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PURPOSE: The aim of the study was to present the rates of corneal transplant rejection from 2018 to 2022 at both Moorfields Eye
Hospital UK, and Ospedali Privati Forli (OPF) “Villa Igea”, Italy and evaluate the purported association between COVID-19 vaccination
and rejection.
METHODS: We performed a retrospective review of rejection cases presenting to the two units. Monthly rates were correlated
against regional vaccination programme rates. At OPF, conditional Poisson regression model was employed to estimate the
incidence risk ratio (IRR) of graft rejection following COVID-19 vaccination risk period compared with the control period.
RESULTS: Between January 2018 and March 2022, there were 471 (Moorfields), 95 (OPF) episodes of rejection. From the start of
vaccination programme in the UK in late January 2021, the median number of graft rejections per month at Moorfields was 6
(range: 5–9), which was not significantly different to post-lockdown, pre-vaccination programme (March 2020–January 2021),
p= 0.367. At OPF, the median rates of rejection before and after initiation of the vaccination programme were not significantly
different (p= 0.124). No significant increase in incidence rate of rejection in the risk period following COVID-19 vaccination was
found (IRR= 0.53, p= 0.71).
CONCLUSION: No notable increase in rates of transplant rejection was noted in year 2021 when COVID-19 vaccination was broadly
implemented. The apparent temporal relationship between COVID-19 vaccination and corneal graft rejection highlighted in several
case reports may not represent a causative association.
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INTRODUCTION
COVID-19 caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has, as of May 2022, resulted in
excess of 15 million deaths worldwide, notwithstanding the
morbidity burden caused by long term effects of infection and
curtailment of personal freedoms imposed on many populations
by their national governments in public health measures to
restrict the replication of the virus [1].
However, the development of a number of vaccines has led to a

reduction in the morbidity and mortality of this novel infection
and in many countries have had significant benefits on alleviating
pressures on healthcare systems and reducing imposed limitations
on personal freedoms. Phase Ill clinical trials from various
manufacturers have confirmed the high efficacy of vaccines
against serious COVID-19 infection with low incidence rates of
major adverse events [2, 3]. However, the relatively limited sample
sizes and follow-up durations of phase III clinical trials inherently
restrict the ability to detect rare and serious adverse vaccine-
associated outcomes.

Since the inception of various nation-based vaccination
programmes, ophthalmologists have identified and sought to
publish cases of corneal transplant rejection with a temporal
association to the SARS-CoV-2 vaccine and many such case reports
have been published to date [4–16]. However, case reports are low
level evidence which can be subject to observer, reporting and
publication bias. As physicians, we have the duty to offer our
patients sound medical advice based on the best available
evidence and to not unnecessarily contribute to vaccine hesitancy,
if unwarranted.
In order to evaluate whether national SARS-CoV-2 vaccine

programmes have had an impact on the incidence of immuno-
logical rejection of corneal transplants we conducted an observa-
tional retrospective cohort study to investigate the rates of graft
rejection presenting to the Emergency Department at Moorfields
Eye Hospital, City Road, London, UK and Ospedali Privati Forlì “Villa
Igea”, Italy both before and after the national SARS-CoV-2
vaccination programme. Moorfields Eye is responsible for over
20% of all corneal graft surgery nationally (A Rahman, Eye Bank
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Manager, Moorfields Lion Eye Bank, email communication, July,
2020) and provides specialised tertiary level ophthalmic care to
the greater London area including running 24-h 7 days a week
walk-in ophthalmic emergency department (ED), which prior to
the pandemic would welcome on average over 1900 attendances
per week. On the other hand, Ospedali Privati Forlì “Villa Igea” is
tertiary care eye centre seeing 200–300 cornea cases weekly and
performing over 10% of corneal transplants performed in Italy (D
Ponzin, Fondazione Banca degli Occhi del Veneto Onlus, personal
communication, March 2022).

METHODS
This multicentre retrospective cohort study was approved as a Clinical
Audit report by the Clinical Audit Committee at Moorfields Eye Hospital
(London, UK) and Institutional review board/ ethics Committee approval
was obtained from the Comitato Etico Ospedali Privati Forlì (Forlì, Italy).
The study was performed in accordance with the tenets of the Declaration
of Helsinki.
We performed a retrospective review of cases presenting to the cornea

and external disease service at Moorfields Eye Hospital, City Road and
Ospedali Privati Forlì “Villa Igea” (OPF) from January 2018 to March 2022.
Inclusion criteria included all patients 18 years or older with a clinical
diagnosis of graft rejection. At Moorfields, the case notes of all included
cases were then reviewed by two independent observers experienced in
cornea in order to perform a final confirmation of the diagnosis with the
benefit of medical notes from subsequent follow up in the corneal service.
All cases presenting at Ospedali Privati Forlì “Villa Igea” were seen by a
cornea specialist. Graft rejection was defined as patients who developed
an epithelial rejection line, subepithelial or stromal infiltrates, keratic
precipitates or anterior chamber cell reaction with or without clinically
apparent increase in stromal thickness or clarity.

Data analysis
All data had been collected prospectively and entered into the patient’s
electronic medical records from the Moorfields Electronic Patient Record
(EPR) System (OpenEyes, Apperta Foundation CIC, Sunderland, UK), which
mandates recording.
Using the Moorfields dataset, we statistically compared new case

presentations using non-parametric independent group Mann–Whitney U
pre- and post- lockdown (March 2020), and pre- and post-vaccination roll
out (February 2021). Similarly, data from the electronic database of OPF
were also analysed. Vaccine status was ascertained among patients who
developed corneal graft rejection. Conditional Poisson regression analysis
was used to evaluate whether the association exists between COVID-19

vaccination and corneal graft rejection. Incidence risk ratio (IRR) of corneal
graft rejection was calculated to compare the COVID-19 vaccination risk
period, defined as the interval between vaccination and 60 days from the
last dose with the control period defined as the observation period
excluding risk period.
Furthermore, we obtained cumulative regional vaccination statistics

from the Public Health England open-source data set to undertake a
regression analysis to ascertain the effect of the UK COVID-19 vaccine
programme on new case presentations [17]. A p value less than 0.05 was
considered clinically significant.

RESULTS
Moorfields Eye Hospital
Between January 2018 and March 2022, there were 471 corneal
graft rejection episodes with a median rate of 9 patients per
month (Range 3–18) at Moorfields Eye Hospital. 62% were male
(n= 292), and the average age was 56 (range 18–97).
In the 26 months prior to national lockdown from January 2018

to February 2020 the median number of corneal graft rejections
per month was 12 (range 8–18), which was significantly different
to post lock down (March 2020–March 2022, median 6 cases per
month, p= 0.001). From the start of vaccination programme in the
United Kingdom late January 2021, the median number of corneal
graft rejections per month was 6 (Range 5–9), which was not
significantly different to post-lockdown, pre-vaccination pro-
gramme (March 2020–January 2021), p= 0.367.
In total, 44 million received the first dose, 41 million people

have had the second dose, and 32 million have received the third
(booster) dose of the COVID-19 vaccine in England (as of March
2022). The cumulative percentage uptake of the COVID-19 vaccine
in London was reported to be 70%, 65%, 46% for first, second and
third dose respectively (Fig. 1). Regression analysis did not
demonstrate a significant relationship between regional cumula-
tive percentage vaccination uptake (first, second or third dose)
and the number of corneal graft rejection episodes per month
following vaccination roll out (r2= 0.09, p= 0.667).

Ospedali Privati Forlì
During the same time period, 95 episodes of corneal graft
rejection were diagnosed at OPF with a median rate of 2 per
month. Of the 95 cases, 82 (86%) patients had received COVID-19
vaccination, compared to 85% of the overall population. The

Fig. 1 The number of presentations of immunological graft rejection at the Emergency Department, Moorfields Eye Hospital, City Road,
London compared with the SARS-CoV-2 vaccine uptake in London. Blue line - number of immune mediated graft rejection in Emergency
Department, Moorfields Eye Hospital, City Road, London. Orange line - cumulative percentage uptake of COVID vaccination in London (first
dose). Grey line - cumulative percentage uptake of COVID vaccination in London (second dose). Orange line - cumulative percentage uptake
of COVID vaccination in London (third dose).
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median rates of rejection before and after initiation of the
vaccination programme were not significantly different
(p= 0.124). Figure 2 shows the uptake of the COVID-19 vaccines
in Emilia-Romagna, Italy and frequency of rejection episodes
diagnosed over the same time period. No notable increase was
noted when COVID-19 vaccination was broadly implemented.
Using conditional Poisson regression analysis of rejection

episodes between January 2018 and March 2022, we found no
significant increase in incidence rate of rejection between COVID-
19 vaccination and 60 days from the last vaccine dose (IRR= 0.53,
p= 0.71).

DISCUSSION
Before the national lockdown in March 2020, Moorfields ED saw
an average of 12 corneal graft rejections a month. From the start
of the UK national vaccination programme the average number
was 6 rejections per month. Regression analysis found no
significant effect on vaccines on the number of presentation of
rejections (r2= 0.09, p= 0.667). Similarly, no increase in rejection
cases were observed at OPF, Italy. If SARS-CoV-2 vaccines were
associated with even a slight association of risk of corneal graft
rejection, then one would expect that by vaccinating the majority
of the population in the space of a few months there would have
been an increase in the number of rejection episodes presenting
at both centres. Given that the risk of rejection persists throughout
the lifetime of the corneal graft even without an identifiable
trigger, background incidence can account for rejection episodes
that expectedly occur at any time over any given period following
keratoplasty. We, therefore, suggest that based on our routinely
collected longitudinal data using standard case definitions and
methods of ascertainment, our data do not lend support to an
association between COVID-19 vaccination and corneal graft
rejection. This is further supported as this finding is replicated
across two large European centres, each of which provide a large
proportion of their national corneal transplantation workload.
Our results are in keeping with the only other two publications

we are aware of which have evaluated the risk of rejection
associated with vaccines. The Corneal Preservation Time Study
group found that vaccines within the previous three months were
not a significant factor associated with corneal graft rejection in
Descemet stripping automated endothelial keratoplasty [18].
Equally, a Wills Eye Hospital prospective case–control study
evaluating trigger factors for penetrating keratoplasty rejection
did not find an association with recent vaccinations in their
22 rejection patients compared with controls (immunisation

exposure equally prevalent in both groups) [19]. Both of the
above studies occurred prior to COVID vaccinations.
There are a number of methodological issues with a study of

this nature. We examined the monthly rates of corneal transplant
rejections but did not characterise these clinically. At Moorfields,
the vaccine status of corneal graft rejection patients presenting
during this time frame was not rigorously recorded, but at OPF the
conditional Poisson regression analysis did not find a significant
increase in incidence rate of rejection between COVID-19
vaccination and 60 days from the last vaccine dose.
At Moorfields we observed a reduction in the rate of rejection

which occurred in keeping with the first national lockdown. It is
well recorded that healthcare seeking behaviours were affected by
the pandemic. Face-to-face attendances at Moorfields ED did
reduce by over 50% in the early phase of the first national
lockdown in March–April 2020 [20]. However, the case mix and
severity of conditions also shifted. Prior to the pandemic,
blepharitis was the most common cause for presentation, after
the onset of the pandemic it became acute anterior uveitis [20].
Hence to some extent, the reduction in attendances would have
been skewed against more minor conditions, and may have had
less of an effect on severe conditions, although it is well
documented that rates of presentations of rhegmatogenous
retinal detachments reduced during the first lockdown [20, 21].
A reduction in recent corneal transplant rates may have had an

impact on rates of corneal graft rejection as 50% of corneal
rejection episodes may occur during the first twelve months after
surgery [18]. On average, approximately 4,000 corneal transplants
are performed in the UK each year, however, this would have been
significantly less in the 12 months prior to the vaccination
programme. There was a 92% reduction in corneal elective work
at Moorfields Eye Hospital during the first national lockdown [22].
Services were likewise significantly reduced in OPF Italy [23]. In
OPF patients were not advised to increase their topical steroid
dose at the time of vaccine. At Moorfields, where there are more
than ten corneal consultants, management may have been more
heterogenous. Nevertheless, there is no available evidence to
support increasing topical steroids around the time of vaccination,
this practice is speculative.
Our real world data reflects overall trends during a unique time

period with inherent limitations on the use of more complex
analytic methods requiring more granular information to account
for potential confounding variables such as care at other sites, self
quarantining, self treatment, untreated rejections, etc. Both
Moorfields and OPF continued ophthalmic services for urgent
care throughout the pandemic (indeed Moorfields continued to

Fig. 2 The number of presentations of immunological graft rejection at Ospedali Privati Forlì “Villa Igea” compared with the SARS-CoV-2
vaccine uptake in Emilia-Romagna, Italy. Blue line - number of immune mediated graft rejections in Forli, Italy. Orange line - cumulative
percentage uptake of COVID vaccination in Emilia-Romagna, Italy (first dose). Orange line - cumulative percentage uptake of COVID
vaccination in Emilia-Romagna, Italy (second dose).
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offer a 24/7 emergency service while other smaller London units
closed). While both centres observed a sharp decline in healthcare
utilisation in March–April 2020, there was a recovery of numbers
after this period.
Despite the clear limitations of this study, we advocate that if

there was a true association between the SARS-CoV-2 vaccine and
corneal graft rejection then the effects of vaccinating nearly the
entire population over a period of a few months would have
impacted in a visible way upon the number of presentations.
In the future, it may be more helpful to perform a matched

case-control study through large transplant registries to identify in
a more robust way whether there may be any association not
detected by this study in both centres.
In summary, national vaccination programmes in the UK and

Italy for SARS-CoV-2 has not seen an associated increase in the
incidence of corneal graft rejection which may be expected if
there were an association.

SUMMARY

What was known before

● In the last 2 years many case reports or case series have
questioned an association between SARS-CoV-2 vaccine and
corneal transplant rejection.

What this study adds

● This paper demonstrates that 2 major corneal centres,
Moorfields in London UK and Ospedali Privati Forli “Villa
Igea”, Italy did not see an increase in the rate of rejection
presentations during the national vaccination campaigns,
strongly indicating a lack of evidence for any association.

DATA AVAILABILITY
Data available upon written request to the corresponding author.
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