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ABSTRACT

Introduction: The COVID-19 pandemic has
initiated an unparalleled global vaccination
campaign, raising concerns about the vaccine’s
effects on various health conditions, including
the risk of corneal transplant rejection. This
systematic review aimed to identify the

relationship between COVID-19 vaccination
and rejection of corneal transplant, filling a
significant gap in the existing medical
literature.
Methods: A literature search was performed
across multiple databases up to February 12,
2024, to identify studies evaluating the risk of
corneal transplant rejection post-COVID-19
vaccination. Eligible studies were original
research that reported outcomes of corneal graft
rejection following vaccination. Nested Knowl-
edge web software facilitated screening and data
extraction. The Newcastle–Ottawa Scale was
employed for quality assessment. A meta-anal-
ysis was conducted to calculate the aggregated
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relative risk (RR) utilizing R software version
4.3.
Results: Six studies were included in the qual-
itative synthesis, with four meeting the criteria
for meta-analysis. These studies varied in geo-
graphic location, surgical techniques, and types
of vaccines used. The pooled RR for corneal
transplant rejection following COVID-19 vacci-
nation was 0.816 (95% CI 0.178–1.453), indi-
cating no significant risk of rejection. No
statistical heterogeneity was observed among
the studies (I2 = 0%).
Conclusions: This review and meta-analysis
found no significant evidence that COVID-19
vaccination increases the risk of corneal graft
rejection. However, the current evidence is
insufficient to conclusively determine the vac-
cine’s safety for corneal transplant recipients.
These findings underscore the need for addi-
tional research to confirm these preliminary
results and investigate the long-term effects of
COVID-19 vaccination on corneal transplants,
aiming to provide evidence-based guidance to
healthcare providers and patients.

Keywords: COVID-19 vaccine; Corneal
transplantation; Meta-analysis; Systematic
review; Ophthalmology

Key Summary Points

The COVID-19 pandemic has led to global
vaccination efforts, raising concerns about
the vaccine’s impact on health
conditions, including the risk of corneal
transplant rejection, a significant gap in
medical literature.

This study aims to assess the relationship
between COVID-19 vaccination and the
risk of corneal transplant rejection,
addressing a critical area of concern for
patients and healthcare providers.

The meta-analysis of four studies,
including a pooled relative risk (RR) of
0.816, showed no significant risk of
corneal transplant rejection following
COVID-19 vaccination.

This study contributes to the
understanding that COVID-19
vaccination does not significantly increase
the risk of corneal graft rejection,
emphasizing the need for further research
to explore the long-term vaccine safety for
transplant recipients and potentially
guiding vaccination policies for this
patient group.

INTRODUCTION

During the unparalleled worldwide health
emergency induced by the COVID-19 pan-
demic, vaccination has risen as a cornerstone in
the collective effort to control the spread of the
SARS-CoV-2 virus and alleviate its profound
impact on worldwide public health infrastruc-
ture [1–3]. The swift development, regulatory
approval, and extensive administration of
COVID-19 vaccines have played an instrumen-
tal role in decreasing transmission rates,
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reducing the severity of cases, and lowering
mortality rates attributed to the virus [4]. As the
vaccination initiative has expanded, there has
been an escalating interest in discerning the
potential ramifications of COVID-19 vaccines
on various health conditions and medical
interventions, particularly concerning organ
transplantation procedures [5–8].

Corneal transplantation, or keratoplasty,
represents a critical surgical intervention for
restoring vision in individuals affected by cor-
neal opacities, dystrophies, or scarring [9–11].
Despite the procedure’s notable success rates,
the postoperative period is fraught with the
challenge of immune-mediated graft rejection,
a significant cause of graft failure and subse-
quent vision loss [11]. The introduction of the
COVID-19 vaccine has sparked a debate over its
potential impact on the incidence or intensity
of corneal transplant rejection [12]. This spec-
ulation is rooted in the notion that the vac-
cine’s systemic immune activation could
amplify the immune response to the trans-
planted corneal tissue, thereby elevating the
risk of graft rejection [13].

The importance of addressing this concern is
twofold; not only does it bear significance for
patient care but it also has implications for the
formulation of vaccination guidelines for indi-
viduals awaiting or having undergone corneal
transplantation. Consequently, there is an
urgent need to thoroughly examine the existing
evidence to determine the relationship between
COVID-19 vaccination and the risk of corneal
transplant rejection [14–17]. While previous
systematic reviews have delved into the char-
acteristics and outcomes of corneal transplant
rejection in the context of COVID-19 vaccina-
tion [18, 19], there still needs to be a gap in the
literature regarding a comprehensive assess-
ment of the risk associated with corneal graft
rejection post-vaccination.

This systematic review and meta-analysis
seeks to bridge this gap by aggregating and
scrutinizing data from various studies investi-
gating the occurrence of corneal graft rejection
after COVID-19 vaccination. The objective is to
determine whether a statistically significant
association exists between vaccination and an
increased risk of rejection. This endeavor is vital

for informing clinical decision-making pro-
cesses, guiding vaccination policy for transplant
recipients, and optimizing patient outcomes
during the pandemic. By providing a detailed
analysis of the evidence, this review aimed to
contribute valuable insights to the body of
knowledge on the efficacy and safety profile of
COVID-19 vaccines in the context of corneal
transplantation, thereby aiding healthcare pro-
fessionals, policymakers, and patients in navi-
gating the complexities of transplantation and
vaccination during these challenging times.

METHODS

We followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) to conduct the systematic review
(Table S1). For the processes of screening and
extracting data, we employed the Nested-
Knowledge (Nested-Knowledge, Saint Paul, MN,
USA) software. The protocol has been registered
in PROSPERO.

Ethical Approval

Ethical approval is not required since this is a
systematic review. This study was performed in
accordance with the Helsinki Declaration of
1964 and its later amendments.

Eligibility Criteria

Studies were eligible for inclusion if they
involved individuals who had undergone cor-
neal transplantation and subsequently received
a COVID-19 vaccine, reported outcomes
specifically related to corneal graft rejection,
and fell into the categories of either observa-
tional studies or clinical trials. On the other
hand, exclusions were made for studies that did
not explicitly address the incidence or out-
comes of corneal transplant rejection after
receiving the COVID-19 vaccine. Narrative
reviews, case reports, editorial comments, and
studies lacking primary data were also excluded
from the analysis. The criteria for inclusion are
detailed in Table S2.
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Search Strategy

A literature search was performed across multi-
ple electronic databases such as EMBASE,
PubMed, and Web of Science, from their
inception until February 12, 2024, to identify
studies assessing the risk of corneal transplant
rejection after receiving the COVID-19 vaccine.
The search strategy was crafted to encompass a
combination of keywords and MeSH terms
related to ‘‘corneal transplantation,’’ ‘‘kerato-
plasty,’’ ‘‘COVID-19,’’ ‘‘SARS-CoV-2,’’ ‘‘vaccina-
tion,’’ and ‘‘graft rejection.’’ No language
restrictions were imposed to ensure the inclu-
sion of a wide range of relevant studies. Fur-
thermore, we conducted a manual examination
of the reference lists from the identified articles
to discover additional studies that met our eli-
gibility criteria. Google Scholar was also manu-
ally explored for additional relevant
publications to enhance the search compre-
hensively. The details of the full search strategy
are provided in Table S3.

Screening

For the screening process, we utilized the
advanced capabilities of Nested Knowledge
software, a specialized tool for managing and
streamlining literature. The screening involved
two steps: title and abstract, followed by full-
text screening. Two independent reviewers
screened the articles. A third reviewer resolved
any discrepancies.

Data Extraction and Quality Assessment

Data from the included studies was collected by
two separate reviewers using a uniform data
collection template. The tagging function of
Nested Knowledge software was used for data
extraction. Data extracted included study
design, participant characteristics, type of
COVID-19 vaccine administered, incidence of
graft rejection, and outcomes of interest, such
as Relative Risk (RR)/Odds Ratio (OR)/Hazard
Ratio (HR) for graft rejection. Disagreements
among reviewers were settled via discussion, or
when required, by seeking the opinion of a

third reviewer. The quality assessment of the
studies incorporated in this review was per-
formed utilizing the Newcastle–Ottawa Scale
(NOS) [20, 21].

Statistical Analysis

Meta-analytic techniques were employed to
estimate the pooled RR of corneal transplant
rejection after receiving the COVID-19 vaccine.
Heterogeneity among studies was quantified
using the I2 statistic, with values greater than
50% accounting for substantial heterogeneity
[22, 23]. A random-effects model (REM) was
utilized to accommodate the expected variabil-
ity among studies. The tau-squared (s2) statistic,
calculated using the maximum likelihood esti-
mation method, served as an additional mea-
sure of heterogeneity [24]. A p value of less than
0.05 was established as the criterion for statis-
tical significance. The analyses were conducted
using the ‘‘Meta’’ and ‘‘Metaphor’’ packages
within R statistical software, Version 4.3 [20].

RESULTS

Search Result

The search across various databases resulted in
229 records initially. Upon the removal of 99
duplicates prior to screening, we proceeded to
screen 130 records. Out of these, 115 records
were excluded for various reasons [25, 26],
leaving 15 full-text articles to be assessed for
eligibility. Additionally, records identified
through citation searching and Google Scholar
amounted to seven more articles retrieved for
potential inclusion, of which four studies were
included. Upon full-text review, 13 articles were
excluded from the analysis: two were case
reports, and 11 did not report the risk of graft
rejection. Consequently, six studies were inclu-
ded in the systematic review. Of these, four
studies provided data suitable for meta-analysis
(Fig. 1).
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Characteristics of Included Studies

Table 1 presents a summary of the characteris-
tics of the studies included in the analysis.
Three studies were from Japan [27–29], two
from Italy [8, 30], and one from the USA [31].
All of the studies employed a retrospective
design. The surgical techniques utilized across
the studies included conventional penetrating
keratoplasty (PK), deep anterior lamellar ker-
atoplasty (DALK), Descemet stripping auto-
mated endothelial keratoplasty (DSAEK),
Descemet membrane endothelial keratoplasty
(DMEK), and mushroom PK. The type of
COVID-19 vaccine was not reported in two of
the studies. In contrast, one study exclusively
involved an mRNA vaccine, and another study
included a variety of vaccines such as
BNT162b2, Moderna, Pfizer COVID-19 Vaccine,
Johnson & Johnson’s Janssen Vaccine,
AZD1222, and Ad26.COV2.S. The quality
assessment of the studies is presented in
Table S4.

Risk of Corneal Transplant Rejection After
Receiving COVID-19 Vaccine

The transplant rejection risk varied between
studies. In Japan, Igarashi et al. (2023) [27]
conducted a retrospective cohort study involv-
ing 74 vaccinated patients with an average age
of 73.3 years who underwent DMEK. Although
the specific type of vaccine was not reported,
the study observed an HR of 25.5 (95% CI
2.10–309) for graft rejection over a 474-day
follow-up period. From Italy, Busin et al. (2022)
[30] analyzed 785 vaccinated patients with a
mean age of 58.6 years. Various surgical tech-
niques were utilized, such as DALK, DMEK,
DSAEK, and different forms of PK. Vaccinations
included BNT162b2 (79.2%), mRNA-based vac-
cines (15.7%), AZD1222 (3.2%), and
Ad26.COV2.S (1.9%). The study reported an HR
of 0.75 (95% CI 0.10–5.52) and an incidence
rate ratio (IRR) of 0.56 (95% CI 0.13–2.28) fol-
lowing 60 days after the last vaccine dose. In
another retrospective study, Roberts et al.

Fig. 1 PRISMA flowchart depicting study selection and screening process
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(2023) reported that An IRR of 0.53 with a
p value of 0.71 was reported, suggesting no
significant association with graft rejection.
Fujimoto et al. (2021) presented findings from a
Japanese study with 29 patients, averaging

72 years old, who received various corneal
transplants, including PK, DSAEK, ALK or
DALK, and LT. The BNT162b2 vaccine yielded
an OR of 5.57 (95% CI 1.18–25.57) and an RR of
4.47 (95% CI 1.15–18.34) within a 74-day

Table 1 Characteristics of included studies

Study Country Study design Mean

age

(years)

Number of

vaccinated

patients

Surgical

technique/graft

Type of vaccine RR/OR/ HR

(95% CI) for

graft rejection

Follow-up

days after

vaccination

Quality

of study

Busin

(2022)

[30]

Italy Retrospective

study

58.6 785 DALK, DMEK,

DSAEK, PK

conventional

PK,

mushroom

PK,

BNT16262

(79.2%),

mRNA

(15.7%),

AZD1222

(3.2%),

Ad26.COV2.

S (1.9%)

HR = 0.75

(0.10–5.52),

IRR = 0.56

(0.13–2.28)

60 days

from the

last dose

High

Culp

(2022)

[31]

USA Retrospective

study

NA 784 NA Moderna or

Pfizer

COVID-19

Vaccine or J

& J’s Janssen

Vaccine

RR = 0.92

(0.42–2.01)

NA Unclear

Fujimoto

(2021)

[28]

Japan Retrospective

study

72 29 PK, DSAEK,

ALK or

DALK, LT

BNT162b2 OR = 5.57

(1.18–25.57,

RR = 4.47

(1.15–18.34)

74 days High

Fujimoto

(2024)

[29]

Japan Retrospective

cohort

study

67.95 NA PK, DSAEK,

DALK, LT

SARS-CoV-2

mRNA

vaccine

RR = 5.74 804 days High

Igarashi

(2023)

[27]

Japan Retrospective

cohort

study

73.3 74 DMEK NA HR = 25.5

(2.10–309)

474 days High

Roberts

(2023)

[8]

Italy Retrospective

study

56 82 NA NA IRR = 0.53,

p = 0.71

NA High

DMEK Descemet membrane endothelial keratoplasty, NA not available/not applicable, HR hazard ratio, DALK deep anterior lamellar kerato-

plasty, DSAEK Descemet stripping automated endothelial keratoplasty, PK penetrating keratoplasty, BNT162b2 Pfizer-BioNTech COVID-19

vaccine, mRNA-based, mRNA Messenger RNA, AZD1222 AstraZeneca COVID-19 vaccine, Vaxzevria, Ad26.COV2.S Johnson & Johnson’s

Janssen COVID-19 vaccine, viral vector-based, IRR incidence rate ratio, OR odds ratio, CI confidence interval, LT lamellar transplantation, RR
relative risk, SARS-CoV-2 Severe Acute Respiratory Syndrome Coronavirus 2
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follow-up. In the USA, Culp et al. (2022) inclu-
ded 784 patients in a retrospective study that
did not disclose mean age or surgical tech-
niques. The vaccines administered were Mod-
erna, Pfizer COVID-19, or Johnson & Johnson’s
Janssen Vaccine, with a reported RR of 0.92
(95% CI 0.42–2.01), indicating no significant
risk of rejection post-vaccination. Fujimoto
et al. (2024) conducted a retrospective cohort
study in Japan with an average patient age of
67.95 years. Though the number of vaccinated
patients was not detailed, the study utilized PK,
DSAEK, DALK, and LT with SARS-CoV-2 mRNA
vaccines and reported an RR of 5.74 over an
extensive 804-day follow-up.

Meta-analysis

We performed a meta-analysis of four studies
that reported the RR for corneal transplant
rejection following COVID-19 vaccination
(Fig. 2). The studies included in the analysis
were Busin 2022, Culp 2022, Fujimoto 2021,
and Igarashi 2023. The pooled RR was estimated
using a REM, accounting for variation within
and between studies. The pooled RR for the
meta-analysis was 0.816 (95% CI 0.178–1.453),
indicating no significant risk of corneal trans-
plant rejection after receiving COVID-19 vac-
cine across the included studies. The prediction
interval, which provides a range where the true
effect is expected to lie in similar studies, was
– 0.584 to 2.215. There was no observed
heterogeneity among the studies (Tau2 = 0;
Chi2 = 1.16, (p = 0.76); I2 = 0%).

Publication Bias

Our ability to evaluate the presence of publica-
tion bias was constrained by the limited num-
ber of studies included in our meta-analysis.
Typically, assessment methods such as funnel
plots or Egger’s test require more studies to
provide reliable results. Due to this limitation,
we cannot draw definitive conclusions about
the potential for publication bias in this body of
research.

DISCUSSION

Our study represents the first attempt to per-
form a meta-analysis assessing the risk of cor-
neal transplant rejection after COVID-19
vaccine administration. Our analysis revealed a
pooled RR of 0.816 (95% CI 0.178–1.453) for
corneal transplant rejection after receiving the
COVID-19 vaccine. This finding suggests no
significant increase in the risk of graft rejection
among vaccinated individuals. The studies
analyzed varied in geographic location, surgical
techniques, and types of COVID-19 vaccines
administered, reflecting a broad spectrum of
clinical practices and patient experiences.
Despite these variations, the overall lack of a
significant association between COVID-19 vac-
cination and increased risk of corneal graft
rejection may suggest a favorable safety profile
for the vaccines in the context of corneal
transplantation. Nonetheless, the available evi-
dence still needs to provide a definitive
conclusion.

Fig. 2 Forest plot depicting the risk of corneal transplant rejection with COVID-19 vaccination
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While previous systematic reviews have
broached the subject by collating case reports,
our study provides a risk analysis of corneal
transplant rejection with COVID-19 vaccina-
tion. For instance, a previous review [19] docu-
mented various types of corneal transplants,
including 12 cases of penetrating keratoplasty,
six of DMEK, four of DSAEK, and one instance
of living-related conjunctival-limbal allograft.
The onset of graft rejection post-vaccination
ranged from as short as 1 day to up to 6 weeks.
The leading clinical presentation was corneal
edema, occurring in 20 eyes. Other
notable symptoms included keratic precipitates
and conjunctival or ciliary injection, each
observed in 14 eyes. The primary treatment
involved the frequent application of topical
corticosteroids in 12 eyes and a regimen com-
bining both topical and oral corticosteroids in
four eyes. Corneal edema was identified as the
most prevalent clinical ocular manifestation
post-vaccination, affecting 87% of the cases,
with keratic precipitates and conjunctival
injection also being significant findings.
Another systematic review has also reported
similar findings [32].

Implications of this study are significant for
clinical practice, particularly for the manage-
ment of corneal transplant recipients in the era
of COVID-19 vaccination. Our findings suggest
that COVID-19 vaccines do not increase the risk
of corneal graft rejection, which may alleviate
concerns among healthcare providers and
patients about the potential impact of vaccina-
tion on transplant outcomes. This could
potentially support vaccination campaigns
within this patient population, emphasizing the
importance of protection against COVID-19
without compromising graft survival. Studies
with larger cohorts are essential to validate our
results and enable a more robust analysis of
publication bias. Studies that are longitudinal in
nature and include extended periods of follow-
up could offer valuable insights into the
enduring impacts of COVID-19 vaccination on
the survival of corneal grafts. Further research
should also aim to include diverse populations
to ensure the applicability of the results across
different patient demographics. Investigations
into the relationship between different types of

COVID-19 vaccines and corneal transplant
rejection could uncover vaccine-specific risks or
benefits. Additionally, mechanistic studies
exploring the immunological responses to vac-
cination in the context of corneal transplanta-
tion could further our understanding of graft
rejection. Comparative effectiveness research
could situate the safety profile of COVID-19
vaccines within the broader context of vaccines
administered to transplant recipients. Utilizing
data from transplant registries might offer a
comprehensive view of the post-vaccination
outcomes on a global scale, providing valuable
data for healthcare policy and practice.
Addressing these research directions will be
crucial in advancing our knowledge and ensur-
ing the well-being of corneal transplant recipi-
ents during and beyond the pandemic.

Our review is subject to several limitations.
The number of available studies that reported
an association between the COVID-19 vaccine
and corneal transplant rejection was very lim-
ited. The inherent biases of retrospective study
designs, which constituted all the included
studies, may affect the reliability of the results.
Additionally, the variability in reporting the
type of COVID-19 vaccines and the lack of
detailed immunological profiles of the recipi-
ents represent gaps in the data. More studies are
needed in the future for a better understanding
of the condition.

CONCLUSIONS

Our analysis has revealed no significant evi-
dence to suggest that COVID-19 vaccination
increases the risk of corneal graft rejection.
However, the evidence currently available is
insufficient to conclusively determine the safety
of COVID-19 vaccines on corneal transplant
recipients. Further research is necessary to verify
these findings and investigate the long-term
effects of COVID-19 vaccination on corneal
transplant outcomes. This will enable health-
care providers to offer evidence-based advice to
their patients.
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