
Frontiers in Immunology | www.frontiersin.

Edited by:
Estela Paz Artal,

University Hospital October 12, Spain

Reviewed by:
Javier Carbone,

Gregorio Marañón Hospital, Spain
Angel Manuel Sevillano Prieto,

Hospital Universitario 12
de Octubre, Spain

*Correspondence:
Zhongjun Wu

wzjtcy@126.com

†These authors have contributed
equally to this work and share

last authorship

Specialty section:
This article was submitted to

Vaccines and Molecular Therapeutics,
a section of the journal

Frontiers in Immunology

Received: 02 March 2022
Accepted: 05 May 2022
Published: 14 June 2022

Citation:
Zong K, Peng D, Yang H, Huang Z,

Luo Y, Wang Y, Xiang S, Li T, Mou T
andWu Z (2022) Risk Factors for Weak
Antibody Response of SARS-CoV-2

Vaccine in Adult Solid Organ
Transplant Recipients: A Systemic

Review and Meta-Analysis.
Front. Immunol. 13:888385.

doi: 10.3389/fimmu.2022.888385

SYSTEMATIC REVIEW
published: 14 June 2022

doi: 10.3389/fimmu.2022.888385
Risk Factors for Weak Antibody
Response of SARS-CoV-2 Vaccine
in Adult Solid Organ Transplant
Recipients: A Systemic Review
and Meta-Analysis
Kezhen Zong†, Dadi Peng†, Hang Yang, Zuotian Huang, Yunhai Luo, Yihua Wang,
Song Xiang, Tingting Li , Tong Mou and Zhongjun Wu*

Department of Hepatobiliary Surgery, The First Affiliated Hospital of Chongqing Medical University, Chongqing, China

Objective: This is the first systematic review and meta-analysis to determine the factors
that contribute to poor antibody response in organ transplant recipients after receiving the
2-dose severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccine.

Method: Data was obtained from Embase, PubMed, Web of Science, Cochrane Library,
China National Knowledge Infrastructure (CNKI), and Chinese Biomedical Literature
Database (CBM). Studies reporting factors associated with antibody responses to the
2-dose SARS-CoV-2 vaccine in solid organ transplant recipients were included in our
study based on the inclusion and exclusion criteria. Two researchers completed the
literature search, screening, and data extraction. Randomized models were used to obtain
results. Egger’s test was performed to determine publication bias. Sensitivity analysis was
performed to determine the stability of the result. The heterogeneity was determined using
the Galbraith plot and subgroup analysis.

Results: A total of 29 studies were included in the present study. The factors included
living donor, BNT162b2, tacrolimus, cyclosporine, antimetabolite, mycophenolic acid
(MPA) or mycophenolate mofetil (MMF), azathioprine, corticosteroids, high-dose
corticosteroids, belatacept, mammalian target of rapamycin (mTOR) inhibitor, tritherapy,
age, estimated glomerular filtration rate (eGFR), hemoglobin, and tacrolimus level were
significantly different. Multivariate analysis showed significant differences in age, diabetes
mellitus, MPA or MMF, high-dose corticosteroids, tritherapy, and eGFR.

Conclusion: The possible independent risk factors for negative antibody response in
patients with organ transplants who received the 2-dose SARS-CoV-2 vaccine include
age, diabetes mellitus, low eGFR, MPA or MMF, high-dose corticosteroids, and triple
immunosuppression therapy. mTOR inhibitor can be a protective factor against weak
antibody response.

Systematic Review Registration: PROSPERO, identifier CRD42021257965.
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INTRODUCTION

During the coronavirus disease (COVID-19) pandemic, severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
vaccination became important prophylaxis. The antibody
response produced by the immunization can protect the body
against SARS-CoV-2 (1–3). Previous studies have reported
decreased antibody response after the administration of the
SARS-CoV-2 vaccine in solid organ transplant recipients
compared with that in healthy vaccinators (4, 5) who had a
worse prognosis after infection (6–8). Identifying the risk factors
associated with weak antibody response after vaccination can
help further measures to increase the benefit of vaccination in
solid organ transplant recipients. The present study focused on
identifying factors that can affect the antibody response to the 2-
dose SARS-CoV-2 vaccine in adults with solid organ transplants.
METHOD

Registration
The protocol of this systematic review and meta-analysis had been
reported on the PROSPERO (registration no. CRD42021257965).

Search Strategy
Electronic Databases used for searching included Embase, PubMed,
Web of Science, Cochrane Library, China National Knowledge
Infrastructure (CNKI), and Chinese Biomedical Literature
Database (CBM). Few records were obtained from other sources
(Studies were found to potentially meet the inclusion criteria before
conducting the systematic search). The search strategy was
conducted by combining subject terms with free words. Two
investigators designed the search strategy collaboratively.

Eligibility Criteria and Study Selection
Cohort studies, case-control studies, and case series were
included in this study. The included population was defined as
adult solid organ transplant recipients who received a standard
dose of the SARS-CoV-2 vaccine. The inclusion criteria were as
follows (1): study type: case-control, cohort studies, and case
series (2); population: adult solid organ transplant recipients (3);
intervention: 2-dose SARS-CoV-2 vaccine (4) outcome: the
serologic results. The exclusion criteria were as follows (1):
articles not published in Chinese or English language (2); no
relevant factors reported (3); studies including the same
population unless different outcomes were reported (4);
recipients with a history of COVID19 (5); data not available to
conduct the meta-analysis. Two examiners performed the study
selection independently, with contradictions decided by
negotiating with a third examiner.

Data Collection and Extraction
Two researchers extracted the data separately, and different
branches reached the decision together through discussion
with a third researcher. Data were extracted from the general
information about the study, population characteristics, the
intervention method, serological assays, and potential
Frontiers in Immunology | www.frontiersin.org 2
influencing factors. Data that were believed to contain errors
were not extracted and included. EndNote X9 was used
for reference.

Risk of Bias
Study quality was independently reviewed by two evaluators
using the Newcastle Ottawa Scale (NOS), containing 3 main
elements: selection, comparability, and outcome. The study
quality was defined as follows: 0–3 points indicating low
quality; 4–6 points indicating medium quality; 7–9 points
indicating high quality. The Egger’s test was applied to assess
publication bias, with P < 0.05 representing publication bias.

Data Synthesis
Following the past protocol, a random-effect meta-analysis
model was applied irrespective of heterogeneity. Standardized
mean difference (SMD) with 95% confidence intervals was
calculated for continuous variables, and odds ratio (OR) with
95% confidence intervals was applied for the dichotomous
variables. Heterogeneity was evaluated using the Cochran
Q test and I-squared, with I² > 50% or P < 0.1 considered to
indicate high heterogeneity. Sensitivity analysis based on
individual studies was conducted to examine the stability of
the results. Subgroup analysis was conducted to explore the
source of heterogeneity, which included the country,
population, vaccine, and antibody for testing. Studies found to
infer heterogeneity according to the Galbraith plot were excluded
and then reanalyzed. OR originally reported by multivariate
analysis was included in the analysis, but heterogeneity analysis
and publication bias assessment was limited. The primary
statistical analysis was performed by the StataSE 16 software.
RESULTS

Literature Search and Study Characteristics
The last literature search was performed on October 8, 2021. A total
of 1129 records were obtained from electronic databases and other
sources. The detailed search strategy is included in Supplementary
Material. A total of 64 studies were included in the full-text review
after initial screening and excluding duplicate studies. A total of 29
cohort studies (9–37) were finally included in the present study
(Figure 1). Among the included studies, heart transplant recipients
(HTR), liver transplant recipients (LTR), kidney transplant
recipients (KTR), pulmonary transplant recipients (PTR), and
other solid organ transplant recipients (SOTR) were involved,
wherein KTR predominated. These individuals belonged from 11
different countries and received vaccination with four types of
SARS-CoV-2 vaccines. Eventually, a total of 16 dichotomous
variables, 11 continuous variables, and 10 OR values obtained
from the multivariate analysis were combined in the analysis. The
detailed study information and NOS score are present in the
Supplemental Material.

Data Analysis and Publication Bias
A negative antibody response was defined as an outcome event.
The results of the dichotomous variables and the continuous
June 2022 | Volume 13 | Article 888385
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variables are shown in Figures 2 and 3, respectively. The results
of risk factors obtained from multivariate logistic regression
analysis are shown in Figure 4. Significant differences were
found among the dichotomous variables for twelve factors, which
included living donor, BNT162b2, tacrolimus, cyclosporine,
antimetabolite, mycophenolic acid (MPA)/mycophenolate
mofetil (MMF), azathioprine (AZA), corticosteroids (CS), high-
dose CS, belatacept, mammalian target of rapamycin (mTOR)
inhibitor, and tritherapy. Significant heterogeneity was found in
MPA/MMF, CS, mTOR inhibitor, and tritherapy. Egger’s test
suggested publication bias for high-dose CS. Significant
differences were found for the four continuous factors, which
included age, estimated glomerular filtration rate (eGFR),
hemoglobin, and tacrolimus level. Nevertheless, significant
heterogeneity was found in age, time from transplantation, eGFR,
creatinine, and lymphocyte count. Publication bias in body mass
index (BMI) was determined by Egger’s test. The combined result
frommultivariate analysis associated with a negative response, age,
diabetes mellitus, MPA/MMF, high-dose CS, and tritherapy
Frontiers in Immunology | www.frontiersin.org 3
showed significant differences. Significant heterogeneity was
found in the female gender, age of the patient, and MPA/MMF.
The only significant difference was in eGFR for factors associated
with the positive response. Both age and time from transplantation
showed significant heterogeneity.

Heterogeneity and Exclusion Criteria
We performed subgroup analyses and Galbraith plots to
determine the sources of heterogeneity for dichotomous and
continuous variables. In the present study, we found that I² >50%
or P <0.1 was necessary for significant heterogeneity. The
subgroup analysis based on country, population, vaccine, and
antibody is shown in the Supplemental Material. Studies that
can cause heterogeneity in results found by the Galbraith plot
were excluded. The remaining studies were reanalyzed. Taking
the factor MPA/MMF as an example, the results of the Galbraith
plot and reanalysis are shown in Figure 5. The summary
reanalysis results are shown in Figure 6. The studies that were
excluded based on the Galbraith plot were as follows: MPA/
FIGURE 1 | Flow chart depicting the study inclusion and exclusion processes. CNKI, China National Knowledge Infrastructure; CBM, Chinese Biomedical Literature
Database; other sources, literature collected in other ways before conducting the systemic search.
June 2022 | Volume 13 | Article 888385
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MMF = 3 (28, 29, 33), CS = 1 (16), mTOR inhibitor = 3 (13, 15,
17), tritherapy = 1 (28), age = 3 (12, 18, 26), time from
transplantation = 5 (11, 17, 21, 28, 35), eGFR = 2 (28, 31),
creatinine = 2 (28, 30), and lymphocyte = 1 (34). Subgroup
Frontiers in Immunology | www.frontiersin.org 4
analyses and the Galbraith plot of other factors with significant
heterogeneity, which included CS, mTOR inhibitor, tritherapy,
age, time from transplantation, eGFR, creatinine, and
lymphocyte, are shown in the Supplemental Material.
FIGURE 3 | Forest plots of continuous factors.The event was a negative antibody response after vaccination. N, The number of studies; BMI, body mass index;
eGFR, estimated glomerular filtration rate; WBC, white blood cells. NA indicates missing Egger's test.
FIGURE 2 | Forest plots of dichotomous factors. The event was a negative antibody response after vaccination. N, The number of studies; DM, diabetes mellitus;
HBP, hypertension; CNI, calcineurin inhibitor; MPA/MMF, mycophenolic acid or mycophenolate mofetil; AZA, azathioprine; CS, low-dose corticosteroids; mTOR
inhibitor, mammalian target of rapamycin inhibitor; Tritherapy, triple immunosuppressive therapy. NA indicates missing Egger's test.
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Sensitivity Analysis
Sensitivity analysis of each factor showed that no individual
studies changed the final results. The factors associated with
multivariate analysis were not included in sensitivity analyses for
a few included studies. The sensitivity analysis results are shown
in the Supplemental Material.
DISCUSSION

To the best of our knowledge, this is the first systemic review and
meta-analysis to determine the risk factors of negative antibody
response to the 2-dose SARS-CoV-2 vaccine in adult recipients of
solid organs. The significant risk factors associated with negative
antibody response included age, diabetes mellitus, MPA or MMF,
high-dose corticosteroids, and triple immunosuppression therapy.

The use of immunosuppressants is one of the most important
reasons for anergy to vaccination. Our results showed that MPA/
MMF, as a representative amongantimetabolites, is an independent
risk factor for negative antibody response after immunization. The
study showed that the administration of MPA/MMF in patients
with systemic lupus erythematosus (SLE) reduced the serologic
response to the SARS-CoV-2 vaccine (38), which indicated that
MMF/MPA weakened the humoral response after vaccination
regardless of the receiver. Furthermore, in liver transplant
recipients, mycophenolate not only resulted in a poor prognosis
of COVID19 but also increased the risk of severe COVID-19 (39).
These results implied thatMMF/MPA should be used with caution
during the COVID-19 pandemic. Corticosteroids are another
widely used immunosuppressant that can reduce the antibody
Frontiers in Immunology | www.frontiersin.org 5
response after vaccination in solid organ transplant recipients
with high doses versus low doses. Even though the result of
dichotomous variables was different from the results of
multivariate analysis, we believe that low-dose CS cannot increase
the risk of nonresponse to vaccination because of the reliability of
the multivariate analysis. Although reduced vaccine response with
triple immunosuppressive therapy is dangerous, it is difficult to
balance the immunostability and immune response when solid
organ transplant recipients take triple immunosuppressants tokeep
their immune system silent.

Surprisingly, our study suggested another immunosuppressant,
mTOR inhibitor, which did not increase the risk of vaccine
ineffectiveness. This result was consistent with the multiple-
logistic-regression results of Stumpf et al. and Ducloux et al. (17,
19). However, these results are difficult to synthesize. According to
our results, dichotomous variables showed risk factors, whereas
the opposite was found for cyclosporine. The results of the
dichotomous variables (tacrolimus) were consistent with the
continuous variables (tacrolimus level), which implied that
tacrolimus can be negatively correlated with humoral immune
response. The results show that belatacept can be associated with
negative antibody response. Terrec et al. reported studies on
COVID-19 infection and vaccine response after belatacept
conversion in renal transplant recipients and concluded that
renal transplant recipients receiving belatacept have a poorer
response to the SARS-CoV-2 vaccine. This is consistent with
our results, which suggested a delay in belatacept conversion
because it can increase the risk of opportunistic infections (40).

The general characteristics of solid organ transplant
recipients help to identify the high-risk population. Age is a
A

B

FIGURE 4 | Forest plots of multivariate analysis. (A) Factors associated with a negative antibody response; (B) Factors associated with positive antibody response.
N, number of studies; DM, diabetes mellitus; MPA/MMF, mycophenolic acid or mycophenolate mofetil; CS, corticosteroids; tritherapy, triple immunosuppressive
therapy; eGFR, estimated glomerular filtration rate.
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risk factor for negative antibody response to SARS-CoV-2
vaccination. Many studies reported a late and weak response to
the vaccine in elderly vaccinees than in younger vaccinees (41, 42),
which is consistent with our results. However, we did not find a
significant result for age in the multivariate analysis associated
with positive antibody response. Diabetes mellitus is considered to
be associated with negative antibody response because the
multivariate analysis is more reliable. Moreover, meta-analysis
results also indicated a negative correlation between diabetes
mellitus prevalence and humoral response rate to the SARS-
Frontiers in Immunology | www.frontiersin.org 6
CoV-2 vaccine in other populations (43). Hypertension, another
prevalent disease, was not a significant risk factor in our results.
Living donors can be a protective factor for negative antibody
responses, whereas administration of the BNT162b2 vaccine
(compared to mRNA-1273) can be a risk factor. The result of
multiple logistic regression also showed that BNT162b2 was an
essential factor responsible for the failure of the antibody response
in a previous study (19). The gender (female), BMI, and time from
transplantation were not significant factors, which implied that
they did not affect the antibody response.
A

B

FIGURE 5 | Heterogeneity exploring of MPA/MMF. (A) In the Galbraith plot of MPA/MMF for heterogeneity exploration, hollow circles outside the parallel reference
line represent studies that were considered possible sources of heterogeneity. (B) Reanalysis of MPA/MMF after the removal of possible sources of heterogeneity.
The event was a negative antibody response after vaccination. N, the number of studies; KTR, kidney transplant recipients; LTR, liver transplant recipients; HTR,
heart transplant recipients; anti-S, anti-spike protein antibody; anti-N, anti-nucleocapsid protein antibody; anti-RBD, anti-receptor-binding domain antibody; Nab,
neutralizing antibody.
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The laboratory results from our study suggested that eGFR
correlated with vaccine antibody response, which was shown by
continuous variables and multivariate analyses. This indicated that
patients with better renal function can react to the SARS-CoV-2
vaccine better. Unexpectedly, the results shown by hemoglobin
indicated that it can be positively correlated with the antibody
response. The reanalysis for creatinine showed a significant
difference. However, we considered that the evidence for its
correlation with the vaccine-antibody response was insufficient
without the support of multivariate analysis (12, 32). However,
according to our results, white blood cell (WBC) count, neutrophils
count, lymphocytes count, and albumin did not show significance.
Frontiers in Immunology | www.frontiersin.org 7
For heterogeneity determination, the subgroup analysis was
unable to identify the causes of heterogeneity, which suggested
that such subgroupings such as country, type of vaccine,
antibody response, and type of transplantation may not be
appropriate, and heterogeneity was because of a combination
of multiple factors. After excluding the studies that caused
heterogeneity found by the Galbraith plot, the heterogeneity of
many factors became non-significant, and the results were also
unchanged. However, the heterogeneity of several factors, such
as mTOR inhibitor, time from transplantation, and creatinine
levels, were significant after reanalysis, and the creatinine results
changed, which suggested further investigating.
A

B

FIGURE 6 | Forest plots of reanalysis. (A) reanalysis of dichotomous factors. (B) reanalysis of continuous factors. The event was a negative antibody response after
vaccination. MPA/MMF, mycophenolic acid or mycophenolate mofetil; CS, corticosteroids; mTOR inhibitor, mammalian target of rapamycin inhibitor; Tritherapy, triple
immunosuppressive therapy; eG.
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LIMITATIONS

We did not limit the graft type of the included population
because o f the s imi l a r i t y o f immune s ta tus and
immunosuppressive agents in solid organ transplant recipients
and also to include more studies to expand the conclusions. This
led to heterogeneity. We selected the 2-dose-vaccine studies for
intervention. However, studies have been performed to show
that an increased dose can improve the immune response in solid
organ transplant recipients. This was not included in our study
(44, 45). We only considered the outcomes of antibody responses
to the vaccine. We did not include cellular immune responses in
the study; however, studies have reported that cellular immune
responses were an equally important factor (46, 47). Among the
factors included in the analysis, when constitutional ratios were
not available, we considered calcineurin inhibitor (CNI) and
antimetabolites, a class of drugs in general, as a variable. This can
also contribute to the difficulty in interpreting some of
our results.

Certain factors, such as eGFR and belatacept, were almost
exclusively reported in renal transplantation studies. Some of the
studies that fulfilled the inclusion criteria contained brief
methods or process descriptions, which can increase the risk of
errors. When potentially incorrect data were found, we excluded
those parts of the data rather than the entire study. While
determining heterogeneity, we identified that the study by
Kantauskaite et al. was a source of heterogeneity in more than
one factor. Therefore, we possibly had unreasonable inclusion
and exclusion criteria for the study.
CONCLUSIONS

Old age, diabetes mellitus, MPA or mycophenolate, high-dose
corticosteroids, and triple immunosuppression therapy
are important risk factors for negative antibody response in
solid organ transplant recipients administered with a 2-dose
SARS-CoV-2 vaccine. BNT162b2, antimetabolites, belatacept,
and tacrolimus can be associated with weak antibody responses
to the SARS-CoV-2 vaccine in solid organ transplant recipients,
whereas the factor living donors showed opposite results. The
administration of low-dose CS and mTOR inhibitor do not
increase the risk of negative humoral response in solid organ
transplant recipients receiving a 2-dose SARS-CoV-2 vaccine. In
general, during the COVID-19 pandemic, MMF/MPA, high-
dose CS, and triple immunosuppressants should be limited. For
Frontiers in Immunology | www.frontiersin.org 8
the population with risk factors, such as diabetes mellitus, old
age, and low eGFR, the SARS-CoV-2 vaccine should be enhanced
and more attention should be paid to preventing COVID-19
infection while keeping the vaccine safe. Compared with
BNT162b2, the mRNA-1273 vaccine can be a better choice for
solid organ transplant recipients. More advanced and
comprehensive studies are required in the future.
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39. Colmenero J, Rodrıǵuez-Perálvarez M, Salcedo M, Arias-Milla A, Muñoz-
Serrano A, Graus J, et al. Epidemiological Pattern, Incidence, and Outcomes of
June 2022 | Volume 13 | Article 888385

https://doi.org/10.1172/jci150175
https://doi.org/10.1172/jci150175
https://doi.org/10.1016/j.trre.2021.100628
https://doi.org/10.1093/eurjpc/zwab175
https://doi.org/10.1093/eurjpc/zwab175
https://doi.org/10.1016/j.kint.2020.08.005
https://doi.org/10.1001/jama.2021.7489
https://doi.org/10.1001/jama.2021.7489
https://doi.org/10.1093/ckj/sfab100
https://doi.org/10.1016/j.cmi.2021.04.028
https://doi.org/10.1111/tid.13740
https://doi.org/10.1016/j.healun.2021.04.003
https://doi.org/10.1111/ajt.16768
https://doi.org/10.1016/s2213-2600(21)00184-3
https://doi.org/10.1016/j.jhep.2021.07.034
https://doi.org/10.1093/ckj/sfab125
https://doi.org/10.1111/ajt.16766
https://doi.org/10.1016/j.lanepe.2021.100178
https://doi.org/10.1097/tp.0000000000003889
https://doi.org/10.3390/vaccines9070738
https://doi.org/10.1097/tp.0000000000003923
https://doi.org/10.1097/TP.0000000000003824
https://doi.org/10.1111/ajt.16607
https://doi.org/10.1111/joim.13361
https://doi.org/10.1002/ejhf.2199
https://doi.org/10.3390/v13050756
https://doi.org/10.1111/ajt.16851
https://doi.org/10.1111/ajt.16851
https://doi.org/10.1097/TP.0000000000003856
https://doi.org/10.1016/j.kint.2021.04.005
https://doi.org/10.1016/j.jhep.2021.04.020
https://doi.org/10.1016/j.jhep.2021.04.020
https://doi.org/10.1111/ajt.16854
https://doi.org/10.1093/cid/ciab580
https://doi.org/10.1111/ajt.16615
https://doi.org/10.1016/j.kint.2021.08.019
https://doi.org/10.1016/j.kint.2021.08.019
https://doi.org/10.1016/j.cgh.2021.09.003
https://doi.org/10.1111/ctr.14495
https://doi.org/10.1007/s11926-021-01046-2
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Zong et al. Nonresponse to SARS-CoV-2 Vaccines
Covid-19 in Liver Transplant Patients. J Hepatol (2021) 74(1):148–55.
doi: 10.1016/j.jhep.2020.07.040

40. Terrec F, Jouve T, Malvezzi P, Janbon B, Naciri Bennani H, Rostaing L, et al.
Belatacept Use After Kidney Transplantation and Its Effects on Risk of
Infection and Covid-19 Vaccine Response. J Clin Med (2021) 10(21):5159.
doi: 10.3390/jcm10215159

41. Collier DA, Ferreira I, Kotagiri P, Datir RP, Lim EY, Touizer E, et al. Age-
Related Immune Response Heterogeneity to SARS-CoV-2 Vaccine Bnt162b2.
Nature (2021) 596(7872):417–22. doi: 10.1038/s41586-021-03739-1

42. Chen WH, Kozlovsky BF, Effros RB, Grubeck-Loebenstein B, Edelman R,
Sztein MB. Vaccination in the Elderly: An Immunological Perspective. Trends
Immunol (2009) 30(7):351–9. doi: 10.1016/j.it.2009.05.002

43. Chen JJ, Lee TH, Tian YC, Lee CC, Fan PC, Chang CH. Immunogenicity Rates
After SARS-CoV-2 Vaccination in People With End-Stage Kidney Disease: A
Systematic Review and Meta-Analysis. JAMA Netw Open (2021) 4(10):
e2131749. doi: 10.1001/jamanetworkopen.2021.31749

44. Benotmane I, Gautier G, Perrin P, Olagne J, Cognard N, Fafi-Kremer S,
et al. Antibody Response After a Third Dose of the mRNA-1273 SARS-
CoV-2 Vaccine in Kidney Transplant Recipients With Minimal Serologic
Response to 2 Doses. JAMA (2021) 326(11):1063–5. doi: 10.1001/
jama.2021.12339

45. Westhoff TH, Seibert FS, Anft M, Blazquez-Navarro A, Skrzypczyk S, Zgoura
P, et al. A Third Vaccine Dose Substantially Improves Humoral and Cellular
SARS-CoV-2 Immunity in Renal Transplant Recipients With Primary
Humoral Nonresponse. Kidney Int (2021) 100(5):1135–6. doi: 10.1016/
j.kint.2021.09.001
Frontiers in Immunology | www.frontiersin.org 10
46. Dolff S, Zhou B, Korth J, Luo D, Dai Y, Jahn M, et al. 21evidence of Cell-
Mediated Immune Response in Kidney Transplants With a Negative mRNA
Vaccine Antibody Response. Kidney Int (2021) 100(2):479–80. doi: 10.1016/
j.kint.2021.05.013

47. Lovatt J, Lam S, Carter C, Nadat F, Moore J, Chimakurthi CR, et al. T Cell
Response in Immunosuppressed Redo-Liver Transplant Recipients After Covid-19
Infection and After First Dose of Vaccine Against SARS-CoV-2. Transplantation
(2021) 105(8 SUPPL 1):156. doi: 10.1097/01.tp.0000789500.50801.c7

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zong, Peng, Yang, Huang, Luo, Wang, Xiang, Li, Mou and Wu.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
June 2022 | Volume 13 | Article 888385

https://doi.org/10.1016/j.jhep.2020.07.040
https://doi.org/10.3390/jcm10215159
https://doi.org/10.1038/s41586-021-03739-1
https://doi.org/10.1016/j.it.2009.05.002
https://doi.org/10.1001/jamanetworkopen.2021.31749
https://doi.org/10.1001/jama.2021.12339
https://doi.org/10.1001/jama.2021.12339
https://doi.org/10.1016/j.kint.2021.09.001
https://doi.org/10.1016/j.kint.2021.09.001
https://doi.org/10.1016/j.kint.2021.05.013
https://doi.org/10.1016/j.kint.2021.05.013
https://doi.org/10.1097/01.tp.0000789500.50801.c7
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Risk Factors for Weak Antibody Response of SARS-CoV-2 Vaccine in Adult Solid Organ Transplant Recipients: A Systemic Review and Meta-Analysis
	Introduction
	Method
	Registration
	Search Strategy
	Eligibility Criteria and Study Selection
	Data Collection and Extraction
	Risk of Bias
	Data Synthesis

	Results
	Literature Search and Study Characteristics
	Data Analysis and Publication Bias
	Heterogeneity and Exclusion Criteria
	Sensitivity Analysis

	Discussion
	Limitations
	Conclusions
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


