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Abstract

End-stage renal disease (ESRD) patients are amongst the vulnerable groups and

thus prioritized in the Coronavirus disease-2019 vaccination programmes. How-

ever, this cohort was excluded from vaccine-trials and yet shares the same vacci-

nation scheme with the general population. Here, we explore trends of immune

response-proportions amongst ESRD patients on renal replacement therapy for

up to 4 weeks post-vaccination completion with Pfizer/Moderna vaccines. From

inception to 10 July 2021, we searched six online-databases for articles reporting

humoral and cellular immune response proportions for up to 4 weeks post

booster-vaccination. We pooled the responders' proportions by meta-analysis

and conducted a meta-regression stratifying outcomes by significant con-

founders. Twenty-seven eligible studies reported 2789 ESRD patients. 1337,

1452 and 477 were on haemodialysis, received kidney transplantation, and

healthy controls, respectively. Haemodialysis patients' proportions of humoral

and cellular immune responses varied from 87.29% (80.77–93.81)–88.78%

(86.76–90.80) and 62.86% (56.56, 69.17)–85.78% (78.99, 92.57), respectively,

between first- and fourth-weeks. Kidney transplant patients' proportions of

humoral and cellular immune responses ranged from 2.6% (0.06–13.48)–29.87%

(27.68, 32.07) and 5.13% (0.63–17.3)–59.84% (54.57–65.10), respectively,

between first- and fourth-weeks. All healthy controls maintained ≥93% propor-

tions of both responses throughout the follow-up. Study design and country of

study influenced the pooled response proportions. Conclusively, haemodialysis

and kidney transplant patients have lower proportions of humoral and cellular

immune responses than healthy controls. However, haemodialysis patients'

response proportions improve, reaching near healthy-control levels by the fourth

week. Kidney transplant patients' lower responses' proportions also improve but

remain significantly lower than healthy controls throughout four-weeks. The

“one-size-fits-all” vaccination scheme might be inadequate for kidney transplant

patients.

K E YWORD S

clinical immunology, COVID-19, haemodialysis, kidney transplantation, SARS-CoV-2

Received: 26 July 2021 Revised: 22 August 2021 Accepted: 7 September 2021

DOI: 10.1111/nep.13974

Nephrology. 2022;27:7–24. wileyonlinelibrary.com/journal/nep © 2021 Asian Pacific Society of Nephrology. 7

https://orcid.org/0000-0001-5363-3977
mailto:jswai@ualberta.ca
http://wileyonlinelibrary.com/journal/nep


SUMMARY AT A GLANCE

This meta-regression analysis demonstrated varying humoral and cellular immune

responses to mRNA coronavirus vaccination amongst haemodialysis and kidney

transplant patients.

1 | INTRODUCTION

Chronic kidney disease (CKD) increases the risk for worsening

Coronavirus Disease 2019 (COVID-19).1 COVID-19 patients with

pre-existing autoimmune renal disorders have a higher risk of

relapse2 and mortality.3 Moreover, severe acute respiratory syn-

drome coronavirus-2 (SARS-CoV-2) can cause damage to a healthy

kidney through directly infecting renal cells and mediate tubular

pathogenesis through dysregulated inflammation and cytokine

storm necessitating renal replacement therapy (RRT).4

COVID-19 affects between 20% and 25% of end-stage renal dis-

ease (ESRD) patients on RRT, causing 16%–32% fatalities.5 Race/

ethnicity (non-Hispanic Black, Hispanic and Asian), age >60 years,

obesity and type-2-diabetes increase the risk of adverse outcomes.6,7

In addition, kidney transplant patients with COVID-19 are 1.28 times

more likely to die than matched-haemodialysis patients.5

In less than 2 years since the declaration as a pandemic, break-

throughs in the management of COVID-19 have transpired.8 These

include advances in supportive care, pharmacological treatment, ther-

apeutic antibodies from convalescent patients' sera and vaccines.8

Available vaccines are based on several modes of actions including

inactivated virus (i.e., CoronaVac), viral subunit (i.e., NVX-CoV2373),

viral-vector (i.e., ChAdOx1 nCoV-19) or messenger ribonucleic-acid

(mRNA) vaccines (i.e., BNT162b2/Pfizer vaccine, mRNA-1273/

Moderna vaccine).9 Different vaccines have proven adequate effica-

cies in relative-risk-reduction (RRR) of severe COVID-19 disease and

deaths. Moreover, anti-SARS-CoV-2-Spike antibodies developed

through full-dose vaccination have shown to be more effective

(including against variants of concern) than those isolated from conva-

lescent patients' sera.10

With health authorities extending vaccines provision, it is evident

that ESRD patients on RRT, amongst other highly vulnerable groups, need

to be prioritized. However, this cohort was largely excluded from the ini-

tial vaccine trials.11 Yet, the current vaccine schemes in this cohort are

generalized to that of the general population. Data for this cohort regard-

ing pharmacodynamics and effectiveness of the vaccine in inducing

humoral or cellular immunity against SARS-CoV-2 is currently debatable

or scarce.12 In addition, there are concerns that COVID-19 vaccination

exacerbates autoimmune renal diseases,2 and uremia and use of immuno-

suppressives (i.e., in kidney transplantation) lower immune response,

hence low-vaccine efficacy.11,13 Our present study aims to explore the

trends of humoral and cellular immune response proportions amongst

ESRD patients on RRT from the first through fourth-week post-

completion of vaccination with mRNA vaccines.

2 | MATERIALS AND METHODS

2.1 | Eligibility criteria

We abode by PRISMA guidelines, Supplementary Material S1. We

included original research reporting the proportions of humoral or cellular

immune response amongst adult patients on haemodialysis or who

received kidney transplantation (and healthy controls) between the first

and fourth weeks after completion of SARS-CoV-2 vaccination with

mRNA vaccines. Only articles published in English or Chinese were eligi-

ble for inclusion. We excluded reviews, duplicates, animal studies and pre-

prints. We excluded studies reporting patients who received single

vaccine dose or kidney transplantation with another organ transplanta-

tion. Studies involving the paediatric population or positive SARS-CoV-2

seroconversion before the first vaccination dose were also ineligible.

2.2 | Information sources and search strategy

We searched PubMed, Google Scholar, EMBASE, SCOPUS, Chinese

database National Knowledge Infrastructure (CNKI) and the European

Renal Association-European Dialysis and Transplant Association

(ERA-EDTA) Registry. The searches were conducted from conception

until 10 July 2021. We used advanced search tools in all the data-

bases, firstly utilizing keywords and repeated with MeSH terms (see

Supplementary Table S1 for detailed search strategy). We searched

for additional sources from screening the reference lists of eligible

articles, references of review articles, and google search for published

articles using a combination of free texts: immune response, SARS-

CoV-2 vaccination, haemodialysis and kidney transplant patients.

2.3 | Study selection process and data collection

We utilized automation- and human-based search to decide on inclusion.

The automation tool used filters to exclude animal studies (Filter: Spec-

iesàHumans) and paediatric patients (Filter: AgeàAdult: 19 + years).

Human-based decision on eligibility involved six authors (Joel Swai, Ming

Gui, Mao Long, Zhu Wei, Zixuan Hu and Shaojun Liu) screening the titles

and abstracts of the independently searched results followed by a thor-

ough reading of retrieved full-text reports afterward.

We designed a data collection spreadsheet (see Supplemen-

tary Material S2) from Microsoft Excel (MicrosoftExcel® for

Microsoft365-MSO[16.0.14131.20296]64-bit) basing on the
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principle of Population-Intervention-Comparison-Outcome-Study

(i.e., PICOS). Data collection from full-text reports was indepen-

dently performed by five authors (Joel Swai, Ming Gui, Mao Long,

Zhu Wei and Shaojun Liu). In the processes above, the last author

sorted the disputed decisions on eligibility.

2.4 | Data items

We had four primary endpoints: (1) Proportion of humoral immunity

responders amongst haemodialysis patients after vaccine completion with

an mRNA vaccine; (2) the proportion of cellular immunity responders

amongst haemodialysis patients after vaccination-completion with an

mRNA vaccine; (3) the proportion of humoral immunity responders

amongst kidney transplant patients after vaccination completion with an

mRNA vaccine; and (4) the proportion of cellular immunity responders

amongst kidney transplant patients after vaccination completion with

mRNA vaccine. These endpoints were re-recorded at the first, second,

third and fourth-week post-vaccination completion.

We recorded authors' names, year of publication, study setting, study

design, sample size, demographic data and RRT type used. Data regarding

vaccination included the name of vaccine administered, number of doses

and their intervals, SARS-CoV-2 serostatus before vaccination, name of

the diagnostic test and the definition of the positive immune response.

Humoral immune response was defined as the development of detectable

titre levels of anti-SARS-CoV-2 immunoglobulin-G (IgG), namely anti-

Spike-IgG seroconversion. Cellular immunity response was defined as the

development of spike-stimulated antigen-reactive T-helper cells. Our

results were compatible with all outcome domains in all the studies

retrieved.

2.5 | Study quality appraisal

We utilized the Newcastle-Ottawa scale (see Supplementary Material

S3) to assess the bias in each of the included studies. The NOS is

designed to use one or two stars (*) to rank the extent of potential

bias in the participants' selection, addressing confounders and mea-

suring the outcome. The total number of stars ranks the overall study

quality as low, moderate or high.

2.6 | Effect measure and analysis

STATA (StataCorp.2019. Stata Statistical Software: Release 16. Col-

lege Station, TX:StataCorp LLC) was used for statistical analyses. The

effect measure was proportion. This was calculated as the number of

patients having a positive immune response (humoral and cellular,

separately) divided by the sample size of the group tested.

The standard error (se), upper and lower confidence intervals (uci

and lci, respectively) of the proportion at 95% confidence interval, was

generated using the STATA command: cii proportions n e, exact where

n is the group's sample size tested, e is the number of recorded

positive immune response patients. The proportions were then pooled

using a metan command:14 metan proportion lci uci. The command gen-

erated forest plots, Cochran's Q test and heterogeneity level (I2). A

random-effect model was used. The metan command was repeated

for each of four endpoints (see Section 2.4 above). Studies reporting

the same endpoint were pooled in the same forest plot. The pooled

proportions were illustrated in column charts generated from Micro-

soft Excel (MicrosoftExcel®2019MSO, Version 16.0.14131.20278).

2.7 | Publication bias

We utilized funnel plots to explore publication biases caused by the stud-

ies' different sizes (i.e., small-study effect). The plots were generated by

metafunnel command: metafunnel ln(proportion) se whereby ln(proportion) is

the logit-transformation of the responder's proportions. The plot

asymmetries were quantified by Egger's test under the Null-hypothesis

that there is no small-study effect. We executed the metabias command:

metabias ln(proportion) se, egger to calculate Egger's test value.

2.8 | Sensitivity analysis

We explored heterogeneity by sensitivity analyses. We performed meta-

regression stratifying each outcome by country of study, study design

(i.e., cohort or case–control), type of vaccine administered

(i.e., BNT162b2, mRNA-1273, or both), and participants' age (i.e., > or

≤60). We used the STATA's command: metareg ln(proportion) cf, wsse(se)

eform whereby cf is the confounding factor (i.e., country of study, study-

design, vaccine type or participants' age) and eform is the exponential

form. We used Knapp-Hartung as opposed to the DerSimonian-Laird

method modifying effects in the random-effect model. We generated the

linear plots by the STATA's command: metareg ln(proportion) cf, wsse(se)

graph. In outcomes with an insufficient number of studies to perform

meta-regression, we conducted descriptive analyses.

2.9 | Certainty assessment

We assessed the certainty for each outcome by using the online ver-

sion of Grading of Recommendations Assessment, Development and

Evaluation (GRADE) named GRADEPro.15 We based the assessment

on the number of studies, study design, risk of bias, inconsistency,

indirectness and imprecision. The overall certainty for each pooled

proportion was graded as very low, low, moderate and high.

3 | RESULTS

3.1 | Study selection

The search resulted in a total of 1397 records, out of which 1106 were

excluded as duplicates, flagged ineligible by automated tools and one was
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a registered proposal.16 We (human-based) excluded 264 studies through

screening and eligibility criteria reasons. The latter involved studies

reporting vaccinated before kidney transplantation;17 patients assessed

after first dose only;18,19 paediatric population;20 preprints;21 and studies

that involved vaccination of covid-19 seroconverted patients.22,23 We

found 27 studies eligible. Figure 1 summarizes the study selection

process.

3.2 | Study characteristics

Table 1 summarizes the characteristics of 27 included studies from differ-

ent countries. Twelve and fifteen studies were case–control and cohort in

design, respectively. The studies report 3266 participants; 2789 were

cases (1337 on haemodialysis and 1452 kidney transplant), and 477 were

healthy controls. Most studies administered two BNT162b2 vaccines at

21 days intervals, unlike three studies11,24,25 (all in France) administered

at 28 days intervals. The latter scheme abides by the French National

Health Authority (Haute Autorité de Santé, HAS).26

All studies reported patients with negative SARS-CoV-2-19-sero-

conversion, pre-vaccination, except four12,13,25,27 that reported both

positive and negative separately. However, the proportions were cal-

culated from the seronegative cohort only. All studies reported the

quantity or responders' proportions (i.e., %) of humoral cellular

(or both24,28–31) immune response at various times post-vaccination,

from 1-week,11,29,31,32 2-weeks,11,33–36 3-weeks30–32,37,38 and

4-weeks.11,12,25,28,29,39–42 Other studies reported a follow-up of up to

10 weeks.31,42 Studies measuring the humoral immune response quanti-

fied the anti-SARS-CoV-2 IgG in Arbitrary Units/millilitres, and two

reported both IgG and IgA.29,39

3.3 | The humoral response amongst
haemodialysis patients

Figure 2 summarizes the pooled proportions of humoral immune

responders amongst haemodialysis patients at first,29,31,43

second,11,36 third30–32,37,38 and fourth11,12,25,27–30,39,42,44 weeks post-

vaccination completion. The pooled responders' proportions for

haemodialysis patients were; 87.29% (80.77, 93.81), 88.98% (83.61,

94.35), 92.67% (89.93, 95.42) and 88.78% (86.76, 90.80) at first, sec-

ond, third and fourth weeks, respectively. The control group, on the

other hand, demonstrated a pooled response proportions of 100%

(90.97, 100), 100% (90.80, 109.20), 100% (92.30, 100) and 99.85%

(98.55, 101.15) at first, second, third and fourth weeks, respectively

(Supplementary Figure S1). Haemodialysis patients demonstrated

F IGURE 1 PRISMA 2020
flow diagram for the study
selection process
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lower proportions of responses than healthy controls at each of four

time points, Figure 3A.

3.4 | The cellular response amongst haemodialysis
patients

Four studies28–31 reported cellular immune responses amongst

haemodialysis patients. The pooled proportions amongst the cases were

62.86% (56.56, 69.17), and 85.78% (78.99, 92.57) at the third and fourth

weeks, respectively Figure 4. The controls demonstrated proportions of

93.3% (81.34, 99.32)31 and 96% (82.68, 99.37)29 at second and fourth

weeks, respectively. The proportions were lower in the haemodialysis

patients than in the control group. However, the response in the

haemodialysis illustrated a gradual increase with time, Figure 3B.

3.5 | The humoral immune response amongst
kidney transplant patients

Fifteen studies reported proportions of humoral immune response

amongst kidney transplant patients at first,29 the second,11,23,33–35

and fourth11,13,22,24,28,29,39–41,45,46 weeks post-vaccination completion.

The pooled proportions were 2.6% (0.06, 13.48),29 15.13% (11.43, 18.83)

and 29.87% (27.68, 32.07), respectively at first, second and fourth weeks,

Figure 5. On the contrary, the controls demonstrated 100% (90.97, 100)

between the first and second week (i.e., 100% [95.34, 104.66]) followed

by 98.99% (94.79, 103.19) during the fourth week. The controls attained

100% response during the first week and maintained >98% response

throughout the 4 weeks. Kidney transplant patients demonstrated a grad-

ually increasing responses throughout the follow-up. However, the

responses were significantly lower than to controls, Figure 3C.

3.6 | The cellular immune response amongst
kidney transplant patients

Four studies23,24,28,29 reported this outcome. Kidney transplant patients

demonstrated responses of 5.13% (0.63, 17.3),29 54.70% (45.36, 64.04)

and 59.84% (54.57, 65.10) (Figure 5) during the first, second and fourth

weeks, respectively. One study29 reported the control group's proportion

of 96% (82.68, 99.37) at the fourth-week post-vaccination completion.

Cellular immunity amongst kidney transplants increased with time but

remained significantly lower than the control counterpart, Figure 3D.

3.7 | Study quality

We reported the cohort studies and case–control study appraisals sepa-

rately in Supplementary Table S2 and S3, respectively. All (100%) studies

were of high quality at variable values above 80%. This finding is attrib-

uted to the diagnostic tools' high accuracy (i.e., sensitivity ≥89% and spec-

ificity ≥99%). Only three (23%) case-control studies29,31,33 matched theT
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participants by confounders (e.g., age); however, most used unmatched

controls (i.e., affecting comparability). Most studies (>95%) sampled partic-

ipants from a single-centre, thus contributing to selection bias. In addition,

none of the studies reported having calculated the minimum sample size

required, thus resulting in small sample-sized studies33,45 that poorly rep-

resent the population assessed.

3.8 | Publication bias

Supplementary Figure S2 summarizes the funnel plots exploring

publication biases. We illustrated funnel plots for haemodialysis

patients at 1–4 weeks, controls at the fourth week, and cellular

immunity at the third and fourth weeks. We also reported

F IGURE 2 Pooled proportions of humoral immune responders amongst haemodialysis patients at (A) first, (B) second, (C) third and (D) fourth-
week post-vaccination completion
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funnel plots of kidney transplant patients at the second and

fourth weeks and the controls at the fourth week. Funnel plots

for other outcomes could not be developed because of insuffi-

cient studies or all reporting the same effect measure. Egger's

tests for all explored outcomes demonstrated p-values greater

than 0.05 signifying no small study effect (i.e., publication bias).

Therefore, our study was not significantly influenced by publica-

tion biases.

3.9 | Sensitivity analysis

We stratified the analyses by country of study, study design, vaccine

type and participant's age. We reported regression plots for findings

for humoral immune responses for haemodialysis and kidney trans-

plant patients during the fourth week. In other outcomes, meta-

regression was inapplicable because of an insufficient number of

studies.

F IGURE 3 Trends of immune responses for participants from the first through fourth weeks post-vaccination completion. The trend of
proportions of (A) humoral immunity and (B) cellular immune responders amongst the haemodialysis patients and healthy controls. Trends of
proportions of (C) humoral immunity and (D) cellular immunity responders' proportions amongst kidney transplant patients compared to healthy
controls. We did not find data for the third week of humoral. We did not find cellular response data for the first (controls), second and third
weeks
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Neither country of study (Beta = 0.93 [0.82–1.07],

t = �1.28, p-value = .25) nor vaccine type (Beta = 1.11 [0.78–

1.59], t = �0.72, p-value = .50), had statistically significant

influence on the humoral response amongst haemodialysis

patients, Figure 6A,C, respectively. However, cohort studies had

significantly higher humoral response proportions than case

control-studies (Beta = 0.47 [0.24–0.93], t = �2.69, p-

value = .036), Figure 6B. Regarding age, all studies reported

patients above 60 years (i.e., none <60). The linear plot

(amongst >60 years patients) demonstrated a trend of decreas-

ing responses with age; however, the finding did not reach sta-

tistical significance (Beta = 0.78 [0.60–1.01], t = �2.31, p-

value = .06). Meta-regression figure for the latter was not cre-

ated because all studies reported one side (>60).

Kidney transplant patients' humoral responses were statistically

significantly influenced by the country of study and study design.

Studies from USA (and Israel) had higher responses relative

to Germany (and France), Beta = 0.61 [0.11–1.11], t = 2.91, p-

value = .0023 (Figure 6D).

Cohort studies demonstrated statistically significantly higher

pooled humoral responses amongst kidney transplant patients than

case–control studies, Beta = 4.74 [1.04–21.53], t = 2.43, p-

value = .0045 (Figure 6E). In the contrary, vaccine type

(Beta = 1.85 [0.72–4.77], t = 1.54, p-value = .168) and age

(Beta = 0.62 [0.12–3.30], t = �0.67, p-value = .523) did not have

statistically significant influence over pooled humoral immune

response proportions. The latter two are illustrated by Figure 6F,

G, respectively.

We also conducted a sensitivity analysis by pooling response-

proportions by potential confounders, Figure 7. See Supplementary

Table S4 for the exact numeric values of this analysis.

3.10 | Level of evidence

Supplementary Tables S5–S10 summarizes the certainty levels of

all our outcomes. Most (93%) of our outcomes were graded as

moderate, and none (0%) as very low or high. This finding is attrib-

uted to the risk of selection bias. All studies used small sample

sizes, none reported to have calculated minimum sample size

beforehand, all were single-centred, and none was reported from

Africa or Australia and Oceania hence less representation of the

global population. Moreover, most demonstrated high heterogene-

ity, thus inconsistent findings. However, on the other hand, our

outcomes had no publication biases (see Section 3.8 above), and all

studies used reliable methods in identifying immune responders

(i.e., outcomes).

3.11 | Discussion

We explored the humoral and cellular immune response amongst

ESRD patients on RRT for up to fourth-week post-completion of

vaccination with an mRNA vaccine. From our findings, >88% of

haemodialysis patients could mount humoral immunity as early as

the first through fourth week post-vaccination. Despite a gradual

F IGURE 4 Pooled proportions of cellular immune responders amongst haemodialysis patients at (A) third and (B) fourth-week post-
vaccination completion. Of note, we did not find a study reporting this outcome in the first and second weeks
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increase in responders' proportions from first through the third

week, the control group maintained ≥99% proportion throughout

the 4 weeks (Figure 3A). The lower proportions have previously

been reported at first,29 the second,36 third32 and fourth weeks42

post-vaccination. However, these studies used significantly youn-

ger controls. For instance, Sattler et al.27 used cases and controls

with mean ages of 67.39 ± 11.88, and 53.03 ± 17.58 years,

respectively. Jahn et al.35 found equal responses after matching

the groups by age in their sensitivity analysis. Our meta-regression

analysis could not confirm this finding because all pooled studies

reporting this specific outcome had mean participants' age of >60.

However, the linear regression in the >60 group demonstrated a

non-significant trend (Beta = 0.78 [0.60–1.01], t = �2.31, p-

value = .06) of lower response proportions with increasing age.

F IGURE 5 Pooled proportions of humoral immune responders amongst kidney transplant patients at (A) second and (B) fourth-week post-
vaccination completion. Controls are illustrated by (C) in the second week. Of note is (D) that summarizes cellular response amongst kidney
transplant patients at the fourth week

SWAI ET AL. 19



Therefore, we attribute the lower humoral immune proportions in

the haemodialysis to the effect of uremia due to ESRD dampening

humoral immunity.11 Other reasons may include low lymphocyte

count,47 immunosuppressive therapy,25 comorbidities (i.e., diabe-

tes, HIV) and possibly malnutrition.48 Interestingly, the lower

humoral response was transiently delayed and resolved with

longer follow-up reaching robust and protective levels31 by the

fourth week.

From our meta-regression analysis, cohort studies reporting

haemodialysis patients had significantly (p-value = .036) higher

humoral response proportions than case-control studies,

Figure 7C. The finding may be attributed to comparability bias in

F IGURE 6 Meta-regression linear plots for proportions of humoral responses responders by the end of follow-up. Of note, we did not
conduct meta-regression for cellular responses because of an insufficient number of studies. Y-axis labels. Effect: Logit transformation of the
responders'. X-axis labels: (A) 1-Germany, 2-France, 3-USA, 4-Israel; 5-Spain, 6-Canada. (B) 1-Case-control study, 2-Cohort study. (C) 1-Pfizer
vaccine, 2-Moderna vaccine, 3-Pfizer and Moderna vaccines (both). (D) 1-Germany, 2-France, 3-USA, 4-Israel. (E) 1-Case-control study, 2-Cohort
study. (F) 1-Pfizer vaccine, 2-Moderna vaccine, (3) Pfizer and Moderna vaccines (both). (G) 1- ≤60 years, 2- >60 years
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most case-control studies (see Section 3.7); and larger sample size

in the cohort studies relative to the case-control reporting this

outcome.

Cellular immune response proportions were lower in the

haemodialysis patients (62%–85%) than healthy controls (93%–96%)

throughout third- and fourth-weeks post-vaccination completion,

Figure 3B. Moreover, the cellular response in haemodialysis was lower

than one observed in humoral immunity (88%–92%) during the same

period. Broseta et al.30 reported a non-significant correlation between

the humoral and cellular immune responses or between a positive cel-

lular response and higher levels of anti-Spike-Receptor-Binding-

Domain-IgG. Lower cellular immune response in haemodialysis

patients is supported by Schrezenmeier et al.31 in an age-matched

study. Reduced plasmablasts and memory B-cells observed amongst

haemodialysis patients explain this finding.31,39 Due to a limited num-

ber of studies reporting this finding, meta-regression was inapplicable

in our present analysis.

Regarding kidney transplantation, humoral immunity

response proportions were significantly low, with a gradual

increase peaking at 29.87% in the fourth-week post-vaccination

completion. This contrasts the control group that maintained

>98% throughout from as early as the first-week post-vaccina-

tion, Figure 3C. This finding coincides with most previous

literature11,33–35 and is attributed to immunosuppressant

F IGURE 7 Column charts illustrating stratification of humoral immune response proportions by potential confounding factors
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therapy, comorbidity (i.e., diabetes), high-dose corticosteroids

and older age.22,23 However, old age is disputed by Dandhu

et al.,11 who studied younger kidney transplant patients with a

fair renal function (mean eGFR = 44.5 ± 18.5 ml/min) and still

recorded a diminished humoral response of 4.3% 5 weeks post-

vaccination completion.

From our meta-regression analysis (for kidney transplant

patients), studies from the USA and Israel reported significantly higher

humoral responses relative to Germany and France, p-value = .0023,

Figure 7B. Variations in the vaccine dosage intervals might explain this

finding. USA and Israel administered BNT162b2 vaccine at 21 days

interval; contrary to 28 days in France11,25 and variable (2–3 weeks)

in Germany.36 We call upon robust original studies exploring this

hypothesis. In addition, cohort studies demonstrated higher humoral

responses than case-control studies (p-value = .0045) for the same

reason explained earlier, Figure 7C. Interestingly, studies administer-

ing both vaccines (not to the same patient) had a non-significant (p-

value = .168) highest response, followed by Pfizer then Moderna,

Figure 7D.

Cellular immune responders amongst kidney transplant patients

increased from 5% to about 59.84% between first and fourth weeks,

respectively, Figure 3D. We found only one study reporting controls

in this outcome at the fourth week (96%). However, at this point, the

cellular immune response for healthy controls is well established as

high (>90%).29 The lower cellular response is significantly attributed

to immunosuppressive therapy, as explained earlier. Interestingly, the

cellular response amongst kidney transplant patients is higher by the

fourth week (59.84%) than that of the humoral counterpart, 29.87%.

This finding might mean immunosuppression affects humoral immu-

nity more than cellular immunity; thus, the latter might confer some,

though not adequate, protection in this cohort.

3.12 | Practical implications and recommendations

We provide evidence that the current “one-size-fits-all” vaccination

programme leaves kidney transplant patients vulnerable and needs to

be individualized. Therefore, we call upon robust clinical trials in this

vulnerable cohort. The individualized vaccination plan might consider:

Vaccinating before transplantation (if possible);19 giving more than

two doses;18,25,27 or developing a scheme that combines different

vaccine platforms to improve vaccines immunogenicity.34 However,

we should continue promoting safety measures by maintaining physi-

cal distancing, avoiding crowds, quarantining and wearing facemasks

before and after vaccination.

3.13 | Limitations

We excluded pre-prints as they have not been certified by peer-

review; however, significant evidence might be available in the pre-

prints. Moreover, we did not find studies reporting our outcome

stratified by the SARS-CoV-2 variants of concern as their altered

immunogenicity also affects immune response mounting.49 We used

IgG response to assess humoral immunity; however, IgA also pro-

tects against respiratory infections.50 Also, different immune

response measurement-kits have different sensitivities (i.e., 89%–

97%) and specificities (i.e., 99%–100%).51 Moreover, studies were

conducted in different settings, meaning different healthcare stan-

dards, local guidelines and burdens exerted on healthcare facilities

due to the COVID-19 pandemic.52

3.14 | Conclusions

Haemodialysis and kidney transplant patients have lower humoral and

cellular immune responses than healthy controls. However,

haemodialysis patients' responses improve, reaching near healthy-

control levels by the fourth week post-vaccination completion. Kidney

transplant patients' lower responses also improve but remain signifi-

cantly lower than healthy controls throughout 4-weeks. The “one-size-
fits-all” mRNA vaccination scheme may be inadequate for kidney

transplant patients.
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