmatrelvir-ritonavir, while
being more potent than molnupiravir, can cause sig-
nificant drug interactions and hence increase in cal-
cineurin inhibitor (CNI) exposure in KTRs [5].
Moreover, its optimal dosing in patients with esti-
mated glomerular filtration rate of less than 30 mL/
min has not been established and is hence not rec-
ommended for patients with advanced CKD in current
treatment guidelines. Although molnupiravir has the
advantage of few drug-drug interactions and does not
require dosage reduction in patients with kidney and
liver impairment, its antiviral potency is relatively
modest. Therefore, effective vaccination remains the
cornerstone for preventing COVID-19 infections and
improving clinical outcomes in patients on RRT. It is
also recognized that vaccination mainly protects
against severe disease and mortality, and postvacci-
nation breakthrough infections can still occur [6].

The incidence of breakthrough infections in the
general population is variable, ranging from 0.066% to
2.6%, though most of these infections were mild in
disease severity [6]. The level of neutralizing anti-
bodies has been shown to be an important predictor of
postvaccination breakthrough infection in both
healthy individuals and patients on RRT. Kidney
impairment can lead to reduced vaccine immunoge-
nicity, and putative mechanisms include impaired
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B-cell maturation and increased B-cell apoptosis,
T-lymphocyte dysfunction, downregulation of toll-like
receptors/co-stimulation molecules in immune-
reactive cells, and the use of immunosuppression in
KTRs [7]. Indeed, our previous meta-analysis showed
that the immunogenicity after two-dose COVID-19
vaccines were 26.1%, 84.3%, and 92.4%, respectively,
in KTRs, hemodialysis (HD), and peritoneal dialysis
(PD) patients [8]. Such decreased immunogenicity
corresponds well with recent reports of higher rates of
breakthrough infections of 2.2-17.8% in dialysis and
transplant population compared to the 4.3% reported
in healthy individuals [9, 10]. Most breakthrough
infections occur 3 to 4 months after second dose of
vaccination due to waning of neutralizing antibodies
over time [9]. Notably, over half of the KTRs devel-
oping breakthrough infections required hospital ad-
missions, in which half of these hospitalized KTRs had
severe disease manifestations that required ICU ad-
mission and were associated with high mortality [10].
A three-dose vaccination is the current standard im-
munization regimen for COVID-19. The main body of
literature on the three-dose vaccination is relatable to
the general population, and data on the immunoge-
nicity and safety of this regimen in RRT patients re-
mains relatively limited. In addition, the heterogeneity
of existing reports also renders the interpretation of
results difficult [11-30]. These backgrounds have
prompted us to conduct a meta-analysis to investigate
the overall immunogenicity and safety of the three-
dose COVID-19 vaccine regimen in RRT patients and
identify factors that affect vaccine immunogenicity.
These data will enhance our knowledge of the im-
munogenicity of the three-dose COVID-19 vaccina-
tion protocol in patients on RRT and thereby help
formulate the optimal immunization strategy in this
highly vulnerable population.

Materials and Methods

Search Strategy

This study was registered under the international prospective
register of systematic reviews (PROSPERO, registration ID:
CRD42022311640) and followed the standards set forth by the
PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) statement [31]. We performed systematic litera-
ture search in PubMed, Cochrane Library, MEDLINE, and Embase
to identify all published studies on CKD patients who had received
three doses of COVID-19 vaccine up to January 31, 2022 (key-
words used and search strategy were listed in online Suppl. Ma-
terial S1; for all online suppl. material, see https://doi.org/10.1159/
000536308). The search was limited to English-language papers.
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Fig. 1. Flowchart of study selection.

Study Selection

Clinical trials and cohort studies of adults with CKD on HD,
PD, or KTRs without prior history of COVID-19 who have re-
ceived three doses of COVID-19 vaccines and had their antibody
titers tested were included. Reviews, case reports, commentaries,
conference abstracts, and animal studies were excluded. Studies
were also excluded if there was an overlap in subjects with another
included study, such that study subjects were only included once in
any given analysis.

Data Extraction and Quality Assessment

Two investigators (B.M. and A.T.) extracted and reviewed data
independently, and disagreement was resolved by their consensus
or consultation with the third author (D.Y.). Data on the journal
publication date, first author, study design, sample size, patient
demographics (including age, gender, modality of RRT, vintage of
dialysis or transplantation, regimen of maintenance immuno-
suppression, history of diabetes mellitus), number of healthy
controls, type and regimen of COVID-19 vaccination, antibody
response after second and third doses of vaccination, and adverse
reactions were retrieved. Risk of bias was assessed by the National
Institute of Health Study Quality Assessment Tool (online suppl.
Material S2) [32]. The Egger’s test and a funnel of the standard
error (SE) were used to evaluate publication bias (online suppl.
Material S3).

Outcomes

Primary outcomes of our meta-analysis were the immunoge-
nicity and safety of COVID-19 vaccine in patients on RRT. Im-
munogenicity was evaluated by antibody response to the receptor-
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binding domain of the spike protein or antibody to the spike
protein of SARS-CoV-2, as measured by commercially available
assays. Immunogenicity was expressed as the pooled percentage of
seropositivity. Safety was evaluated by reports of any local or
systemic adverse reaction.

Statistical Analysis

Continuous variables were expressed as mean + SD. The rate of
seropositivity after the third dose of COVID-19 vaccination was
pooled, stratified across studies, and analyzed using random-effect
models with inverse variance weighting. The magnitude of het-
erogeneity was estimated using the I° statistic, an estimate of the
proportion of the total observed variance that is attributed to
between-study variance. Categorical variables were analyzed by
univariate meta-regression. All statistical analyses were performed
using STATA version 17.0 (College Station, TX, USA), and p
values of <0.05 were considered to imply statistical significance.

Results

Data Source and Patient Characteristics

A search of PubMed, Cochrane Library, MEDLINE,
and Embase using pre-determined search criteria gen-
erated 956 studies initially (Fig. 1). Duplicates, in vitro
studies, and studies using animal models or conducted in
the pediatric population were excluded. Forty-four stud-
ies were retrieved for detailed evaluation by full-text
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screening. Twenty-four studies were excluded since
they did not report vaccine response or only reported
serologic response after the first, second, or fourth dose of
vaccine. Twenty studies from six countries were included
in the final analyses (online suppl. Material S4). Healthy
adults as the control group were only available in one
study [20]. A total of 2,117 patients (1,840 KTRs, 246
receiving chronic HD, and 31 receiving PD) with no prior
history of COVID-19 were included in the meta-analysis.
The mean age (+SE) of patients was 61.4 *+ 6.7 years.
Majority of patients received mRNA platform vaccines
(94%, n = 1,990), and the rest received viral vector
vaccine. All studies adopted a three-dose vaccination
protocol, with the third dose administered at 62.6 +
6.7 days after the second dose. Blood sampling was
performed at 27.5 + 7.2 days after the third dose of the
COVID-19 vaccine. The antibody response to the
receptor-binding domain of the spike protein of SARS-
CoV-2 was measured using eight different commercially
available assays. The Egger’s test and funnel plot showed
no publication bias for the immunogenicity after three
doses of COVID-19 vaccines in patients receiving RRT
(p = 0.503) (Supplementary Material S3).

Antibody Response in Patients Receiving Different

RRT Modalities

Meta-analysis of twelve studies (n = 1,543) showed that
the overall seropositivity rate of anti-SARS-CoV-2 was
74.2% (95% CI: 65.0-83.4%) in patients on RRT having
received the third dose vaccine (Fig. 2). For KTRs, a meta-
analysis of eight studies (n = 1,840) revealed that 64.6% of
patients developed anti-SARS-CoV-2 antibodies (95% CI:
58.7-70.5%) after the third dose of COVID-19 vaccine
(Fig. 3). Among non-responders after the second dose of
vaccine, 43.5% developed anti-SARS-CoV-2 antibodies
after the third dose (95% CI: 38.5-48.6%) (Fig. 4).

Regarding patients on chronic dialysis, meta-analysis
of four studies (n = 259) showed a seropositivity rate of
92.9% (95% CI: 89.5-96.2%) after three doses of COVID-
19 vaccine (Fig. 5). Among non-responders after the
second dose of vaccine, 64.6% became seropositive after
the third dose (95% CI: 46.8-82.3%) (Fig. 6).

Factors Affecting Immunogenicity in Patients

Receiving RRT

We next investigated the impact of different immu-
nosuppressants and patient characteristics on the im-
munogenicity of COVID-19 vaccine after a three-dose
regimen in KTRs. Our meta-regression demonstrated
that for each year of increase in transplant vintage, the
seropositivity rate for anti-SARS-CoV-2 antibody in-
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creased by 35.6% (95% CI: 15.9-55.4%, p = 0.01). The
type of immunosuppressants including corticosteroids,
CNIs, mycophenolic acid analog (MPAA), mammalian
target of rapamycin inhibitors had no significant impact
on seropositivity after a three-dose COVID-19 vaccine
regimen (p > 0.05, for all). Age and the presence of di-
abetes mellitus also did not show any relationship with
anti-SARS-CoV-2 seropositivity (p > 0.05, for both)
(Table 1).

We also analyzed the effect of various demographic
factors on the development of anti-SARS-CoV-2 anti-
bodies in patients receiving long-term dialysis. No sig-
nificant correlation between age and dialysis vintage and
anti-SARS-CoV-2 seropositivity was observed among

patients receiving long-term dialysis (p > 0.05 for all)
(Table 1).

Adverse Events

Five studies (all in KTRs, n = 368) reported local or
systemic adverse events after the third dose of COVID-19
vaccine (online Suppl. Material S4), but none were serious
adverse events. Two studies (Bertrand et al. [13] and
Massa et al. [21]) investigated the relationship between
the third dose of COVID-19 vaccine and kidney allograft
outcomes, which indicated that the administration of the
third dose of COVID-19 vaccine did not increase the risk
of acute rejection, development of de novo donor-specific
antibodies, and kidney allograft loss up to 1-month
postvaccination. Adverse events were reported in
66.7% of KTRs in three studies, with pain and fatigue
being the most common local and systemic event,
respectively.

Discussion

Accumulating data has consistently demonstrated the
suboptimal humoral immune response among CKD
patients following two doses of COVID-19 vaccines. One
recent meta-analysis by our group indicated that, after a
two-dose vaccination schedule, the overall seropositivity
rate of anti-SARS-CoV-2 was 64% in patients on RRT [8].
Furthermore, only 26% of KTRs developed anti-SARS-
CoV-2 antibodies, while patients on chronic HD and PD
showed serologic responses of 84.3% and 92.4% re-
spectively [8]. In this context, immunocompromised
patients who fail to mount a robust immune response
against SARS-CoV-2 or have rapidly waning immunity
are prone to severe breakthrough infections [33]. Also,
prolonged viral shedding in these patients has become a
source of continuous unintended exposure to others and
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Fig. 2. Immunogenicity after three doses of COVID-19 vaccines in patients receiving RRT.

a potential niche for new variants [34]. Based on these
rationales, the Center for Disease Control and Prevention
(CDC) of the USA has recommended that patients who
are moderately to severely immunocompromised should
receive the third dose of COVID-19 vaccine since August
2021 [35]. Previous studies on three-dose COVID-19
vaccine regimen in CKD patients showed substantial
heterogeneities in patient characteristics, type of vaccines
administered, and healthcare settings, and therefore,
systematic review and meta-analyses data will provide
clinically useful evidence on the efficacy and safety of the
three-dose COVID-19 vaccine regimen in RRT patients.

Our current meta-analysis demonstrated that, despite
completing three doses of COVID-19 vaccines, only
74.2% patients on RRT were seropositive for anti-SARS-
CoV-2 antibody and such seropositivity rate was sig-
nificantly lower than that in the general population
(~95-100%) [36]. The reduced overall seropositivity
rates were largely driven by the low immunogenicity in
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KTRs. Nevertheless, the seropositivity rate of anti-
SARS-CoV-2 increased from 26% after two doses to
64.6% following the third dose, suggesting this booster
dose in KTRs was highly important [8]. The impaired
immune responses to COVID-19 vaccines in KTRs are
primarily contributed by the use of various immuno-
suppressive treatments. Standard immunosuppressive
regimens for KTRs are a triple combination comprising
corticosteroids, a CNI plus a mycophenolic acid analog
(MPAA) or mTOR inhibitor, and with or without an-
tibody induction (e.g., anti-thymocyte globulin (ATG)
or anti-IL2 receptor antagonist) [37]. These immuno-
suppressive medications exert both specific and non-
specific inhibitory effects on various immune-reactive
cells including the neutrophils as well as B and T
lymphocytes [38-40]. Benotmane et al. [11] reported
that patients receiving the combination of corticoste-
roids, tacrolimus, and MPAA were less likely to develop
anti-SARS-CoV-2 antibodies compared with those
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Fig. 3. Immunogenicity after three doses of COVID-19 vaccines in kidney transplant recipients.

treated with other regimens. Our previous meta-analysis
also revealed that the use of MPAA would significantly
reduce the likelihood of anti-SARS-CoV -2 seropositivity
after two doses of COVID-19 vaccines [8]. Such findings
may be explained by the potent suppressive effects of
MPAA on B-cell proliferation and differentiation as well
as T helper cell functions [40]. In this meta-analysis, no
individual immunosuppressants showed a significant
relationship with vaccine immunogenicity, implying a
three-dose vaccination schedule may overcome the ef-
fect of individual immunosuppressive drugs including
MPAA. Rather, the immunogenicity of COVID-19
vaccine is related to the overall degree of immuno-
suppression in KTRs, as the seropositivity rate of anti-
SARS-CoV-2 tends to increase with transplant vintage.
This finding was corroborated by one previous study
which showed that the durability of anti-SARS-CoV-2
was related to the duration between transplantation and
vaccination [19]. Our results also suggested that among
KTRs who did not develop anti-SARS-CoV-2 antibodies
after 2 doses of COVID-19 vaccine, almost 60% re-
mained seronegative after the third dose. This insinuates
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that a considerable proportion of KTRs are still susceptible
to SARS-CoV-2 infection despite the current standard
three-dose vaccination regimen, and hence these patients
should stay vigilant and adhere to important infection
control measures (e.g., wearing of face mask and main-
taining good hand hygiene). In addition, it is more jus-
tifiable to apply novel vaccination approaches in KTRs that
may potentially improve the immunogenicity. These in-
clude the administration of the fourth dose vaccine, het-
erologous vaccination, intranasal/intradermal immuniza-
tion, and peri-vaccination modification of the immuno-
suppressive regimens [41-45]. In this context, the current
evidence supports the administration of the fourth dose of
COVID-19 vaccine to immunocompromised hosts in-
cluding KTRs [46]. The evidence on heterologous vacci-
nations has been conflicting. Two studies showed no
statistically significant difference in immunogenicity when
comparing homologous vaccination with heterologous
vaccination, while another study demonstrated that
employing heterologous viral vector vaccine as booster
was associated with lower antibody titers when compared
to homologous mRNA vaccine [47-49]. Pre-exposure
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Fig. 4. Immunogenicity after three doses of COVID-19 vaccines in kidney transplant recipients who are non-
responders or poor responders after two-dose vaccination.

prophylaxis using a long-acting monoclonal antibody
combination (tixagevimab and cilgavimab) can be con-
sidered in KTRs [50], but its use is often limited by drug
availability and should not be regarded as a substitute for
effective immunization. Other useful strategies include
ring vaccination of household members and close con-
tacts in KTRs, especially for those with suboptimal im-
mune response to vaccination.

Various immunological dysfunctions in CKD contribute
to the reduced vaccination response, which include de-
creased expression of toll-like receptors and co-stimulation
molecules on immune-reactive cells, impaired activation
and proliferation of T lymphocytes, and diminished
number and accelerated apoptosis of B cells in uremic
environments [51]. Indeed, previous studies showed that
anti-SARS-CoV-2 levels were significantly lower in HD
patients compared with healthy controls, both after the
second and third doses of COVID-19 vaccine [52, 53]. In
our current meta-analysis, the immunogenicity of the three-
dose COVID-19 vaccine regimen was affected to a lesser
extent in dialysis patients when compared to KTRs. Here we
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demonstrated that 92.9% patients on chronic dialysis were
seropositive for anti-SARS-CoV-2 antibodies after the third
dose of COVID-19 vaccine, approximating the seroposi-
tivity rates (~95-100%) in healthy subjects. Furthermore, it
is encouraging to see that among non-responders after the
second dose of COVID-19 vaccine, two-thirds will develop
anti-SARS-CoV-2 antibody after the third dose. One should
also appreciate that these seroconversion rates only refer to
the proportion of patients who have antibody levels above
the detection limit of assay but do not reflect the quality and
durability of humoral response. Also, whether such vaccine
response is sufficient to protect vulnerable dialysis patients
from severe COVID-19 disease and reduce the risk of
outbreaks in dialysis units remains to be investigated.
Dialysis and kidney transplant patients, with substantial
burden of medical co-morbidities and their immunocom-
promised states, are often worried about the side effects of
COVID-19 vaccination, and this poses a barrier to achieve
high vaccination uptake rates among these patients.
Our present meta-analysis indicates that the third dose of
COVID-19 vaccine is safe in patients on RRT, and no serious
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Table 1. Factors affecting immunogenicity of three-dose COVID-19 vaccination regimen in patients receiving RRT

Factors Mean+SE Percentage, % Coefficient SEr Confidence interval p value
Kidney transplant recipients

Age 60+7.4 years - 15.8 18.8 —68.1, 36.5 0.449
Transplant vintage 6.6£11.0 years - 35.6 6.2 159, 554 0.01
DM - 26.6 23 0.3 -1.5, 6.0 0.082
Steroids - 73.8 13 34 -9.6, 12.1 0.732
CNIs - 86.9 1.2 4.5 -55.8, 58.3 0.83
MMF - 70.5 23 11.1 —45.2, 49.9 0.852
mTORi - 215 27.2 8.1 -7.8, 62.1 0.079
Patients on chronic dialysis

Age 68.8+£16.5 years - -5.6 7.7 —38.8, 276 0.545
Dialysis vintage 5.7£17.0 years - -16.9 9.8 -59.2, 254 0.228

CNI, calcineurin inhibitors; DM, diabetes mellitus; MMF, mycophenolate mofetil; mTORi, mammalian target of rapamycin; SE,

standard error.

adverse events have been observed. The administration of the
third dose of COVID-19 vaccine also did not affect kidney
allograft outcomes. Although local and systemic adverse
events are quite common, these are usually mild and related
to pain over injection sites and malaise.

This study has several limitations. First, the included
studies only assess the vaccine immunogenicity by anti-
SARS-CoV-2 and one should appreciate that the presence
of antibodies does not necessarily correlate with functional
humoral immunity required for long-term protection
against SARS-CoV-2, though it is currently the best available
surrogate marker [54, 55]. Second, important data on
cellular immunity and clinical efficacy after the third dose of
COVID-19 vaccine were often not reported. Third, it is well
recognized that CKD population has a more rapid decline in
antibody titers after vaccination compared to the general
population [56], and in this study we only evaluated the
immune response rate early postvaccination but not the
longitudinal changes and durability of anti-SARS-CoV-2.
Lastly, data on vaccine efficacy against emerging variants
such as Omicron and Delta variants is lacking. Notwith-
standing, this study is a comprehensive systematic review of
studies on the immunogenicity and safety of the third dose of
COVID-19 vaccine in patients on RRT and thus provides
important evidence to substantiate the need for three-dose
vaccination in kidney transplant and dialysis patients.

Conclusion
The third dose of COVID-19 vaccine in patients on

RRT is associated with reduced immunogenicity, espe-
cially in KTRs. In KTRs, each year increase in transplant

Immunogenicity and Safety of Three-Dose
COVID-19 Vaccination in Renal Patients

vintage was associated with 35.6% increase in anti-SARS-
CoV-2 seropositivity. There are no adverse events as-
sociated with third dose of COVID-19 vaccine in KTRs.
Further studies are needed to determine the optimal
vaccination strategies in this vulnerable population.
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