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Meta-analysis of immunologic response after COVID-19 n
mRNA vaccination in solid organ transplant recipients SR

Dear Editor,

The study by Belsky and colleagues drew attention to the im-
pact of COVID-19 on immunosuppressed patients, especially for
solid organ transplant recipients (SOTRs) given their high risk
of morbidity and mortality!. Indeed, kidney transplant recipi-
ents (KTR) are poorly protected by SARS-CoV-2 mRNA vaccines?,
thus prevention SOTRs from COVID 19 infection remain a diffi-
cult challenge. Owning to ineligibility in clinical trials®, the effi-
cacy and safety of SARS-CoV-2 mRNA vaccines are currently lim-
ited in this fragile population, further decrease adherence to vacci-
nation schemes®. Given the accumulated data available for safety
and immunogenicity of mRNA vaccine®’, there is an urgent need
to develop recommendations and guidelines for better delivery of
COVID-19 vaccines in SOTRs.

In the present study, a random-effects model meta-analysis was
conducted to assess anti-SARS-CoV-2 IgG seroconversion rates, T-
cell response, and side effects after mRNA vaccination. The Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guideline were followed. A comprehensive literature
search from January 1, 2021 to February 10, 2022 was con-
ducted in PubMed, Embase, Cochrane Library and ClinicalTri-
als without language restriction (Supplementary methods). Elec-
tronic databases search identified 1998 publications, and 98 stud-
ies involving 15,328 COVID-19 infection-naive SOTRs (15,132 adult
SOTRs, 196 young SOTRs) patients were finally included (Supple-
mentary Figure 1). Overall, included studies were dominated by
kidney transplant recipients (KTRs, 10,209, 66.6%), and included a
small percentage of liver transplant recipients (LTRs, 2734, 17.8%)
and thoracic organs transplant recipients (TTRs, 1842, 12.0%, Sup-
plementary Table 1).

We find seroconversion rate of SOTRs patients was significantly
reduced in comparison with healthy controls for the first and sec-
ond dose (Fig. 1A; P < 107>). A lower seroconversion rate was
achieved by those with incomplete vaccination regimens (7.2%;
95% CI: 4.2-10.8; Supplementary Figure 2) compared with pa-
tients who were fully immunised (40.1%; 95% CI: 35.2-45.0; Sup-
plementary Figure 3). The Spike-specific IgG seroconversion rate
was 55.2% (95% Cl: 48.1-62.2) after the third dose and 81.7% (95%
Cl: 29.0-100.0) after the fourth dose (Supplementary Figure 4).
Meta-regression analysis showed that a higher vaccine dosage was
significantly correlated with a high seroconversion rate (regression
coefficient, 0.231; 95% CI: 0.181-0.282; P <10~>; Supplementary
Figure 5). No significant associations were detected for sample size
(P = 0.93) and study design (P = 0.25).

Seropositivity was significantly higher in LTRs when compared
with KTRs and TTRs after partial and complete immunization
(Fig. 1B). Single dose-response rate of LTRs (22.4%; 95% CI: 14.2-
31.6; Supplementary Figure 6A) was higher than KTRs (6.7%; 95%

https://doi.org/10.1016/j.jinf.2022.02.016

Cl: 3.6-10.5; Supplementary Figure 6B) and TTRs (8.9%; 95% CI:
5.1-13.5; Supplementary Figure 6C). After complete vaccination,
seroconversion rates was 60.8% (95% CI: 50.4-70.7; Supplementary
Figure 7A) for LTRs, 38.4% (95% CI: 33.9-42.9; Supplementary Fig-
ure 7B) for KTRs and 30.0% (95% CI: 21.1-39.7; Supplementary Fig-
ure 7C) for TTRs. In addition, a higher seroconversion rate among
young SOTRs with completed vaccination regimen (66.6%; 95% CI:
56.4-76.1; Supplementary Figure 8) was documented when com-
pared with older SOTRs (40.1%).

As for immunosuppressive treatment, antimetabolite
(OR = 429, 95% CI: 3.43-5.38, P < 10~>; Supplementary Fig-
ure 9) and Belatacept therapy (OR = 5.43, 95% CI: 3.4-8.66, P <
10-3; Supplementary Figure 10) were significantly associated anti-
spike IgG seronegativity, while mTOR inhibitor was siginificantly
assocaited with seropositivity (Fig. 1C). In addition, the summary
OR for positive antibody response was 1.031 (95% CI: 1.025-1.036,
P < 103; Supplementary Figure 11) per 1 mL/min increment in
estimated glomerular filtration rate.

Owning to the heterogenicity in serological immunoassays and
the difference in results in the 30 datasets reporting data on IgG
titres, meta-analysis could not be performed. Overall, significantly
lower anti-S IgG titres were documented in SOTRs patients after
partial and complete immunization compared with healthy con-
trols (Supplementary Table 2).

A pooled analysis of 21 studies including 315 SOTRs with in-
complete and 1310 SOTRs with complete vaccination regimens
showed that 14.0% (95% CI: 7.7-21.6) and 38.8% (95% Cl: 27.7-50.5)
developed T-cell response, respectively (Supplemental Figure 12).

No cases of acute rejection, allograft dysfunction or allograft
failure was observed. The overall local and systemic reactions af-
ter COVID-19 vaccination in SOTRs patients are shown in Fig. 2. A
similar pattern was observed after the first, second and third dose,
with pain (~47-63%) and swelling (~9%) being the main local re-
actions and fatigue (~23%) and headache (~7%) the systemic reac-
tions.

The shape of the funnel plots were symmetrical (Supplemen-
tary Figure 13), and Egger’s test did not reveal publication bias
(P = 0.84).

In summary, we provide the first and the largest meta-analysis
to address the serological and safety data after COVID-19 mRNA
vaccination of SOTRs. Results of this study demonstrate that a
significantly lower seroconversion rate and anti-S IgG titres were
achieved among SOTRs after 2 doses of COVID-19 mRNA vaccine
compared with healthy controls. Therefore, the clinical effective-
ness might remain sub-optimal compared to healthy population.
The seroconversion after 2 doses was 40.1%, much lower than
the rates reported in other vulnerable population, such as pa-
tients with immune-mediated inflammatory diseases (73.2%)%, can-
cer patients (51%)°, and patients with end-stage kidney disease
(86%)'0. Thus, SOTRs should receive the complete vaccination regi-
men without delay.

0163-4453/© 2022 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. Serological response in SOTRs. Boxplots of positive serological response rates
(%) in SOTRs and healthy controls after different dose of COVID-19 mRNA vaccina-
tion (first dose in SORTRs as reference group) (A), positive serological response rates
(%) by organ type after partial COVID-19 vaccination and after complete COVID-
19 vaccination (liver transplantation receipts as reference group) (B). Summary
ORs for anti-spike IgG seronegativity of immunosuppressive treatment (C). Each
point indicates a study cohort where data were available. Pairwise comparisons are
based on the non-parametric Mann-Whitney U independent-samples test (**<0.01,
***<0.0001).

A higher serologic response to a 3-dose (55.2%) and 4-dose
(81.7%) vaccine strategy suggests SOTRs should be considered to
receive booster dose regimens. Since antimetabolite and Belatacept
therapy was associated with impaired immune response, alterna-
tive vaccine platforms (ie. inactive SARS-CoV-2 vaccine, recombi-
nant adenovirus vaccine), temporary adjustment of immunosup-
pressive regimens may be required. The effect of augmented vac-
cination schedules, monoclonal antibodies and new oral antiviral
agents should be assessed for SOTRs of future study.

Robust results confirmed the safety of COVID-19 mRNA vaccines
and support the prioritization of SOTRs to receive their first and
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Fig. 2. Local and systemic toxicities reported in SOTRs after first dose (A), second
(B) and third (C) dose vaccination. Each point indicates a study cohort where data
were available.

second doses to enhance their immune response, and highlight
benefits of a third and fourth booster, especially KTRs and TTRs.
More importantly, increasing opportunity of information and con-
cerns sharing among health-care workers and SOTRs patients re-
main the key to decrease patients’ hesitancy and thus increase ad-
herence to vaccination schemes.
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