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KEY LEARNING POINTS

What is already known about this subject?
• Solid organ transplant (SOT) patients carry an increased risk of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2)-related complications or mortality. An efficient vaccination strategy is critical in this population.

• As patients on immunosuppressive drugs were excluded from phase 3 trials, little is known about the efficacy of anti-SARS-
CoV-2 messenger RNA (mRNA) vaccines in SOT recipients.

• In the general population, several studies have demonstrated significantly higher antibody titers after mRNA-1273
vaccination (Moderna) compared with BNT162b2 vaccination (Pfizer).

What this study adds?
• In this study, the published literature concerning antibody responses after a two-dose anti-SARS-CoV-2mRNAvaccination
in SOT patients is united in a systematic review and meta-analysis.

• The results of the meta-analysis show that in SOT recipients, higher seroconversion rates were observed after vaccination
with mRNA-1273 compared with BNT162b2.

What impact this may have on practice or policy?
• This study provides a platform for the design of novel studies aimed at investigating the preferred vaccine strategy in SOT
recipients.

• This study will aid in the discussion of whether mRNA-1273 should be the preferred vaccine in SOT
recipients.

ABSTRACT

Background. In the general population, the seroconversion
rate after primary vaccination with two doses of an anti-
severe acute respiratory syndrome coronavirus 2 messenger
RNA (mRNA) vaccine reaches nearly 100%, with significantly
higher antibody titers after mRNA-1273 vaccination compared
to BNT162b2 vaccination. Here we performed a systematic
review and meta-analysis to compare the antibody response
after two-dose mRNA-1273 versus BNT162b2 vaccination in
solid organ transplant (SOT) recipients.
Methods. A systematic literature review was performed using
PubMed, Web of Science and the Cochrane Library and
original research papers were included for a meta-analysis to
calculate vaccine-specific seroconversion rates for each of the
mRNA vaccines. Next, the pooled relative seroconversion rate
was estimated.
Results. Eight studies that described the development of an-
tibodies against receptor-binding domain (RBD) and/or spike
protein were eligible for meta-analysis. Two of these studies
also reported antibody titers. The meta-analysis revealed lower
seroconversion rates in SOT recipients vaccinated with two
doses of BNT162b2 {44.3% [95% confidence interval (CI)
34.1–54.7]} as compared with patients vaccinated with two
doses of mRNA-1273 [58.4% (95% CI 47.2–69.2)]. The relative
seroconversion rate was 0.795 (95% CI 0.732–0.864).
Conclusions. This systematic review and meta-analysis
indicates that in SOT recipients, higher seroconversion rates
were observed after vaccination with mRNA-1273 compared
with BNT162b2.

Keywords: antibody response, meta-analysis, mRNA vaccines,
SARS-CoV-2/COVID-19, solid organ transplant recipients

INTRODUCTION
The coronavirus disease 2019 (COVID-19) pandemic has
raged for >2 years now. It is estimated that >300 million
people have been infected and that ∼5.5 million individ-
uals have died [1]. Solid organ transplant (SOT) patients
carry a greater risk of complications and mortality at-
tributable to severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection [2]. Therefore an efficient vaccination
strategy is critical for this population.

Both BNT162b2 and mRNA-1273 vaccines have each
shown >90% efficacy in preventing COVID-19 illness in the
general population [3, 4]. As patients on immunosuppressive
drugs were excluded from phase 3 trials, little is known about
the efficacy of these vaccines in SOT recipients. Multiple
reports show that in this latter group, only ∼50% of patients
develop anti-SARS-CoV-2 antibodies after a primary vaccina-
tion with two injections of BNT162b2 (Pfizer-BioNTech, New
York, NY, USA) or mRNA-1273 (Moderna, Cambridge, MA,
USA) [5, 6].

Although both vaccines induce a nearly 100% serocon-
version rate in the general population, several studies have
demonstrated significantly higher antibody titers after mRNA-
1273 vaccination compared with BNT162b2 vaccination [7–
10]. In this systematic review and meta-analysis, we aimed
to investigate the proportion of SOT patients developing a
humoral response to both vaccines aswell as the corresponding
anti-SARS-CoV-2 spike antibody levels by performing a
systematic review and meta-analysis of the existing literature.
Higher seroconversion rates and/or antibody titers following
either mRNA vaccine could potentially affect vaccination
strategies targeting this vulnerable group.
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MATERIALS AND METHODS
A clinical research question was formulated according to the
following Population, Intervention, Comparison andOutcome
(PICO) question [11]: in SOT patients (P), do two doses
of mRNA-1273 vaccination (I), compared with two doses of
BNT162b2 vaccination (C), result in a higher seroconversion
rate (O1) and/or higher anti-SARS-CoV-2 antibody titers
(O2)?

Studies in which results are reported on both the antibody
response after two doses of BNT162b2 and mRNA-1273
in SOT recipients were considered eligible. Randomized
controlled trials (RCTs), cohort studies, case–control studies
and cross-sectional studies were included. The search period
ranged from 2020 to 2022. No age restriction was applied. Lit-
erature reviews, case reports and commentaries were excluded.

A systematic search of three databases was conducted
(PubMed, Web of Science and Cochrane Library) using
the following search terms: transplant* AND {[(mRNA OR
Moderna OR Pfizer BioNTech) AND vaccin*] OR mRNA-
1273 OR BNT162b2 OR Comirnaty OR Spikevax}. The last
search date was 8 January 2022.

To minimize selection bias, studies were screened in-
dependently by two reviewers (A.V. and R.B.). First, du-
plicates were removed, after which articles were screened
by title and abstract. Remaining reports were subsequently
assessed for eligibility through full-text screening. Finally,
the methodological quality of the included studies was as-
sessed using the Methodological Index for Non-Randomized
Studies (MINORS) [12]. Indeed, we could not retrieve
any RCTs on this topic. Disagreements were resolved by
consensus.

A.V. extracted the following data from the included studies:
cohort size, transplant type, seroconversion rate, antibody titer,
immunological assay and time of measurement. A second
author (K.J.L.) checked the data for correctness.

The meta-analysis was performed using the packages
metafor and meta in the statistical software package R,
version 4.1.2 (R Foundation for Statistical Computing, Vienna,
Austria) [13]. More specifically, a single-group random-effects
(RE) meta-analysis approach was considered to pool the
seroconversion rates for each of the mRNA vaccines (mRNA-
1273 and BNT162b2) obtained from the eligible studies. A
Freeman–Tukey double arcsine transformation of the study-
specific seroconversion rates and corresponding standard
errors were used in the pooling procedure. The inverse-
variance (IV) method was used to weigh the study-specific
transformed seroconversion rates (with the inverse of the
within-study variance as study-specific weights). The between-
study variability was estimated using the DerSimonian–Laird
estimator. Heterogeneity across the studies was quantified by
means of the inconsistency index or I2 statistic. After the
single-group meta-analysis models for each of the mRNA
vaccines we performed an RE meta-analysis of the relative
seroconversion rates for the two two-dose mRNA vaccina-
tion schemes in SOT patients. Again, the IV method and
DerSimonian–Laird estimator were used.
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Identification of studies via databases and registrars

Records identified from:
• Pubmed (n=371)

• Web of Science (n=273)
• Cochrane (n=258)

Records screened –
title/abstract screening

(n=498)

Reports sought for
retrieval (n=62)

Reports assessed for
eligibility – full text
screening (n=62)

Studies included
in review (n=8)

Records removed
before screening:
• Duplicate records
  removed (n=404)

Records excluded
(n=436)

Reports excluded:
• No comparison made between
  both mRNA vaccines (n=20)
• No seroconversion rate (n=11)
• Only 1 mRNA vaccine type
  included (n=9)
• Commentary (n=5)
• No full text (n=5)
• Review (n=2)
• Only 1 dose (n=1)
• Off topic (n=1)

Records not retrieved
(n=0)

FIGURE 1: Flow diagram of study selection. Source: Page MJ, McKen-
zie JE, Bossuyt PM et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021; 372: n71.

RESULTS
Our search yielded a total of 902 results (PubMed n = 371,
Web of Science n = 273 and Cochrane Library n = 258).
After removal of duplicates and screening by title/abstract, 62
articles were found to be eligible for full-text reading. Of these,
54 articles were excluded, mostly because no comparison was
made between the mRNA vaccines. Alternatively, no data on
seroconversion rates for both vaccines were available. A total
of eight studies were included in this meta-analysis. The full
study selection process is shown in Fig. 1.

Study characteristics
Patient characteristics are summarized inTable 1.One study

was retrospectively designed [14], the other seven studies were
prospective in design [15–21]. Furthermore, an overview of
the variables related to seroresponses described in the separate
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studies is depicted in Table 2. There was considerable het-
erogeneity in transplant type as well as in the immunological
assay that was used to measure antibodies. Among the 1877
SOT patients studied, 1070 were transplanted with a kidney,
290 with a liver, 247 with a lung, 231 with a heart, 5 with a
pancreas and 26 were multiorgan recipients. Data were not
available regarding transplant type for eight SOT recipients.
The vaccine-specific seroconversion rate was available for
1833 patients. A total of 956 patients were vaccinated with
BNT162b2. Of those, 877 patients received the mRNA-1273
vaccine. The anti-SARS-CoV-2 antibodies against receptor-
binding domain (RBD) and/or spike protein were detected
with the Elecsys (anti-RBD; Roche, Basel, Switzerland) or the
Euroimmun (Lübeck, Germany) test (anti-S1) in three studies
[15, 17, 19], with only the Euroimmun test in one study [20],
with the Alimiti (anti-RBD; Abbott, Abbott Park, IL, USA) in
one study [18], with theDiaSorin (Saluggia, Italy) anti-trimeric
S-protein test [16] or Ortho Clinical Diagnostics (Raritan, NJ,
USA) anti-SARS-CoV-2 Spike Ig assay [14] and with an in-
house-designed Luminex bead assay (anti-RBD; Austin, TX,
USA) [21]. The median time between the second vaccination
and measuring the antibody response varied between 17 and
94 days after the second vaccine administration.

Risk of bias within studies
The MINORS criteria revealed a mean score of 74%. Three

of eight studies were considered high quality [17, 20, 21], the
others were scored as moderate quality [14–16, 18, 19], as
shown in Table 3. The risk of bias was thus acceptable.

Synthesis of results
No patients had a prior polymerase chain reaction-

confirmed diagnosis of COVID-19. Four studies screened
for anti-nucleocapsid protein immunoglobulin G (IgG) prior
to vaccination. While Narasimhan et al. [18] included one
patient with a past SARS-CoV-2 infection, those patients were
excluded by Yi et al. [14], Dębska-Ślizień et al. [16] and Stumpf
et al. [20].

The single-group meta-analysis models indicated consid-
erable heterogeneity across different studies, with high I2
values {89.3% [95% confidence interval (CI) 81.9–93.7] and
89.5, [95% CI 82.3–93.8] for mRNA-1273 and BNT162b2,
respectively}. The pooled seroconversion rate was estimated to
be higher formRNA-1273 [58.4% (95%CI 47.2–69.2); Fig. 2A]
as compared with BNT162b2 [44.3% (95% CI 34.1–54.7);
Fig. 2A]. As presented in Fig. 3, the relative seroconversion
rate was estimated to be 0.795 (95% CI 0.732–0.864) for
BNT162b2 versus mRNA-1273 vaccination based on an RE
meta-analysismodel as described above. Consequently, a lower
seroconversion rate was observed after two-dose vaccination
with BNT162b2 as compared with mRNA-1273.

Subsequently a subgroup meta-analysis was performed
regarding seroconversion rates after two-dose BNT162b2
versus mRNA-1273 vaccination in kidney transplant
recipients. Four of the included studies provided individual
seroconversion data for both vaccines in kidney transplant

recipients and were therefore incorporated [14, 16, 20, 21].
Again, the single-group meta-analysis showed considerable
heterogeneity across the studies, with high I2 values [80.7%
(95% CI 49.3–92.7) and 85.7 (95% CI 65.0–94.2) for mRNA-
1273 and BNT162b2, respectively]. mRNA-1273 induced
higher pooled seroconversion rates [56.4% (95% CI 42.0–
70.2); Supplementary data, Figure 1B] compared with
BNT162b2 [40.7% (95% CI 27.4–54.6); Supplementary
data, Figure 1A]. The relative seroconversion rate was
estimated to be 0.705 (95% CI 0.599–0.830) for BNT162b2
versus mRNA-1273 vaccination (Supplementary data,
Figure 2).

Only two studies directly compared anti-SARS-CoV-2
antibody titers after vaccination with either mRNA vaccine
[18, 21], thus precluding a meta-analysis on this issue.
While Narasimhan et al. [18] did not find a significant
difference in antibody titers between the BNT162b2 vaccine
[median 0.9 AU/mL (95% CI 0.0–4.1)] and the mRNA-1273
formulation [median 20.6 AU/mL (95% CI 0.8–80.2)] among
lung transplant patients (P = .96), Wijtvliet et al. [21] showed
significantly higher antibody titers after two doses of mRNA-
1273 comparedwith BNT162b2 in kidney transplant recipients
[mean log-transformed antibody levels were 0.289 units higher
for mRNA-1273 versus BNT162b2 vaccination in multiple
linear mixed models (P = .005)].

Two of eight studies reported on T-cell anti-SARS-CoV-2
responses [18, 20]. Interestingly, Stumpf et al. [20] showed a
numerically higher cellular immune response after vaccination
with mRNA-1273 as compared with BNT162b2. Narasimhan
et al. [18] did not compare T-cell responses between both
mRNA vaccines, but they studied the humoral response in
relation to T-cell activity.

DISCUSSION
This systematic review and meta-analysis reveal that in SOT
patients, vaccination with mRNA-1273 leads to a signifi-
cantly higher seroconversion rate than BNT162b2 vaccination
[58.4% versus 44.3%, respectively, with a relative seroconver-
sion rate of 0.795 (95% CI 0.732–0.864)]. A subanalysis with
data regarding kidney transplant recipients revealed similar
outcomes and resulted in a relative seroconversion rate of 0.705
(95% CI 0.599–0.830). In similar research in patients with
hematologic malignancies, the seroconversion rate was 56%
with mRNA-1273 versus 33% with BNT162b2 (P= .013) [22].
This contrasts with dialysis patients, where the seroconversion
rate is much higher with both the BNT162b2 (∼73–88%)
[21, 23, 24] and the mRNA-1273 vaccine (∼94.4–100%) [21,
23, 24]. In the article by Lacson et al. [23], no difference in
seroconversion rate was observed between both vaccines in
dialysis patients (P = 0.42), while in the study by Wijtvliet
et al. [21] and Yau et al. [24], mRNA-1273 led to a higher
seroconversion rate. Moreover, a recent study by Van Praet
et al. [25] reported higher geometric mean antibody titers
in hemodialysis patients vaccinated with mRNA-1273 versus
BNT162b2, and a larger proportion achieved the threshold of
4160 AU/mL with higher neutralizing antibody titers in vitro
(53.6% versus 31.8% at 8 or 9 weeks; P < .0001). Yau et al. [24]
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Table 3. Individual MINORS score

Boyarsky
et al.[15]

Dębska-Ślizień
et al. [16]

Hallett
et al. [17]

Narasimhan
et al. [18]

Strauss
et al. [19]

Stumpf
et al. [20]

Wijtvliet
et al. [21]

Yi et al.
[14]

Clearly stated aim 2 2 2 2 2 2 2 2
Inclusion of consecutive patients 1 2 2 1 2 2 1 2
Prospective data collection 1 2 2 1 2 2 2 2
Endpoints appropriate to study aim 2 2 2 2 2 2 2 2
Unbiased assessment of study endpoint 0 0 0 0 0 0 2 0
Follow-up period appropriate to study aim 2 2 2 2 2 2 2 2
<5% loss to follow-up 2 0 2 2 0 2 2 0
Prospective calculation of study size 2 2 2 2 2 2 2 2
Adequate control group 0 0 0 0 0 0 0 0
Contemporary groups 2 2 2 2 2 2 2 2
Baseline equivalence of groups 0 1 1 1 1 1 1 1
Adequate statistical analyses 2 2 2 2 2 2 2 2
Total score 16/24

(67%)
17/24
(71%)

19/24
(79%)

17/24
(71%)

17/24
(71%)

19/24
(79%)

20/24
(83%)

17/24
(71%)

The items are scored 0 (not reported), 1 (reported but inadequate) or 2 (reported and adequate). The global ideal score is 24 for comparative studies. The corresponding scores are 0–6,
very low quality; 7–12, low quality; 13–18, moderate quality and 19–24, high quality.

described similar results, where 35 of 70 (50%) dialysis patients
vaccinated with BNT162b2 reached the convalescent level for
anti-RBD compared with 69 of 87 (79%) who received mRNA-
1273 (P< .001). Garcia et al. [26] confirmed these findings and
reported that a greater number of dialysis patients vaccinated
with BNT162b2 had no detectable or diminished IgG response
compared with patients vaccinated with mRNA-1273.

Among the studies included in this systematic review and
meta-analysis, only two articles directly compared anti-SARS-
CoV-2 antibody titers after vaccination with either mRNA
vaccine [18, 21], thus precluding a meta-analysis on this
issue. While Narasimhan et al. [18] did not find a significant
difference in antibody titers between the BNT162b2 vaccine
and the mRNA-1273 formulation among lung transplant
patients (P = .95), in our own study [21], significantly higher
antibody titers after two doses of mRNA-1273 compared with
BNT162b2 in kidney transplant recipients were observed after
multivariate analysis. In the general population, whereas the
seroconversion rates are similar between the two vaccines,
there is now clear evidence that higher titers of anti-SARS-
CoV-2 antibodies are present after vaccination with mRNA-
1273 as compared with BNT162b2 [7–10]. This has already
resulted in serious clinical consequences in the general
population. Indeed, although the incidence of severe or critical
COVID-19 illness remains low in the fully vaccinated general
population, a higher number of breakthrough SARS-CoV-
2 infections have been observed after two-dose BNT162b2
versusmRNA-1273 vaccination [27–29]. First,Wang et al. [29]
noted 2.8 versus 1.6 breakthrough cases per 1000 person-days
in November 2021, respectively, a finding that was confirmed
in the studies by Abu-Raddad et al. [28] and Dickerman
et al. [27]. Moreover, the severity of breakthrough SARS-
CoV-2 infections appeared to be higher in patients who
received the BNT162b2 vaccine compared with those who
received mRNA-1273 [27, 30, 31]. Dickerman et al. [27]
showed higher 24-week risk ratios after BNT162b2 vaccination
for both COVID-19 and admission to the intensive care
unit. Furthermore, in a case–control study, beyond 120 days

after vaccination, a higher estimated effectiveness to prevent
COVID-19 hospitalizations was observed after vaccination
with mRNA-1273 versus BNT162b2 (85% versus 64%) [31].

The difference in immunogenicity between the two mRNA
vaccines could relate to the amount of mRNA used in the
respective vaccines. Indeed, the mRNA-1273 vaccine contains
100 μg of mRNA while the BNT162b2 formulation only
contains 30 μg. Another possible explanation is the longer
interval between priming and boosting for mRNA-1273 (4
weeks as compared with 3 weeks for BNT162b2). A longer
interval between the first and second dose has recently been
shown to increase antibody levels [32]. Furthermore, there are
differences in the lipid composition of the nanoparticles used
for packaging the mRNA. BNT162b2 has a lipid nanoparticle
composed of ALC-0315, ALC-0159, DSPC and cholesterol,
whereas the lipid nanoparticle of mRNA-1273 is composed of
SM-102, PEG-DMG, DSPC and cholesterol [33].

This meta-analysis makes clear that the current research
on immunity after SARS-CoV-2 vaccination in vulnerable
patients has several limitations. First, given the fact that
the response after vaccination against SARS-CoV-2 has only
been investigated for 1 year, only eight studies reporting on
1833 patients could be included in this systematic review
and meta-analysis. However, even with this restricted number
of articles, the results were consistent across the studies,
making this meta-analysis scientifically sound. Second, the
included studies were all observational in nature; none of
them was an RCT. Third, the number of studies reporting
on vaccine-specific antibody titers was too small to allow
for a meta-analysis and only two studies reported on T-
cell responses. Fourth, a considerable level of heterogeneity
across the different studies was observed, which could be at
least partly explained by different transplant types analysed
in different studies. However, heterogeneity disappeared when
looking at relative differences in seroresponse following two-
dose BNT162b2 versusmRNA-1273 vaccination across patient
groups (cf. I2 value: 1%of total variability due to between-study
variability). Moreover, a subgroup meta-analysis with regard
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Study

Boyarsky et al. 
Dębska-Ślizień et al.
Hallett et al.

Narasimhan et al.
Strauss et al.
Stumpf et al.
Wijtvliet et al. 
Yi et al.

Total (fixed effect, 95% Cl)
Total (random effects, 95% Cl) 

Heterogeneity: Tau2 = 0.0217; Chi2 = 76.30, df = 8 (P < 0.01); I2 = 90%

Events Total
Weight

(common)
Weight

(random)
IV, fixed +

random, 95% Cl
IV, fixed +

random, 95% Cl

0.488 [0.434; 0.543]
0.476 [0.378; 0.576]
0.600 [0.476; 0.715]
0.339 [0.218; 0.478]
0.188 [0.089; 0.326]
0.729 [0.622; 0.820]
0.263 [0.179; 0.361]
0.560 [0.452; 0.664]
0.333 [0.217; 0.467] 

0.465 [0.433; 0.497]
0.443 [0.341; 0.547]

Seroconversion rate

167
50
42
19
9

62
26
51
20

35.7%
11.0%
7.3%
5.9%
5.0%
8.9%

10.4%
9.5%
6.3%

100%
-

12.3%
11.5%
10.9%
10.6%
10.3%
11.2%
11.4%
11.3%
10.7%

-
100%

342
105
70
56
48
85
99
91
60

956

0 0.2 0.4 0.6 0.8 1

A

Study

Boyarsky et al. 
Dębska-Ślizień et al.
Hallett et al.

Narasimhan et al.
Strauss et al.
Stumpf et al.
Wijtvliet et al. 
Yi et al.

Total (fixed effect, 95% Cl)
Total (random effects, 95% Cl) 

Heterogeneity: Tau2 = 0.0241; Chi2 = 74.64, df = 8 (P < 0.01); I2 = 89%

Events Total
Weight

(common)
Weight

(random)
IV, fixed +

random, 95% Cl
IV, fixed +

random, 95% Cl

0.596 [0.539; 0.651]
0.622 [0.448; 0.775]
0.641 [0.511; 0.757]
0.383 [0.245; 0.536]
0.360 [0.180; 0.575]
0.895 [0.803; 0.953]
0.487 [0.422; 0.553]
0.762 [0.605; 0.879]
0.400 [0.257; 0.557] 

0.583 [0.550; 0.616]
0.584 [0.472; 0.692]

Seroconversion rate

183
23
41
18
9

68
114
32
18

34.9%
4.3%
7.3%
5.4%
2.9%
8.7%

26.6%
4.8%
5.2%

100%
-

12.7%
10.3%
11.3%
10.8%
9.4%

11.6%
12.6%
10.6%
10.7%

-
100%

307
37
64
47
25
76

234
42
45

877

0 0.2 0.4 0.6 0.8 1

B

FIGURE 2: Study-specific and pooled estimates for the seroconversion rate after two-dose mRNA vaccination with (A) BNT162b2 or (B)
mRNA-1273 based on RE meta-analysis models and relying on the IV method. Box sizes in the forest plots are proportional to the weight
assigned to each study. Limits of the displayed intervals are defined as 95% CIs. Eight studies calculated the seroconversion rates in SOT
recipients after two-dose BNT162b2 vaccination (n = 956), (A) resulting in a pooled seroconversion rate of 44.3% (95% CI 34.1–54.7). The
same eight studies also described seroconversion rates in SOT recipients after two-dose mRNA-1273 vaccination (n = 877), (B) resulting in a
pooled seroconversion rate of 58.4% (95% CI 47.2–69.2). df, degrees of freedom; I2, inconsistency index.

Study

Boyarsky et al. 
Dębska-Ślizień et al.
Hallett et al.
 
Narasimhan et al.
Strauss et al.
Stumpf et al.
Wijtvliet et al. 
Yi et al.

RE model

0.819 [0.711, 0.944]
0.766 [0.555, 1.057]
0.937 [0.719, 1.221]
0.886 [0.529, 1.483]
0.521 [0.237, 1.145]
0.815 [0.701, 0.948]
0.539 [0.378, 0.769]
0.736 [0.574, 0.943]
0.833 [0.502, 1.382]

0.795 [0.732, 0.864] 

Relative seroconversion rate
(Pfizer-BioNTech vs. Moderna)

0.223 0.368 0.607 1.000 1.649

FIGURE 3:Meta-analytic result for the relative seroconversion rate
(BNT162b2 versus mRNA-1273) based on an RE meta-analysis
model and relying on the IV method. Seroconversion rates appeared
to be significantly lower in patients vaccinated with two doses of
BNT162b2 than in patients vaccinated with two doses of
mRNA-1273 [79.5% (95% CI 73.2–86.4)].

to seroconversion rates after two-dose BNT162b2 versus
mRNA-1273 vaccination in kidney transplant recipients only
showed similar results as compared with the meta-analytic
results in all SOT recipients. Furthermore, a subgroup meta-
analysis was not possible for lung, liver or heart transplant
recipients separately, as no data were available for more than
two studies. Finally, a comparison of factors associated with
lower seroconversion rates in patients receiving either two-
dose BNT162b2 or mRNA-1273 vaccination across studies
would be of interest. However, such an assessment requires
sufficient information regarding such factors across all eligible
studies. In the absence thereof, only a qualitative assessment
was possible with regard to the relationship between the
use of mycophenolate mofetil (MMF) or mycophenolic acid
(MPA), which has been described as one of the strongest
predictors of impaired immune response after vaccination
[34], and seroresponse following vaccination. Although no
formal statistical assessment has been performed, results from
the studies included in this meta-analysis do suggest that the
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use of MMF/MPA is inversely related to seroconversion rates
[14, 18–20]. Additional data on time after transplantation, use
of MMF, estimated glomerular filtration rate (eGFR) levels
and lymphocyte counts would be useful to better understand
observed differences in seroconversion rates between both
mRNA vaccines and for a specific vaccine across studies.
Unfortunately, detailed data on patient characteristics were
often not reported in the eight studies included in this meta-
analysis. New, bigger studies with stratification by age, gender,
time since transplantation, eGFR levels, lymphocyte counts,
transplant type and immunosuppressive drugs are needed to
overcome this problem.

In conclusion, the seroconversion rate appeared to be higher
after mRNA-1273 vaccination versus BNT162b2 vaccination
in SOT recipients. Future studies are needed to assess whether
these differences are confirmed after third-dose vaccination
and whether they also associated with a better protection
against severe disease, hospitalization and/or mortality. This
will help to determine whether mRNA-1273 should be the
preferred vaccine in SOT recipients. In addition, all efforts
should be made to vaccinate kidney transplant candidates
before transplantation, as the overall efficacy of SARS-
CoV-2 vaccines is better during dialysis than after kidney
transplantation [35].
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