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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection has become 

one of the major problems worldwide for the past years. Extensive investigations have 

been undertaken to explore the characteristics of infection and possible intervention 

and prevention strategies within a specific group of the population. Kidney transplant 

recipients (KTRs) are among one of the most vulnerable populations to the SARS-

CoV-2 infection poor outcomes. The mortality rate of SARS-CoV-2 infection in KTRs 

was 20%–40% [1,2]. Moreover, the risk of death increases with age and comorbidities 

[2-4].

 Vaccination programs have been prioritized in many countries to reduce the risk of 
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This systematic and meta-analysis aims to evaluate humoral and cellular responses to the 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccine among kidney trans-
plant recipients (KTRs). We conducted a systematic literature search across databases to 
evaluate seroconversion and cellular response rates in KTRs receiving SARS-CoV-2 vaccines. 
We extracted studies that assessed seroconversion rates described as the presence of an-
tibody de novo positivity in KTRs following SARS-CoV-2 vaccination published up to January 
23rd, 2022. We also performed meta-regression based on immunosuppression therapy used. 
A total of 44 studies involving 5,892 KTRs were included in this meta-analysis. The overall sero-
conversion rate following complete dose of vaccines was 39.2% (95% confidence interval [CI], 
33.3%–45.3%) and cellular response rate was 41.6% (95% CI, 30.0%–53.6%). Meta-regression 
revealed that low antibody response rate was significantly associated with the high preva-
lence of mycophenolate mofetil/mycophenolic acid (p=0.04), belatacept (p=0.02), and anti-
CD25 induction therapy uses (p=0.04). Conversely, tacrolimus use was associated with higher 
antibody response (p=0.01). This meta-analysis suggests that postvaccination seroconversion 
and cellular response rates in KTRs are still low. And seroconversion rate was correlated with 
the type of immunosuppressive agent and induction therapy used. Additional doses of the 
SARS-CoV-2 vaccine for this population using a different type of vaccine are considered.

Keywords: Kidney transplant, SARS-CoV-2, Seroconversion, Transplantation, Vaccine

Seroconversion rates in kidney 
transplant recipients following 
SARS-CoV-2 vaccination and its  
association with immunosuppressive 
agents: a systematic review and 
meta-analysis
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SARS-CoV-2 infection-related adverse outcomes. Trials have 

been conducted to evaluate the vaccine’s safety and efficacy 

and yet, KTRs were mostly excluded from the analysis [5,6]. 

Several studies that evaluate immunogenicity rates in the 

KTRs population have been published. However, postvacci-

nation humoral and cellular response rates have not yet been 

reviewed systematically. Further, whether any factors sub-

stantially contribute to these immune responses remains 

elusive.

 The primary objective of this systematic review and meta-

analysis was to evaluate postvaccination seroconversion rates 

in KTRs. In addition, we also aimed to determine the contrib-

uting factors to the immune response from an essential set of 

variables with regard to baseline characteristics and immu-

nosuppressive agent, and induction therapy used to be re-

ported for studies to establish adequate SARS-CoV-2 vaccina-

tion strategies for KTRs.

Materials and Methods

This systematic review and meta-analysis followed the Pre-

ferred Reporting Items for Systematic Reviews and Meta-anal-

yses (PRISMA) reporting guideline [7]. This study protocol has 

also been registered in PROSPERO (CRD42022303956).

Search strategy and eligibility criteria
Two reviewers (M.R.I. and F.A.D.) systematically searched for 

relevant articles published up to January 23rd across Medline 

(PubMed) and EMBASE databases. Search strategies were 

designed with specific keywords to retrieve articles related to 

the SARS-CoV-2 vaccine immune response rate in KTRs 

(Supplement 1). We used the “related articles” feature and 

hand-searched the reference lists of the included articles to 

expand the search and obtain additional studies. Duplicate 

results were removed after the initial search.

 The PICO (population, intervention, comparison or con-

trol, and outcome) structure design, outcomes definitions, 

and the subgroup of interest were established among authors 

prior to data collection [8]. We included all research articles 

on the KTR population receiving any kind of SARS-CoV-2 

vaccine. Studies that met the criteria of reporting postvacci-

nation antibody and/or cellular response were included in 

further analyses. Studies that reported the outcomes of the 

third dose (boost dose) of vaccine were excluded in this pres-

ent study. Queries regarding the eligibility of the study were 

resolved by consensus. We did not apply any language or 

geographic restriction to the article selection process.

Outcome measurements
The primary outcome of this study was humoral immunoge-

nicity rates after a complete dose of vaccination among KTRs. 

Humoral response rates were extracted from the data on de 

novo positivity of neutralizing antibody, anti-SARS-CoV-2 

spike receptor-binding domain, or either immunoglobulin 

(Ig)G or IgA anti-spike protein that indicated above-normal 

quantification results. The secondary outcome was cellular 

response rates of KTRs following SARS-CoV-2 vaccination as 

defined by vaccine-induced de novo T-cellular immunity.

Data extraction
Data extraction was carried out independently by two au-

thors (M.R.I. and F.A.D.). For each study, we extracted basic 

information using standardized forms that included author, 

date of publication, study design, study setting, sample size, 

sex, and age. In addition, the following relevant variables 

were also extracted; diagnostic modalities, numbers of sub-

jects with prior SARS-CoV-2 infection, transplantation vin-

tage, type of vaccine received, vaccination protocol, length of 

the follow-up period, type of immunosuppressive agents 

used, and type of induction therapy used by the KTRs.

 For each cohort study, two reviewers (N.N.M.S. and F.A.D.) 

independently assessed the quality of cohort studies using 

the Newcastle-Ottawa scale (NOS) that contained predefined 

criteria covering three major domains; quality of the selec-

tion, comparability, and the outcome of study populations. A 

study was rated as low risk of bias if it scored 7 to 9, moderate 

risk if it scored 4 to 6, and high risk of bias if it scored less than 

4 points on NOS [9].

Statistical analysis
The proportion of postvaccination humoral and cellular im-

munity in KTRs from the included studies was summarized 

using the DerSimonian-Laird random-effects model. The 

heterogeneity of the pooled estimate was assessed using I2 

statistic where a variation in outcome greater than 50% was 

considered to derive from heterogeneity [10]. To explore the 

potential source of heterogeneity, we performed subgroup 

analyses using mixed effects models on the following subsets; 

complete and incomplete vaccination protocols, and popula-

tion with a previous history of SARS-CoV-2 infection and 

without prior SARS-CoV-2 infection. Further, we also con-

ducted a restricted-maximum likelihood random-effects me-
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ta-regression analysis to investigate the influence of the fol-

lowing covariates—sex, age, time since transplant to first vac-

cine dose, immunosuppressive therapy used, and induction 

therapy used.

 Analyses of publication bias were done by initially using a 

funnel plot to screen for asymmetry in detecting publication 

bias and followed by a formal statistical test using Egger’s lin-

ear regression test to indicate small-study effects [11,12]. Sen-

sitivity analysis was performed under the leave-one-out 

method to single out the cause of study heterogeneity and 

statistical significance. All statistical analysis was performed 

using R ver. 4.0.4 (The R Foundation, Vienna, Austria).

Results

Search results
A literature search across Medline (PubMed) and EMBASE 

databases resulted in 542 potentially eligible studies (Fig. 1, 

Supplement 2). Titles and abstracts were initially screened 

followed by full-text reviews to further determine study eligi-

bility. Of 64 studies that were included for full-text review, a 

total of 44 publications were included in our present analyses 

after the exclusion of irrelevant studies that did not report the 

outcome of interest [13-56] (Table 1).

Study characteristics
A total of 5892 KTRs were included in this present meta-anal-

ysis. The mean of age of the study participants was 57.8 years 

with 62.1% of them were male. The type of vaccine adminis-

tered in this study was varied—BNT162b2 (Pfizer-BioNTech), 

mRNA-1273 (Moderna), ChAdOx1 nCoV-19 (AstraZeneca), 

Ad26.CoV2.S (Johnson & Johnson), and whole-virion inacti-

vated SARS-CoV-2 vaccine (CoronaVac). The mean time from 

kidney transplant to first dose vaccination was 6.97 years 

ranging from 1.65 to 13 years. All included studies had a low 

to moderate risk of bias (Supplement 3).

Postvaccination seroconversion and cellular response rates
Our pooled analyses showed that the overall seroconversion 

rate in KTRs was 39.2% (95% confidence interval [CI], 33.3%–

45.3%) with high level of heterogeneity (I2 =95%) (Fig. 2). In 

addition, we conducted meta-analysis to evaluate postvacci-

nation cellular response rate in KTRs. This meta-analysis 

demonstrated that positive cellular response rate was 41.6% 

(95% CI, 30.0%–53.6%; I2 =91%; p<0.01) (Fig. 3). Sensitivity 

analysis on humoral response rate by single removing each 

study did not indicate any significant alteration in statistical 

robustness and study heterogeneity (Supplement 4).

Subgroup analysis and meta-regression
Subgroup analyses were performed under the following sub-

sets–the completeness of vaccine protocol and the presence 

of prior SARS-CoV-2 infection. Humoral response rate was 

significantly lower in patients with incomplete vaccine proto-

col (11.1%; 95% CI, 5.4%–18.4%; I2 =93%; p<0.01) compared 

to complete vaccine protocol (39.2%; 95% CI, 33.3%–45.3%; 

I2 =95%; p<0.01) (Fig. 4A). Subsequently, KTRs with a previ-

ous history of SARS-CoV-2 infection had a higher humoral 

immune response after vaccination compared to those with-

out prior infection (87.8%; 95% CI, 66.3%–99.9%; 37.2%; 95% 

CI, 32.2%–42.3%; p<0.01) (Fig. 4B)

 Univariate meta-regression analyses indicated that tacroli-

mus was positively correlated with a higher proportion of 

postvaccination humoral response (regression coefficient, 

0.4; 95% CI, 0.1–0.8; p=0.01). In contrast, mycophenolate 

mofetil/mycophenolate acid (MMF/MPA) and belatacept 

were significantly correlated with a lower humoral immune 

response rate (regression coefficient, -0.6; 95% CI, -1 to -0.04; 

p =0.04; regression coefficient, -0.4; 95% CI, -0.8 to -0.06; 

p=0.02, respectively) (Fig. 5). Additionally, we incorporated 

commonly reported induction therapy used by the KTRs into 

the regression analysis. Our results showed that anti-CD25 

was inversely correlated with the proportion of positive hu-Fig. 1. Study inclusion flowchart.
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moral response rate (regression coefficient, -0.3; 95% CI, -0.6 

to -0.02; p=0.04) (Supplement 5). We did not find substantial 

associations between mean age (p=0.82), proportion of male 

(p=0.93), time since transplantation (p=0.86), cyclosporine 

(p=0.52), azathioprine (p=0.68), steroid (p=0.75), mechanis-

tic target of rapamycin inhibitor (p=0.62), anti-thymocyte 

globulin (p=0.12), and humoral response rate (Supplements 

5–12).

Publication bias
The funnel plot demonstrated asymmetry of data points, 

which qualitatively indicated the presence of publication bias 

(Supplement 13). Also, the Egger test showed a significant re-

sult (p<0.01) which implied the presence of publication bias 

within this meta-analysis.

Discussion

Several key findings were highlighted in this present meta-

analysis. We have found that humoral and cellular immune 

response rates in KTRs following SARS-CoV-2 vaccination 

were 39.2% and 41.6%, respectively. Immune response rates 

were significantly increased after the second dose or com-

plete vaccine protocol. Furthermore, immune response rates 

were found higher in patients with a previous history of SARS-

CoV-2 infection. Humoral response rates were positively as-

sociated with tacrolimus and inversely correlated with MMF/

MPA, belatacept, and anti-CD25 induction therapy.

 Previous studies have addressed the antibody response to 

the complete dose of SARS-CoV-2 vaccination in solid organ 

transplant recipients [57,58]. In this study, we put an empha-

sis specifically on the KTR population. Our results revealed 

low overall immunogenicity rates in KTRs. This was consis-

tent with previous studies which compared immune re-

sponse rates between KTRs and healthy cohorts that showed 

transplant recipients have a significantly lower immunoge-

nicity rate following SARS-CoV-2 vaccinations [25,31,35,47, 

59-61]. The dampened humoral immune responses to vacci-

nation may be attributed to the inhibition of lymphocyte acti-

vation, alteration of antigen-presenting cells interaction, and 

overall reduction in B-cell memory responses [31,57].

 Identification of cellular immunity to vaccination is re-

quired to accommodate an in-depth exploration of the func-

tionality of immune response in KTRs. Here, we found that 

cellular response was accordant with humoral response 

demonstrating a significant reduction in KTRs. Apart from 

this phenomenon may also be a direct consequence of im-

munosuppressive therapy used in KTRs, this substantial re-

duction of reactive CD4+ T helper (Th) cells producing Th1 

cytokines can also impact the production of humoral re-

Fig. 2. Forest plot of seroconversion rate in kidney transplant recipi-
ents receiving severe acute respiratory syndrome coronavirus 2 vac-
cines. CI, confidence interval.
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Fig. 2. Forest plot of seroconversion rate in kidney transplant recipients receiving severe acute respiratory 

syndrome coronavirus 2 vaccines. CI, confidence interval. 
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Fig. 3. Forest plot of cellular response rate in kidney transplant re-
cipients receiving severe acute respiratory syndrome coronavirus 2 
vaccines. CI, confidence interval.
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sponse resulting in a seroconversion failure [54].

 Understanding immune reactivity to the SARS-CoV-2 vac-

cine can help in establishing a vaccination protocol strategy 

that supports not only the quantity of immunity against the 

virus but also its functionality. This meta-analysis showed a 

significant discrepancy in postvaccination humoral response 

before and after the complete vaccine protocol. Although the 

second dose of vaccine attenuated humoral response, it is 

still relatively inadequate when compared to the healthy co-

hort. Interestingly, we found that KTRs with a previous histo-

ry of SARS-CoV-2 infection posed a comparable seroconver-

sion rate relative to healthy individuals. This was consistent 

with previous studies that showed humoral response reactiv-

ity against SARS-CoV-2 was comparable between KTRs and 

immunocompetent populations that may be explained by 

the broader variety of antigenic stimuli provided by natural 

Fig. 4. Subgroup analysis of seroconversion rates in kidney transplant recipients receiving severe acute respiratory syndrome coronavirus 2 
vaccine based on vaccine protocol (A) and history of infection (B). CI, confidence interval.
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infection in comparison to a specific antigen of the vaccine 

[54,62,63]. Hence, an additional dose and a stronger or higher 

dose of vaccine should be implemented as an alternative vac-

cine strategy for KTRs.

 Previous studies have attempted to explore a variety of fac-

tors that may be responsible for the small seroconversion rate 

in KTRs. However, whether the low antibody response to the 

SARS-CoV-2 vaccine in KTRs was caused by age, gender, or 

the type of immunosuppressive agent applied remains in-

consistent. Here, we presented a summary of analyses yield-

ing a larger cohort that may help to elucidate the potential 

factors contributing to the low antibody response. We dem-

onstrated that the use of MMF/MPA and belatacept had a 

significant influence on a lower antibody response rate. A 

similar relationship between MMF/MPA use was also found 

in the previous studies that showed an inverse dose-response 

of MMF/MPA to immune response after vaccination [37,51, 

54]. It is also documented that MMF inhibits B-cell function 

and significantly influences antibody response to influenza 

vaccine [64,65]. Further, the negative correlation between be-

latacept uses and poor antibody response was also shown in 

the previous studies [20,44,54]. This was due to the direct ef-

fect of belatacept on overall humoral response activation by 

inhibiting major transcription factors that play an integral 

part in plasma cell functions and modulate B cell-T follicular 

helper crosstalk which causes substantial impairment of ger-

minal center formation and antibody response [66,67]. In ad-

dition to the negative association of the aforementioned 

medications and seroconversion rate, we also demonstrate a 

significant correlation between the higher prevalence of anti-

CD25 induction therapy use and the lower seroconversion 

rates. Anti-CD25 may cause little depletion of T cells by in-

hibiting α-chain (CD25) of the interleukin 2 receptor [68].

 Interestingly, we found that tacrolimus alone was associat-

ed with a higher humoral response rate. Nazaruk et al. [43] 

and Ruether et al. [69] have found a positive correlation be-

tween tacrolimus and anti-S1 antibody response in liver 

transplant recipients. Although the exact mechanism under-

lying the positive influence of tacrolimus on SARS-CoV-2 vac-

cine seroconversion remains unclear, there are possible ex-

planations for this discrepancy in the results. First, some stud-

ies analyzed the effect of tacrolimus as a component of a 

combined immunosuppressant regiment which can augment 

the blunting effect of antibody production [16,18,40]. Second, 

studies that include tacrolimus in regression analysis often 

combined it with cyclosporine as a calcineurin-inhibitors 

[14,54]. This can also mask the potential individual effect of 

tacrolimus in modulating antibody response to SARS-CoV-2 

vaccination in KTRs. Ultimately, we did not find a significant 

association between age, sex, time since transplantation, or 

other immunosuppressive agents.

 This study has limitations. Most of the included studies 

were cohort studies–which are prone to have a higher possi-

bility of bias. The generalizability of the study results may be 

limited due to differences in immunogenicity which depend-

ed on the type of vaccine. However, subgroup analyses based 

on vaccine type was not possible due to the disproportion 

and paucity of different type of vaccines. The immunogenici-

ty assessment was done in a wide range of follow-up days af-

ter vaccination which may result in different response rates. 

Included studies were carried out in different time ranges 

and regions which have different dominance in a particular 

SARS-CoV-2 variant. Our included studies utilized different 

diagnostic modalities to quantify both humoral and cellular 

Fig. 5. Associations of tacrolimus (A), mycophenolate mofetil/myco-
phenolic acid (MMF/MPA) (B), and belatacept (C) on postvaccination 
seroconversion rate among kidney transplant recipients.  
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immune response rates as they may have different sensitivi-

ties and specificities [54]. Many of the articles were letters that 

did not include many baseline characteristics (e.g., comor-

bidities and induction therapy used) to help us to deduce 

factors that influence the low seroconversion rates in KTRs. 

Ultimately, this study aimed to evaluate the immune re-

sponse to SARS-CoV-2 complete vaccination in KTRs. How-

ever, knowing that both antibody and cellular responses are 

low in this population, further studies on the effect of a third 

or booster dose are still needed.
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