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Abstract
Purpose of Review To summarize the current literature with respect to COVID-19 vaccine efficacy patients with end-stage 
renal disease on dialysis and kidney transplant recipients.
Recent Findings Immunosuppressed patients are at greater risk of morbidity and mortality from COVID-19 infection. Patients 
with ESRD and KTR are immunosuppressed and mount a weaker antibody response to COVID-19 mRNA vaccination, and 
factors including immunosuppressant medications have been implicated for this weakened response. Third and fourth doses 
of vaccine doses have been shown to increase seropositivity and antibody production in kidney transplant recipients and 
patients on dialysis. Retrospective studies have demonstrated decreased mortality in vaccinated, immunosuppressed patients.
Summary ESRD and KTR patients have decreased antibody response to COVID-19 vaccines, but third and fourth doses 
have been shown to increase antibody production. Though a correlate of protection between antibody production and efficacy 
has yet to be fully established in this subset of the population, all US professional bodies who treat ESRD and KTR patients 
advocate for full vaccination against SARS-CoV-2 based on the data available. Studies demonstrating decreased mortality 
in vaccinated patients are promising on efficacy. Importantly, because KTR patients mount a weaker antibody response than 
ESRD patients, vaccination prior to kidney transplantation is critical.
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Abbreviations
BAU  Binding antibody units
CNI  Calcineurin inhibitor
COVID-19  Coronavirus disease 2019
CoP  Correlate of protection
ESRD  End-stage renal disease
KTR  Kidney transplant recipients
MMF  Mycophenolate mofetil
MFA  Mycophenolic acid
RCT   Randomized controlled trial
SOTR  Solid organ transplant recipient
UK  United Kingdom
VNA  virus nalieutrzing antibodies

Introduction

During the COVID-19 pandemic, patients with end-stage 
renal disease (ESRD) and kidney transplant recipients (KTR) 
were identified as high-risk groups susceptible to infection 
and its sequelae. They have an increased risk of contract-
ing SARS-CoV-2 infection and experiencing severe disease 
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Clinical pearls:  
• ESRD and KTR have a greater risk of mortality with 
COVID-19 infection relative to the general population. KTR 
have a greater risk of mortality relative to ESRD patients
• mRNA vaccines BNT162b2 and mRNA-1273 produce a weaker 
antibody response in ESRD patients on dialysis and kidney 
transplant recipients when compared to the general population but 
vaccination confers greater protection than not
• A third and fourth dose confers greater antibody response and 
increased seropositivity
• Anti-metabolite immunosuppressants, B cell modulators, 
belatacept, calcineurin inhibitors reduce the antibody response to 
vaccination
• Vaccinated household contacts and caregivers would likely 
bestow some protection against infection
• Vaccination of ESRD patients prior to kidney transplantation is critical
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due to their greater exposure to the health care system, their 
immunosuppression secondary to renal dysfunction, immu-
nosuppressive medications, and comorbidities. These two 
immunocompromised sub-populations have been associated 
with increased risk of severe disease, hospitalization, and 
mortality attributed to COVID-19 infection compared to the 
general population [1, 2]. A large comparative prospective 
study utilizing a database of over 17 million adults looked 
at risk factors associated with greater mortality early in the 
pandemic and found that worsening renal function was asso-
ciated with greater mortality with a hazard ratio of 3.69 [3•]. 
Furthermore, a large-scale review of the European Renal 
Association COVID-19 Database performed by Goffin et al. 
in 2020 assessed the mortality between ESRD and KTR 
patients, finding that KTR had a 78% greater risk of mortal-
ity with COVID-19 infection when compared to the ESRD 
cohort, a disparity that was even more severe within the first 
year post-transplant [4]. Jering et al. found in a large-scale 
comparison that solid organ transplant recipients (SOTR) 
who were hospitalized for COVID-19 infection had higher 
odds of requiring intensive care and mechanical ventilation 
than those hospitalized for other reasons. When compared 
to SOTR with non-COVID pneumonia, those recipients with 
COVID infections were more likely to die [5]. Udomkarn-
junanun et al. found in a large-scale review that risk factors 
among KTR that increased risk of mortality included older 
age, those with deceased donor allografts and those who 
presented with dyspnea, acute kidney injury, and pneumo-
nia [6]. Comorbidities that worsened risk included diabetes, 
cardiovascular disease, and an active cancer diagnosis. Upon 
the introduction and approval of vaccines against COVID-19 
by the FDA, ESRD patients and KTR were within the high-
est priority group to receive these vaccines, understanding 
their vulnerability within the context of an airborne pan-
demic. The use of these vaccines has been demonstrated 
to lower risk of infection, hospitalization, and mortality in 
the general population through ongoing clinical trials [7, 8]. 
Even today, the FDA recommends additional consideration 
for vaccination of immunocompromised patients, including 
an additional dose during the primary vaccination series [9]. 
However, published data demonstrating decreased immuno-
genicity of COVID-19 vaccines in KTR and ESRD patients 
have elicited concerns to investigate modified vaccine strate-
gies within this immunocompromised subset of the popula-
tion [10]. Thus, we sought to update the consensus of data 
on COVID-19 vaccine efficacy and immunogenicity in these 
two populations through a review of the most recent peer-
reviewed literature available up to January 2022.

Society Guidelines and Recommendations 
for Vaccination in ESRD and KTR

On October 15, 2021, the American Society of Nephrology 
disseminated a statement on vaccine imperatives for patients 
on dialysis written by Blake et al. [11•]. It emphasized the 
importance of vaccination among patients with ESRD to 
mitigate their heightened risk of complications and mortality 
secondary to COVID-19 infection. The authors acknowl-
edged the limitation of using serological response as a meas-
ure of efficacy. Many studies used assays with incomparable 
measures of positivity, as well as inconsistent inclusion of 
control subjects. Despite these qualifications, the authors 
came to the conclusion that a two-dose mRNA regimen was 
superior to a one-dose regimen in hemodialysis patients. The 
authors also raised the possibility that a one-shot regimen 
may provide an adequate immune response in hemodialysis 
patients with previous COVID-19 infection, though no rec-
ommendation was issued based on this hypothesis. The most 
urgent call to action was for vaccination of hemodialysis 
patients with at least two-shot vaccination regimens, and 
their exemption from “extended intervals” that have been 
used as a strategy for vaccine rationing in some countries.

On January 5, 2022, the American Society of Transplan-
tation and the American Society of Transplant Surgeons 
disseminated an updated joint statement on COVID-19 
vaccination in Organ Transplant Candidates and Recipients 
[12•]. This communication noted several key tenets that 
should shape our understanding of, and approach to, vacci-
nating those high-risk populations. Among these, the socie-
ties emphasized that (1) transplant patients have a weaker 
response to the two-dose vaccine series compared to the gen-
eral population, (2) a third (or fourth [13•]) dose of mRNA 
vaccines has been shown to increase antibody titers and 
seropositivity in these patients, (3) higher levels of neutral-
izing antibodies have been correlated with reduced disease 
incidence in the general population, and levels of antibodies 
that are not sufficient to prevent infection may still reduce 
the severity of infection if it does occur. To this point, there 
have been no randomized controlled trials (RCT) that assess 
the effectiveness of three-shot COVID-19 vaccination regi-
mens in this population of patients. Though the limitations 
of available data are clear, immunogenicity may be the best 
surrogate for vaccine efficacy at this crucial point in time.

Seroconversion as a Surrogate for COVID 
Vaccine Efficacy

Establishing the highest level of evidence provided by 
RCTs has poor feasibility in ESRD and KTR patients. 
The most compelling reason is that randomizing the 
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distribution of life-saving vaccines in a high-risk popu-
lation would almost certainly lead to adverse outcomes 
based on the data currently available. So it becomes criti-
cal to establish a surrogate measure for efficacy that can 
be used to evaluate vaccines in sub-populations, as well 
as in subsequent periods where new pathogenic variants 
emerge. Thus, researchers have attempted to establish 
antibody status as a correlate of protection (CoP) against 
COVID-19 infection. A study by Lumley et al. followed 
12,541 healthcare workers in the United Kingdom (UK) 
for a period of 31 weeks and correlated their antibody 
status with the likelihood of testing positive for COVID-
19. They found that seropositive healthcare workers had a 
0.13 positive tests per 10,000 days at risk, while seronega-
tive healthcare workers had 1.09 positive PCT tests per 
10,000 days at risk [14]. A subsequent study by Earle et al. 
analyzed the correlation between antibody response and 
efficacy for 7 COVID-19 vaccines based on data published 
in their respective phase 1 and 2 clinical trials. When the 
group calibrated virus neutralizing antibody (VNA) levels 
between the 7 studies to human convalescent serum, they 
found a high correlation between the calibrated ratio and 
vaccine efficacy. Among the 7 vaccines, VNAs accounted 
for 77.5% of the variation in efficacy between studies, and 
the IgG binding antibody accounted for 94.2% of that vari-
ation [15]. Thus, the titers appear to provide a reliable CoP 
for efficacy in the study populations. Furthermore, Feng 
et al. analyzed data from the randomized efficacy trial of 
the ChAdOx1 nCoV-19 vaccine, finding that 264 binding 
antibody units (BAU)/mL of anti-spike and 506 BAU/mL 
of anti-receptor binding domain (RBD) antibodies were 
correlated with an 80% vaccine efficacy against sympto-
matic infection [16]. In a similar fashion, Khuory et al. 
aggregated data from COVID-19 vaccine clinical trials 
and built a model demonstrating an association between 
neutralizing antibodies and protection from COVID-19 

infection [17•]. However, these data are not sufficient to 
demonstrate a CoP in the ESRD or KTR populations, as 
those patients were largely excluded from efficacy studies 
in COVID-19 vaccine clinical trials [18•].

With respect to the ESRD population, a study by 
Anand et al. followed 2,563 dialysis patients who had 
received 2 doses of mRNA1273, BNT182b2, or Ad26.
COV2.S vaccines. The study found that among 56 break-
through cases, all patients had pre-breakthrough antibody 
levels equivalent to <785 BAU/mL. Among the vacci-
nated cohort, 20% lost detectable RBD IgG response 
within 6 months following vaccination, and peak and 
pre-breakthrough RBD values of <506 BAU/mL were 
associated with higher odds of breakthrough infection 
[19•]. Unfortunately, a convincing CoP has yet to be 
established in the KTR population.

COVID‑19 Vaccine Seropositivity in ESRD 
Patients on Hemodialysis

Studies on seroconversion in ESRD patients on hemodialy-
sis differ by type of vaccine given, number of doses, and 
time from dose to humoral response measurement (Table 1). 
Humoral response to COVID-19 vaccination in ESRD 
patients on hemodialysis is generally low compared with 
healthy controls. Seroconversion rates vary from 17.4 [22] 
to 96% [21]. In a cohort of 1136 dialysis patients, Stumpf 
et al. recorded a response rate of 95.3% 4 to 5 weeks fol-
lowing the second dose of either BNT182b2 or mRNA1273 
vaccine. While the seroconversion for ESRD patients at the 
final endpoint was roughly that of healthy controls, more 
time was needed for ESRD patients to reach this peak. At 
3–4 weeks, 61.9% of dialysis patients had detectable IgG or 
IgA antibodies to Spike S1 protein, compared with 96.4% 
of healthy controls sampled at the same time [20•]. This 

Table 1  Seroconversion rates 
of COVID-19 vaccination in 
ESRD patients on dialysis

n = Number of patients on hemodialysis used in each study for determining seroconversion rates
Seroconversion rates are reported as percentage of patients for whom anti-spike protein antibodies were 
measured above a predetermined positive threshold by each individual study
*Interval between last dose given and measurement of seroconversion rate

First author n Vaccine Doses Seroconversion Interval*

Stumpf [20•] 1136 Pfizer, Moderna 2 95.3% 4–5 weeks
Grupper [21] 56 Pfizer 2 96% 30 days
Lesny [22] 23 Pfizer, Oxford 1 17.4% 14 days
Danthu [23•] 78 Pfizer 2 85.5% 8 days
Bertrand [24] 9 Pfizer 2 88.9% 30 days
Rincon-Arevalo [25] 41 Pfizer 2 70.5% 7 +/− 2 days
Yi [26] 31 Pfizer, Moderna 1 87% 28 days
Sattler [27] 26 Pfizer 2 84.6% 8 days
Espi [28] 83 Pfizer 2 89.2% 10–14 days
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delayed response is in line with previous reports [21, 22, 
23•, 25]. In contrast to reports of high seroconversion rates 
in dialysis patients, Lesny et al. reported a rate of 17.4% 
in a cohort of 23 patients one week after the initial dose. 
The seroconversion rate reported in this study is largely an 
outlier when compared to other studies of efficacy in ESRD 
patients [22]. This may be attributed to the use of a single 
dose, shorter time interval to measurement, and a relatively 
small sample size compared with other similar studies. In a 
study of 106 maintenance hemodialysis patients, including 
23 with a history of kidney transplantation, Espi reported 
a seroconversion rate of 82% by 10 to 14 days after receiv-
ing the second dose of the BNT162b2 vaccine [28]. They 
further divided those with a positive humoral response into 
high-response and low-response groups. Hemodialysis and 
immunosuppressive regimens were identified as independ-
ent variables associated with nonresponse to the vaccine, 
while prior history of COVID-19 infection was positively 
correlated with humoral response.

Lower Magnitude of Humoral Response 
in ESRD Patients on Hemodialysis

The magnitude of antibody response to COVID-19 vaccina-
tion is lower in ESRD patients on dialysis when compared 
with healthy controls. In a study by Danthu et al., 85.5% 
of patients undergoing hemodialysis produced a detect-
able humoral response by day 36 following the first dose of 
BNT162b2. These patients, however, displayed a much lower 
antibody titer than their healthy control counterparts. Median 
antibody titers in the hemodialysis group were 6.6 AU/ml 
at 36 days and 276 AU/ml at day 58, compared with 1,086 
AU/ml at day 36 and 925 AU/ml at day 58 in the control 
group [23•]. This finding is consistent with other studies [21, 
22, 28]. In 2002, Kovacic demonstrated a positive correla-
tion between hemodialysis efficiency, measured in Kt/V, and 
hepatitis B virus surface antibody following hepatitis B vac-
cination [29]. Espi and Danthu have reported a positive cor-
relation between Kt/V and antibody response to BNT162b2 
vaccination as well [23•, 28]. In this light, the uremic envi-
ronment is likely a factor in the weaker humoral response 
seen in CKD patients [23•, 28, 30]. This is supported by the 
correlation between anti-HBs and SARS-CoV-2 antibody 
titers in patients undergoing hemodialysis [23•].

COVID‑19 Vaccine Seropositivity in Kidney 
Transplant Recipients

In KTR vaccinated against COVID-19, seropositivity has 
been reported at significantly decreased rates compared to 
the general population (Table 2). In an early study, Boyarsky 

et al. reported seroconversion of 14.2% among KTR who 
received one dose of mRNA vaccine (mRNA-1273 or 
BNT162b2) [10]. A subsequent study by Boyarsky et al. 
which included 322 KTR reported seroconversion of 48% 
in those patients. Interestingly, 37% of patients failed to 
seroconvert after 1 dose of mRNA vaccine but developed 
antibodies following a second dose [37•]. Rozen-Zvi et al. 
found a seroconversion rate of 36.4% in 308 KTR following 
2 doses of the BNT162b2 vaccine [34]. Marion et al. also 
contributed a study that demonstrated 33% seroconversion 
among 271 KTR who received 2 doses of mRNA vaccine 
[38]. Some studies have reported even lower seroconver-
sion rates, including 4% among 74 KTR [23•], 2.5% among 
40 KTR [25], and 2 and 5.7% measured on days 28 and 60 
respectively, among 35 KTR [47]. However, comparison of 
these studies is challenging due to variability in study popu-
lations, timing of response measurement, and assay charac-
teristics that may have influenced seropositivity. Bentomane 
et al. published a study that reported 11.7% seropositivity 
following 1 dose, and 47.8% seropositivity 28 days after a 
second dose of vaccine [35•]. Subsequently, in a study of 
159 KTR with failed (n=95) or weak response (n = 64) to 2 
doses of mRNa vaccine, Bentomane et al. reported antibody 
titers above 50 BAU/mL in 81.3% of patients who previously 
had a weak response to vaccine, but only 27.4% of previous 
nonresponders (median 586 BAU/mL) [51]. Kamar et al. 
conducted a study including 101 SOTR (78 KTR) which 
demonstrated 4% seropositivity prior to administration of a 
second dose of vaccine, 40% before a third dose, and 68% 
4 weeks after the third dose was given [43]. Subsequently, 
Kamar et al. published a case series of 37 solid organ trans-
plant recipients (25 KTR) who did not respond to the first 3 
doses of BNT162b2 or else had a weakened response (5/37). 
They found that those who had a weakened response prior 
to the third dose had a nearly 100-fold increase in meas-
ured antibodies after the fourth dose. Among the 31 patients 
who had no response prior to the fourth dose, 41.9% of those 
patients (54% among KTR) became seropositive (mean anti-
body concentration, 9.5 BAU/ml) [13•]. Recently, Benning 
et al. characterized the humoral response against the alpha, 
beta, and delta COVID-19 variants in 173 KTR who received 
2 doses of COVID-19 vaccine (including combinations of 
BNT182b2, mRNA1273, and ChAdOx1 nCoV-19) when 
compared to healthy controls. Though the neutralizing anti-
body response was diminished in KTR compared to healthy 
controls, all seropositive KTR demonstrated neutralizing 
activity against Alpha variant, 64% against Beta variant, and 
67% against Delta variant [52•].

Results from the above-mentioned studies must be ana-
lyzed with caution, as the studies took place in a variety of 
settings that include different geographic locations, preva-
lence of different variants of interest, inclusion of patient 
populations that are not easily comparable, and in some 
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cases different definitions of seropositivity. However, they 
largely demonstrate that (1) KTR have decreased antibody 
response following COVID-19 vaccination compared to the 
general population, (2) additional doses increase antibody 
production in some weak responders and non-responders, 
and (3) there is a need to investigate characteristics that 
affect a patient’s likelihood to produce antibodies.

COVID‑19 Vaccination is More Effective Prior 
to Kidney Transplantation

A study by Grupper et al. addressed the timing of COVID-
19 vaccination and kidney transplantation by comparing 19 
patients vaccinated prior to transplantation with 109 patients 
vaccinated after. A markedly higher proportion of patients 
vaccinated before transplantation (90%) produced anti-spike 
antibodies compared to those vaccinated after (45%). Of note, 
maintenance immunosuppression regimens were similar 

Table 2  Seroconversion rates 
of COVID-19 vaccination in 
kidney transplant recipients

n = Number of kidney transplant recipients used in each study for determining seroconversion rates
Seroconversion rates are reported as percentage of patients for whom anti-spike protein antibodies were 
measured above a predetermined positive threshold by each individual study
*Interval between last dose given and measurement of seroconversion rate

Reference n Vaccine Doses: Seroconversion Interval*

Espi [28] 15 Pfizer 2 73.3% 10–14 days
Danthu [23•] 74 Pfizer 2 4.1% 8 days
Bertrand [24] 45 Pfizer 2 17.8% 30 days
Rincon-Arevalo [25] 40 Pfizer 2 2.5% 7 +/− 2 days
Yi [26] 145 Pfizer, Moderna 1 6.2% 28 days
Sattler [27] 39 Pfizer 2 2.6% 8 days
Massa [31] 61 Pfizer 2 44.3% 28 days

3 62.3% 28 days
Korth [32] 23 Pfizer 2 22% 15.8 days
Stumpf [33] 71 Pfizer

Pfizer
1 6% 3 weeks
2 32% 8 weeks after 1st

Rozen-Zvi [34] 308 Pfizer 2 38.4% 28 days
Bentomane [35•] 205 Moderna 2 48% 28 days
Boyarsky [36] 7 Janssen 1 14% 1 month
Boyarsky [37•] 322 Pfizer, Moderna 1 11% 21 days

2 48% 29 days
Grupper [21] 136 Pfizer 2 37.5% 16 days
Marion [38] 271 Pfizer 2 33% 28 days
Cucchiari [39] 117 Moderna 2 29.9% 2 weeks
Husain [40] 28 Pfizer, Moderna 2 25% 2–6 weeks
Marinaki [41] 10 Pfizer 2 20% 10 days
Midtvedt [42] 141 Pfizer 2 18% 25–89 days
Kamar [13•, 43] 78 Pfizer 3 46.6% 14 days

25 4 54.2% 4 weeks
Dębska-Ślizień [44] 142 Pfizer, Moderna 2 51.41% 14–21 days
Marlet [45] 97 Pfizer, Moderna 2 43% 95 days

160 3 47% 52 days
Kantauskaite [46] 225 Pfizer, Moderna 2 24.9% 14 days
Chavarot [47, 48] 35 Pfizer 2 5.7% 28 days

62 3 6.4% 28 days
Bruminhent [49] 37 Sinovac 2 9% 14 days
Stumpf [20•] 368 Pfizer, Moderna 1 7.6% 3–4 weeks

2 42% 4–5 weeks
Ou [50•] 592 Pfizer, Moderna 1 13.0% 21 days

400 2 47.8% 29 days
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between the two groups. The exception to this was 100% 
(19/19) of patients vaccinated before the transplant received 
mycophenolate compared with 75% (82/109) in the post-
transplant group. Multivariate analysis related vaccination 
after transplantation to the risk of seronegativity with an odds 
ratio of 22.4 when compared to pre-transplant vaccination. 
Age, lower lymphocyte count, and time on dialysis were also 
correlated with seronegativity, although to a lesser extent than 
post-transplantation vaccination [53•].

Studies Examining the Effect 
of Immunosuppressive Drugs

Many studies have demonstrated associations between 
immunosuppressive drug therapy and nonresponse to 
COVID-19 vaccines. Triple immunosuppressive therapy, 
including calcineurin inhibitors (tacrolimus or cyclo-
sporine), antimetabolites (MMF/MFA/azathioprine), and 
corticosteroids have been associated with non-response 
and weakened response to COVID-19 vaccines [10, 20•, 
34, 35•, 44, 54]. A study by Boyarsky et al., including 219 
COVID-naive kidney transplant recipients, found that anti-
metabolite maintenance immunosuppression decreased the 
likelihood of antibody response following 1- and 2-dose 
vaccination [10]. A later study by Boyarsky et al. supported 
these findings with 57% (268/473) of SOTR treated with 
antimetabolites failing to produce a detectable antibody 
response following 2 doses, compared with 18% (33/185) 
SOTR not treated with antimetabolites [37•]. These findings 
have been echoed by others, who found that Mycophenolate 
mofetil (MMF) and mycophenolic acid (MFA) treatments 
regimens have been strongly associated with humoral non-
response following COVID-19 vaccination in KTR [20•, 
34, 35•, 44, 46, 51, 54, 55]. Ou et al. performed a prospec-
tive cohort study of 609 COVID-naive kidney transplant 
recipients and found a 16.7-fold decreased odds of posi-
tive titers following 2-doses of vaccine in patients treated 
with belatacept [50•]. These findings are reinforced by 
other studies [20•, 35•], including Chavarot et al., who 
also observed breakthrough infection in 6.6% (12/181) of 
belatacept-treated KTRs 8-30 days after their last vaccine 
dose, including 9 (5.0%) at least 2 weeks after their last vac-
cine dose, which were defined as breakthrough infections. 
Additionally, a third dose of either vaccine failed to improve 
humoral response in KTRs treated with belatacept [47].

These studies must be reviewed with the consideration that 
KTR are typically treated with multiple immune-suppressing 
drug regimens such as triple immunosuppressive therapy. 
Thus, there is a high potential for confounders if studies 
do not control for co-variation among drugs. As previously 
stated, factors including patient characteristics and the preva-
lence of variants of interest during different time periods may 

also be at play. The most significant takeaway from these 
studies is that immunosuppressive therapies, especially those 
including antimetabolites, belatacept, or rituximab [56, 57] 
appear to be associated with decreased immune response to 
COVID-19 vaccination. At this time, the evidence is insuffi-
cient to recommend any modification of immunosuppressive 
therapy for KTR prior to or following COVID-19 vaccina-
tion. However, these findings do lend support to the conclu-
sion that patients should be vaccinated before the initiation 
of immunosuppressant treatments whenever feasible and that 
more data is needed regarding immunosuppressant medica-
tions and its influence on vaccine response.

Studies Examining the Differences Between 
Vaccines

Stumpf et al. found significantly increased seroconversion 
with mRNA-1273 (49%) compared to BNT162b2 (26%) 
in kidney transplant recipients. Seroconversion rates were 
higher for mRNA-1273 (97%) than BNT162b2 (88%) in 
hemodialysis patients as well, although to a lesser degree 
[20•]. This finding was supported by a higher frequency 
of RBD-specific IgG production induced by mRNA-1273 
(95%) than BNT162b2 (85%). The study by Boyarsky et al. 
found that 22% of solid organ transplant recipients produced 
a humoral response after the first dose of mRNA-1273, com-
pared with 8% with BNT162b2. These rates improved to 
60% and 49% for mRNA-1273 and BNT162b2, respectively, 
after second dose administration, but a significant differ-
ence between the vaccines persisted [37•]. These findings 
are consistent with studies by Dębska-Ślizień and Marlet 
[44, 45]. The seroconversion efficacy of the ChAdOx1 
(AstraZeneca) vaccine is not as well-studied in ESRD 
and kidney transplant recipients as the mRNA-1273 and 
BNT162b2 vaccines. In a cohort of 25 kidney transplant 
recipients who did not produce a humoral response to the 
two-dose BNT162b2 regimen, Schrezenmeier et al. found 
that 6 out of 11 patients given the ChAdOx1 vaccine pro-
duced detectable antibodies, compared to just 3 out of the 
14 patients that received a third dose of the BNT162b2 vac-
cination [55]. Lesny et al. compared humoral response 2 
weeks after a single dose of either BNT162b2 (N=11) or 
ChAdOx1 (N=14) in patients on hemodialysis and found 
no significant difference in antibody production between the 
two groups [22]. Boyarsky et al. studied the effect of the 
Ad26.COV2.S Janssen COVID-19 vaccine in 12 solid organ 
transplant recipients [36]. This study included 7 KTR, only 
one of which produced a positive humoral response 1 month 
after the single dose was given. Of note, all 7 KTR were on 
immunosuppressive regimens that included antimetabolites.
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Boyarsky et al. also described a decreased likelihood 
for older patients to develop an immune response, and an 
increased response in patients who received the mRNA-1273 
vaccine compared to BNT162b2 [10, 37•].

Additional factors associated with increased likelihood 
of seropositivity among the studies reviewed include pre-
vious COVID-19 infection, vaccination prior to transplant, 
younger age, and vaccination with an mRNA vaccine [39, 
53•, 58].

Incidence of COVID‑19 Infection 
and Mortality in Vaccinated SOTR

In a retrospective analysis of data concerning 2151 SOTR 
(including 967 KTR) obtained from a single-center electronic 
medical record (EMR) system, Aslam et al. investigated the 
incidence of symptomatic COVID-19 infection in fully vacci-
nated patients (predominantly with mRNA1273) and controls 
who received 1 or no COVID-19 vaccines. The investigators 
discovered an incidence rate of 0.065 per 1000 person-days in 
vaccinated transplant recipients and 0.34 per 1000 person-days 
in the control group [59]. These data correlate to an incidence 
risk for symptomatic COVID-19 infection of 0.19 in vacci-
nated transplant recipients compared to their unvaccinated 
counterparts. In a subsequent study, Aslam et al. addressed 
concerns of potential confounding factors related to variable 
prevalences of COVID-19 in the community during their 
prior study period. They assessed EMR data concerning 1904 
SOTR (including 820 KTR) sourced from one hospital sys-
tem and affiliated hospitals over a longer study period. The 
study model, which accounted for population-level changes 
in COVID-19 prevalence, demonstrated a significantly lower 
hazard for COVID-19 in vaccinated patients (predominantly 
with mRNA1273) compared to unvaccinated counterparts 
[60•]. A study by Ravanan et al. performed retrospective 
analysis on data obtained from four linked UK registries that 
included 39,727 SOTR who received 2 doses of vaccine, (pre-
dominantly BNT162b2 or ChAdOx1) 1738 who received 1 
dose of vaccine, and 6748 who were unvaccinated. Among 
this cohort, the mortality rate after testing positive for COVID-
19 was 7.7% among fully vaccinated SOTR and 12% among 
unvaccinated SOTR and those who received 1 dose [61•].

These retrospective studies provide reassurance that despite 
low seroconversion rates noted in many studies of SOTR and 
KTR, vaccination appears to provide protection against symp-
tomatic infection and death secondary to COVID-19 in these 
populations. However, the treatment and control groups in 
these studies are not randomly assigned or blinded, and thus 
are subject to the effects of confounders including factors 
correlated with patient vaccination status. Additionally, the 
prevalence of COVID-19 infection in the relevant commu-
nities including the spread of variants of interest, and even 

hospital-level shortages in resources at different timepoints 
prevent the data from being interpreted as representative of 
efficacy or even a robust CoP. Nonetheless, the large sample 
sizes do increase confidence in the conclusion that vaccination 
appears to provide protection for KTR.

Immunocompromised Patients are Protected 
by Vaccinated Household Members

It would be remiss to discuss COVID vaccination in immu-
nocompromised patients without discussing the vaccina-
tion of their caregivers and household members. While 
it is sobering to understand that the humoral response 
to mRNA COVID vaccination is less in ESRD and KTR 
patients when compared to the general population, there 
is value in recognizing that the immunocompetent people 
who surround that patient can mount an excellent immune 
response. While not studied specifically in ESRD and KTR 
patients, Hayek et al. report indirect protection of (unvac-
cinated) children from SARS-CoV-2 infection through 
parental vaccination with BNT162b2 [62]. When both 
parents were vaccinated with two doses of BNT162b2, 
the risk of COVID infection decreased by 71.7% during 
the Alpha variant time period and 58.1% during Delta vari-
ant time period. This is also known as “cocooning,” the 
creation of a protective layer for the immunocompromised 
patient of household contacts and caregivers by vaccina-
tion and is, in fact, how we currently protect infants from 
pertussis [63]. It has been argued that COVID vaccina-
tion ought to be prioritized for caregivers of patients with 
cancer, and cocooning patients immunocompromised 
from ESRD and KTR would follow the same logic. In 
essence, another effective way of protecting a patient with 
ESRD and KTR is to ensure their caregivers and house-
hold contacts are fully vaccinated against SARS-CoV-2 to 
overcome the fact that immunosuppressed patients do not 
mount as robust a response to the vaccines [64].

Conclusion

This review summarizes the most-recent literature avail-
able on COVID-19 vaccine efficacy in ESRD patients on 
hemodialysis and KTR. Vaccination with either Pfizer 
BNT162b2 or Moderna mRNA-1273 produces a weaker 
antibody response in ESRD patients on dialysis and kidney 
transplant recipients when compared to the general popula-
tion. Humoral immune responses are typically even weaker 
in KTR patients than in hemodialysis patients, which is 
strongly related to immunosuppressive therapy. BNT162b2 
has been correlated with lower rates of seropositivity in 

180 Current Transplantation Reports  (2022) 9:174–184

1 3



both populations when compared with mRNA-1273. How-
ever, the third and fourth doses improved weak responses 
and increased seropositivity rates significantly. Vacci-
nation before kidney transplantation has been shown to 
significantly improve humoral response compared with 
vaccination after transplantation, and thus more likely to 
confer protection. Vaccination of ESRD patients prior to 
kidney transplantation is critical. Given the high mortality 
associated with COVID-19 infection and high prevalence 
of comorbidities in both populations, vaccination proto-
cols that include at least a third dose are highly recom-
mended. Vaccination against COVID-19 is recommended 
by the National Kidney Association, American Society 
of Nephrology, the American Society of Transplantation, 
and the American Society of Transplant Surgeons, profes-
sional societies who understand the vulnerabilities of the 
population they care for, and the protections necessary to 
reduce morbidity and mortality. Because the protective 
response to vaccination against SARS-CoV-2 is lessened 
in the immunocompromised patient, family members, 
household contacts and caregivers ought to be fully vac-
cinated, which would likely confer a significant amount 
of protection against infection. ESRD and KTR patients 
must also continue the life-saving preventive measures that 
combat this aerosolized pathogen which include respira-
tor/fitted-mask wearing, social distancing, and improved 
ventilation and filtration.
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