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Preface

In the relentless pursuit of global health and well-being, the scientific community has faced
unprecedented challenges, and the advent of the SARS-CoV-2 pandemic has been a defining moment
in our collective history. As the world mobilized to develop and deploy vaccines to combat the virus,
a remarkable collaboration between researchers, healthcare professionals, and the public unfolded.
Vaccination campaigns became a beacon of hope, promising a return to normalcy and a future free
from the shackles of the pandemic.

Within this landscape of triumph and hope, it is crucial to delve into the intricacies of the
vaccination process and explore the potential consequences. "Ophthalmic Adverse Events Following
SARS-CoV-2 Vaccination” emerges as a significant addition to the discourse surrounding the safety
and efficacy of the vaccines that have become a cornerstone in our battle against the virus.

The eyes play a pivotal role in our perception of the world. Understanding the ocular
effects of the SARS-CoV-2 vaccination is a matter of both scientific curiosity and public health
importance. This Special Issue embarks on a journey into the realm of ophthalmic adverse events,
providing a comprehensive exploration of the relationship between SARS-CoV-2 vaccination and
ocular manifestations.

The genesis of this project lies in the recognition that, while vaccines are essential tools in
preventing the spread of infectious diseases, they can occasionally be associated with adverse effects.
By focusing specifically on ophthalmic adverse events, we aim to contribute nuanced insights that
can inform healthcare professionals, researchers, and the public alike.

The contributors to this volume include ophthalmologists from an array of subspecialties.
Their collective expertise lends depth and breadth to the exploration of ophthalmic adverse events,
ensuring a multidimensional analysis of the subject matter. Through their contributions, this Reprint
aims to bridge the gap between scientific knowledge and public awareness, fostering a dialogue that
is both informed and accessible.

In the spirit of scientific inquiry, I acknowledge that our understanding of vaccine-related ocular
effects is a dynamic and evolving field. As new data emerge and research advances, it becomes
imperative to revisit and refine our perspectives. This Reprint, therefore, represents a snapshot in
time—an exploration grounded in the current state of knowledge, with an understanding that future
discoveries may further shape our understanding.

In conclusion, this Special Issue is a testament to the resilience of the human spirit and the power
of scientific inquiry. As we navigate the complexities of vaccine-related ocular effects, let us embark
on this journey with an open mind, a commitment to truth, and an unwavering dedication to the

health and well-being of humanity.

Rohan Bir Singh
Editor
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Brief Report

Retinal Vein Occlusion after COVID-19 Vaccination—A Review

Ho-Man Leung * and Sunny Chi-Lik Au 2

1 Hospital Authority, Ma Tau Wai 999077, Hong Kong
2 Department of Ophthalmology, Tung Wah Eastern Hospital, So Kon Po 999077, Hong Kong
Correspondence: hmleung2023@gmail.com

Abstract: Background Retinal vein occlusion (RVO) occurring after COVID-19 vaccination has been
reported worldwide. Such a sight-threatening condition occurring after COVID-19 vaccination is
a menace to ophthalmic health. This article reviews current evidence related to post-COVID-19
vaccination RVO. Method A total of 29 relevant articles identified on PubMed in January 2023 were
selected for review. Observation All cases presented to ophthalmologists with visual loss shortly
after COVID-19 vaccination. Mean and median age were both 58. No sex predominance was ob-
served. RVO was diagnosed from findings on dilated fundal examination and ophthalmic imaging.
AstraZeneca and BNT vaccines accounted for most cases. Vascular risk factors, e.g., diabetes mel-
litus and hypertension, were common. Most laboratory tests requested came back unremarkable.
Most patients responded well to standard treatment, except those with ophthalmic comorbidities.
Visual prognosis was excellent on short-term follow-up. Discussion The causality between RVO
and COVID-19 vaccination is undeterminable because of the nature of articles, heterogenous report-
ing styles, contradicting laboratory findings and co-existing vascular risk factors. Vaccine-induced
immune thrombotic thrombocytopenia, retinal vasculitis and homocysteinaemia were proposed to
explain post-vaccination RVO. Large-scale studies have demonstrated that the incidence of RVO
following COVID vaccination is very low. Nevertheless, the effects of boosters on retinal vascu-
lature and ophthalmic health are still unclear. Conclusions The benefits of COVID-19 vaccination
are believed to outweigh its ophthalmic risks. To ensure safe vaccination, the prior optimisation
of comorbidities and post-vaccination monitoring are important. COVID-19 vaccines (including
boosters) should be offered with reasonable confidence. Further studies are warranted to elucidate
the ophthalmic impact of vaccines.

Citation: Leung, FL-M.; Au, S.C-L. Keywords: COVID-19; COVID-19 vaccines; retinal artery occlusion; retinal vein occlusion; review

Retinal Vein Occlusion after
COVID-19 Vaccination—A Review.
Vaccines 2023, 11, 1281. https://

doi.org/10.3390/vaccines11081281 1. Introduction

Academic Editor: Rohan Bir Singh COVID-19 vaccines have been widely delivered to fight against the COVID-19 pan-
demic. The health risks of these newly developed vaccines are hot research topics, especially

Received: 20 June 2023 regarding vascular endothelial complications. Several author groups have reported throm-
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boembolic risks of COVID-19 vaccines [1-3], and thus ocular complications such as retinal
vein occlusion (RVO) might be possible. With a high global coverage of vaccination [4], it is
high time to review the literature regarding COVID-19-vaccine-related RVO.

2. Method

Copyright: © 2023 by the authors. The literature was searched on PubMed on 15 January 2023 using (((vaccine) OR
Licensee MDPL, Basel, Switzerland,  (Vaccination) OR (after vaccination) OR (post vaccination)) AND ((COVID-19) OR (COVID)
This article is an open access artice ~ OR (SARS-CoV-2))) AND ((retinal vein occlusion) OR (retinal venous occlusion)). Titles
distributed under the terms and and abstracts were screened.

conditions of the Creative Commons A total of 37 articles were identified. After screening and review of reference lists of
Attribution (CC BY) license (https://  included articles, 29 relevant articles were included.

creativecommons.org/licenses /by /

4.0/).

Vaccines 2023, 11, 1281. https:/ /doi.org/10.3390/vaccines11081281 1 https://www.mdpi.com/journal /vaccines
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3. Clinical Characteristics of RVO following COVID-19 Vaccination

The age of patients ranged from 13 to 85. The median and mean of patients” ages
were both 58. The male to female ratio was around 1:1. These patients presented with
visual diminution to ophthalmologists due to visual loss 15 min to 30 days after their last
dose of vaccine. About 55% and 39% of cases occurred after the first dose and second
dose, respectively. AstraZeneca and BNT vaccine-related RVO comprised most of the cases,
while other types of COVID-19 vaccine, for example, Pfizer, Moderna and Covishield, were
also reported.

Most patients had their intraocular pressure (IOP) documented. The IOP results,
if reported, all fell within the normal range. The anterior segment and fundus were
both checked as part of routine ophthalmic examination. No gross abnormalities, except
cataracts, were reported on anterior segment examination. Typical fundal abnormalities
of RVO on examination led to the diagnosis of RVO in most cases. Optical coherence
tomography (OCT) and FA were performed for most of these patients to confirm the
diagnosis. Optical coherence tomography angiography was performed in only a minority
of cases.

Most centres performed an extensive laboratory work-up for their patients. Exam-
ples of abnormalities incidentally detected on work-up were as follows: Mildly reduced
platelet count (129 x 107 /L) found in one patient with concurrent central retinal artery
occlusion (CRAO) and central RVO (CRVO) [5]. One patient had mildly elevated glycated
haemoglobin (6.7%) [6]. Raised d-dimer (547 ng/mL) was found in one case [7]. One
patient had mildly raised inflammatory markers (erythrocyte sedimentation rate (ESR):
49, C-reactive protein (CRP): 14.6—unit not provided), rheumatoid factors (11, unit not
provided) and d-dimer (6077.4 ng/mL) [8]. A mildly elevated homocysteine level was
reported in two cases (16.4 and 22.19 micromol/L) [9,10]. Elevated lipid levels (total choles-
terol: 227; LDL: 159, unit not provided) and mildly raised ESR (26, unit not provided) were
detected from a case of combined CRAO and RVO [11]. Results of laboratory investigations
for most other cases were unremarkable. Upon reviewing the past medical history of these
cases, it was noted that a number of cases had background vascular risk factors, such as
diabetes, hypertension, dyslipidaemia and atrial fibrillation.

The majority of the cases were treated with an intravitreal injection of anti-VEGF
(vascular endothelial growth factor), an established treatment of RVO. Two other commonly
used alternatives included intravitreal /intravenous corticosteroid and oral aspirin. Most
patients reported an improvement in vision and fundal abnormalities resolved at follow-up
visits. There were only few non-responders, and this was likely to be related to advanced
age, concurrent retinal artery occlusion, which carries poor visual prognosis, and other
comorbidities. As all these post-vaccination RVO cases occurred within these last 2 years,
no results from long-term follow-up were provided from the case reports.

Summarised clinical information of individual cases can be found in Tables S1 and S2,
attached in the Supplementary File. Table 1 presents the essence of clinical information
from individual cases.
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4. Discussion

Latest reviews and studies about post-vaccination RVO.

4.1. Recent Reviews on the Topic

Yeo et al. looked at the literature on post-vaccination retinal vascular occlusion. Their
team noted that retinal vascular occlusion took place following the first dose in viral
vector vaccines and following the second dose for mRNA vaccines [34]. Apart from RVO,
retinal artery occlusion following COVID-vaccination has also been reported around the
world [35,36]. Authors found the determination of causality between COVID-19 vaccination
and retinal vascular events difficult [34,35,37].

4.2. Recent Relevant Studies Employing Big Data

It has come to our attention that there are two recently published retrospective cohort
studies (with propensity score matching) investigating the incidence of retinal vascular
occlusion following mRNA COVID-19 vaccination [38,39]. The authors of both studies
(Dorney et al., Li et al.) performed statistical analyses on clinical data retrieved from
electronic health records from the US.

Dorney et al. stated that the incidence of newly diagnosed retinal vascular occlusion
was 3.4 per 100,000 within 21 days of the first dose of mRNA COVID-19 vaccines [39].
No increased risk ratio with statistical significance was observed when compared to the
recipients of influenza vaccines and tetanus, diphtheria and pertussis (Tdap) vaccines [39].
Dorney et al. compared the incidence of post-first-dose retinal vascular occlusion to that of
post-second-dose, revealing a risk ratio of 2.25 (95% CI: 1.33-3.81) [39].

Li et al. found the hazard ratios of CRVO and branch RVO (BRVO) within 12 weeks of
mRNA COVID-19 vaccination (compared to unvaccinated cohort) to be 3.97 (95% CI: 3.02-5.20)
and 3.88 (95% CI: 3.02-4.97), respectively [38]. Li et al. also showed an increased risk of retinal
vascular occlusion, as well as of all subtypes of retinal vascular occlusion in the vaccinated
cohort at 2 years irrespective of sex, age and ethnicity [38].

There are a few points that are worth mentioning. First, the studies focused only on
mRNA vaccines. The external validity may be affected, as the results may not be applicable
to COVID-19 vaccines of other types [40]. Second, they used different cut-offs for defining
vaccine-related retinal vascular occlusion. Li et al. also performed statistical analyses for
retinal vascular occlusion that occurred within 2 years of vaccination. The differences in
the endpoint selected may have had an influence on the statistical significance of results.
On the other hand, whether late-onset RVO is directly related to COVID vaccines is a
debatable issue. Thirdly, the populations used for comparison for the two studies were
different. Li et al. used unvaccinated subjects for comparison, while Dorney et al. compared
recipients of influenza and Tdap vaccines in the pre-COVID era. Lastly, the study by Li et al.
placed more emphasis on the relative risks, while Dorney et al. pointed out that the absolute
risk was small. The clinical importance of a statistically significant relative risk is equivocal
if the absolute risk is very low.

Hashimoto et al. investigated general ocular adverse effects of mRNA vaccines using
big data, as well. They obtained data from a database based on a Japanese population [41].
This is one of the few large-scale studies that provide information on the ophthalmic side
effects of vaccines in an Asian population. Hashimoto et al. detected a statistically signifi-
cantly increased risk of retinal vein occlusion following the second dose of mRNA vaccines.
Nonetheless, no increased risk of RVO and other ocular events after mRNA COVID vacci-
nation was observed in their self-controlled case series study. The increased risk of RVO
following the second dose was thought to be caused by residual confounding [41].

The caveats listed above are not exhaustive. Much caution should be exercised when
interpreting studies of these kinds. That said, big data analyses are very promising in
ophthalmology and vaccine side effect research. We look forward to studies looking at
other types of vaccines and ophthalmic side effect surveillance with the use of big data.
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5. Proposed Mechanisms of Suspected Vaccine-Related RVO

The exact mechanisms have yet to be ascertained. On review of the current evidence,
three possible mechanisms were raised to explain this phenomenon. Little is known about
whether the following mechanisms are independent or synergistic.

5.1. Vaccine-Induced Immune Thrombotic Thrombocytopenia

Chen Y et al. proposed that COVID-19 vaccines may be linked to several post-vaccination
new-onset autoimmune conditions, one of which is vaccine-induced immune thrombotic
thrombocytopenia (VITT) [42]. The anti-platelet factor 4 (PF4) antibody has been identified to
be the culprit of this pathology [43]. The exact pathophysiology of this phenomenon is not
certain, but it is believed that it resembles that of heparin-induced thrombocytopenia [44].
A few authors of the articles reviewed here have suggested that VITT may be implicated in
vaccine-related RVO.

Nonetheless, the measurement of the anti-PF4 antibody level was only reported in
five cases and no positive tests were reported [9,10,32]. That said, no conclusion on the
effect of this phenomenon on post-vaccination RVO can be made based on the negative
finding in just a few cases. To observe the etiological role of those antibodies in CRVO, it is
recommended that the anti-PF4 level should be documented, if possible, in suspected cases
of vaccine-related RVO in the future.

5.2. COVID-19 Vaccine as a Trigger in Homocysteinaemia

Parakh S et al. reported a case of RVO after COVID-19 vaccination with mildly
elevated homocysteine (22.19 micromol/L) detected on investigation [9]. They attributed
the mild homocysteinaemia to recent subclinical COVID-19 infection prior to vaccination
(i.e., a very high level of SARS-CoV-2 IgG (>250 U/mL) 15 days after first dose) and
suggested that COVID-19 vaccine may trigger venous thromboembolism in background
homocysteinaemia (“two-hit hypothesis”). Parakh et al. also cited evidence of the potential
effect of vaccines and their adjuvants on endothelial cells and autoimmunity. The theory of
ischaemic pre-conditioning was quoted to support their two-hit hypothesis [45].

The validity of this hypothesis is questionable. Homocysteinaemia is known to be
associated with arterial thromboembolism; even mild homocysteinaemia carries a risk of
arterial thromboembolism [46]. Nonetheless, recent research shows that its association with
venous thromboembolic events is unclear and likely quite weak [46], if not absent [47]. On
top of this, homocysteine-lowering treatment was not found to reduce the risk of venous
thromboembolism [48]. Given the doubtful role of homocysteinaemia, it is difficult to
interpret the role of the vaccine in the pathogenesis of RVO together with homocysteinaemia.
It may be inappropriate to base the discussion of the role of the vaccine in RVO on a mildly
raised homocysteine level.

5.3. Retinal Vasculitis

Another potential new-onset autoimmune condition triggered by COVID-19 vaccines
is retinal vasculitis. Ikegami Y et al. and Choi M et al., who noted leaking retinal vessels
on patients” FA images, both suggested that an inflammatory state in retinal vasculature
induced by COVID-19 vaccines may be the cause of post-vaccination RVO [5,32]. On the
other hand, Nangia P et al. suspected that inflammation-induced thromboembolic events
may be the reason behind post-vaccination RVO due to a prompt response to systemic
anti-inflammatory therapy [13]. Nangia P et al.’s observation corroborates the hypothesis
put forth by Ikegami Y et al. However, vessel leakage on FA is not a specific sign for
retinal vasculitis.

Other authors proposed that retinal vasculitis may be involved in retinal vein occlusion.
Sarpangala S et al. reported a case of CRVO possibly secondary to retinal vasculitis [49]. Vas-
culitis following immunisation has been observed for other types of vaccines [50,51], although
the causal link is unclear [51]. Thromboembolism in vasculitis has been documented, where
interleukin (IL)-1 and IL-6 play an important role in vasculitis-related thrombosis [52].
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Aside from retinal vasculitis, the current evidence suggests that mRNA vaccines may bring
about transient endothelial dysfunction, particularly after the second dose [53]. Endothelial
dysfunction itself, whether vasculitis-related or not, can predispose local vasculature to
thrombosis [54].

6. How Do We Tell an RVO Is Caused by COVID-19 Vaccination?

Currently, there is no consensus regarding the temporal definition of vaccine-related
RVO [55]. Different cut-offs were employed by different authors. From the individual
case reports, the interval between symptom onset and vaccination ranged from 15 min to
30 days. In the retrospective case series by Vujosevic S et al., they assumed RVO occurring
within 6 weeks to be vaccine-related RVO [33]. Twelve weeks was taken as the cut-off by
Hashimoto’s team [41]. We noticed that RVO that occurred some time after vaccination was
still considered vaccine related. Nevertheless, the effect of vaccination is questionable in
cases where the symptom onset was temporally far from the vaccination. In Hashimoto’s
self-controlled case series, the symptom onset of more than two-thirds of cases occurred
more than 3 weeks after vaccination [41]. If the temporal definition vaccine-related RVO
was set more strictly, the incidence of genuine vaccine-related RVO would be even lower.
On the other hand, Feltgen N et al. suggested that there may be an underestimation of
vaccine-related retinal vascular events as the pandemic might restrict patients from seeking
medical help [55].

The establishment of causality between RVO and vaccination remains difficult, if not
impossible, at this stage. It may be tempting to blame the vaccine in cases where none
of the risk factors for RVO were present. A concrete conclusion on causality is difficult
to make with the scarcity of cases and defects in the design of studies available. None of
the studies available have a study design for the determination of causality. Apart from
this, we also noticed that various vascular risk factors were present in quite a number of
case reports of post-COVID vaccine RVO. Cardiovascular comorbidities were also common
among the cases in a retrospective case series (Vujosevic et al.) [33], case—control studies and
case-by-case analysis (Feltgen N et al.) [55], and in a matched cohort and self-controlled case
series (Hashimoto Y et al.) [41]. In Hashimoto Y et al.’s analyses, where comorbidities were
adjusted, no statistically significant difference in incidence rate ratio was found between
the vaccinated and non-vaccinated arms. These vascular risk factors may actually be the
genuine reason for post-vaccination RVO, in spite of the role of vaccines being unknown.

7. Ophthalmic Risks with Future Boosters

Very little is known regarding the effect of the third dose and further doses of
COVID-19 vaccines on ophthalmic health. To date, only a few case reports of RVO oc-
curring after a third dose have been found, and no conclusion on the causality between
vaccination and RVO can be made [24,37,56]. Newer vaccines, such as the bivalent COVID-
19 vaccine, have recently been made available in the market and may be used as boosters
for populations susceptible to severe COVID-19 [57]. Data regarding the ophthalmic
safety of these newer vaccines is still not comprehensive. Continued efforts in surveillance
are needed for investigating ophthalmic side effects of further doses and newer types of
COVID-19 vaccine.

There are cases where authors have reported the exacerbation and recurrence of
past RVO occurring after COVID-19 vaccination. This has resulted in concerns over the
safety of the vaccination in this population, including those who suffered from recent
post-COVID-19 vaccination RVO [10]. To the best of our knowledge, only two related
cases were reported across the world, and one similar case (anti-hepatitis B vaccines) in
the 1990s [24,58]. The causality between vaccines and RVO recurrence or exacerbation
can still not be confidently established. Caution in patients with a history of RVO should
be practised, but it may not be valid to deter patients with such ophthalmic history from
receiving vaccinations. To maximise vaccine safety, the optimisation of the general health
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condition and proper management of underlying medical illnesses prior to vaccination
would be of paramount importance.

8. General Discussion

Despite being a sight-threatening condition, post-vaccination RVO, fortunately like
other cases of RVO, can be managed effectively with standard treatment. Upon a review of
the available evidence, post-vaccination RVO was shown to be a relatively rare ophthalmic
adverse event of vaccination. Choi M et al. speculated that COVID-19 vaccines may be the
cause of discernibly increased numbers of RVO cases in a short period after vaccination [32].
Such a claim is understandable as there were few cases of RVO that were suspected to be
vaccine-related in pre-COVID-19 era. There is, however, insufficient evidence to accuse
COVID-19 vaccinations of being one of the potential causes of RVO based on the review of
latest evidence. Vaccines may be entirely unrelated to post-vaccination RVO, and the mass
vaccination campaigns may have created the illusion of RVO being caused by the vaccines.

In view of the evolution of COVID-19 disease, giving populations further booster doses
is gaining popularity worldwide, especially for subjects susceptible to COVID-19. While
some studies revealed no statistically significant association between vaccines and venous
thromboembolism one month after inoculation with the AstraZeneca vaccine [59,60], there
is early evidence showing that the thromboembolic risk of COVID-19 is higher than that of
certain vaccines [39,61]. As far as the risk of RVO is concerned, being vaccinated may be
safer than being infected.

9. Limitations

This review includes only case reports and studies that were not randomised controlled
trials. Causality hence cannot be drawn between RVO and COVID-19 vaccines. The case
reports of RVO after COVID-19 vaccination were heterogenous in terms of their reporting
style, making direct comparison difficult. Only English articles were included in this review,
which may result in bias and an incomplete appraisal of the literature available.

10. Conclusions

COVID-19 vaccination has undoubtedly brought the world immense benefits in terms
of public health. Though the long-term ophthalmic risk of COVID-19 vaccines is not
known, it is believed that the benefits of vaccination outweigh the potential ophthalmic
risk significantly. While we are awaiting the long-term side effect profile of COVID-19
vaccines, COVID-19 vaccination should still be advocated with reasonable reassurance for
the benefit of population health. At the same time, the ophthalmic community should stay
vigilant for any potential vaccine-related adverse impacts on ophthalmic health.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/vaccines11081281/s1. Table S1—Patient’s demographics, clinical
presentation, vaccination record and ophthalmic findings. Table S2—Patient’s clinical characteristics,
treatment received and response to treatment.
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Abbreviation

BNT: BioNTech, BRVO: branch retinal vein occlusion, COVID-19: coronavirus disease 2019;
CI: confidence interval, CRAO: central retinal artery occlusion, CRP: C-reactive protein, ESR: ery-
throcyte sedimentation rate, FA: fluorescein angiogram, IOP: intraocular pressure, OCT: optical
coherence tomography, OCTA: optical coherence tomography angiography, RVO: retinal vein occlu-
sion, VITT: vaccine-induced immune thrombocytopenic thrombosis.
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Abstract: Purpose: To review the demographic and clinical profile of patients developing acute
macular neuroretinopathy (AMN) or paracentral acute middle maculopathy (PAMM) after receiv-
ing coronavirus disease-2019 (COVID-19) vaccination or infection. Methods: In this review article,
the published literature was searched to determine cases developing either AMN or PAMM after
COVID-19 vaccinations or infections. Data, including demographic profile, presenting features,
symptoms, diagnosis, and clinical outcomes, were extracted from the selected publications. These
parameters were compared between the two groups, i.e., patients developing AMN/PAMM either
after vaccination or infection. Results: After the literature review, 57 patients developing either AMN
(n =40), PAMM (n = 14), or both (n = 3) after COVID-19 infection (n = 29) or vaccination (n = 28) were
included (mean age: 34.9 + 14.4 years; n = 38; 66.7% females). In 24.6% patients, the diagnosis of
COVID-19 infection was preceded by the development of ocular disease. There were no significant
differences in the age or gender between the patients developing AMN or PAMM after vaccination
or infection (p > 0.13). Among the vaccination group, the highest number of patients developing
AMN /PAMM were after the Oxford-AstraZeneca (n = 12; 42.9%). Patients with vaccination had a
significantly early onset of AMN/PAMM compared to those with infection (11.5 + 17.6 days versus
37.8 £ 43.6 days; p = 0.001). Conclusions: Both AMN and PAMM are reported to be associated with
COVID-19 infections and in persons receiving vaccination against COVID-19. While COVID-19
infections and vaccinations may have a contributory role, other risk factors such as oral contraceptive
pills may also play a role in the development of the disease.

Keywords: acute macular neuroretinopathy; paracentral acute middle maculopathy; SARS-CoV-2
infection; COVID-19; vaccination; optical coherence tomography

1. Introduction

Novel SARS-CoV-2 infection is attributed to the result of a hypercoagulable state,
which can induce thrombus formation leading to local embolism in the small vessels
and micro-vessels of the relevant target organs [1]. Various other pathological events
leading to a pro-inflammatory and anti-fibrinolytic state, such as the development of
antiphospholipid antibodies and increase in D-dimer levels, were reported to contribute
to the hypercoagulable state in patients with COVID-19 [1]. Similarly, several reports of
unusual thromboembolic adverse events were reported following the widespread use of
anti-SARS-CoV-2 vaccinations. In accordance with the literature, various clinical conditions
secondary to thromboembolic and ischemic episodes were reported in the eyes of patients
with COVID-19 infection and in patients receiving anti-SARS-CoV-2 vaccinations [2,3].

In a prospective cross-sectional study by Sim et al., one in nine patients with COVID-19
infections had microvascular alterations on ocular imaging, and these signs were observed
even in asymptomatic patients with normal vital signs [4]. On the other hand, the exact
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cause or association between such microvascular changes and COVID-19 vaccination is
not clear, but there are several reports that have highlighted the role of vaccine-induced
inflammation.

Acute macular neuroretinopathy (AMN) is a rare, outer retinal, microvascular disorder
characterized by acute onset wedge-shaped or petaloid perifoveal lesions and ischemia of
the deep retinal capillary plexus, involving the external limiting membrane and photore-
ceptors. Paracentral acute middle maculopathy (PAMM) is also a manifestation of outer
retinal ischemia with intermediate/deep retinal capillary plexus involvement but limited
to the inner nuclear layer, outer plexiform/nuclear layers. Various systemic risk factors are
reported in association with AMN: flu-like illness, fever, oral contraceptive use, systemic
shock, antecedent trauma, and dengue fever, among others. A non-specific flu-like illness
or fever was reported in almost half of the patients in a review of 101 cases of AMN [5].
PAMM was reported with various other retinal vascular diseases such as retinal vascular
occlusions, inflammatory chorioretinopathies, congenital glaucoma, foveal hypoplasia,
various intraocular and extraocular surgeries, and systemic vascular diseases, as well as in
healthy patients [6]. Recently, there has been an increase in the literature concerning these
two entities in patients with SARS-CoV-2 infection and in patients with anti-SARS-CoV-2
vaccinations.

2. Materials and Methods

The study was designed as a review of published AMN and PAMM cases in the
literature associated with COVID-19 infections or vaccination. Since the study analyzed
published manuscripts, institutional ethics clearance was not required for the study, and
there were no informed consent documents. The study adhered to the tenets of the declara-
tion of Helsinki. We conducted a detailed review of the literature on Medline (National
Library of Medicine/PUBMED) from December 2020 until 30 September 2022. The search
was conducted by two ophthalmologists (retina specialists with fellowship training) using
terms such as ‘acute macular neuroretinopathy’, ‘paracentral acute middle maculopathy’
AND/OR ‘SARS-CoV-2/, ‘COVID-19’, and ‘COVID-19 vaccine’. The bibliographies of the
retrieved articles were searched thoroughly to find relevant articles.

The manuscripts in the English language were selected for further analysis only. The
inclusion criteria were published cases, case series, or original articles of patients with
the diagnosis of either AMN, PAMM, or both associated with COVID-19 infection or
vaccination. We included studies with either definitive diagnosis of COVID-19 or recipients
of COVID vaccination (any approved type of vaccine), including booster doses. Cases
without a definitive diagnosis of COVID-19 infection were excluded from this analysis [7].
If a case exhibited pre-existing AMN or PAMM, they were excluded from the analysis. The
definition of AMN and PAMM was used based on the published manuscripts, essentially
with the help of clinical examination, fundus photography, and multimodal imaging
techniques including optical coherence tomography (OCT), fluorescein angiography (FA),
and optical coherence tomography angiography (OCTA), whichever were available.

For the purpose of the study, we collected available demographic data from the
published cases, including data such as gender, age, ethnicity, and geographic location (if
available). The data concerning previous or current COVID-19 infection and vaccination
(type, number of doses, and time since last dose) were noted. The medical history of
the patients available in the published cases, such as history of drug intake, pre-existing
medical conditions, previous surgeries, or ocular findings were noted. The details of the
ophthalmic examination and imaging findings were noted for each case. The course of
the AMN and PAMM lesions were obtained, and treatments prescribed were also noted.
Any additional clinical data such as additional diagnoses, complications, or findings were
noted.

The data were collected in a pre-designed data collection sheet by two ophthalmol-
ogists. Data analysis was performed using GraphPad Prism® (GraphPad Software Inc.,
La Jolla, CA, USA) version 6.0. The demographic data were expressed in mean and stan-
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dard deviation. The parameters between two groups, namely, AMN versus PAMM, and
AMN or PAMM after vaccination or after COVID-19 infection were compared using Mann—
Whitney U test. Binary data between the groups were analyzed using Chi Square test. The
clinical findings, course of the disease, complications and other data were described using
descriptive statistics. The total follow-up was also described using mean and standard
deviation. The statistical significance was denoted by p < 0.05 and 95% confidence interval.

3. Results

A total of 57 cases of AMN and PAMM were obtained after analysis of the published
literature. The mean age of all the patients included in the analysis was 34.9 & 14.4 years.
Among them, 29 developed either AMN or PAMM following COVID-19 infections (50.9%)
(Table 1), and the other 28 had a history of recent COVID vaccination (49.1%). There
were 38 females in the cohort (66.7%). (Tables 1 and 2 describe the demographic features
of the patients included in the study). The number of reported cases of AMN (n = 40;
70.2%) was higher than PAMM (n = 14; 24.6%). PAMM was more commonly seen in
patients with COVID-19 infections (n = 10) than in patients following vaccinations (1 = 4).
PAMM was associated with central retinal artery occlusion (CRAO) in two patients with
COVID-19 infection and in one patient with cilioretinal artery occlusion [8-10]. Turedi and
Onal Gunay described the case of a 54-year-old male who developed CRAO two weeks
following COVID-19 infection [8]. The laboratory work-up was non-contributory, and
ancillary imaging after five days of diagnosis of CRAQO revealed a diagnosis of coexisting
PAMM [8]. In another case report by Matilde et al., a 41-year-old male presented with
an optic neuritis-like picture in the left eye and was treated with pulse corticosteroid
therapy. After three days, the patient developed Purtscher-like retinopathy, and a diagnosis
of atypical CRAO was considered. OCT of the left eye revealed a PAMM lesion in this
patient [9]. Subsequently, the patient tested positive at PCR for COVID-19 infection after he
developed flu-like symptoms [9]. Two patients had combined features of AMN and PAMM
in patients with the COVID-19 infected group, whereas one such case was reported in a
vaccinated patient [11-13].

Table 1. Review of Literature of AMN and PAMM cases in COVID-19 patients.

Duration

Presenting

Author Age/Sex (Days) Laterality Diagnosis Symptoms Clinical Findings Outcome
Azaretal. [7] 21/M NA Right Eye AMN Central Scotoma NA Favorable
28/F NA Both Eyes AMN Paracentral scotoma NA NA
27/F NA Both Eyes AMN Paracentral scotoma NA NA
22/F NA Right Eye AMN Paracentral scotoma NA NA
Turedi and . CRAO + .. Pale, white retina and
Onal Gunay [8] 54/M 14 Right Eye PAMM Vision loss “cherry-red spot appearance”
Initially unremarkable,
. R multiple Purtscher-like CWS,
Matilde et al. 41/M - Left Eye atypical CRAO, Decreased vision slight retinal whitening Favorable
[9] PAMM
around the fovea, and
cherry-red spot
Focal area of well-demarcated
. . retinal whitening over the
Ozsaygilietal. o0/, 14 Left Eye PAMM Central Visual Field 4004 ution of a CILRA in the  Favorable
[10] Defect . .
superior papillomacular
bundle region
Gascon et al Loss of vision, Retinal hemorrhages, Roth
[11] : 53/M - Left Eye AMN/PAMM Negative scotoma, spots, subtle whitish NA
Dyschromatopsia. Parafoveal lesions.
Triangular deeper retinal
Goval et al Paracentral and ishowhite lesion located
oyelstak 32/M 120 Both Eyes ~ AMN/PAMM triangular negative greyishrwhte fesion focate NA
[12] superonasal to center of
scotoma L.
macula in right eye
Diaphoresis, . .
Preti et al. [14] 70/M - Left Eye AMN Paracentral scotoma, OD: Unremarkable OS: Old Favorable

Vision loss

scleral buckle
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Table 1. Cont.

Duration . . . Presenting - R
Author Age/Sex (Days) Laterality Diagnosis Symptoms Clinical Findings Outcome
Capuano et al. 27/M B Left Eye PAMM Paracentral scotoma, Subtle yellowish perifoveal Partial Im-
[15] Dyschromatopsia halo provement
37/F - Both Eyes AMN Paracentral scotoma Alternated foveal reflex Favorable
Naughton et al CWS, Intraretinal
& [16] ' 28/M NA Both Eyes PAMM Decreased vision haemorrhages, Retinal pallor ~ Favorable
in fovea
Mace and Photopsia, .
Pipelet [17] 39/F 2 Both Eyes AMN Para-central scotoma Unremarkable Persistent
Aidar et al. 71/F 14 Left Eye AMN Diminution of vision ~ Foveal pigment mobilization No Im-
[18] provement
Padhy et al. 19/F 14 Both Eyes PAMM Scotoma CWS, subtle white lesions at Favorable
[19] macula
Castro et al Superficial hemorrhages in
20] ' 36/F 63 Both Eyes PAMM Blurred vision macula and peripheral retina ~ Favorable
in left eye
Jonathan et al. . . L Scotoma
[21] 47/M 60 Right Eye PAMM Paracentral scotoma Retinal Whitening persisted
Dlaf[gsz]e tal. 59/M 14 Both Eyes AMN Blurred vision Unremarkable Favorable
24/F 7 Both Eyes AMN Paracentral Scotoma.  Perifoveal dark grey patches No Im-
provement
Virgo et al. [23] 32/M 16 Right Eye AMN Paracentral Scotoma Unremarkable
37/F 35 Left Eye PAMM Paracentral Scotoma. Unremarkable NA
Parafoveal hyper-pigmented
Sonmez et al. 41/F 30 Right Eye PAMM Paracentral cht.oma, round lesion and increased NA
[24] Decreased Vision .
vascular tortuosity
Giacuzzo et al. Photopsias,
[25] 23/F - Both Eyes AMN Paracentral Scotomas Unremarkable Favorable
. . Scotoma
Jalink and 29/F 150 Left Eye AMN Paracentral scotoma Subtle alterations around Un-
Bronkhor [26] fovea
changed
Zamani et al Paracentral scotoma Multiple hemorrhages with Died due
' 35/F - Both Eyes AMN . ’ white or pale center (Roth’s  to pneumo-
[27] Photopsia .
spots) nia
Multiple subtle
David and reddish-brown petaloid
Fivgas [28] 22/F ) Both Eyes AMN Scotoma lesions radiating from the NA
fovea
Masjedi et al. 29/F 14 Left Eye AMN Paracentral scotoma Unremarkable SCOt.O ma
[29] persisted
De(:sakintg(l)(]h 56/F - Left Eye AMN Paracentral scotoma Parafoveal retinal whitening Stable

M = male, F = female, AMN = acute macular neuroretinopathy, PAMM = paracentral acute middle maculopathy,
CRAO = central retinal artery occlusion, CWS = cotton wool spot.

In 14 patients (24.6%), the diagnosis or confirmation of COVID-19 infection was
preceded by the ocular symptoms and/or signs of AMN/PAMM [11,14,15]. Bilateral
involvement was almost similar in both cohorts. The patients who developed AMN and
PAMM after COVID-19 vaccinations were relatively younger than the cohort with COVID-
19 infection, though it did not reach statistical significance (32.04 £ 13.2 years versus
36.7 & 14.4 years; p = 0.13). Female predilection was more frequently observed in the
cohort with COVID vaccination (though not statistically significant) (21 out of 28 patients;
75% versus 18 out of 29 patients; 62%) (p = 0.29). Among the female patients, 71% were
either on or were using oral contraceptive pills or hormonal devices for birth control.

A total of 21 patients developed AMN and PAMM after the first dose of vaccination,
Oxford-AstraZeneca (ChAdOx1-S (recombinant) vaccine) (n = 12) was the most common
vaccine received by the patients in this group, followed by BNT162b2 (Pfizer Inc./BioNTech
SE, Mainz, Germany) (referred to as Pfizer-BioNTech vaccine) and Sinopharm BIBP COVID-
19 vaccine (referred to as Sinopharm BIBP vaccine) (n = 5 each), mRNA-1273 (Moderna
Therapeutics Inc., Cambridge, MA, USA) (referred to as Moderna vaccine) (1 = 4). One
patient developed AMN in both eyes after Ad26.COV2.S (Janssen Pharmaceuticals, Beerse,
Belgium) (referred to as Janssen Vaccine). Fourteen patients exhibited bilateral involvement
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in the vaccinated group, and among them, 12 had AMN and in one patient, both AMN and
PAMM were described after COVID-19 vaccination. The details are provided in Table 2.

Table 2. Review of Literature of Cases with AMN and PAMM cases in patients following COVID-19
vaccinations.

Duration = COVID-19 Vaccine Presenting

Authors  Age/Sex (Days) (Dose) Diagnosis Laterality Symptoms Clinical Features Outcome
Vinzamuri ..
etal. 35/M 30 Oxford-AstraZeneca PAMM/AMN Both Eyes Blurred vision, Unremarkable Favorable
[13] 2) Black spots
. Orange-brown
Diafas Photopsia, Small al-shaped lesion
etal. 54/M 21 Pfizer-BioNTech (1) AMN Left Eye otopsia, oval-shaped 1esio NA
scotoma superotemporal to
[22]
the fovea
Jalink
and . Paracentral Faint, brownish circle
Bronkhorst 42/F 5 Moderna (2) AMN Right Eye Scotoma nasal to the fovea Favorable
[26]
Zaheer
etal. 22/F 5 Oxford-AstraZeneca AMN Right Eye Two paracelnt;al Unremarkable Stable
31] (1) scotomas, Flashes
Afonso Oxford-AstraZeneca Paracentral Red. brown petaloid . Stight
28/F 2 AMN Both Eyes lesions around the improve-
etal [32] 1) Scotoma fovea ment
Pichi
etal. NA 5 Sinopharm BIBP (1) AMN Left Eye Vision Loss NA Favorable
[33]
NA NA Sinopharm BIBP (1) AMN NA NA NA
NA 1 Sinopharm BIBP (1) PAMM LeftEye ~ Drurringofvision, A dot hemorrhage NA
Inferior scotoma superior to the fovea.
Patel
and Paracentral
Yonekawa 26/F 2 Janssen (1) AMN Both Eyes Scotoma Unremarkable NA
[34]
Bohler Oxford-AstraZ Paracentral Teardrop-shaped
ot al. 27/F 5 xfor straZeneca AMN Left Eye aracentra eardrop-shape NA
[35] 1) Scotoma macular lesion
Book Circumscribed
etal. 21/F 3 Oxford-AstraZeneca AMN Both Eyes Paracentral paracentral dark NA
[36] M Scotoma lesions
Dehghani .
etal. 38/M 14 Sinopharm BIBP (1) PAMM Right Eye Flasshest of light, Unremarkable NA
[37] cotoma
Mambretti
etal. 22/F 2 Oxford—z?ls;raZeneca AMN Right Eye Scotoma Unremarkable NA
[38]
28/F ’ Oxford—AstraZeneca AMN Right Eye Paracentral Unremarkable NA
1) scotoma
Bolletta
etal. 24/F 2 Oxford—z?ls;craZeneca AMN Both Eyes  Visual field defect NA Favorable
[39]
Ishibashi
etal. 33/F 8 Pfizer-BioNTech (2) AMN Left Eye Field defect Unremarkable NA
[40]
62/M 7 Pfizer-BioNTech (2) PAMM Left Eye Visual field defect Unremarkable NA
Subtle white lesions
Malerbi . at the macula in RE
etal [41] 50+/F 30 Sinopharm BIBP (1) PAMM Both Eyes Scotoma and marked lesions Favorable
in LE
Sanjay S Lo
et al. 25/F 3 Oxford-AstraZeneca AMN Both Eyes D1m inution of Unremarkable NA
[42] (1) Vision, Scotoma
a subtle brownish
rimmed lesion
Driike D parafoveal in the
etal. 23/F 1 Oxford—l?ls;raZeneca AMN Both Eyes Pgiict(e;:;al right eye and a Favorable
[43] bigger blurred lesion

nasal to the macula
in the left eye
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Table 2. Cont.

Duration

COVID-19 Vaccine Presenting

Authors  Age/Sex (Days) (Dose) Diagnosis Laterality Symptoms Clinical Features Outcome
Valenzuela Photopsi
DAetal.  20/F 2 Pfizer-BioNTech (2) AMN Both Eyes oropslas, Unremarkable Favorable
[44] Scotomata
Perifoveal
Rennie Paracentral intraretinal
AT 21/F 3 Moderna (2) AMN Both Eyes Scotcsmas hemorrhage, Favorable
et al. [45] Reddish-brown
perifoveal lesions
Bellur S Diminution of Subtle, pigmentar Mild
etal. 64/F 3 Moderna (1) AMN Both Eyes - ' P18 Y Improve-
Vision changes in Macula
[46] ment
. Large,
Franchi Oxford—AstraZeneca Sudden onset of opaque-appearin,
Aetal. 19/F 1 AMN Both Eyes o paque-app & Favorable
1) fortifications parafoveal
[47]
wedge-shaped areas
Sudden onset of Small
31/F 5 Oxford-AstraZeneca AMN Both Eyes fortifications, opaque-appearing Favorable
1) Paracentral area superior to the
Scotoma fovea
. Blurred vision, .
40/F 45 Moderna (2) AMN Right Eye Photopsia Pigmentary Changes  Favorable
Gabrielle Oxford—AstraZen Paracentral
PH et al. 25/F 1 © (18) aseneca AMN Both Eyes Scotoma, Unremarkable NA
[48] Blackspots
Chen S
and . . Paracentral Oval parafoveal
Hodge C 21/F 70 Pfizer-BioNTech (1) AMN Left Eye Scotoma lesions NA
[49]

M = male, F = female, AMN = acute macular neuroretinopathy, PAMM = paracentral acute middle maculopathy,
# Symptoms started within 20 min of vaccination.

The cohort of patients with COVID-19 vaccination exhibited significantly early on-
set of AMN and PAMM when compared with the patients with SARS-CoV-2 infection
(11.5 £ 17.6 days versus 37.8 &£ 43.6 days; p = 0.001). One patient developed ocular symp-
toms within 20 min of vaccination, along with systemic symptoms such as malignant
hypertension [33].

4. Discussion

Since its first description in 1975, one systemic review identified 101 cases of reports
of AMN published before December 2014 [5] Our literature review shows a tremendous
increase in reports of AMN and PAMM following COVID-19 infection and COVID-19
vaccinations in comparison to the previously published literature on these two clinical
entities. The increase in awareness of these clinical entities and the greater use of optical
coherence tomography (OCT) and other imaging such as OCT angiography (OCTA) in
clinical practice are probably responsible for such an increase in these reports. Furthermore,
viral flu-like illness and fever are already known systemic risk factors for AMN. In the
published literature, we found a higher proportion of female patients developing AMN
and PAMM. This could be attributed to a high percentage (more than 70%) of the female
patients using hormone control and OCP that may have contributed to the increased risk
of thromboembolic events in patients receiving COVID-19 vaccines. Therefore, due to the
presence of confounding factors, our findings do not indicate that females may be more
prone to developing retinal ischemic events following COVID-19 infections or vaccinations.
This needs further assessment in the future studies.

It may be possible that many cases of AMN and PAMM resulting due to COVID-19
infections or vaccinations may be under-reported. There are other publicly available
databases that provide information following adverse events related to vaccination, notably,
the Vaccine Adverse Event Reporting System (VAERS), which is co-sponsored by the
Centers of Disease Control (CDC) and the United States Food and Drug Administration
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(US-FDA). The VAERS is a self-reporting system available to the general population, as
well as physicians, who can enter and report adverse events related to their vaccination.
Since this is a freely available resource and voluntary in nature, it does not capture all
the details regarding the adverse event, and there could be events that are unreported in
VAERS database. In our study, we have not performed a VAERS database search. This
is because data from VAERS are not peer-reviewed, and therefore, it is inappropriate to
combine it with the data obtained from published research for this manuscript. The disease
manifestations of AMN and PAMM may also be very subtle in nature. Considering the self-
limiting course of these two conditions and possible minimal clinical signs and symptoms,
many such cases of AMN/PAMM may have been unnoticed and, hence, were not reported,
leading to a reporting bias.

A significant risk of systemic thrombotic complications leading to complement-mediated
thrombotic microangiopathy in SARS-CoV-2 infection is now well proven. Our review
showed a higher number of PAMM cases in patients with COVID-19 infection. Patients with
COVID-19 infection are, thus, at higher risk of developing the acute phase of ischemia of reti-
nal capillary plexuses that may lead to PAMM. To add to it further, PAMM was reported in
patients with pulmonary embolism [16] in association with retinal artery occlusions [8,10,12]
and raised D-dimer levels [41].

Our study has various limitations including reporting bias, as stated earlier. Other
limitations include lack of uniform diagnostic testing and follow-up and lack of treatment
guidelines or uniformity. There may be cases where the cause-and-effect association may
be weak. It is possible that there could be multiple confounding factors that could exist,
leading to the development of AMN and PAMM. Due to the significant interest in the ocular
and systemic effects of COVID-19 in the scientific community, it is possible that there could
be a publication bias leading to a higher number of reports on AMN and PAMM following
either COVID-19 infection or vaccination. The pathophysiological mechanisms of the
development of deep retinal ischemia such as AMN or PAMM after vaccination (including
vaccines with different mechanisms of action) and COVID-19 infection are still speculative
and under investigation. Based on the available reports, it is difficult to conclude which
vaccine confers a higher risk of either AMN or PAMM in the recipients.

5. Conclusions and Future Directions

In summary, both COVID-19 infection and vaccination against COVID-19 have been
implicated with the development of AMN and PAMM detected using clinical examination
and multimodal imaging using OCT and OCTA. The exact strength of this association,
or the level of contribution of COVID-19 vaccine/infection in comparison with other risk
factors such as OCP, is yet to be ascertained. Patients developing AMN or PAMM after
COVID-19 vaccination tend to be younger and develop the disease within a shorter duration
of time compared to those developing the disease after COVID-19 infection.

In the future, it is necessary to focus research on the true risk of ischemic events
arising from both COVID-19 infections and vaccinations and if there are certain exogenous
or endogenous risk factors that contribute to a higher risk of thromboembolic events
compared to the general population. With a hope that the future burden of COVID-19
disease will reduce, it will become imperative to understand the real safety and efficacy of
the vaccination itself and if there could be improvements in the molecular composition that
may reduce adverse events attributed to the vaccine.
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Abstract: Vaccines against coronavirus disease 2019 (COVID-19) have played an important global
role in reducing morbidity and mortality from COVID-19 infection. While the benefits of vaccination
greatly outweigh the risks, adverse events do occur. Non-ocular adverse effects of the vaccines have
been well-documented, but descriptions of ophthalmic effects remain limited. This systematic review
aims to provide an overview of reported cases of corneal adverse events after receiving vaccination
against COVID-19 and to compile existing clinical data to bring attention to these phenomena. Our
review discusses corneal graft rejection, including proposed mechanisms, herpetic keratitis, and other
reported corneal complications. Ophthalmologists and primary care physicians should be aware of
such possible associations.

Keywords: coronavirus; COVID-19 vaccine; corneal complications; corneal graft rejection;
keratoplasty; keratitis; viral keratitis; herpes zoster; herpes simplex; vaccination

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a highly transmissi-
ble virus that caused the coronavirus disease 2019 (COVID-19) pandemic. COVID-19 is
known to have multisystem effects ranging from respiratory failure to coagulopathy [1].
More recently, ophthalmic manifestations of the infection have been identified and include
conjunctivitis, scleritis, cranial nerve palsies, orbital inflammatory disease, and various
posterior segment diseases [2—4]. The first vaccine against SARS-CoV-2 was made available
in late 2020 under emergency authorization by the United States (U.S.) Food and Drug
Administration. Since then, various vaccine types have been distributed globally, more than
12 billion doses have been administered, and 67% of the world population has received at
least one dose. Despite copious data showing vaccination to be the most effective interven-
tion in mitigating the spread of COVID-19, hesitancy to receive the vaccine continues both
in the U.S. and globally, citing low trust in the science and the safety of vaccines [5]. As

Copyright: © 2023 by the authors.
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with almost any intervention, acute adverse effects do occur with SARS-CoV-2 vaccination
and have largely been reported to be those common to vaccination in general, though more
serious adverse effects may also be associated [6]. Organ-specific adverse events are largely
limited to case series and case reports. Case reports and retrospective case series have
described possible associations between the administration of the SARS-CoV-2 vaccine
and the onset of ophthalmic complications involving the eyelid, orbit, cornea, retina, and
other ocular structures [7-15]. There are numerous reports of corneal complications in
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particular. In this review, we aim to summarize the literature regarding corneal adverse
events following SARS-CoV-2 vaccination and address concerns regarding vaccination.

2. Methods

We performed a systematic review of all appropriate literature guided by the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis Statement (PRISMA) [16]. We
performed a search of all English-language literature on PubMed, searching for publications
that matched the search terms “coronavirus”, “COVID-19”, “SARS-CoV-2", or “severe
acute respiratory syndrome”, and “cornea” or “corneal”, and “vaccine”.

The search yielded case reports, case series, systematic reviews, literature reviews,
and correspondences. All publications between 1 July 2021 and 1 November 2022 were
included. These dates include the first described adverse effects of the SARS-CoV-2 vaccine
since its first use in December 2020 to the time of this review. We included all case
reports, case series, and correspondences that presented new patient data and reviewed
corneal involvement of post-vaccination complications. All systematic reviews, literature
reviews, meta-analyses, or replies to the author that did not present new patient data were
excluded. One publication was further excluded, as it described the adverse effects of
a non-SARS-CoV-2 vaccine. The references of remaining publications were reviewed for
inclusion as well. The full texts of all remaining literature were screened and included if any
corneal involvement was described. In total, of 93 results meeting search terms and within
the desired dates, 32 were excluded based on publication type, one was further excluded
due to its description of reactions to a different vaccine, and 15 were excluded due to having
no described corneal involvement. In total, 45 publications met the criteria for inclusion
(Figure 1). Data collected included age, sex, vaccine type, vaccine dose, the interval from
vaccination to symptoms, and treatment. Where appropriate, the manifestations, corneal
transplant type, time from transplant to vaccination, and corneal transplant outcomes
were recorded. Continuous variables were reported using the mean, standard deviation,
and range.
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Figure 1. PRISMA flow diagram for this systematic review of the literature.
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Cases were categorized based on the described corneal pathology. The quality of
studies was evaluated using criteria published by the Task Force for Reporting Adverse
Events of the International Society for Pharmacoepidemiology (ISPE) and the International
Society of Pharmacovigilance (ISoP) [17]. The criteria include 12 elements: title, demo-
graphic, medical history, health status, physical examination, drug identification, dosage,
administration/drug reaction interface (representing the interval), concomitant therapies,
adverse event, and discussion. Publications were scored 1 point for containing an element
and 0 points for the absence of an element. Therefore, publications with all criteria were
given 12 points.

3. Results

In review, we identified 45 publications describing corneal complications associated
with SARS-CoV-2 vaccination. Twenty publications described corneal graft rejection,
19 described herpetic corneal disease, and 6 case reports described unique corneal pathol-
ogy. These studies included 90 eyes of 82 patients. In total, we reviewed data for 36 eyes
(33 patients) with corneal graft rejection, 46 eyes (43 patients) with herpetic corneal dis-
ease, 2 eyes (1 patient) with corneal melting, 2 eyes (1 patient) with corneal edema, 2 eyes
(2 patients) with limbal stem cell transplant rejection, 1 eye with peripheral ulcerative
keratitis, and 1 eye with marginal keratitis. Information for each case of corneal graft rejec-
tion and herpetic keratitis are presented in Tables 1 and 2, respectively. Of note, herpetic
disease often refers to herpes simplex or herpes zoster. However, one case, as described
later, discusses a case with suspected infection from cytomegalovirus, HSV, or VZV, all
part of the herpesvirus family; viral keratitis of another etiology has not been reported in
this population. As such, we have referred to all instances of viral keratitis in this review
as herpetic keratitis. Furthermore, cases of keratitis associated with herpes simplex are
referred to as herpes simplex keratitis (HSK), while cases associated with herpes zoster are
referred to as herpes zoster keratitis (HZK); however, HZK with cutaneous V1 dermatomal
involvement is referred to as herpes zoster ophthalmicus (HZO).

Table 1. Patient information from reviewed case reports and case series of corneal graft rejection.

. Vaccine
Source Age and Vaccine and Interval Transplax:t Type of Side Treatment and Outcome
Sex Dose . Interval Transplant
Days
oD . . .
Abousy et al., 2021 [18] 73F BNTI162b2 #2 4 8y DSAEK Topical pr'edmsolf)ne and'hypertomc
ointment; resolution
0os
Topical, subconjunctival, and IV
77 F mRNA-1273 #1 7 12m DMEK oS dexamethasone; improvement on the
exam, no further follow-up
Topical and intracameral
64 F mRNA-1273 #2 7 3y PKP oD dexamethasone; no improvement and
additional interventions NR
Balidis et al., 2021 [19]
Subconjunctival and topical
69 M AZD1222 #1 5 22m PKP OD dexamethasone, oral
methylprednisolone; resolution
Topical dexamethasone; no
63 M AZD1222 #1 10 9m DSAEK oS improvement and additional
interventions NR
Crnej et al., 2021 [20] 71M BNT162b2 #1 7 5m DMEK oD Topical dexamethasone and oral
valacyclovir; resolution
Oral prednisone, topical prednisolone,
Eduardgoggc[lzri\]d eetal, 40M BNT162b2 #1 6 23y PKP oD and subconjunctival
dexamethasone; resolution
24 m DMEK OS Topical dexamethasone, tobramycin,
Forshaw et al., 2022 [22] 94F BNT162b2 #1 14 and hypertonic saline; no improvement,
20 m DMEK OD repeat DMEK performed in both eyes
Marziali et al., 2022 [23] 15M BNT162b2 #1 12 18 m PKP OD Topical dexamethasone; resolution
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Table 1. Cont.

. Vaccine
Source Age and Vaccine and Interval Transplailt Type of Side Treatment and Outcome
Sex Dose Days * Interval Transplant
g Topical betamethasone; improvement on
Mohammadzadeh et al., 36 F BBIBP-CorV#1 2 4y PKP 05 the exam, no further follow-up
2022 [24]
54 F BBIBP-CorV #1 7 2y PKP oS Topical betamethasone; resolution
72F BNT162b2 #1 14 4y DSAEK OD Topical dexamethasone; resolution
82F BNT162b2 #1 14 4 DSAEK oD Topical steroid
y (steroid type NR); resolution
Molero-Senosiain et al., Topical steroid
2022 [25] %M AZDI1222#1 7 13y PKP oD (steroid type NR); resolution
61 M AZD1222 #2 30 20y PKP oD Topical steroid (stermd type NR) and IV
methylprednisolone; resolution
48 F BNT162b2 #1 30 4y PKP oS Topical dexamethasone; resolution
Topical prednisolone and homatropine
Nahata et al., 2022 [26] 28 F AZD1222 #1 14 11y FLEK os . . .
and oral methylprednisolone; resolution
Nioi et al., 2021 [27] 44F BNT162b2 #1 13 25y PKP 0s Topical dexamethasone and vitamin D
supplementation; resolution
Park et al., 2022 [28] 64 M AZD1222 #1 2 ly DSAEK 0s Topical and oral steroids (steroid types
were NR); resolution
Parmar et al., 2021 [29] 35M AZD1222 #1 4 6m PKP 0s Topical prednisolone, topical atropine,
and IV methylprednisolone; resolution
66 F BNT162b2 #1 7 14d DMEK oD Topical dexamethasone; resolution
Phylactou et al., oD Topical dexamethasone; improvement of
2021 [30] 83F BNT162b2 #2 21 6y DMEK ~ ————— VA and on the exam, no
oS further follow-up
Rajagopal and Priyanka, Topical steroids and oral steroids
2022 [31] 79M AZDI1222#2 2 4y PKP 05 (steroid types were NR); resolution
Rallis et al., 2022 [32] 68 F BNT162b2 #1 4 4m PKP 0s Topical dexamethasone and oral
acyclovir; resolution
Ravichandran and
Natarajan, 2021 [33] 62 M AZD1222 #1 21 2y PKP OD NR
Topical prednisolone; improvement of
74 M mRNA-1273 #1 7 3m DMEK NR VA and on the exam, no
further follow-up
Topical prednisolone; improvement of
61F mRNA-1273 #2 7 25y PKP NR VA and on the exam, no
Shah et al., 2022 [34] further follow-up
Topical prednisolone and difluprednate;
69 F mRNA-1273 #2 14 6y DSAEK os improvement of VA and on the exam, no
further follow-up
77M mRNA-1273 #2 7 2y PKP NR Topical prednisolone; resolution
Topical dexamethasone, timolol,
Simdo et al., 2022 [35] 63F CoronaVac #1 1 7y PKP 0s bimatoprost, and polydimethylsiloxane;
no improvement and additional
interventions NR
7 M BNT162b2 #1 13 1y PKP 0s Topical dex'amethasone fand oral
prednisone; resolution
Wasser et al., 2021 [36]
56 M BNT162b2 #1 12 25y PKP oD Topical dexamethasone and oral
prednisone; resolution
Topical steroids (steroid type NR); no
Yu et al., 2022 [37] 51M mRNA-1273 #1 3 3w PKP OD improvement and additional

interventions NR

* Vaccine interval days = days from reported vaccine to presentation or start of symptoms, transplant
interval = time from transplant to vaccination, VA = visual acuity, M = male, F = female, NR = not reported,
y = year, m = month, w = week, d = day, OD = right eye, OS = left eye, DSAEK = Descemet’s membrane and
automated endothelial keratoplasty, PKP = penetrating keratoplasty, DMEK = Descemet’s membrane endothelial
keratoplasty, FLEK = femtosecond laser-assisted endothelial keratoplasty.
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Table 2. Overview of reported cases of reactivation or recurrence of viral infections and initial
herpetic keratitis.
History of
Source Age and Vaccine and Interval Eve Diagnosis Previous Treatment
Sex Dose Days * y (Manifestation) Herpetic
Keratitis
i
Al-Dwairi et al., 2022 [38] 50 M BNT162b2 #1 5 oS e Yes moxifloxacin, FML,
ulcers, ciliary injection,
and oral ACV
AC cells)
HSK (conjunctival
injection, corneal
2“M NR #1 4 op  infiltrate with stromal Yes Oral ACV
melting, corneal
Alkhalifa et al., 2021 [39] thinning,
descemetocele)
HSK (epithelial defect .
29 F NR #1 28 oS and stromal edema, Yes Oral ACY, topical
ACV, and FML
KP)
HSK (conjunctival .
18F BNT162b2 #2 7 oD hyperemia, dendritic Yes tlopblfial itcc‘l’r and
ulcers, KPs, AC cells) ubrica ops
40M BNT162b2 #2 7 OD  HSK (dendritic ulcers) Yes topical GCV and
oral ACV
Alkwikbi et al., 2022 [40] HSK (corneal edema, oral prednisone
32M AZD1222 #2 7 OD ciliary congestion, Yes and topical
dendritic ulcers) cyclopentolate
HSK (conjunctival
injection, stromal Topical GCV gel
M BNT162b2 #2 7 OS infiltration, Yes and oral ACV
dendritic ulcers)
Herpetic keratitis,
83 M BNT162b2 #2 7 0os unspecified Yes Topical ACV
(manifestation NR)
Herpetic keratitis, .
Bolletta et al., 79M AZD1222 #1 5 oD unspecified Yes Oral VCV, topical
2021 [41] . . dexamethasone
(manifestation NR)
Herpetic keratitis, .
65F BNT162b2 #2 6 0s unspecified Yes Oral VCV, topical
. . dexamethasone
(manifestation NR)
HZO (Vesicular V1 Oral VCV, topical
81F BNT162b2 #2 3 OD rash, KPs, conjunctival Yes dexamethasone,
hyperemia) and cyclopentolate
Oral VCV and
Cohen et al., HZO (stromal and prednisone, topical
2022 [42] 74F BNT162b2 #3 21 0s epithelial edema, KPs) Yes dexamethasone,
and tropicamide
HSK (stromal opacity, Oral ACYV, topical
63 M BNT162b2 #3 7 OD Descemet folds, KPs, No dexamethasone,
AC inflammation) and cyclopentolate
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Table 2. Cont.

History of
Source Age and Vaccine and Interval Eve Diagnosis Previous Treatment
Sex Dose Days * y (Manifestation) Herpetic
Keratitis
Herpetic keratitis,
52M BNT162b2 #2 1 oD Y Yes trifluridine, and
recurrent HSK (stromal .
h prednisolone
aze, punctate
Fard et al., epithelial erosions)
2022 [43] ] -
Herpetic keratitis,
unspecified; likely HZK Bandage contact
67 F mRNA-1273 #1 NR oS given the history of Yes lens, oral VCV, and
HZO (epithelial defect topical FML
without infiltrate)
HZO (corneal
Lazzaro et al., infiltrates, Oral VCV and
2022 [44] 46M BNT162b2 #1 ! 05 pseudodendrites, Yes topical GCV
vesicular V1 rash)
60 F CoronaVac #1 2 OD HSK (dendritic ulcers) Yes Topical GCV
Li et al., 2021 [45] HZK (corneal edema, oral and topical
51 M CoronaVac #2 NR (O] Descemet fold, KP, No P
- . GCV
AC inflammation)
HZK (panuveitis, KP, Oral VCV and
Mishra et al AC cells and flare, steroids, topical
v 71M NR #1 10 OD circumcorneal No s P
2021 [46] niunctival steroids,
conunctiva intravitreal GCV
congestion)
Herpetic keratitis,
Mohammadpour et al., g unspecified (central Oral VCV, topical
2022 [47] SOF BBIBP-CorV # 14 05 corneal opacity and No betamethasone
stromal infiltration)
Hefl};e;tlcez%rj;tls’ Topical and oral
56 M AZD1222 #2 7 oD P Yes ACV, oral methyl-
(paracentral corneal .
. prednisolone
thinning)
Murgova and Balchev, ]
2022 [48] Topical methyl-
Herpetic keratitis, predms.obloEje and
89F BNT162b2 #2 21 0s unspecified (ciliary Yes L
injection, KPs, AC flare) TYIP
nisolone
injections
Herpetic keratitis, Topical GCV,
43 F NR #2 7 OD unspecified NR tobramycin, and
(manifestations NR) dexamethasone
Herpetic keratitis,
55 CoronaVac #2 7 05 unspecified; llkgly HSK NR Topical GCY and
based on exam findings cyclosporine
(dendritic ulcers)
Herpetic keratitis,
Pang et al, 2022 [49] unspecified; likely
HZO based on exam IV GCV, topical
45F NR #1 1 OD findings (conjunctival NR GCV, and
congestion, corneal cyclosporine
ulcer, vesicular
V1 rash)
Herpetic keratitis, IV GCV, topical
19M NR #2 14 ou unspecified NR GCV, and
(manifestations NR) cyclosporine
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Table 2. Cont.

History of
Source Age and Vaccine and Interval Eve Diagnosis Previous Treatment
Sex Dose Days * y (Manifestation) Herpetic
Keratitis
HSK (anterior uveitis, Oral ACV and
47E AZD1222#1 4 05 endotheliitis) Yes topical GCV
48 M AZD1222 #1 3 oD HSK (de.ndritic .u.lcers, Yes Oral.ACV and
anterior uveitis) topical GCV
HSK
59 M AZD1222 #1 4 OU  (OD: dendritic ulcers, No Oral ACY and
. . topical GCV
OS: geographic ulcer)
AAM AZD1222 #1 7 oD HSK (de.ndrinc.u'lcers, Yes Oral.ACV and
anterior uveitis) topical GCV
HZK (pseudodendrites
s ’ Oral ACV and
F AZD1222 #1 D hel Yo .
Rallis et al., 2022 [50] 5 > © aﬁ;ﬂﬁ; e ) es topical GCV
HZO (pseudodendrites,
65 M BNT162b2 #1 o7 oD endothgllltls, 'anterlor No Oral‘ACV and
uveitis, vesicular topical GCV
V1 rash
HZO (pseudodendrites,
95M BNT162b2 #1 25 0s vesicular V1 rash, No Oral ACY and
- o, topical GCV
anterior uveitis)
HZO (pseudodendrites, Oral ACV and
M BNT162b2 #1 13 05 vesicular V1 rash) No topical GCV
HZO (pseudodendrites, Oral ACV and
68 M BNT162b2 #1 2 oD vesicular V1 rash) No topical GCV
HZO (pseudodendrites, Oral ACV and
87F BNT162b2 #1 7 oD vesicular V1 rash) No topical GCV
HZO (pinpoint Oral VCV, topical
fluorescein-positive ACV, moxifloxacin,
35M AZD1222 #NR 3 oS lesions, circumcorneal No and
congestion, vesicular carboxymethylcel-
Rehman et al., 2022 [51] V1 rash) lulose
HZO (conjunctival Oral VCV and
40M AZD1222 #NR 28 (O3] congestion, vesicular No topical
V1 rash) moxifloxacin
Oral ACV and
doxycycline
. HSK (reduced corneal . ’
Richardson-May et al, 82M AZD1222 #1 1 0s sensation, dendritic Yes topical GCV,
2021 [52] prednisolone,
ulcers) .
atropine,
moxifloxacin
HZK (corneal edema,
stromal infiltration, Oral VCV and
Ryu and Kim, 2022 [53] 87M BNT162b2 #2 2 os corneal Yes topical
neovascularization, prednisolone
KPs)
Suspected herpetic
ke}fatltel:e(;l???gshﬁal IV GCV and topical
Shan et al., 2022 [54] 19M CoronaVac #2 21 ou ypererma, roug NR GCV, and
corneal epithelium, .
cyclosporine

patchy corneal
infiltration)
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Table 2. Cont.

History of
Source Age and Vaccine and Interval Eve Diagnosis Previous Treatment
Sex Dose Days * y (Manifestation) Herpetic
Keratitis
HZK (stromal and Topical GCV and
Song et al., 2021 [55] 30F BNT162b2 #1 7 OD endothelial infiltration, Yes loteprednol
corneal edema) etabonate
HZI}(I (CZ?JQ‘;;;“V"‘I IV ACV, topical
You et al., 2022 [56] 74 M BNT162b2 #2 5 (O3] YP P No ACV, and
pseudodendrite) and .
o levofloxacin
meningitis

* Interval days = days from reported vaccination to presentation with symptoms, M = male, F = female,
OD = right eye, OS = left eye, OU = both eyes, HSK = herpes simplex keratitis, HZO = herpes zoster oph-
thalmicus, HZK = herpes zoster keratitis, KP = keratic precipitates, AC = anterior chamber, ACV = acyclovir,
VCV = valacyclovir, GCV = ganciclovir, FML = fluorometholone, IV = intravenous.

Patients received mRNA, viral vector, or inactivated vaccines, including the CoronaVac
(Sinovac Biotech Ltd., Beijing, China), BBIBP-CorV (Sinopharm, Beijing, China), AZD1222
(AstraZeneca, Cambridge, UK), mRNA-1273 (ModernaTX, Inc., Cambridge, MA, USA),
and BNT162b2 (BioNTech, Mainz, Germany) vaccines.

The mean quality score of the 45 publications was 11.4 out of 12 possible points.
Twenty-five scored 12 points, fourteen scored 11, five scored 10, and one scored 9 (Table 3).
Indication of current health status and concomitant therapies were the most commonly
missed elements.

Table 3. Quality scores based on criteria per Task Force for Reporting Adverse Events.

Drug
. . Conco-
Current . Physical Patient Drug Reac- s .
Source Title Denl“(?' Health I\}’{gdlcal Exami- Disposi-  Identifi- DDrug tion r_}l}l\tant gdverse Discu- I;I'qtal
graphic Status istory nation tion cation osage Inter- \era- vents ssion oints
face pies
Abousy et al.,
2021 [18] v v v v v v v v v v v 11
Al-Dwairi et al.,
2022 [38] v v v v v v v v v v v v 12
Alkhalifa et al.,
2021 [39] v v v v v v v v v v v v 12
Alkwikbi et al.,
2022 [40] v v v v v v v v v v 10
Balidis et al.,
2021 [19] v v v v v v v v v v v v 12
Bolletta et al.,
2021 [41] v v v v v v v v v v v v 12
Cohen et al.,
2022 [42] v v v v v v v v v v v v 12
Crnej et al.,
2021 [20] v v v v v v v 4 v v v 11
de la Presa et al.,
2022 [57] v v v v v v v v v v v v 12
Eduarda
Andradf et] al., v v v v v v v v v v v v 12
2022 [21
Fard et al.,
2022 [43] v v v v v v v 4 v v v v 12
Farrell et al.,
2022 [58] v v v v v v v v v v v v 12
Forshaw ctal, v v v v v v v v v v v v 12
2022 [22]
Gouveau et al.,
2022 [59] v v v v v v v v v v v v 12
Khan et al.,
2021 [60] v v v v v v v v v v v v 12
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Table 3. Cont.

Drug
. . Conco-
Current : Physical Patient Drug Reac- H .
Source Title Demo- Health Medical Exami- Disposi- Identifi- Drug tion mitant Adverse  Discu- Total
graphic Status History nation ton cation Dosage Inter- Thera- Events ssion Points
face pies
Lazzaro et al.,
2022 [44] v v v v v v v v v v 10
Lee and Han,
2022 [61] v v v v v v v v v v v v 12
Lietal.,
2021 [45] v v v v v v v v v v v v 12
Marziali et al.,
2022 [23] v v v v v v v v v v v v 12
Mishra et al.,

2021 [46] v 4 v v v v v v v v v 11
Mohammadopur
etal,, 2022 [47] v v v v v v v v v v v 11
Mohammadzadeh
etal, 2022 [24] v 4 v v v v v v v v v v 12

Molero-
Senosiain et al., v v v ("4 v v v 4 v v 4 v 12

2022 [25]

Murgova and
Balchev, v [%4 v [4 v v v v v v 10
2022 [48]

Nahata et al.,

2022 [26] v v v v v v v v v v v v 12

Nioi et al.,

2021 [27] v v v v v v v v v v v 11

Pang et al.,
2022 [49] v 4 v v v v v v v 9
Park et al.,
2022 [28] v v v v v v v v v v v 11
Parmar et al.,

2021 [29] v v v v v v v v v v v v 12
Penbe, 2022 [62] v v v v v v v v v v v 11
Phylactou et al.,

2021 [30] v v v v v v v v v v v v 12

Rajagopal and
Priyanka, v 4 v v v v v v v v v 11
2022 [31]
Rallis et al.,
2021 [32] v v v v v v v v v v v v 12
Rallis et al.,
2022 [50] v v v v v v v v v v v v 12
Ravichandran
and Natarajan v v v v v v v v v v v 11
2021 [33]
Rehman et al.,
2022 [51] v v v v v v v v v v v 11
Richardson-
May etal., v v v v v v v v v v 10
2021 [52]
Ryu and Kim,
2002 [53] v v v v v v v v v v v 11
Shah et al.,
2022 [34] v v v v 4 v v v v v v v 12
Shan et al.,
2022 [54] v v v 4 v v v v v v 10
Simao et al.,
2022 [35] v v v v v v v v v v v v 12
Song et al.,
2021 [55] v v v v 4 v v v v v v 11
Wasser et al, v v v v v v v v v v v v 12

2021 [36]

Youetal, v v v v v v v v v v v 11

2022 [56]

Yuetal, v v v v v v v v v v v 1

2022 [37]
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4. Corneal Graft Rejection

Of the 45 publications we reviewed, 20 described acute corneal graft rejection in
36 eyes of 33 patients. Of the 33 patients, 16 were male, and 17 were female. The mean age
was 60.1 & 16.3 years (median: 63.5; range: 15-94). Acute rejection occurred following the
patient’s first dose of the vaccine in 26 (72%) eyes and after the patient’s second dose in
10 (28%) eyes. There were no reports of rejection after any booster doses. Among all
patients, 1 (1 eye, 3%) received the CoronaVac vaccine, 2 (2 eyes, 6%) received the BBIBP-
CorV vaccine, 9 (9 eyes, 25%) received the AZD1222 vaccine, 7 (7 eyes, 19%) received
the mRNA-1273 vaccine, and 14 (17 eyes, 37%) received the BNT162b2 vaccine. The
time from the most recent vaccine to presentation was 11.2 &+ 0.4 days (median: 8.5;
range: 1-42). Cases were mostly represented by unilateral rejection in the setting of a single
graft; however, there were three cases of bilateral corneal graft rejection.

Various keratoplasty techniques were reported, including penetrating keratoplasty
(PKP), Descemet’s stripping (automated) endothelial keratoplasty (DSAEK), Descemet’s
membrane endothelial keratoplasty (DMEK), and femtosecond laser-assisted endothelial
keratoplasty (FLEK). After reviewing the most recent keratoplasty procedure among the
36 eyes, we found 20 eyes (55.6%) to have undergone a PKP, 1 eye (2.8%) a FLEK, 8 eyes
(22.2%) a DMEK, and 7 eyes (19.4%) a DSAEK. The time from the most recent keratoplasty
to the reported rejection episode was a mean of 6.2 years and ranged from 14 days to
25 years with a median of 3.5 years. Notably, the standard deviation of the interval time
data was greater than the mean, indicating a high variation in the data.

The outcomes of the rejection episodes were mixed. Twenty-two eyes (36%) had
resolution, 7 eyes (19%) had improvement, and 6 eyes (17%) had no improvement. The
outcome was not reported for 1 eye. Of the 20 eyes that underwent PKP, 14 (70%) had
resolution, 2 (10%) had improvement with no further descriptions of the disease course, and
3 (15%) had no improvement (1 outcome was unreported). Of the 8 eyes that underwent
DMEK, 2 (25%) had resolution, 4 (50%) had improvement with no further descriptions of
disease course, and 2 (25%) had no improvement. Seven eyes underwent DSAEK, and
5 (71%) had resolution; improvement was seen in 1 eye (14%) with no further descriptions of
the disease course, and no improvement was seen in 1 eye (14%). Resolution was reported
for the one eye that underwent FLEK. Analysis of outcomes by vaccine dose revealed
a greater incidence of resolution in patients who had rejection after the first dose versus the
second. Among 26 eyes that had rejection after the first vaccine, 18 (69%) had resolution,
3 (12%) had improvement, and 4 (15%) had no improvement; among 10 eyes with rejection
after their second dose, 5 (50%) eyes had resolution, 4 (40%) had improvement, and 1 (10%)
had no improvement. Comparisons of outcomes by vaccine type demonstrated a similar
incidence of resolution in the groups that received the AZD1222 vaccine (7 of 9 eyes, 78%)
and the BNT162b2 vaccine (13 of 17 eyes, 76%). The incidence of resolution was lower for
the groups that received the BBIBP-CorV (1 of 2 eyes, 50%), mRNA-1273 (1 of 7 eyes, 14%),
and the CoronaVac (0 of 1 eye, 0%) vaccines.

Molero-Senosiain et al. reported on five patients who presented symptoms within
1 month of vaccination. One case involved a 72-year-old female with a history of Fuchs
endothelial dystrophy (FED) requiring three DSAEKSs in her right eye, and three PKPs, and
one DSAEK in her left eye, with the most recent surgeries being a DSAEK in the right eye
and a PKP in the left, five and eight years prior to presentation, respectively. The authors
did not report any underlying risk factors for the multiple graft failures that the patient
had [25]. Fourteen days after her first dose of the BNT162b2 vaccine, she presented with
blurred vision and a visual acuity (VA) of 20/80 in the right eye. Prior to this episode, she
had poor VA in her left eye (counting fingers) due to a failed PKP and a VA of 20/50 in her
right eye. Examination revealed graft edema in only the right eye. There were no keratic
precipitates (KPs) or anterior chamber reaction. Resolution was achieved by increasing the
frequency of her pre-rejection maintenance treatment of topical dexamethasone, and her
final VA was 20/60. The second case was an 82-year-old woman with a similar history of
FED requiring DSAEK of the right eye four years prior. She presented 14 days following
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the BNT162b2 vaccine with blurred vision and a reduction in VA from her baseline of
20/40 to 20/100. On exam, she had an edematous graft without KPs and no anterior
chamber reaction. Resolution was achieved with topical steroids, and VA improved to
20/60. The remaining three cases in this series involved a 55-year-old male, 61-year-old
male, and 48-year-old female, all with a history of keratoconus that was treated with PKP
and with pre-rejection VAs of 20/66, 20/100, and 20/45 which worsened to counting fingers,
20/350, and counting fingers, respectively. They all reported blurred vision following the
administration of the AZD1222 vaccine. Although all eyes presented with corneal edema,
two eyes also had Descemet’s membrane folds, one had KPs, and one had an anterior
chamber reaction. Treatment for all patients involved topical steroids, although one patient
needed intravenous (IV) methylprednisolone after a poor response to topical steroids. All
patients achieved reversal of rejection and improvement in vision (20/100 for the female
patient and 20/125 for the others).

Similar cases of acute rejection have been reported by Shah et al. in patients receiving
the mRNA-1273 vaccine. In their case series, they describe four patients who received
the vaccine and developed signs of rejection within two weeks of administration [34].
A 74-year-old male who had a DMEK for pseudophakic bullous keratopathy three months
prior and was compliant with once-daily topical fluorometholone reported blurred vision
following his first vaccination dose. The exam was significant for a VA of 20/60 from
a baseline of 20/25 an endothelial rejection line, KPs, Descemet folds, and corneal edema
with a central corneal thickness (CCT) of 743 pm. Within two days of every-2-h prednisolone
use, the CCT decreased to 705 um. He had his second vaccine dose while continuing topical
prednisolone and did not experience further complications; after several weeks, his vision
improved to 20/40, and CCT further decreased to 655 pm. The authors described another
case of a 69-year-old woman with FED requiring bilateral DSAEK 6 years prior and with a
pre-rejection VA of 20/25. She presented with a worsening vision in her left eye 14 days
after her second dose of the mRNA-1273 vaccine. Slit lamp exam showed conjunctival
injection, anterior chamber reaction, and stromal edema (CCT 719 um) of the left eye;
the right eye examination was unremarkable other than the presence of an intact DSAEK
graft. Within 3 weeks of topical difluprednate initiation, her VA improved from 20/50
at presentation to 20/30, and there was a resolution of the anterior chamber cell and
improvement of stromal edema (CCT 633 um). The remaining two cases described in this
series included a 61-year-old female and a 77-year-old male with a history of a PKP 2.5 and
22 years prior, respectively, and baseline VA of 20/40 and 20/25, respectively. Both patients
reported declining vision 1 week after their second dose of the mRNA-1273 vaccine. The
exam revealed VA of 20/80 and 20/60 in the affected eyes, respectively, and corneal graft
edema, conjunctival inflammation, and KPs in both patients. An endothelial rejection line
was also seen in one patient and an anterior chamber reaction in the other. Both patients
received topical prednisolone for several weeks with an improvement of VA to 20/60 and
20/40, respectively, and resolution of graft edema, KPs, and conjunctival inflammation. In
this series, Shah et al. presented four cases that suggest a temporal association between the
mRNA SARS-CoV-2 vaccine and acute corneal graft rejection while recognizing the need
for wider population-based and comparative studies to investigate the incidence of graft
rejection and any association with SARS-CoV-2 vaccination.

In their case series, Balidis et al. described four cases that responded variably to
treatment [19]. They reported on a 77-year-old woman who underwent a DMEK for
pseudophakic bullous keratopathy 20 months prior and had three episodes of graft rejection
within eight months of transplantation; two episodes were associated with HSK. The third
episode required escalation to systemic steroid therapy and coverage for herpetic keratitis;
ultimately, the graft failed. After regrafting, the patient continued topical corticosteroids
and oral antivirals. At her 12-month appointment post-regraft, her graft was noted to be
the clearest since the transplant was performed. Soon after, she received the mRNA-1273
vaccine and noticed blurred vision 7 days later; her exam revealed KPs and corneal edema.
Subconjunctival dexamethasone, topical corticosteroids, and hypertonic eye drops did not
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improve the rejection episode, and she required IV dexamethasone. Improvement was
noted at the four-week mark. The authors also reported on a 64-year-old woman with a
history of PKP for keratoconus 2 years prior with no complications and a CCT of 470 pm
at baseline. One week after the patient’s second dose of the mRNA-1273 vaccine, she
experienced blurred vision. Anterior chamber reaction and stromal edema (CCT 585 um)
were noted on slit-lamp examination. Topical and intracameral dexamethasone did not
achieve resolution, and the edema persisted after four weeks of therapy; the authors did
not report any additional interventions. Patient three in this series was a 69-year-old
male who underwent PKP of the right eye 22 months prior for post-herpetic corneal
scarring. He received the first dose of the AZD1222 vaccine and experienced reduced
vision five days later in that eye (VAs not reported). The exam revealed KPs and corneal
edema (CCT 757 pm). Treatment involved subconjunctival dexamethasone injections, oral
methylprednisolone, and topical dexamethasone. Stromal edema initially did not improve
but did so after 8 weeks of treatment (CCT 660 um). Finally, the authors presented a
63-year-old male with a history of DSAEK of the left eye for FED and repeated DSAEK
9 months prior to presentation due to graft failure. His blurred vision began 10 days after
the first dose of the AZD1222 vaccine, with VA reduced to counting fingers at one meter
from 20/40 at baseline. Again, corneal edema and KPs were seen. Treatment with topical
dexamethasone was begun, but the edema persisted at the 3-week follow-up visit. The
authors did not report any further follow-up.

Similar reports of acute graft rejection in patients with various keratoplasty types, variable
times since procedure, and repeat graft histories have been made [18,20,26,27,31,33,35-37].
In all cases that reported treatment, patients were treated with topical steroids; in some
cases, oral steroids, intracameral dexamethasone, subconjunctival dexamethasone, or IV
steroids were used concurrently or subsequently. Despite undergoing prescribed treatment,
five total patients reported by Yu et al., Simao et al., Forshaw et al., and Balidis et al.
ultimately had graft failure following SARS-CoV-2 vaccination [19,22,35,37]. Yu et al.
described a 51-year-old male patient who had acute rejection 3 weeks post-PKP [37]. He
was receiving topical steroids but ultimately had graft failure and progression of glaucoma
in the setting of increased steroid use. Simao et al. presented a patient who had acute PKP
graft rejection after vaccination which improved with topical dexamethasone. After her
second dose of the CoronaVac vaccine, she returned with the same clinical presentation;
the same treatment was repeated with no recovery, and ultimately had graft failure. Lastly,
Forshaw et al. reported on a 94-year-old female with bilateral DMEK rejection 14 days
after receiving a SARS-CoV-2 vaccine (unspecified type) [22]. Treatment with topical
dexamethasone/tobramycin and hypertonic saline failed to improve her corneal edema.
She received a repeat DMEK in both eyes with an overall improved corneal clarity. The
remaining two cases were described by Balidis et al. as above.

Discussion

Corneal transplantation is among the most common and successful solid organ trans-
plantations [63]. While rejection is understood to be rare following vaccination in general,
the phenomenon is likely underreported [45,64]. A survey of cornea specialists in 2021
revealed at least 34 anecdotal keratoplasty rejection episodes related to vaccines, but that
same study also noted that only four articles describing a total of 12 cases of an associa-
tion between recent vaccination and corneal transplant rejection had been published over
30 years [65]. High-quality studies on the association between vaccines and corneal graft
rejection have not been done, and the evidence is thus far inconclusive. While no formal
pathophysiologic link has been made between the two, a review of post-vaccination corneal
graft rejection revealed associations between rejection and influenza, tetanus, hepatitis B,
yellow fever, recombinant zoster, and SARS-CoV-2 vaccines [64].

Our literature review revealed 33 cases (36 eyes) of corneal graft rejection after
SARS-CoV-2 vaccination, more reported cases than with any other vaccine. There are
many biases that may account for this difference, but it is a difference that has not been
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prospectively explored and one that needs further study. On the other hand, Busin et al.
examined 77 diagnosed cases of rejection among 2062 patients that received corneal trans-
plants between January 2018 and December 2021 [66]. They found no notable increase in
the number of eyes with graft rejection in 2021 when vaccination was widely implemented.
In further analysis, the authors compared the incidence of graft rejection in the “risk period”
(the first 60 days after vaccination) versus the incidence outside of the risk period. They
found no significant increase in the incidence of rejection within the risk period. Addi-
tionally, they analyzed rejection data for patients who received a cornea transplant before
receiving their SARS-CoV-2 vaccine and those who received a transplant after the vaccine
and again found no significant differences. Similarly, a multi-country study by Roberts et al.
found no increase in the number of corneal graft rejection cases diagnosed per month after
vaccination programs were widely implemented versus in the periods prior to lockdowns
and during lockdowns [67]. The data presented by both Busin et al. and Roberts et al. do
not support an association between SARS-CoV-2 vaccination and corneal graft rejection.
However, all published data together provide insight into the need for analysis on a greater
scale to establish vaccine safety in patients with corneal grafts.

Based on the limited dataset in this review, it appears that rejection was less likely
to fully resolve after DMEK as compared to PKP or DSAEK. This is an association that
warrants further study, but may be due to the often lower dosage and potency of topical
steroid regimen post-DMEK as compared to other forms of corneal transplantation. Clin-
icians should be aware of a possible association between SARS-CoV-2 vaccination and
corneal graft rejection, report associations when found and take this into consideration
in clinical management. It is important to note the high degree of reversibility of corneal
graft rejection with appropriate management and re-emphasize the benefit of SARS-CoV-2
vaccination for individuals and communities. Clinicians may consider increasing topical
steroid use in the peri-vaccination period as a relatively low-risk potentially prophylactic
measure to mitigate graft rejection.

The cornea is among the few tissues in the body that have immune privilege. The
unique avascular anatomy as well as the absence of lymphatic tissue within the cornea
prevent access by the immune system. Additionally, the corneal layers express low amounts
of major histocompatibility complexes (MHC) I and II, limiting the immune response
against antigens. Regulatory T cells (Tregs) have an important role in downregulation of
immune responses in the cornea. Expression of surface molecules on these cells, including
cytotoxic T lymphocyte antigen-4, programmed cell death ligand-1, and forkhead box
protein 3 (Foxp3), as well as secretion of interleukin-10 and transforming growth factor-3
work to suppress immune activation by inhibiting activities of antigen presenting cells and
CD4+ T cells and inhibiting interferon gamma production [63,68,69]. While dendritic cells
exist in the central and peripheral cornea, they are suppressed by interleukin-1 receptor
antagonist expressed in the cornea, further reinforcing the cornea’s exclusion from immune
surveillance [68]. These mechanisms and others promote survival of corneal allografts. It
has been hypothesized that the immune system activation and dysregulation occurring
after vaccination may threaten these barriers and expose the corneal graft and foreign
antigens to the immune system, mediating rejection [70].

Cross-reactivity between the SARS-CoV-2 antigen and MHC-antigen complexes has
been proposed as a mechanism for acute rejection following SARS-CoV-2 vaccination. The
BNT162b2 and the mRNA-1723 vaccines are lipid-encapsulated mRNA molecules encoding
the spike protein, which is the target antigen for the humoral immune response. After
vaccination, anti-spike protein titers are elevated. At this time, antibodies that are cross-
reactive with corneal graft donor molecules may produce an immune response, thereby
mediating rejection [30]. Another proposed mechanism is based on observed corneal
responses during states of inflammatory stress. In response to stress, MHC class II and
co-stimulatory molecule expression is induced in corneal epithelial cells and dendritic cells.
Such inflammatory stress may be induced after vaccination and lead to allosensitization
by presentation of donor antigens [68]. Similarly, inflammation within the host bed has
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been demonstrated to decrease the expression of Foxp3 in Tregs and disrupt differentiation
of Tregs, potentially weakening the multiple mechanisms for immune modulation by
Tregs [71]. Furthermore, SARS-CoV-2 vaccines elicit strong humoral and cellular immune
responses, as seen with other vaccines, including a Th1-biased CD4+ response. CD4+ Th1
cells are mediators of corneal graft rejection and may play a role here [32,72].

Another possible mechanism may include an immune reaction to vaccination adju-
vants, which are used to enhance the body’s immune response and lower the frequency
and amount of vaccine needed to obtain adequate preventive immunity [49].

5. Herpetic Keratitis

Of the literature included in this review, 19 publications described the occurrence of
herpetic keratitis after SARS-CoV-2 vaccination in 46 eyes of 43 patients. Twenty-six patients
(60.4%) were male. Mean age was 55.7 &= 21.3 years (median: 55; range: 18-95). One patient
(1 eye, 2%) received the mRNA1273 vaccine, 1 patient (1 eye, 2%) received the BBIBP-CorV
vaccine, 22 patients (22 eyes, 48%) received the BNT162b2 vaccine, 4 patients (5 eyes, 11%)
received the CoronaVac vaccine, and 12 patients (13 eyes, 28%) received the AZD1222
vaccine. Vaccine type was not recorded for 3 patients (4 eyes, 9%). Symptoms began an
average of 9.5 £ 8.4 days (median 7; range 1-28) after vaccination in the 41 patients for
which this interval was reported. Vaccination to symptom interval was not reported for
2 patients (2 eyes). Twenty-one patients (22 eyes, 49%) reported symptoms after their first
vaccine, 17 patients (19 eyes, 33%) had symptoms exclusively after their second vaccine,
and 2 patients (2 eyes, 5%) had symptoms after their third vaccination/booster. Three
patients (4 eyes, 9%) had symptom recurrence after receiving a subsequent vaccine dose.
Vaccine dose number was unreported for 3 patients. Fourteen patients (15 eyes, 33%)
were diagnosed with herpes simplex keratitis (HSK) while 16 patients (16 eyes, 35%)
were diagnosed with herpes zoster keratitis (HZK/HZO). Six studies involving 15 eyes of
13 patients did not specify which type of herpes virus infection was diagnosed, although
based on history and exam it is likely that two of these eyes were HSK and two were HZK.
Additionally, 25 patients (25 eyes, 54%) had a known history of herpetic keratitis prior to
presentation for acute reactivation or recurrence of disease following vaccination.

All cases of herpetic keratitis (HK) with reported outcomes had improvement or
resolution. Of the 41 eyes with reported outcomes, 24 (59%) had resolution and 17 (41%)
had improvement. Of the 13 eyes with HSK and reported outcomes, 7 (54%) had resolution
and 6 (46%) had improvement. Among 16 eyes diagnosed with HZK/HZO, 9 eyes (56%)
had resolution and 7 (44%) had improvement. In the group diagnosed with HK after the
first vaccine dose (22 eyes), 15 (68%) had resolution and 7 (32%) had improvement. In the
group with HK after the second vaccine dose (14 eyes), 9 eyes (64%) had improvement
and 5 eyes (36%) had resolution. Resolution was seen in the 2 eyes with HK after the
third vaccine dose (100%). Among the 22 eyes with HK after receiving the BNT162b2
vaccine, 11 (52%) had resolution and 10 (48%) had improvement (outcome was unreported
for 1 eye). Of the 13 eyes that had HK after receiving the AZD1222 vaccine, 8 (67%) had
resolution and 4 (33%) had improvement (outcome was unreported for 1 eye). Five eyes
had HK after receiving the CoronaVac vaccine and 2 (40%) had resolution while 3 (60%)
had improvement. One eye with HK after receiving the BBIBP-CorV vaccine had resolution
after treatment.

Al-Dwairi et al. described a case of a 50-year-old man with a history of PKP of the left
eye for corneal opacity from a previous episode of herpetic keratitis years prior [38]. He
received pre- and post-operative subconjunctival anti-vascular endothelial growth factor
injections and had been on oral acyclovir and topical prednisolone for over a year until
7 months before his presentation. He presented almost two years post-operatively with
redness, tearing, and pain in his left eye following vaccination one week prior with the
BNT162b2 vaccine. The examination was significant for multiple dendritic ulcers in the
graft with ciliary injection and anterior chamber cells consistent with recurrence of HSK.
He ultimately had resolution of the ulcers after topical acyclovir and moxifloxacin as well
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as lubricant eye drops for 2 weeks. Li et al. presented a similar case of a 60-year-old
woman with a history of PKP for corneal scarring due to HSK [45]. She had no episodes
of acute rejection or keratitis until two days after receiving the inactivated CoronaVac
vaccine. Characteristic dendritic ulcers were seen on slit lamp examination. Treatment
with topical ganciclovir and discontinuation of topical steroids resolved the recurrent HSK
in two weeks. The patient went on to receive her second dose of the vaccine while using
topical ganciclovir without any issues.

Several cases of HZK after SARS-CoV-2 vaccination have also been reported.
You et al. presented a unique case of VZV reactivation and meningitis in a 74-year-old
male who initially presented with headache, forehead pain, left eyelid swelling, and
photophobia [56]. He had had the second dose of the BNT162b2 vaccine 5 days prior.
On exam, skin lesions involved the ophthalmic distribution of the trigeminal nerve. Ocu-
lar exam revealed pseudodendrites of the cornea, conjunctival chemosis, and hyperemia.
Further investigation of the headache involved cerebrospinal fluid studies which were
indicative of meningitis due to VZV. He received IV acyclovir, topical acyclovir, and topical
levofloxacin. He had improvement within 3 days. Twenty days after discharge, he returned
with a central epithelial defect of the same eye. Treatment was initiated with a bandage
contact lens and a topical solution of ofloxacin and recombinant human epithelial growth
factor. Over two months, the epithelium healed and at 6 months, exam findings were stable
with some stromal haze.

Shan et al. presented a case of a 19-year-old man with no ophthalmic history who
developed a suspected herpetic keratitis after both the second and third dose of the Coron-
aVac vaccine [54]. He initially presented three weeks after his second dose with blurred
vision in both eyes and was treated with topical ganciclovir and levofloxacin but had no
relief. He was later admitted for worsening symptoms and exam findings of conjunctival
hyperemia, irregular corneal epithelium, and patchy corneal infiltrates. He received IV
ganciclovir, topical ganciclovir, and topical cyclosporine. Within 1 week, his symptoms
resolved, and exam findings and vision were improved. He received the third dose of the
CoronaVac vaccine 18 months later with a recurrence of the same symptoms; exam findings
were consistent with those of the previous episode. He again received topical ganciclovir
and topical cyclosporine. He also received oral acyclovir and ganciclovir. At the follow-up
one week later, his exam had improved, symptoms resolved, and VA returned to 20/20.
Unique to this case is the recurrence of corneal disease with repeat vaccination suggesting
an association between the vaccine and viral reactivation in the cornea.

Of the 14 patients with HSV reactivation, 12 had a previous history of HSK. Of the
two cases with no previous HSK history, one developed into recurrent HSK after its man-
ifestation after both the first and second doses of the vaccine. In their case series, Rallis
et al. included the case of a 59-year old-male with no history of herpetic ocular disease
who developed bilateral keratitis 4 days after receiving the AZD1222 vaccine [50]. Exam
revealed right sided corneal dendrites and a geographic ulcer of the left eye. He received
topical ganciclovir and topical corticosteroids, and oral acyclovir. Complete resolution was
noted after two weeks. After his second dose of the AZD1222 vaccine, he had recurrence
of herpetic keratitis. No further treatment or follow-up was reported. In contrast, of the
16 patients with HZK, only 6 had a previous history of HZK or HZO. Patients with no
history of herpetic keratitis had a mean age of 56 &+ 22.8 years (median 57; range 19-95);
28% were female, and 72% were male. Among patients with recurrent herpetic keratitis,
the mean age was 55.6 £ 20.6 years (median 53; range 18-89); 48% were female and 52%
were male. Other cases of reactivation and recurrence of HSV and VZV as described in
Table 2, involved typical presentations of such infections. Treatment for herpetic kerati-
tis included topical antivirals, oral antivirals, or a combination of both with or without
additional agents.

Interestingly, a recent study using the Centers for Disease Control and Prevention
Vaccine Adverse Events Reporting System demonstrated a temporal association between
vaccine-associated uveitis (VAU) and SARS-CoV-2 vaccination. Among 491 patients diag-
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nosed with VAU, 249 (20.76%) had herpes ophthalmicus (unspecified) [9]. They also noted
that the benefits of vaccination outweigh the risks of VAU but that physicians should be
aware of this association.

Discussion

The reported adverse effects of the SARS-CoV-2 vaccines have included the reactiva-
tion of viral diseases, particularly herpes simplex and herpes zoster. In addition to other
cutaneous reactions, McMahon et al. described 4 cases of herpes simplex flares and 10 cases
of herpes zoster from among 414 reported cutaneous effects of the SARS-CoV-2 vaccine
within an international database [73]. Ozdemir et al. similarly reported herpes zoster
in two healthy young patients following vaccination [74]. Additional literature presents
similar cases of reactivation of latent herpetic infection after vaccination [75]. In their
review of the Vaccine Adverse Events Reporting System, Gringeri et al. identified 5934
cases of herpes zoster and 273 of herpes simplex infection after receiving the BNT162b2
vaccine [76]. These cases included 60 (1.01%) cases of “ophthalmic herpes zoster” and
6 (2.20%) cases of “ophthalmic herpes simplex”. They found a reporting odds ratio of 1.49
for herpes zoster and 1.51 for herpes simplex. Barda et al. found a similar risk ratio for
herpes zoster of 1.43, but an unremarkable risk ratio for herpes simplex infection for the
same vaccine [77]. However, Shasha et al. found a risk ratio for herpes zoster that was
inconclusive for the same vaccine [78]. Conflicting evidence in the literature regarding the
SARS-CoV-2 vaccines and their potential effects on latent viral disease reveals the need for
further research.

In herpetic infections of the trigeminal distribution in general, the virus resides in the
trigeminal ganglion after primary infection. Reactivation along the ophthalmic branch
can cause corneal disease. Little is known about the potential pathogenesis of herpetic
reactivation after SARS-CoV-2 vaccines, and it is unclear what role the vaccines may
have on recurrent versus new-onset herpetic keratitis. Known triggers of herpes virus
reactivation are induced in severe COVID-19 infections, including fever and physical stress
and may be implicated in the case of vaccination [79]. It has been hypothesized that
lymphopenia and lymphocyte exhaustion during the course of a severe COVID-19 infection
may also contribute to reactivation [80,81]. Additionally, in the post-vaccination state,
stimulation of the immune system is induced, involving increases in T-helper type 1 CD4+
and CD8+ cells. This stimulation in cellular immunity may cause a shift of naive CD8+
cells, overwhelming the ability of virus-specific CD8+ cells to control the latent virus [82].
An additional hypothesis describes the response of toll-like receptor (TLR) signaling to
vaccination against COVID-19. TLRs are known to be involved in the reactivation process
of herpes viruses and serve to maintain the latency of the virus in the host. Vaccination
also stimulates the release of inflammatory cytokines, which induce T and B cell immune
responses but disturb antigen expression, lowering the threshold for reactivation [80,83].

6. Others

A single case of corneal melt after SARS-CoV-2 vaccination was reported in the liter-
ature by Khan et al. [60]. They presented the case of a 48-year-old man with a two-week
history of blurred vision, photophobia, pain, and watering in both eyes. He had received
the first dose of the AZD1222 vaccine 3 weeks before the start of his symptoms. On exam,
he had conjunctival and ciliary congestion, with corneal melt, uveal tissue prolapse, and
bilateral massive choroidal detachments found on B-scan ultrasonography. Workup for
underlying autoimmune or infectious etiologies was negative. Ultimately, the patient
required PKP in both eyes.

A case of bilateral corneal edema was reported by Lee and Han [61]. A 55-year-old
female with a history of uneventful cataract surgery two months prior presented with
sudden visual disturbance and ocular pain six days after receiving the AZD1222 vaccine.
Her vision at presentation had worsened from 20/20 at baseline to 20/30 bilaterally. Slit-
lamp examination revealed mild bilateral corneal edema with a CCT of the right and left
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eyes of 580 um and 594 um, respectively. Endothelial cell density was 2849/mm? in the
right eye and 2778/mm? in the left eye. After two weeks of topical prednisolone use, her
vision improved to 20/25 bilaterally, and the corneal edema had resolved in the right eye
with minimal residual edema of the left eye; CCTs improved to 553 pm and 579 pm of the
right and left eyes, respectively.

Marginal keratitis as an adverse effect was reported in one case by Farrell et al. [58].
A 66-year-old female presented with worsening right eye pain and redness 2.5 weeks after
receiving the first dose of the mRNA-1273 vaccine. She self-medicated with antibiotic eye
drops from symptom onset with no improvement. On exam, the right eye had a significant
conjunctival injection, infiltrates of the cornea, and peripheral corneal vascularization.
There were no epithelial defects, anterior chamber abnormalities, or discharge. The left eye
was unremarkable. She was diagnosed with marginal keratitis of the right eye and started
topical antibiotics and corticosteroids and had improvement within several days.

Gouveau et al. and de la Presa et al. have reported on patients experiencing rejection of
limbal allografts following SARS-CoV-2 vaccination. The first by Gouveau et al. described a
72-year-old male with a history of chemical injury and subsequent keratolimbal allograft of
the right eye (KLAL) 6.5 years prior; he had an uneventful post-operative course and later
had a PKP and cataract extraction/intraocular lens implantation 15 months and 3.5 years
after the KLAL, respectively [59]. He tolerated his medication regimen of oral tacrolimus,
topical prednisolone, dorzolamide-timolol, and cyclosporine well His tacrolimus dosage
was eventually decreased, and his subsequent lab work showed subtherapeutic tacrolimus
levels. On routine follow-up 1 month after receiving the second dose of the BNT162b2
vaccine, he was noted to have chemosis as well as perilimbal engorgement and tortuous
vessels. However, there was no corneal edema, KPs, anterior chamber reaction, or epithelial
rejection line. The patient declined oral steroids and was started on topical difluprednate
and tacrolimus, and his oral tacrolimus dosage was increased. Within 4 months, the KLAL
segments showed improvement. In their similar case study, de la Presa et al. presented
a 27-year-old with a history of limbal-stem cell deficiency secondary to contact lens use
and subsequent living-related conjunctival limbal allograft (LR-CLAL) of her right eye
approximately 4.5 years prior [57]. She was maintained on mycophenolate mofetil (MMF)
and topical prednisolone for years with no noted complications at her regular follow-up
appointments. However, 15 days after receiving the first dose of the mRNA-1273 vaccine,
she presented with redness and irritation in her right eye. Exam revealed conjunctival
hyperemia sparing the LR-CLAL graft and an epithelial rejection line along the limbus
with no corneal infiltrates or edema. She was started on topical difluprednate, and oral
prednisone, and her MMF was increased. Her symptoms improved over several days,
and by two weeks, improvements were seen on the exam (fading epithelial rejection line
and resolution of hyperemia). She received the second dose of the vaccine while still on
increased topical and systemic immunosuppression with no complications.

Lastly, Penbe described a single case of peripheral ulcerative keratitis in a 76-year-old
man with a history of PKP of the left eye 10 years prior who presented with right eye pain
and blurred vision two weeks after receiving the CoronaVac vaccine [62]. On presentation,
he had peripheral stromal infiltration spanning 180 degrees, corneal necrosis from the
temporal limbus to the visual axis, and nodular scleritis of the right eye. The left eye had
no acute changes but was opaque from the previous pathology. Work-up for autoimmune
etiology was negative. He was empirically treated with IV methylprednisolone and topical
moxifloxacin, dexamethasone, cyclosporine, cyclopentolate, flurbiprofen, and autologous
serum drops. He was later transitioned to oral prednisone, azathioprine, and doxycycline.
He received several amniotic membrane grafts over 5 weeks, and the corneal defect resolved.
However, his VA had improved minimally from finger counting at 10 cm at presentation to
finger counting at one meter. In the setting of an opaque left corneal graft, the decision to
pursue PKP was ultimately made to restore vision to 20/100. In the postoperative follow-up
4 weeks later, the right eye corneal graft was clear.
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7. Conclusions

Since efforts directed toward vaccinating the global population against COVID-19
began in 2021, cases of ophthalmologic adverse events occurring in the post-vaccination
period have been reported. In this review, we presented cases of corneal complications
following SARS-CoV-2 vaccination and discussed mechanisms theorized to be involved in
acute corneal graft rejection and herpetic keratitis post-vaccination. Despite the 66 cases
reviewed here, a causal relationship between the two events cannot be definitively estab-
lished; more data are needed to better understand the potential interactions of the vaccine
with the cornea and its effect on immune response. More data are also needed to make any
correlations between ocular outcomes after COVID-19-associated corneal graft rejection and
herpetic keratitis, and the variables described by the ISPE and the ISoP, including medical
and medication history. Regardless, the benefits of vaccination appear to outweigh the
risks and in the absence of new evidence suggesting otherwise, ophthalmologists should
continue to recommend vaccination against COVID-19 for patients. At the same time,
patients who have a history of corneal transplantation or herpetic keratitis should be closely
monitored after vaccination and should be counseled on the signs and symptoms of graft
rejection and herpetic reactivation, respectively.
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Abstract: Numerous complications following COVID-19 vaccination has been reported in the lit-
erature, with an increasing body of evidence reporting vaccination-associated uveitis (VAU). In
this systematic review, we searched six electronic databases for articles reporting the occurrence of
VAU following COVID-19 vaccination. Data were synthesized with emphasis on patients’ charac-
teristics [age, gender], vaccination characteristics [type, dose], and outcome findings [type, nature,
laterality, course, location, onset, underlying cause, and associated findings]. Data are presented
as numbers (percentages) for categorical data and as mean (standard deviation) for continuous
data. Sixty-five studies were finally included [43 case reports, 16 case series, four cohort, one cross-
sectional, and one registry-based study]. VAU occurred in 1526 cases, most commonly in females
(68.93%) and middle-aged individuals (41-50 years: 19.71%), following the first dose (49.35%) of
vaccination, especially in those who received Pfizer (77.90%). VAU occurred acutely (71.77%) as
an inflammatory reaction (88.29%) in unilateral eyes (77.69%), particularly in the anterior portion of
the uvea (54.13%). Importantly, most cases had a new onset (69.92%) while only a limited portion of
cases had a reactivation of previous uveitis condition. In conclusion, although rare, uveitis following
COVID-19 vaccination should be considered in new-onset and recurrent cases presenting with either
acute or chronic events.

Keywords: COVID-19; vaccine; uveitis; vaccine-associated uveitis

1. Introduction

Following the declaration of the COVID-19 pandemic, healthcare systems all over the
globe were burdened by the increased number of daily diagnosed cases and associated
deaths. This urged the need to develop effective vaccines within a short time period. During
the past two years, a number of vaccines received emergency authorization and were then
disseminated globally. Currently, over 12.6 billion doses have been distributed, including
messenger RNA vaccines (the Pfizer-BioNTech and the Moderna), vector vaccines (Johnson
& Johnson, AstraZeneca), and protein subunit vaccine (Novavax). Although these vaccines
were effective in limiting the spread of the disease and limiting the occurrence of severe
forms, several adverse events were reported, particularly those involving the eye [1,2].

Uveitis is a potentially vision-threatening condition that involves intraocular inflam-
mation. It accounts for 10-15% of blindness cases worldwide [3]. It has incidence and
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prevalence rates of 50.45 and 9-730 per 100,000 cases, respectively. The etiology of uveitis
is multifactorial, which can be autoimmune, systemic (60.1%), infectious (30-50%), or
idiopathic (20-40%) in origin [3]. That being said, uveitis can occur postvaccination.
Vaccination-related uveitis, although uncommon, has been reported during previous Hep-
atitis B virus (40%), human papillomavirus (15%), hepatitis A virus, influenza virus, Bacille-
Calmette-Guerin, varicella virus, and measles-mumps-rubella vaccination programs [4]. In
this context, the hypothesis of COVID-19 vaccine-associated uveitis (VAU) has emerged,
with several reports highlighting the magnitude of this problem [1,5,6]. For instance,
non-infectious uveitis has been reported in 66.8 and 62.7 cases per 100,000 person-years
following the first and second doses of the BNT162b2 mRNA vaccine, respectively [7].

In light of COVID-19 VAU, the level of evidence has shifted. Instead of being based
solely on case reports, a number of new cohort and cross-sectional studies have been
published in this regard, all of which highlight the magnitude of this newly emerging
observation. Therefore, we conducted a systematic review to summarize available evidence
on COVID-19 vaccine-associated uveitis with a particular focus on vaccines’ information
[type, dose, duration], patients’ characteristics [sociodemographic and clinical], and disease-
associated outcomes [origin, type, location, presentation, management, and outcomes].

2. Materials and Methods
2.1. Study Protocol and Database Search

This research was carried out in accordance with the Preferred Reporting for System-
atic Review and Meta-Analysis (PRISMA) recommendations. In July 2022, our protocol
was registered on PROSPERO [registration number: CRD42022358117]. Meanwhile, on
26-27 July 2022, we searched six electronic databases [PubMed, Scopus, EMBASE, Web of
Science, CENTRAL, and Google Scholar] to retrieve all studies that reported the occurrence
of VAU following COVID-19 vaccination using the following keywords: COVID-19 AND
vaccin* AND uveitis. Medical Subject Headings (MESH) terms were also added when-
ever applicable to retrieve all relevant studies based on their indexed terms in included
databases. Of note, only the first 200 records from Google Scholar were retrieved and
screened as per the recent recommendations [8]. The detailed search strategy for each
database is provided in Table Al. It is worth noting that an updated database search was
carried out on 11 September 2022, to include any newly published studies before the official
synthesis of collected data.

Additionally, on 1 September 2022, after finishing the screening process, we conducted
a manual search of references to identify any relevant studies that we could not identify
through the original database search. This search was conducted through: (1) the reference
list of included studies, (2) “similar article” of included papers on PubMed, and (3) Google
by using these keywords: “COVID-19” + “uveitis” + “vaccine”.

2.2. Eligibility Criteria

We included original research papers that discussed the occurrence of VAU following
COVID-19 vaccination. We included all of the following study designs: case reports and
series, cohorts, and cross-sectional studies. Studies were included regardless of the type
and/or dose of vaccine, history or location of uveitis, or the language of publication.
Meanwhile, studies were excluded if they: (1) recruited individuals (healthy or infected
with COVID-19) who did not receive COVID-19 vaccines, (2) were not original (reviews,
editorials, commentaries, books, etc.), (3) included duplicated records, (4) did not have a full
text, or (5) reported other types of ocular/ophthalmic complications other than uveitis.

2.3. Screening and Study Selection

Retrieved records from the database search were exported into EndNote software
for duplicate removal before the beginning of the screening phase. Records were then
imported into an Excel (Microsoft, Rochester, MN, USA) Sheet for screening. The screening
was divided into two steps: title and abstract screening and full-text screening. The full
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texts of eligible articles were then retrieved for screening before being finally included in
the review. Both steps were carried out by three reviewers (HY, HA, AE). Any differences
between reviewers were solved through group discussions, and the senior authors (YYSC,
CD) were consulted if reviewers could not reach an agreement.

2.4. Data Extraction

The data extraction was performed by three reviewers [HY, HA, AE] through a data
extraction sheet that was formatted through Excel (Microsoft, Rochester, MN, USA). This
sheet consisted of six parts. The first part included the baseline characteristics of included
studies (title, authors” names, year of publication, country, and study design) and patients
as well [sample size, age, and gender]—only those with evidence VAU. The second part
included data on the administered vaccines (type and dose), while the third part included
information regarding VAU cases’ medical history (systemic, immunological, and ocular
diseases). The fourth part included patients’ clinical presentation and examination findings
(symptoms, signs, and intraocular pressure (IOP)), while the fifth part included data on the
main outcome of interest—VAU (type, location, laterality, interval between vaccination and
symptom onset, nature, underlying cause, and associated findings). The final part included
the management approach in such cases and reported outcomes (resolution, improvement,
complications, recurrence, etc.).

2.5. Data Synthesis

All of the included studies were qualitatively analyzed as per our plan in priori. Addi-
tionally, since data were provided on a per-case basis, we performed several descriptive
analyses to detect patterns on the occurrence of VAU based on: age, gender, type and dose
of vaccination, presenting symptoms, laterality (right, left, unilateral, bilateral), type of
uveitis (new-onset, reactivation), longevity (acute, chronic), location (anterior, intermedi-
ate, posterior, panuveitis), duration of vaccination to symptom onset, associated findings
[macular edema, glaucoma, synechiae], and management outcomes (resolution, improve-
ment, recurrence, complications). Data are presented as mean/standard deviation (SD) for
continuous variables and as numbers/percentages for categorical ones.

3. Results
3.1. Search Results

The results of the database search and screening phases are presented in Figure 1. The
initial database search yielded 538 articles, of which 209 duplicates were removed through
EndNote. Following the screening of 329 articles, the full texts of 65 articles were retrieved
for full-text screening, of which 11 articles were excluded. The manual search resulted in
10 articles, and an updated database search revealed one additional article, resulting in
a total number of relevant eligible studies of 65.

3.2. Baseline Characteristics of Studies Reporting COVID-19 VAU

A total of 65 studies were both qualitatively and quantitatively analyzed
(Table 1) [1,5,7,9-69], out of which 43 were case reports, 16 were case series, four were
retrospective cohort, one was cross-sectional, and one was a registry-based study. The
sample size of included patients with VAU ranged from 1 to 1094, with an overall sample
size of 1526 VAU cases. Most reports were from India (n = 9), followed by China (n = 7),
Israel (n =7), Korea (n = 6), Italy (n = 4), and USA (n = 4), respectively.
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Figure 1. A PRISMA flow diagram showing the database search and screening results.
Table 1. The baseline characteristics of studies reporting COVID-19 vaccine-associated uveitis cases.
Author (YOP) Country Design Gender Age Type Dose
Case Reports
Accorinti (2022) [9] Italy Case Report Female 54 Pfizer-BioNTech First
Achiron (2022) [10] Finland Case Report Male 17 Pfizer-BioNTech -
Al-Allaf (2022) [11] Qatar Case Report Male 46 Pfizer-BioNTech First
Alhamazani (2022) [12] Saudi Arabia Case Report Male 37 Pfizer-BioNTech First
Brunet de Courssou (2022) [16] France Case Report Female 57 Pfizer-BioNTech First
Chen (2022a) [18] China Case Report Male 19 Sinovac First
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Author (YOP) Country Design Gender Age Type Dose
De Carvalho (2022) [22] Brazil Case Report Male 51 Oxford/AstraZeneca First
De Domingo (2022) [23] Spain Case Report Female 46 Pfizer-BioNTech Second
Ishay (2021) [32] Israel Case Report Male 28 Pfizer-BioNTech First
Duran (2022) [25] Israel Case Report Female 54 Pfizer-BioNTech First
ElSheikh (2021) [26] Egypt Case Report Female 18 Sinopharm First
Lee (2022) [39] South Korea Case Report Female 83 Pfizer-BioNTech Second
Gedik (2022) [28] Turkey Case Report Male 47 Pfizer-BioNTech Second
Goyal (2021) [29] India Case Report Male 34 Oxford/AstraZeneca Second
Hébert (2022) [30] Canada Case Report Male 41 Pfizer-BioNTech First
Hwang (2022) [31] South Korea Case Report Female 21 Pfizer-BioNTech Second
Jain (2021) [33] India Case Report Male 27 Oxford/AstraZeneca First
Joo (2022) [34] South Korea Case Report Female 50 Moderna First
Kim (2022) [36] South Korea Case Report Female 72 Oxford/AstraZeneca First
Koong (2021) [37] Singapore Case Report Male 54 Pfizer-BioNTech First
Papasavvas (2021) [53] Switzerland Case Report Female 73 Moderna First
Ding (2022) [24] China Case Report Male 33 Sinopharm First
Lee (2022) [40] USA Case Report Female 25 Moderna Second
Mahendradas (2022) [42] India Case Report Female 19 Covaxin Second
Matsuo (2022) [43] Japan Case Report Male 34 Pfizer-BioNTech Second
Mishra (2021) [44] India Case Report Male 71 Oxford/AstraZeneca First
Mudie (2021) [45] Spain Case Report Female 43 Pfizer-BioNTech Second
Pan (2021) [51] China Case Report Female 50 Sinopharm
Papasavvas (2021) [53] Switzerland Case Report Female 43 Pfizer-BioNTech Second
Reddy (2021) [57] India Case Report Female 30 Oxford/AstraZeneca Second
Renisi (2021) [59] Italy Case Report Male 23 Pfizer-BioNTech Second
Sangoram (2022) [60] India Case Report Female 40 Oxford/AstraZeneca Second
Santiago (2021) [61] Puerto Rico Case Report Male 32 Pfizer-BioNTech Second
Saraceno (2021) [62] Brazil Case Report Female 62 Oxford/AstraZeneca -
Singh (2022a) [64] India Case Report Male 29 Oxford/AstraZeneca First
Yalginkaya (2022) [67] Turkey Case Report Male 12 Pfizer-BioNTech First
Yamaguchi (2022) [68] Japan Case Report Female 30 Pfizer-BioNTech Second
Shilo (2022) [70] Israel Case Report Male 20 Pfizer-BioNTech First
Kakarla (2022) [35] India Case Report Female 15 Covaxin First
Numakura (2022) [48] Japan Case Report Male 61 Pfizer-BioNTech First
Murgova (2022) [46] Bulgaria Case Report Female 89 Pfizer-BioNTech Second
Patel (2022) [54] USA Case Report Male 79 Pfizer-BioNTech Second
Lawson-Tovey (2022) [38] Italy Case Report Female - - Second
Case Series
Author (YOP) Country Cases Gender Age Type Dose
Arora (2022) [13] India Case 1 Female 20 Oxford/AstraZeneca First
Case 2 Male 26 Oxford/AstraZeneca First
Choi (2022) [20] Korea Case 1 Male 62 Oxford/AstraZeneca First
Case 2 Female 79 Pfizer-BioNTech First
Case 3 Female 55 Pfizer-BioNTech First
Ortiz-Egea (2022) [49] Spain Case 1 Female 92 Pfizer-BioNTech First
Case 2 Female 85 Pfizer-BioNTech First
Nanyji (2022) [47] USA Case 1 Female 58 Moderna First
Case 2 Female 60 Moderna First
Pang (2022) [52] China Case 1 Female 50 Sinopharm First
Case 2 Female 34 Sinopharm Second
Ren (2022) [58] China Case 1 Female 46 Sinovac First
Case 2 Female 26 Sinovac First
Cohen (2022) [21] Israel Case 1 Female 81 Pfizer-BioNTech Second
Case 2 Female 64 Pfizer-BioNTech Second
Case 3 Male 74 Pfizer-BioNTech Third
Case 4 Male 63 Pfizer-BioNTech Third
Aguiar (2022) [17] Portugal Case 1 Female 21 Pfizer-BioNTech First
Case 2 Male 70 Pfizer-BioNTech Second
De Quelr(();olz";\)/e;g]es Ferreira Brazil Case 1 Female 27 Oxford /AstraZeneca First
Case 2 Male 39 Oxford/AstraZeneca First
Case 3 Female 38 Pfizer-BioNTech First
Case 4 Female 32 Sinovac Second
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Author (YOP) Country Cases Gender Age Type Dose
Chen (2022b) [19] China Case 1 Male 33 Sinopharm First
Case 2 Female 57 Sinovac Second
Case 3 Male 21 Sinovac First
Case 4 Female 30 Sinovac Second
Case 5 Female 28 Sinopharm First
Chew (2022) [1] Singapore Case 1 Female 64 Pfizer-BioNTech Second
Case 2 Male 74 Sinopharm Second
Case 3 Female 31 Pfizer-BioNTech Second
Case 4 Female 71 Pfizer-BioNTech Second
Case 5 Female 32 Pfizer-BioNTech Second
Case 6 Female 28 Pfizer-BioNTech Second
Rallis (2022) [56] UK Case 1 Female 47 Oxford/AstraZeneca First
Case 2 Female 48 Oxford/AstraZeneca First
Case 3 Male 44 Oxford/AstraZeneca First
Case 4 Female 59 Oxford/AstraZeneca First
Case 5 Male 65 Oxford/AstraZeneca First
Case 6 Male 95 Pfizer-BioNTech First
Case 7 Male 68 Pfizer-BioNTech First
Li (2022) [41] China Case 1 Female 48 Sinovac First
Case 2 Male 41 Sinovac Third
Case 3 Male 8 Sinovac First
Case 4 Female 52 Sinovac Second
Case 5 Female 55 Sinovac First
Case 6 Female 67 Sinovac First
Case 7 Female 46 Sinovac First
Case 8 Female 57 Sinovac First
Case 9 Male 22 Sinovac First
Sim (2022) [63] Korea Case 1 Female 51 Pfizer-BioNTech Second
Case 2 Female 21 Pfizer-BioNTech Second
Case 3 Male 50 Pfizer-BioNTech Second
Case 4 Female 52 Pfizer-BioNTech Third
Case 5 Male 32 Johnson & Johnson Second
Case 6 Male 72 Oxford/AstraZeneca Second
Case 7 Female 67 Oxford/AstraZeneca Third
Case 8 Male 54 Pfizer-BioNTech Second
Case 9 Female 61 Pfizer-BioNTech Third
Case 10 Female 63 Pfizer-BioNTech Second
Case 11 Female 47 Pfizer-BioNTech Third
Rabinovitch (2021) [55] Israel Case 1 Female 43 Pfizer-BioNTech First
Case 2 Male 34 Pfizer-BioNTech First
Case 3 Female 34 Pfizer-BioNTech First
Case 4 Male 78 Pfizer-BioNTech Second
Case 5 Male 53 Pfizer-BioNTech First
Case 6 Male 64 Pfizer-BioNTech First
Case 7 Male 68 Pfizer-BioNTech First
Case 8 Female 61 Pfizer-BioNTech First
Case 9 Male 59 Pfizer-BioNTech Second
Case 10 Male 72 Pfizer-BioNTech Second
Case 11 Male 51 Pfizer-BioNTech Second
Case 12 Female 42 Pfizer-BioNTech Second
Case 13 Male 74 Pfizer-BioNTech Second
Case 14 Male 39 Pfizer-BioNTech Second
Case 15 Female 64 Pfizer-BioNTech Second
Case 16 Female 50 Pfizer-BioNTech Second
Case 17 Female 23 Pfizer-BioNTech Second
Case 18 Female 65 Pfizer-BioNTech First
Case 19 Male 36 Pfizer-BioNTech Second
Case 20 Male 41 Pfizer-BioNTech Second
Case 21 Female 28 Pfizer-BioNTech Second
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Author (YOP) Country Cases Gender Age Type Dose
Bolletta (2021) [15] Italy Case 1 Male 79 Oxford/AstraZeneca Second
Case 2 Female 65 Pfizer-BioNTech Second
Case 3 Female 42 Oxford/AstraZeneca Second
Case 4 Female 52 Pfizer-BioNTech Second
Case 5 Male 44 Pfizer-BioNTech First
Case 6 Female 35 Moderna Second
Case 7 Male 47 Pfizer-BioNTech First
Case 8 Female 58 Pfizer-BioNTech First
Case 9 Female 52 Oxford /AstraZeneca First
Case 10 Female 44 Pfizer-BioNTech Second
Case 11 Female 58 Pfizer-BioNTech Second
Case 12 Female 47 Pfizer-BioNTech First
Case 13 Female 68 Pfizer-BioNTech Second
Observational Studies
Age
Author (YOP) Country Design Male/Total Mean Type [N] Dose [N]
(SD)
. Pfizer-BioNTech [15]; . .
Ferrand (2022) [27] Germany Retéoos}lfgf:lve 6/25 (gé) Oxford/AstraZeneca [6]; Schl(zitd[ﬂb]
' Moderna [3]; Covaxin [1]
Ozdede (2022) [50] Istanbul Cross-Sectional -/5 - Smggﬁ%iﬁ’[f;]zer- -
Pfizer-BioNTech [24];
. Retrospective 413 Oxford/AstraZeneca [16]; First [28];
Testi (2022) UK Col’lfort 22/50 (13.9)  Moderna [8]; Sinopharm [1];  Second [22]
Covaxin [1]
Tomkins-Netzer (2022) [7] Israel Retéoosﬁgf:lve - - Pfizer-BioNTech [188] S};lzz;g([)gé’]
Barda (2021) [14] Israel Retrco(f}lfsft“"e -/26 - Pfizer-BioNTech [26] ;
First [452];
Retrospective 46,04 Pfizer-BioNTech [853]; Second
Singh (2022b) [71] USA registry-based 322/1094 a 6 93) Moderna [220]; Johnson & [373]; Third
ISty ' Johnson [21] [97]; Fourth
[5]

YOP: Year of Publication; UK: United Kingdom; USA: United States of America; N: Number of Cases;
SD: Standard Deviation.

3.3. Sociodemographic and Clinical Characteristics of VAU Cases
3.3.1. Age and Gender

COVID-19 vaccine-associated uveitis was twice more likely to occur in females than
in males (68.93% vs. 31.06%). Patients” age ranged from 8 to 95 years (mean of 48.18 and
standard deviation of 18.94). The peak of vaccine-associated uveitis occurred in middle-
aged patients (41-50 years of age) with a declining trend as it comes nearer to both extremes
(0-10 or >91 years) [Table 2].

3.3.2. Medical History

A minority of VAU cases reported having either systemic, ocular, or immunological
diseases [Table 3]. SARS-CoV-2 infection occurred in a very limited number of patients
(0.93%), while only 0.59% and 0.42% reported having hypertension or diabetes, respectively.
More than one-tenth of VAU cases reported having uveitis in the past (13.51%). Although
cases reported a wide variety of previous ocular conditions, none of them seems to be
correlated with VAU due to their rare occurrence (below 0.50%). In terms of immuno-
logical diseases, autoimmune diseases (AIDS) were the most frequent among VAU cases,
accounting for 1.19% of cases.
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Table 2. Patients’ and COVID-19 vaccines’ characteristics.

Variable Subgroup Number %
Gender
Male 406 31.06
Female 901 68.93
Age
1-10 1 0.73
11-20 8 5.84
21-30 20 14.6
31-40 19 13.87
41-50 27 19.71
51-60 23 16.79
61-70 20 14.6
71-80 13 9.49
81-90 4 2.92
>91 2 1.46
Vaccine Type
Covaxin 4 0.26
Johnson & Johnson 22 1.44
Moderna 237 15.54
Oxford/AstraZeneca 46 3.01
Pfizer-BioNTech 1188 77.9
Sinovac 11 0.72
Sinopharm 17 1.11
Vaccine Dose
First 654 49.35
Second 562 42.41
Third 104 7.84
Fourth 5 0.37

Table 3. The systemic, ocular, and immunologic history of vaccine-associated uveitis cases.

Medical Histo

Author (YOP) Systemic [N] Ocular [Nliy Immunological [N] Total
Accorinti (2022) None - - 1
Achiron (2022) ) Uveitis [lglbi\;(s) [[11]] Iridis } 1
Al-Allaf (2022) HTN - - 1
Alhamazani (2022) - - - 1
Brunet de Courssou (2022) - - - 1
Chen (2022a) None None None 1
De Carvalho (2022) AS Uveitis [1] HLA-B27 [1] 1
De Domingo (2022) - None None 1
Ishay (2021) Bechet’s disease None Bechet'’s disease [1] 1
Duran (2022) DM None - 1
ElSheikh (2021) - None JIA [1] 1
Lee (2022) HTN—Lipidemia None - 1
Gedik (2022) - - - 1
Goyal (2021) None None None 1
Hébert (2022) None None None 1
Hwang (2022) None None None 1
Jain (2021) - Uveitis [1] JIA [1] 1
K. Joo (2022) None Allergic conjunctivitis [1] None 1
Kim (2022) - - - 1
Koong (2021) DM—Lipidemia None None 1
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Medical Histo
Author (YOP) Systemic [N] Ocular [Nliy Immunological [N] Total
Papasavvas (2021) None Cataract [1] None 1
Ding (2022) HTN None None 1
Lee (2022) - - None 1
Sai (2022) - Uveitis [1] JIA [1] 1

Matsuo (2022) - - - 1
Mishra (2021) DM—HTN - - 1
Mudie (2021) - - - 1

Pan (2021) - - - 1
Papasavvas (2021) - VKH [1] None 1

Reddy (2021) - - - 1

Renisi (2021) None None None 1
Sangoram (2022) None None None 1

Santiago (2021) None None None 1

Saraceno (2021) None None None 1
Singh (2022a) None None None 1

Yalcinkaya (2022) None None None 1
Yamaguchi (2022) None None None 1
Shilo (2022) None None None 1
Kakarla (2022) None None None 1
Numakura (2022) None None None 1
CRVO [1]—Cataract
Murgova (2022) - [1]—Glaucoma [1]—Herpetic - 1
uveitis [1]
Patel (2022) None Cataract [1]—RD [1]—ERM [1] None 1
Lawson-Tovey (2022) - - - 1
Arora (2022) - Uveitis [2]—SLC [1] - 2
Choi (2022) [11{]T—I\11%[52t%1;113[v1[] Upveitis [2]—BRVO [1] HLAB51 [1] 3
Ortiz-Egea (2022) - AMD [1] - 2
Nanji (2022) - Uveitis [1]—OU [1] - 2
Pang (2022) - - - 2
Ren (2022) - - - 2
Cohen (2022) None HZO [1]—Uveitis [1] Psoriasis [1]—RA [1] 4
Epilepsy [1]—Asthma
Aguiar (2022) [1]—DM [1]—HTN None None 2
[1]—Rhinitis [1]

Ferreira (2022) COVID-19 [2][—HTN [1] None None 4
Chen (2022b) AS[1] - - 5
Chew (2022) None [1&?2(5321[1]3?;?; 4 HLABS [1] 6
Rallis (2022) - - - 7

Li (2022) - - - 9

Sim (2022) - - - 11

AS [3]—Psoriasis
Rabinovitch (2021) [2]—Crohn’s disease Uveitis [8]—HZO [1] - 21
[1]—Spondylarthritis [1]
i Uveitis [3]—VKH
Bolletta (2021) [1]_81)22?23?::;}511235 [1] [2]—Toxoplasma - 13
Retinochoroiditis [2]
i HLAB27 [2]—MS

Ferrand (2022) Uveitis [19]—VKH [1] [2]—JIA [1] 25

Ozdede (2022) - - Bechet’s syndrome [1] 5

Testi (2022) - Uveitis [20]—Glaucomatocyclitic Crisis [3] 50
Tomkins-Netzer (2022) - - - 188

Barda (2021) - - - 26
Singh (2022b) COVID-19 [9] Uveitis [106] AlDs [14] 1094

53



Vaccines 2023, 11, 69

Table 3. Cont.

Category

Summary of the History of VAU Cases
Disease Number Total %
Systemic Diseases

HTN 7 1178 0.59
DM 5 1178 0.42
AS 5 1178 0.42
Lipidemia 2 1178 0.16
Asthma 2 1178 0.16
Epilepsy 1 1178 0.08
Rhinitis 1 1178 0.08
COVID-19 11 1178 0.93
Ocular Diseases
Uveitis 170 1258 13.51
VKH 4 1258 0.32
HZO 2 1258 0.16
Toxoplasma
Retinochoroiditis 2 1258 0.16
Glaucoma 5 1258 0.39
Cataract 4 1258 0.32
HSK 4 1258 0.32
SLC 1 1258 0.07
BRVO 1 1258 0.07
RVO 1 1258 0.07
Iridis Rubeosis 1 1258 0.07
Oou 1 1258 0.07
CRVO 1 1258 0.07
ERM 1 1258 0.07
RD 1 1258 0.07
Conjunctivitis 1 1258 0.07
AMD 1 1258 0.07
Immunological Diseases
HLA-B27 3 1170 0.26
JIA 4 1170 0.34
Psoriasis 3 1170 0.26
HLAB51 2 1170 0.17
MS 2 1170 0.17
Bechet’s disease 3 1170 0.26
AlDs 14 1170 1.19
RA 1 1170 0.08
Crohn’s disease 2 1170 0.17
Spondylarthritis 1 1170 0.08

AS: Ankylosing Spondylitis; AMD: Age-related Macular Degeneration; BRVO: Branch Retinal Vein Occlusion;
CRVO: Central Retinal Vein Occlusion; ERM: Epiretinal Membrane; HTN: Hypertension; HSK: Herpes-Simplex
Keratitis; HZO: Herpes-Zoster Ophthalmicus; JIA: Juvenile Idiopathy Arthritis; OU: Optic Disc Vasculitis;
PACG: Primary Angle-Closure Glaucoma; RD: Retinal Detachment; SLC: Serpiginous-like Choroiditis; VAU:
Vaccine-Associated Uveitis; VKH: Vogt-Koyanagi-Harada.

3.4. Vaccine- and Outcome-Related Characteristics
3.4.1. Type and Dose of COVID-19 Vaccines

The majority of cases were documented in those who took the Pfizer-BioNTech vaccine
(77.9%), followed by Moderna (15.54%), and AstraZeneca (3.01%), respectively [Table 2].
Most cases were more likely to occur following the first dose of the vaccine (49.35%), and
the occurrence of vaccine-related uveitis was remarkedly minimized following the third
and fourth booster doses (7.84% and 0.37%), respectively.

3.4.2. Clinical Presentation

The majority of patients presented with redness (72.99%), followed by diminished
vision (23.53%), photophobia (10.48%), and blurry vision (5.28%), respectively [Table 4].
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Although infrequent, some VAU cases presented with floaters (2.22%) and vision loss
(1.07%). The IOP was measured in 38 and 17 right and left eyes of VAU cases, respectively.
IOP ranged from 9 to 55 and from 8 to 60 mmHg in the left and right eyes, with a mean
IOP of 17.93 (SD = 11.03) and 17.3 (SD = 9.38) mmHg, respectively.

Table 4. The clinical presentation of COVID-19 vaccine-associated uveitis.

Author (YOP) Eye Symptoms/Signs [N] Total
Accorinti (2022) Central scotoma [1] 1
Achiron (2022) Vision loss [1] 1
Al-Allaf (2022) Pain [1]—Erythema [1]—Photophobia [1]—Blurry vision [1] 1
Alhamazani (2022) Pain [1]—Photophobia [1]—Redness [1]—Diminished Vision [1] 1
Brunet de Courssou (2022) Headache [1]—Blurry vision [1] 1
Chen (2022a) Headache [1]—Blurry vision [1]—Fatigue [1] 1
De Carvalho (2022) Pain [1]—Redness [1]—Foreign Body Sensation [1] 1
De Domingo (2022) Blurry vision [1] 1
Ishay (2021) Pain [1]—Redness [1]—Blurry vision [1] 1
Duran (2022) Blurry vision [1]—Redness [1]—Headache [1] 1
ElSheikh (2021) Blurry vision [1]—Photophobia [1] 1
Lee (2022) Vision loss [1] 1
Gedik (2022) Pain [1]—Diminished vision [1] 1
Goyal (2021) Vision loss [1] 1
Hébert (2022) Vision loss [1]—Floaters [1] 1
Hwang (2022) Erythema [1] 1
Jain (2021) Pain [1]—Redness [1] 1
K. Joo (2022) Pain [1]—Blurry vision [1]—Headache [1]—Eyelid swelling [1] 1
Kim (2022) Vision loss [1]—Headache [1] 1
Koong (2021) Blurry vision [1] 1
Papasavvas (2021) Pain [1] 1
Ding (2022) Vision loss [1] 1
Lee (2022) Pain [1]—Blurry vision [1] 1
Sai (2022) Blurry vision [1]—Floaters [1] 1
Matsuo (2022) Blurry vision [1] 1
Mishra (2021) Pain [1]—Diminished vision [1] 1
Mudie (2021) Pain [1]—Photophobia [1]—Redness [1]—Vision loss [1] 1
Pan (2021) Vision loss [1] 1
Papasavvas (2021) Pain [1]—Diminished vision [1]—Photophobia [1] 1
Reddy (2021) Blurry vision [1] 1
Renisi (2021) Pain [1]—Redness [1]—Diminished vision [1]—Photophobia [1] 1
Sangoram (2022) Blurry vision [1]—Pain [1] 1
Santiago (2021) Redness [1] 1
Saraceno (2021) Vision loss [1] 1
Singh (2022a) Diminished vision [1] 1
Yalcinkaya (2022) Redness [1] 1
Yamaguchi (2022) Metamorphopsia [1]—Diminished vision [1] 1
Shilo (2022) Photophobia [1]—Vision loss [1] 1
Kakarla (2022) Blurry vision [1]—Headache [1] 1
Numakura (2022) Blurry vision [1] 1
Murgova (2022) Metamorphopsia [1] 1
Patel (2022) Pain [1]—Blurry vision [1]—Floaters [1] 1
Lawson-Tovey (2022) - 1
Arora (2022) Diminished vision [1]—Floaters [1] 2
Choi (2022) Diminished vision [3] 3
Ortiz-Egea (2022) Pain [2]—Redness [1] 2
Nanji (2022) Pain [2]—Redness [2] 2
Pang (2022) Blurry vision [1] 2
Ren (2022) Diminished vision [1]—Blurry vision [1]—Redness [1]—Pain [1] 2
Cohen (2022) Pain [1]—Photophobia [1]—Diminished vision [1]—Floaters [1] 4
Aguiar (2022) Redness [2]—Photophobia [2]—Pain [1]—Diminished vision [1] 2
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Author (YOP) Eye Symptoms/Signs [N] Total
Ferreira (2022) Vision loss [3]—Headache [4]—Blurry vision [1]—Hyperemia [1] 4
Chen (2022b) Blurry vision [5]—Redness [3] 5
Chew (2022) Blurry vision [6]—Redness [3]—Pain [1] 6
Rallis (2022) Diminished vision [7]—Pain [7] 7
Li (2022) - 9
Sim (2022) - 11
. . Redness [21]—Pain [21]—Blurry vision [21]—Photophobia
Rabinovitch (2021) [21]—Photopsia [2]—Di}r]ninished vision [2] P 21
Bolletta (2021) Blurry vision [12]—Redness [3]—Pain [2]—Photophobia [1] 13
Ferrand (2022) - 25
Ozdede (2022) - 5
Testi (2022) - 50
Tomkins-Netzer (2022) - 188
Barda (2021) - 26
. Pain [270]—Redness [839]—Diminished vision
Singh (2022b) [262]—Photophobia [95]—Floaters [21]—Lacrimation [22] 1094
Summary of Symptoms/Signs of VAU
Presentation Number Total %
Central Scotoma 1 1211 0.08
Vision Loss 13 1211 1.07
Pain 53 1211 4.37
Erythema 2 1211 0.16
Photophobia 127 1211 10.48
Blurry vision 64 1211 5.28
Redness 884 1211 72.99
Diminished vision 285 1211 23.53
Headache 10 1211 0.82
Foreign Body Sensation 1 1211 0.08
Floaters 27 1211 222
Eyelid swelling 1 1211 0.08
Photopsia 2 1211 0.16
Metamorphopsia 2 1211 0.16

YOP: Year of Publication; VAU: Vaccine-Associated Uveitis; N: Number.

3.4.3. The Nature of the Reported VAU and Disease Laterality

Out of 1526 VAU cases, only 1476 cases had the type of intraocular inflammation
documented [Table 5]. The most common type was uveitis (97.56%), followed by VKH
(1.08%) and retinochoroiditis (0.20%), respectively. The mean interval from COVID-19
vaccination to the occurrence of uveitis was 9.61 (SD = 8.07) days, ranging from 1 to 42 days
post-vaccination. VAU was twice more likely to occur in one eye/unilaterally (77.69%) than
in both eyes/bilaterally (22.05%). The rate of VAU occurrence in the right and left eyes was
comparable (32.3% vs. 34.61%), respectively [Table 5].

3.4.4. Disease Course, Location, Nature, and Underlying Cause of VAU

The course of VAU was acute in more than two-thirds of the population (71.77%) as
compared to chronic cases (28.22%) [Table 5]. Among VAU cases where the location was
determined, the anterior segment of the uveal tract in more than half the population was
affected (54.13%). Surprisingly, panuveitis was more likely to occur than posterior uveitis
by almost two-fold (10.02% vs. 5.28%). Of note, the majority of VAU cases did not have
a history of uveitis and experienced an episode of uveitis for the first time (69.92%), while
only one-third of VAU cases had prior episodes of uveitis (30.08%). VAU was inflammatory
in nature in most cases (88.29%) and infectious in 8.36% of them. The underlying cause of
VAU was idiopathic in almost half the population (43.26%), while VKH (7.34%) accounted
for the most commonly reported cause among other causes [Table 5].
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Table 5. The type, laterality, course, location, onset, nature, and underlying cause of vaccine-
associated uveitis.

Outcome Category Number Total %
Type of VAU
VKH 16 1476 1.08
Choroiditis 9 1476 0.6
Iridocyclitis 1 1476 0.06
Iritis 2 1476 0.13
Kerato-uveitis 1 1476 0.06
Retinitis 2 1476 0.13
Uveitis 1440 1476 97.56
Retinochoroiditis 3 1476 0.2
Pars planitis 2 1476 0.13
Laterality
Right 126 390 32.3
Left 135 390 34.61
Unilateral 303 390 77.69
Bilateral 86 390 22.05
Course
Acute 234 326 71.77
Chronic 92 326 28.22
Location
Anterior 799 1476 54.13
Intermediate 14 1476 0.94
Posterior 78 1476 5.28
Panuveitis 148 1476 10.02
Onset
New-onset 244 349 69.92
Reactivation 105 349 30.08
Nature
Autoimmune 4 299 1.34
Granulomatous 6 299 2.01
Inflammatory [non-infectious] 264 299 88.29
Infectious 25 299 8.36
Underlying Cause
Behcet’s disease 4 245 1.63
CMV 1 245 0.4
HSV-1 9 245 3.67
HZO 3 245 1.22
JIA 4 245 1.63
MIS-C 1 245 0.4
Retinal vasculitis 1 245 0.4
Sarcoidosis 3 245 1.22
Toxoplasma 4 245 1.63
VKH 18 245 7.34
\VAY 3 245 1.22
Psoriasis 1 245 0.4
Spondylarthritis 1 245 0.4
Idiopathic 106 245 43.26
HLA B27 12 245 4.89
Fuchs heterochromic iridocyclitis 2 245 0.81
Posner-Schlossman syndrome 1 245 0.4
Duration from vaccination to uveitis attack (days)
Mean—SD 9.61 8.07
Min—Max 1 42
Observations 108
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3.5. Management and Treatment Outcomes

A detailed description of the management plan that was carried out per each patient
is provided in Table A2. Of note, the majority (90.15%) of VAU cases showed complete
resolution following treatment, while only 9.85% had partial improvement. In studies that
assessed complications following the treatment of VAU cases, 21.68% of cases had at least
one complication, the most common of which being transient elevation in IOP (non-serious)
and nummular corneal lesions in 3.61% of cases [Table 6].

Table 6. The outcomes and complications following the treatment of vaccine-associated uveitis.

Outcome Category Number Total % Duration (days)

Complications
CME 2 83 241 60
Choroidal depigmentation 2 83 2.41 14
Inflammatory glaucoma 1 83 1.2 -
Peripheral neovascularization 1 83 1.2 135
Retinal necrosis 1 83 1.2 -
Recurrence of choroidal thickening 1 83 1.2 21
ME 2 83 241 180
Uveitis exacerbation 1 83 1.2 -
Vitritis 1 83 1.2 -
Transient IOP elevation 3 83 3.61 -
Nummular Corneal Lesions 3 83 3.61 -

Treatment Outcome
Complete Resolution 174 193 90.15 -
Partial Improvement 19 193 9.85 -

CME: Cystoid Macular Edema; ME: Macular Edema; IOP: Intraocular Pressure.

4. Discussion

Since the emergence of COVID-19 vaccines, many adverse events have been recognized
globally. Of these adverse events, uveitis was one of the most commonly reported ocular
events. Specifically, a recent study, using the CDC-VAERS registry, reported that VAU was
evident in 1094 VAU cases across 40 countries with a crude incidence rate of 0.57 cases per
million doses of the COVID-19 Pfizer vaccine [71].

The exact pathophysiology of VAU is unclear, but it is believed to be mediated through
an autoimmune reaction by the vaccines [72]. Additionally, it could be due to a combina-
tion of mechanisms such as molecular mimicry, the production of specific autoantibodies,
hypersensitivity reactions, and the role of some vaccine adjuvants [73,74]. Vaccines provoke
an inflammatory cascade by expression of type 1 interferon, resulting in a host immune
response. On the other hand, they may also induce the production of autoantibodies, which
can potentially trigger an autoimmune reaction [73]. Rabinovitch et al. [55] suggested
that VAU caused by mRNA vaccines is a type I autoimmune reaction resulting in spiked
levels of type 1 interferon. Cunningham et al. [75] attributed VAU to type 4 hypersensitiv-
ity reaction due to molecular mimicry between uveal self-peptides and vaccine peptides.
Nevertheless, the postulated mechanisms that lead to VAU following COVID-19 vaccina-
tions are mainly hypothetical and warrant additional studies. Due to the autoimmunity
nature of VAU, it tends to occur more frequently in females [76]. Although the underlying
cause of this trend is uncertain, the latest evidence has shown that sex hormones have
an impact on the immune reaction, with estrogen enhancing it and androgens repressing
it [77]. Furthermore, recent research has demonstrated that estrogen is essential for the
development and function of Th17 cells in addition to IL-17 generation [78]. Our findings
coincide with this, showing that COVID-19 VAU was twice more likely to occur in females
than in males (68.93% vs. 31.06%). In addition, AIDS was the most frequent among VAU
cases, accounting for 1.19% of cases, which strengthens the hypothesis of autoimmunity.

Our study supports the hypothesis that uveitis can occur following COVID-19 vacci-
nation either as new-onset (the majority of cases) or as an exacerbation or reactivation of a
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previous uveitis. The peak of vaccine-associated uveitis occurred in middle-aged individu-
als (41-50 years of age), which is parallel to findings made by Darrell et al. [79]. The majority
of cases were documented in those who took the Pfizer-BioNTech vaccine (77.9%), followed
by Moderna (15.54%), and AstraZeneca (3.01%), respectively. This could be explained
by the fact that Pfizer—BioNTech COVID-19 vaccine elicits an additional CD8 T-cell im-
mune response, providing additional protection against SARS-CoV2 infection—however,
also triggering autoimmune reactions [80,81]. This could also be attributed to the dom-
inance of Pfizer-BioNTech vaccine over other COVID-19 vaccine type in the number of
administered doses. For instance, up to December 2022, 656.90 million Pfizer doses have
been administered followed by Moderna (153.82 million), AstraZeneca (67.03 million),
Jhonshon&Jhonson (18.93 million), Sinopharm (2.32 million), and Sputnik (1.85 million),
respectively. Other vaccines (Sinovac, Novavax, and Covaxin) have been administered
at a much lower rate (below 1 million doses) [82]. These findings were also observed in
Singh RB et al. [71]’s registry analysis. Most cases were more likely to occur following
the first dose of the vaccine (49.35%), and the occurrence of vaccine-related uveitis was
remarkedly minimized following the third and fourth booster doses (7.84% and 0.37%),
respectively. Oberhardt V et al. [83] found that the first dose of COVID-19 vaccines is
associated with inducing a significantly higher level of anti-spike IgG protein, resulting
in a proportionately higher number of naive and transitional B cells, as well as functional
spike-specific CD8+ T cells, which is parallel to findings observed by Singh RB et al. [71].
The mean interval from COVID-19 vaccination till to the occurrence of uveitis was 9.61
(SD = 8.07) days. This might be explained by the fact that the highest immune response
usually occurs during the first ten days [84]. Unfortunately, given the small sample size, we
could not determine the interval time from vaccination to symptom onset per each vaccine
type. That being said, the previous study [71] indicated that the interval is significantly
longer in those who received the Moderna vaccine as compared to those who received
either Pfizer or AstraZeneca (p < 0.0001). However, no conclusive, clinically applicable evi-
dence can be drawn from such observations given the non-normal distribution of analyzed
data (standard deviation was larger than the mean).

Moreover, the occurrence of VAU following COVID-19 vaccination did not follow
a specific pattern regarding the location of uveitis or the course of the disease. However, in
our study, VAU was more likely to occur as an acute inflammatory (non-infectious) reaction
involving mainly the anterior portion of the uveal tract. The majority of VAU cases did not
have a history of uveitis and experienced an episode of uveitis for the first time (69.92%),
while only one-third of VAU cases had prior episodes of uveitis (30.08%). This necessitates
the importance of early recognition of symptoms of uveal tract involvement especially
diminished vision, photophobia, and blurry vision. Similar to any uveitis, the management
of COVID-19 VAU is an exclusion diagnosis. Therefore, identifying an underlying cause
whilst also ruling out infections is critical. In addition to the standard uveitis questionnaires
for previous uveitis, medical history, and constitutional health symptoms during the
COVID-19 pandemic, clinicians should inquire about COVID-19 vaccination status.

5. Conclusions

Our review summarizes the occurrence of COVID-19 vaccination-associated uveitis,
which is more likely to occur among middle-aged females. This event occurs either as a new
onset of the disease or a reactivation of previous uveitis, most commonly after vaccination
with Pfizer vaccine. Although it commonly occurs after the first and then second doses of
the vaccines, it can occur after the first and second booster doses as well. It usually involves
the anterior part of the uveal tract as an inflammatory event in an acute form.
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Appendix A

Table A1. The detailed search strategy used in our review.

Database No.

Search Query Results

PubMed [date of search:

27 July 2022]

#1

#2

#3

#4

(“COVID-19”"[Mesh] OR “SARS-CoV-2"[Mesh] OR 2019-ncov*[tiab] OR 2019ncov*[tiab]
OR 2019-novel-cov*[tiab] OR coronavirus-2*[tiab] OR coronavirus-disease-19*[tiab] OR
corona-virus-disease-19*[tiab] OR coronavirus-disease-20*[tiab] OR
corona-virus-disease-20*[tiab] OR COVID-19*[tiab] OR COVID19*[tiab] OR
COVID-20*[tiab] OR COVID20*[tiab] OR ncov-2019*[tiab] OR ncov2019*[tiab] OR
new-coronavirus[tiab] OR new-corona-virus[tiab] OR novel-coronavirus[tiab] OR
novel-corona-virus[tiab] OR SARS-2*[tiab] OR SARS2*[tiab] OR SARS-CoV-19*[tiab] OR
SARS-CoV19*[tiab] OR SARSCoV19*[tiab] OR SARSCoV-19*[tiab] OR SARS-CoV-2*[tiab]
OR SARS-CoV2*[tiab] OR SARSCoV2*[tiab] OR SARSCoV-2*[tiab] OR
((“Coronavirus”[mh] OR “Coronavirus Infections”[mh] OR betacoronavirus[tiab] OR
beta-coronavirus[tiab] OR beta-corona-virus[tiab] OR corona-virus[tiab] OR
coronavirus[tiab] OR SARS*[tiab] OR severe-acute-respiratory*[tiab]) AND (2019[tiab] OR
2020[tiab] OR wuhan*[tiab] OR hubei*[tiab] OR china*[tiab] OR chinese*[tiab] OR
outbreak*[tiab] OR epidemic*[tiab] OR pandemic*[tiab]))) AND 2019/12:3000[dp]
Uveiti* OR choroiditis OR iritis OR iridocyclitis OR “Uveitis”[Mesh] OR
“Choroiditis”[Mesh] OR “Iritis”[Mesh] OR “Iridocyclitis”[Mesh]

Pfizer-BioNTech OR BTN162b2 OR Sinopharm OR Sinovac OR Moderna OR AstraZeneca
OR ChAdOx1 OR AZD1222 OR Janssen OR “Johnson & Johnson” OR Novavax OR
CoronaVac OR Covaxin OR Convidecia OR Sputnik OR Zifivax OR Corbevax OR
COVlIran OR SCB-2019 OR vaccin* OR “COVID-19 Vaccines”[Mesh]

#1 AND #2 AND #3 95

276,477

92,380

564,424

Scopus [date of search: 27 July 2022]

#1

(TITLE-ABS-KEY (COVID-19) OR TITLE-ABS-KEY (SARS-CoV-2) OR TITLE-ABS-KEY
(2019-ncov*) OR TITLE-ABS-KEY (2019ncov*) OR TITLE-ABS-KEY (2019-novel-cov*) OR
TITLE-ABS-KEY (coronavirus-2*) OR TITLE-ABS-KEY (coronavirus-disease-19*) OR
TITLE-ABS-KEY (corona-virus-disease-19%) OR TITLE-ABS-KEY (coronavirus-disease-20%)
OR TITLE-ABS-KEY (corona-virus-disease-20*) OR TITLE-ABS-KEY (COVID-19*) OR
TITLE-ABS-KEY (COVID19*) OR TITLE-ABS-KEY (COVID-20*) OR TITLE-ABS-KEY
(COVID20*) OR TITLE-ABS-KEY (ncov-2019*) OR TITLE-ABS-KEY (ncov2019*) OR
TITLE-ABS-KEY (new-coronavirus) OR TITLE-ABS-KEY (new-corona-virus) OR
TITLE-ABS-KEY (novel-coronavirus) OR TITLE-ABS-KEY (novel-corona-virus) OR 414,003
TITLE-ABS-KEY (sars-2*) OR TITLE-ABS-KEY (sars2*) OR TITLE-ABS-KEY
(SARS-CoV-19*) OR TITLE-ABS-KEY (SARS-CoV19) OR TITLE-ABS-KEY (SARSCoV19%)
OR TITLE-ABS-KEY (SARSCoV-19*) OR TITLE-ABS-KEY (SARS-CoV-2*) OR
TITLE-ABS-KEY (SARS-CoV2*) OR TITLE-ABS-KEY (SARSCoV2*) OR TITLE-ABS-KEY
(SARSCoV-2*) OR TITLE-ABS-KEY (coronavirus) OR TITLE-ABS-KEY (coronavirus AND
infections) OR TITLE-ABS-KEY (betacoronavirus) OR TITLE-ABS-KEY (beta-coronavirus)
OR TITLE-ABS-KEY (beta-corona-virus) OR TITLE-ABS-KEY (corona-virus) OR
TITLE-ABS-KEY (coronavirus) OR TITLE-ABS-KEY (sars*))
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Table A1. Cont.

Database No.

Search Query

Results

#2

#3

#4
EMBASE [date of search:

#1

#2
#3

#4

#5

#6
#7
#8
#9
#10
Web of Science [date of s

#1

(TITLE-ABS-KEY (uveiti) OR TITLE-ABS-KEY (choroiditis) OR TITLE-ABS-KEY (iritis)
OR TITLE-ABS-KEY (iridocyclitis))

(TITLE-ABS-KEY (pfizer-biontech) OR TITLE-ABS-KEY (btn162b2) OR TITLE-ABS-KEY
(sinopharm) OR TITLE-ABS-KEY (sinovac) OR TITLE-ABS-KEY (moderna) OR
TITLE-ABS-KEY (astrazeneca) OR TITLE-ABS-KEY (chadox1) OR TITLE-ABS-KEY
(azd1222) OR TITLE-ABS-KEY (janssen) OR TITLE-ABS-KEY (johnson AND & AND
johnson) OR TITLE-ABS-KEY (novavax) OR TITLE-ABS-KEY (coronavac) OR
TITLE-ABS-KEY (covaxin) OR TITLE-ABS-KEY (convidecia) OR TITLE-ABS-KEY
(sputnik) OR TITLE-ABS-KEY (zifivax) OR TITLE-ABS-KEY (corbevax) OR
TITLE-ABS-KEY (coviran) OR TITLE-ABS-KEY (scb-2019) OR TITLE-ABS-KEY (vaccin*)
OR TITLE-ABS-KEY (COVID-19 AND vaccines))

#1 AND #2 AND #3

27 July 2022]

COVID 19:ti,ab,kw OR ‘SARS CoV 2":ti,ab,kw OR ‘2019 ncov’:ti,ab,kw OR
2019ncov:ti,ab,kw OR “2019 novel cov’:ti,ab,kw OR ‘coronavirus 2":ti,ab,kw OR
‘coronavirus disease 19*":ti,ab,kw OR ‘corona virus disease 19*:ti,ab,kw OR ‘coronavirus
disease 20*":ti,ab,kw OR “corona virus disease 20*":ti,ab,kw OR ‘COVID 19*:ti,ab,kw OR
COVID19*:ti,ab,kw OR “‘COVID 20*:ti,ab,kw OR COVID20*:ti,ab,kw OR ‘ncov
2019*:ti,ab,kw OR ncov2019*:ti,ab,kw OR ‘new coronavirus’:ti,ab,kw OR ‘new
coronavirus’:ti,ab,kw OR ‘novel coronavirus’:ti,ab,kw OR ‘novel corona virus’:ti,ab kw
OR “sars 2*":ti,ab,kw OR sars2*:ti,ab,kw OR ‘SARS CoV 19*:ti,ab,kw OR ‘SARS
CoV19*:ti,ab,kw OR SARSCoV19*:ti,ab,kw OR ‘SARSCoV 19*":ti,ab,kw OR ‘SARS
CoV2*:ti,abkw OR SARSCoV2*:ti,ab,kw OR ‘SARSCoV 2*":ti,ab,kw OR ‘coronavirus
infections’:ti,ab,kw OR betacoronavirus:ti,ab,kw OR ‘beta coronavirus’:ti,ab,kw OR ‘beta
coronavirus’:ti,ab,kw OR ‘corona virus’:ti,ab,kw OR coronavirus:ti,ab,kw

coronavirus disease 2019’ /exp OR ‘severe acute respiratory syndrome coronavirus 2’/exp
OR ‘coronavirinae’/exp

#1 OR #2

pfizer biontech’:ti,ab,kw OR btn162b2:ti,ab,kw OR sinopharm:ti,ab,kw OR
sinovac:ti,ab,kw OR moderna:ti,ab,kw OR astrazeneca:ti,ab,kw OR chadox1:ti,ab,kw OR
azd1222:ti,ab,kw OR janssen:ti,ab,kw OR ‘johnson & johnson’:ti,ab,kw OR
novavax:ti,ab,kw OR coronavac:ti,ab,kw OR covaxin:ti,ab,kw OR convidecia:ti,ab, kw OR
sputnik:ti,ab,kw OR zifivax:ti,ab,kw OR corbevax:ti,ab,kw OR coviran:ti,ab,kw OR “scb
2019’:ti,ab,kw OR vaccin*:ti,ab,kw OR ‘COVID-19 vaccines’:ti,ab, kw

SARS-CoV-2 vaccine’/exp OR “pfizer biontech’/exp OR “covilo’/exp OR ‘coronavac’/exp
OR “elasomeran’/exp OR “vaxzevria’/exp OR ‘ad26.cov2.s vaccine’/exp OR ‘nvx-cov2373
vaccine’/exp OR ‘covaxin’/exp OR ‘convidecia’/exp OR ‘zifivax’/exp OR ‘corbevax’/exp
OR ‘coviran barekat’/exp

#4 OR #5

uveiti:ti,ab,kw OR choroiditis:ti,ab,kw OR iridocyclitis:ti,ab,kw OR uveitis:ti,ab,kw
uveitis’/exp OR “choroiditis’/exp OR “iritis’/exp OR ‘iridocyclitis’/exp

#7 OR #8

#3 AND #6 AND #9

earch: 27 July 2022]

COVID-19 (All Fields) or SARS-CoV-2 (All Fields) or 2019-ncov* (All Fields) or 2019ncov*
(All Fields) or 2019-novel-cov* (All Fields) or coronavirus-2* (All Fields) or
coronavirus-disease-19* (All Fields) or corona-virus-disease-19* (All Fields) or
oronavirus-disease-20* (All Fields) or corona-virus-disease-20* (All Fields) or COVID-19*
(All Fields) or COVID19* (All Fields) or COVID-20* (All Fields) or COVID20* (All Fields)
or ncov-2019* (All Fields) or ncov2019* (All Fields) or new-coronavirus (All Fields) or
new-corona-virus (All Fields) or novel-coronavirus (All Fields) or novel-corona-virus (All
Fields) or sars-2* (All Fields) or sars2* (All Fields) or SARS-CoV-19* (All Fields) or
SARS-CoV19* (All Fields) or SARSCoV19* (All Fields) or SARSCoV-19* (All Fields) or
SARS-CoV-2* (All Fields) or SARS-CoV2* (All Fields) or SARSCoV2* (All Fields) or
SARSCoV-2* (All Fields) or Coronavirus (All Fields) or Coronavirus Infections (All Fields)
or betacoronavirus (All Fields) or beta-coronavirus (All Fields) or beta-corona-virus (All
Fields) or corona-virus (All Fields) or coronavirus (All Fields) or sars* (All Fields)

43,658

659,050

92

302,489

280,492
333,874

492,172

21,790

494,823
34,836
71,059
75,142
148

371,351

61



Vaccines 2023, 11, 69

Table A1. Cont.

Database No. Search Query Results

PfizerBioNTech (All Fields) or BTIN162b2 (All Fields) or Sinopharm (All Fields) or Sinovac
(All Fields) or Moderna (All Fields) or AstraZeneca (All Fields) or ChAdOx1 (All Fields)
or AZD1222 (All Fields) or Janssen (All Fields) or Johnson Johnson (All Fields) or
#2 Novavax (All Fields) or CoronaVac (All Fields) or Covaxin (All Fields) or Convidecia (All 766,301
Fields) or Sputnik (All Fields) or Zifivax (All Fields) or Corbevax (All Fields) or COVIran
(All Fields) or SCB-2019 (All Fields) or vaccin (All Fields) or COVID19 Vaccines (All

Fields)
#3 Uveiti (All Fields) or choroiditis (All Fields) or iritis (All Fields) or iridocyclitis (All Fields) 3452
#4 #1 AND #2 AND #3 3

CENTRAL [date of search: 27 July 2022]
(COVID-19):ti,ab,kw OR (SARS-CoV-2):ti,ab,kw OR (“coronavirus infection”):ti,ab,kw OR

# (novel-coronavirus):ti,ab,kw OR (sars-2):ti,ab,kw 11,673
4 (Coronavirus Infections):ti,ab,kw OR (betacoronavirus):ti,ab,kw AND 1291
(COVID20):ti,ab,kw AND (new-coronavirus):ti,ab,kw AND (SARSCoV2):ti,ab,kw
#3 #1 OR #2 11,710
#4 (“uveitis”):ti,ab,kw OR (choroiditis):ti,ab,kw OR (iritis):ti,ab,kw OR (iridocyclitis):ti,ab,kw 1596
45 (Pfizer-BioNTech):ti,ab,kw OR (BTN162b2):ti,ab,kw OR (Sinopharm):ti,ab,kw OR 331
(Sinovac):ti,ab,kw OR (Moderna):ti,ab,kw
46 (AstraZeneca):ti,ab,kw OR (ChAdOx1):ti,ab,kw OR (AZD1222):ti,ab,kw OR 3750
(Janssen):ti,ab,kw OR (Johnson & Johnson):ti,ab,kw
47 (Novavax):ti,ab,kw OR (CoronaVac):ti,ab,kw OR (Covaxin):ti,ab,kw OR 104
(Convidecia):ti,ab,kw OR (Sputnik):ti,ab,kw
48 (Zifivax):ti,ab,kw OR (Corbevax):ti,ab,kw OR (COVIran):ti,ab,kw OR (SCB-2019):ti,ab,kw 663
OR (COVID-19 Vaccines):ti,ab, kw
#9 #5 OR #6 OR #7 OR #8 4582
#10 #3 AND #4 AND #9 0
Google Scholar [date of search: 26 July 2022]
With all
of the COVID vaccine
words
With
the
exact
phrase
With at
least
one of Uveitis choroiditis iritis iridocyclitis
the
words
Total 200
Table A2. The management strategy of COVID-19 vaccine-associated uveitis reported in the literature.
Author (YOP) N T Treatment
Accorinti (2022) 1 1 Oral, IV, and periocular corticosteroids
Bulbar triamcinolone (40 mg/mL; 1 mL) + systemic prednisolone (starting from 60 mg
Achiron (2022) 1 1 and tapering down 10 mg every 2-3 days)/topical prednisolone acetate eye drops
(10 mg/mL)/cyclopentolate eye drops/prednisolone eye gel
Al-Allaf (2022) Triamcinolone drops and Azathioprine (50 mg)

Alhamazani (2022)
Brunet de Courssou (2022)
Chen (2022a)

Topical prednisolone acetate 1% + cyclopentolate

Peribulbar injections of dexamethasone 8 mg + 3 intravenous pulses of
methylprednisolone 15 mg/kg/day/ + oral prednisone

Periocular injections of triamcinolone acetonide 40 mg

—_ —_ —_
—_ —_ _
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Table A2. Cont.

Author (YOP) N T  Treatment
De Carvalho (2022) 1 1 Steroid
De Domingo (2022) 1 1 Steroid
Ishay (2021) 1 1 Pulse intravenous prednisolone + topical steroid therapy
Topical 0.1% dexamethasone 8 x 1, 1% cycloplegic drops 3 x 1 and 0.1%
Duran (2022) ! ! dezamethasone ointment 1 x 1 nightly V\}/]erezta%ted. ’
ElSheikh (2021) 1 1 Topical Rrednisolone acetate 1% every 2 h and cyclopentolate hydrochloride three
times daily.
L 1g of intravenous methylprednisolone daily for 3 days, followed by oral prednisolone
ee (2022) 1 1 > .
with a tapering dosage
Gedik (2022) 1 1 Topical steroid eye drops, cycloplegin eye drops and anti-glaucomata eye drops
Goyal (2021) 1 1 oral prednisolone 100 mg daily
Hébert (2022) 1 1 Prednisolone 1%, cyclopentolate, timolol, dexamethasone ointment, oral prednisone
Hwang (2022) 1 1 Topical dexamethasone, atropine sulfate eye drops, and systemic prednisone
Jain (2021) 1 1 Topical steroids and cycloplegics.
K. Joo (2022) 1 1 Oral prednisolone
Kim (2022) 1 1 Installation of 0.5%loteprednol etabonate + steroid pulse therapy
Koong (2021) 1 1 Pulsed intravenous methylprednisolone
Papasavvas (2021) 1 1 Capsaicin
Ding (2022) 1 1 Steroid
Lee (2022) 1 1 Systemic prednisone and mycophenolate mofetil
Topical difluprednate four times a day with gradual taper over 6 weeks with
Sai (2022) 1 1 continued bimonthly dose of 40 mg adalimumab and weekly dose of 25 mg
methotrexate
Matsuo (2022) 1 1 0.1% betamethasone eye drops + oral prednisolone 20 mg daily
Mishra (2021) 1 1 Oral cprticosteroids Tablets. Prednisqlone 40 mg/day and was added then Table
Prednisolone was tapered over a period of 6 weeks.
Mudie (2021) 1 1 50 mg/day of oral prednisone and her difluprednate was increased to every 2 h
Pan (2021) 1 1 Triamcinolone acetonide (40 mg, periocular injection) and oral prednisone (20 mg
once a day).
Papasavvas (2021) 1 1 5 days' of oral prednisone '(1 mg/vk'g) and Infliximab was administered following again
a loading dose scheme with positive short-term evolution
High-dose oral steroids of 70 mg per day which was tapered gradually. After
Reddy (2021) 1 1 reactivation: ongoing steroids of 20 mg per day. Her systemic steroid dosage is
stepped up with the addition of topical steroids and cycloplegic
Renisi (2021) 1 1 Dexamethasone eye drops with a cycloplegic agent (atropine 1%)
Sangoram (2022) 1 1 Topical steroids and a cycloplegic agent.
Santiago (2021) 1 1 Prednisone and azathioprine
Saraceno (2021) 1 1 oral systemic prednisone (1.5 mg/kg/day)
Singh (2022a) 1 1 Oral steroids (prednisolone 1 mg/kg/day) with slow tapering over 6 weeks.
Yalcinkaya (2022) 1 1 IVIG (2 g/kg) and methylprednisolone (2 mg/kg)
Yamaguchi (2022) 1 1 IV methylprednisolone (1000 mg/day) for 3 days followed by oral prednisolone
(60 mg/day)
Shilo (2022) 1 1 Oral prednisone which was tapered to a lower dose, and azathioprine treatment was
initiated for a long-term effect.
Kakarla (2022) 1 1 Topical prednisolone
Numakura (2022) 1 1 Subcapsular injection of steroids
Murgova (2022) 1 1 Steroids, and anti-glaucoma therapy
Patel (2022) 3 3 Oral prednisone and topical difluorinated steroid therapy
Lawson-Tovey (2022) 2 2 Intravitreal injection dexamethasone
Arora (2022) - 1 -
Choi (2022) 3 3 Steroid and methotrexate
Ortiz-Egea (2022) 2 2 Topical acyclovir, oral valaciclovir, cycloplegic, and moxifloxacin
Nanji (2022) 1 2 Topical prednisolone acetate 1% and cyclogyl 1%
Pang (2022) 1 2 One-time periocular triamcinolone acetonide injection and oral prednisone
1 2 Topical application of prednisolone acetate and oral prednisone
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Table A2. Cont.

Author (YOP) N T Treatment
Ren (2022) 1 2 Systemic corticosteroid administered orally at a dose of 1 mg/kg per day
1 2 Topical steroid (prednisolone acetate), tropicamide and pirprofen eye drops
Cohen (2022) 1 4 Oral valacyclovir, topical dexamethasone eye
2 4 Topical dexamethasone and tropicamide
1 4 Systemic corticosteroids (prednisone), topical dexamethasone and cycloplegic eye
drops (0.5% tropicamide)
Aguiar (2022) 2 2 Dexamethasone, prednisolone ointment and cycloplegic agent (cyclopentolate)
Ferreira (2022) 1 4 Systemic corticosteroid /methotrexate
3 4 Systemic corticosteroid /azathioprine
Chen (2022b) 1 5 Topical and periocular steroid
2 5 Systemic steroids
2 5 Periocular steroids
Chew (2022) 4 6 Steroid
2 6 Sulfadiazine, Folinic acid, Pyrimethamine, Clindamycin
Rallis (2022) 7 7 Topical ganciclovir, oral acyclovir, and topical steroids
Li (2022) - 9 -
Sim (2022) 11 11  Topical 1% prednisolone acetate eye drops and systemic prednisolone
Rabinovitch (2021) - 21 -
Bolletta (2021) 4 13 Dexamethasone eye drops 2 mg/mL
1 13 Ganciclovir ophthalmic gel 0.15%, dexamethasone eye drops 2 mg/mL
3 13 Sulfadiazine and pyrimethamine tablets, and oral prednisone
5 13 Oral prednisone
Ferrand (2022) 14 25 Topical steroid
12 25  Systemic steroid
2 25  Acyclovir
1 25  Azathioprine
3 25  Methotrexate
4 25  Tocilizumab /natalizumab /Ixekizumab
1 25  Dimethyl fumarate
Ozdede (2022) - 5 -
Testi (2022) 37 50 Topical Corticosteroids
8 50  Systemic Corticosteroids
5 50  Antivirals
0 50 NSAID
4 50  Antibiotics
Tomkins-Netzer (2022) - 188 -
Barda (2021) - 26 -
Singh (2022b) - 1094 -
IV: Intravenous; YOP: Year of Publication; NSAID: Non-steroidal anti-inflammatory drug; IVIG: Intravenous
Immunoglobulins.
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1. Introduction

Vaccines against the SARS-CoV-2 infection are the primary modality to prevent the dis-

ease from spreading. In 2020, an international race to develop vaccines against SARS-CoV-2
started [1], and by May 2022, a total of nine vaccines had been listed for emergency use
by the World Health Organization (WHO): AstraZeneca (recombinant vaccine), Johnson &
Johnson/Janssen (recombinant), Pfizer-BioNTech (mnRNA), Moderna (mRNA), Sinopharm
conditions of the Creative Commons _anactivated), CoronaVac (inactivated), Novavax (recombinant, adjuvanted), Convidecia
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creativecommons.org, licenses /by / outcomes following vaccination, and the boosting maintained for most of the population,
40/). multiple side effects were reported to occur following vaccination [3]. Generally, WHO
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defined Adverse Events Following Immunization (AEFI) as any undesirable medical cir-
cumstances that occur after vaccination but do not necessarily have a direct link to the use
of the vaccine [4]. Regarding COVID-19-vaccine-related complications, vascular compli-
cations were the most serious to happen. Many vascular complications of the COVID-19
vaccine were reported including many serious vaccine-related thrombo-embolic events,
resulting in cerebral venous thrombosis, thrombocytopenia, and coagulation disorders [5].

Although COVID-19 vaccination can be complicated by several ocular events such as
abducens nerve palsy, acute macular neuro-retinopathy, and multiple evanescent white
dot syndrome, vascular events remain the most serious group of complications that needs
higher medical attention, due to their high association with vision loss and blindness [6].
Despite their rarity, ocular vascular events were indeed reported following COVID-19
vaccines. For example, retinal artery occlusions (RAO), venous stasis retinopathy, and non-
arteritic anterior ischemic optic neuropathy (NAAION) were reported in the literature [7].
In early May 2021, The Royal College of Ophthalmologists in the United Kingdom reported
an increased incidence of central venous sinus thrombosis (CVST) and retinal vein occlusion
(RVO) subsequent to COVID-19 vaccination [8].

Nevertheless, vaccination against COVID-19 is now being conducted on a large scale
worldwide due to its proven benefit of preventing severe COVID-19 infection, which is also
known to cause vascular events including in the eye [9]. Thus, more light should be shed on
the ocular complications generally and vascular events specifically associated with COVID-
19 vaccination. In this systematic review, we collect and analyze all observational studies
to date that reported cases of ocular vascular events following COVID-19 vaccination, to
summarize the current evidence regarding their association. To our knowledge, this is
the first systematic review that specifically tackles ocular vascular events occurring after
COVID-19 vaccination.

2. Materials and Methods
2.1. Study Design

This research was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines, and the protocol was pre-
registered on PROSPERO [CRD42022358133]. The design of this research followed the
PICOS framework as follows: population (healthy individuals with no prior ocular patholo-
gies), intervention (COVID-19 vaccines of different types and/or doses), comparison (none),
outcomes (occurrence of ophthalmic vascular events), and study design (observational
and/or experimental studies).

2.2. Search Strategy

On 18 August 2022, PubMed, Scopus, Web of Science (WoS), EMBASE, Cochrane
Central Register of Controlled Trials (CENTRAL), and Google Scholar were searched for
studies reporting the occurrence of ophthalmic vascular events after receiving COVID-19
vaccines. It should be noted that, based on recent recommendations [10], only the first
200 records of Google Scholar were searched, after which their relevance significantly
dropped. The following keywords were used to identify relevant articles: (COVID-19 OR
SARS-CoV-2) AND (vaccine *) AND (“ophthalmic vascular event *”). Additionally, Medical
Subject Headings (MeSH) terms were used to identify all potentially relevant articles based
on these indexed terms. The detailed search criteria, adjusted per each searched database,
is provided in [Supplementary Table S1].

A manual search was also conducted following the screening of articles to identify any
potentially missing relevant articles through three approaches: (a) screening the reference
list of included articles, (b) screening “similar articles” to the included ones, through the
“similar articles” options on PubMed, and (c) manually searching for articles on Google with
the use of following keywords: “COVID” + “vaccine” + “ophthalmic”. The key ophthalmic
vascular events that we looked for included choroidal ischemia, retinal artery occlusions
(RAO), retinal vein occlusion (RVO), ophthalmic artery occlusion (OAO), ophthalmic
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vein occlusion (OVO), ophthalmic artery spasm, vitreous hemorrhage, or ischemic optic
neuropathy. An updated search was conducted right before the analysis to include any
recently published studies in the time between our original and updated search.

2.3. Study Outcomes

The primary outcome of this review is to summarize the available evidence on the
occurrence of any ophthalmic vascular events following COVID-19 vaccination while
providing an emphasis on the association between these events and the type, dose, and
time interval from vaccination until their occurrence.

2.4. Eligibility Criteria

Studies were included if they recruited individuals who were vaccinated with any of
the COVID-19 vaccines and developed an ophthalmic vascular event following vaccination.
No limitations were set on language, country, or study design. Of note, case reports, case
series, case—control, cohort, cross-sectional, and experimental studies were eligible for
inclusion.

On the other hand, studies were excluded if they had one of the following criteria: (1)
non-original research (i.e., reviews, commentaries, guidelines, editorials, correspondence,
letters to editors, etc.), (2) unavailable full texts, (3) duplicated records or records with
overlapping datasets, (4) studies reporting adverse events other than ophthalmic vascular
events, and (5) studies that discuss non-COVID-19 vaccines.

2.5. Study Selection

Following the retrieval of the studies from the database search, citations were imported
into EndNote for duplicate removal, after which, the citations were exported into an Excel
Sheet for screening. First, the titles and abstracts of the retrieved articles were screened
against our prespecified eligibility criteria. Then, studies that were potentially relevant
underwent full-text screenings. This process was carried out by two sets of two reviewers
[SI. and L.AS.; L. AL and Q.A.S.] who resolved their differences through discussions.
Meanwhile, the senior author was consulted when an agreement could not be reached.

2.6. Data Extraction

A pilot extraction was carried out to design the data extraction sheet using Microsoft
Excel. The data extraction sheet consisted of four main parts. The first part includes the
baseline characteristics of the included studies (name of the first author, year of publication,
country, name of the journal, and study design) and included participants (sample size,
age, and gender). The second part includes data on the reported ophthalmic vascular event
(name, type, number, and laterality [right or left eye or both]) and COVID-19 vaccines
(type, dose, time from vaccination to symptom onset, and COVID-19 infection status).
The third part summarizes the medical history of the reported cases with ophthalmic
vascular events (i.e., systemic diseases, cardiovascular diseases, cerebrovascular diseases,
immunological diseases, history of eye trauma, previous eye diseases, and previous ocular
surgeries). The fourth part included a thorough assessment of the reported event in terms
of presenting symptoms, diagnostic methods, examination findings, initial best-corrected
visual acuity (BCVA), investigations (blood and eye investigations), management (either
medical or surgical), the follow-up period, and management outcomes and associated
complications if present. The data extraction process was carried out by two sets of two
reviewers [S.I. and L.A.S,; L.A.L and Q.A.S.], and any discrepancies were resolved by
discussion or consultation with the senior author.

2.7. Quality Assessment

The methodological quality of the included studies was assessed using the National
Institute of Health (NIH) tool (https:/ /www.nhlbi.nih.gov/health-topics/study-quality-
assessment-tools, accessed on 17 October 2022) for each respective study design included
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(no quality assessment was done for case reports). This process was carried out by two sets
of two reviewers [S.I. and L.A.S.; L.A.L. and Q.A.S.], and any discrepancies were resolved
by discussion or consultation with a senior author.

2.8. Data Synthesis

Retrieved data from the included studies were qualitatively synthesized. No quan-
titative analyses were carried out. Frequencies and proportions were used to summarize
the data. Comparisons between categorical variables were analyzed using the Pearson
Chi-square test. At a p-value of 0.05, statistical significance was deemed to exist. The Social
Sciences Statistical Program was used to conduct the statistical analysis (IBM SPSS Corp,
Statistical Product and Service Solutions (SPSS) Statistics version 26, Chicago, USA). The
qualitative synthesis included summarizing the occurrence of ophthalmic vascular events
following COVID-19 vaccination, where data were categorized based on the study design
and type and dose of the COVID-19 vaccine. Then, our outcome of interest (the occur-
rence of ophthalmic vascular events) was analyzed in terms of baseline characteristics (age,
gender, vaccine type and dose, presenting symptoms, and time interval from vaccination
to symptom onset). Such data were stratified by the type and location of the vascular
event. Finally, the outcomes of the management of each vascular event were summarized,
including complete resolution, partial resolution, recurrence, and complications.

3. Results
3.1. Search Results

We retrieved 360 records from our searches, 120 duplicates were removed, and the
remaining 242 titles and abstracts were screened. Then, 58 potential full texts were assessed
and only 49 studies were included (Figure 1). It should be noted that both the manual and
updated database search did not yield any additional studies.

[ Identification of studies via databases and registers J
Records identified from™:
Google Scholar (n=200)
g PubMed: (n=44)
g EMBASE: (n=54) Duplicate records removed:
&= Scopus: (n=50) » (n=120)
2 WOS: (n=14)
CENTRAL: (n=0)
Total: (n=362)
P l Records excluded by title and
Records screened | abstract (n=183)
(n=242) "| reasons for exclusion:
Non-original research: n = 36

*Non-vaccinated: n = 51

* Irrelevant outcome: n= 20

* Irrelevant topic: n = 37

* Not available full text: n =4
* Duplicates: n= 34

* Not English:n=1

Screening

Full-text articles assessed
for eligibility (n=58)

Full-text articles excluded
n=29)

reasons for exclusion:

* Non-original research: n=7
* Non-vaccinated: n=1

v

* Not available full text:n=1
§ Studies included in
quantitative synthesis:
5 (n=49)

Figure 1. PRISMA chart for article selection. *: the following different databases.
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3.2. Baseline Characteristics of Studies Reporting COVID-19-Vaccine-Associated Vascular Events

In this systematic review, a total of 49 case reports and series with 130 cases of ocular

vascular events following COVID-19 vaccination from 23 countries around the world were
identified. The included papers are summarized in Table 1.

Table 1. Summary of papers reviewed in this systematic review.

No. Author Country Type of Study No. of Cases Mean Age Gender Diagnosis
1 Abdallah & Hamzah [11] USA Case Report 1 51 M CRAO
2 Abdin et al. [12] Germany Case Report 1 76 F CRAO
3 Amin et al. [13] Bangladesh Case Report 1 41 M VH
4 Bialasiewicz et al. [14] Qatar Case Report 1 50 M CRVO
5 Bolletta et al. [15] Ttaly Case Series 6 49.5 3M,3F 1 CRVO, 5 BRVO
6 Cackett et al. [16] UK Case Report 2 45 2F 2 CRVO
7 Casarini et al. [17] Ttaly Case Report 1 60 M VH
8 Che et al. [18] South Korea Case Report 1 87 F AAION
9 Chen et al. [19] Taiwan Case Report 1 48 F BRAO
10 Choi et al. [20] Korea Case Series 9 60.8 3M,6F 4 CRVO, 5 BRVO
11 Chow et al. [21] Taiwan Case Report 1 70 M CRAO
12 Chung et al. [22] Korea Case Report 1 65 F NAAION
5CRAO, 4
13 Da Silva et al. [23] Brazil Case Series 11 57 3M,8F LRVO,2
ntraretinal
Hemorrhage
14 Majumder & Prakash [24] India Case Report 1 28 M CRVO
15 Elhusseiny et al. [25] USA Case Report 1 51 M NAAION
16 Endo et al. [26] Spain Case Report 1 52 M CRVO
17 Franco & Fonollosa [27] Spain Case Report 2 59 2M 2 NAAION
BRAO, CRVO,
Venous Stasis
18 Girbardt et al. [7] India Case Series 6 46.5 4M,2F Retinopathy,
NAAION,
CRAO, AMN
19 Goyal et al. [28] Japan Case Report 1 28 M CRVO
20 Tkegami et al. [29] Japan Case Report 1 54 F CRAO
21 Ishibashi et al. [30] Japan Case Series 6 59.3 3M,3F 4 BRA;%OI\}II;IAMM'
22 Kang et al. [31] Korea Case Report 1 64 M BRAO
23 Lee et al. [32] USA Case Report 1 34 M CRVO
BRAO, BRVO,
24 Chen et al. [33] China Case Series 5 54.2 4M,1F CRAO, CRVO,
VH
25 Lin et al. [34] Taiwan Case Report 1 61 F NAAION
26 Maleki et al. [35] us Case Series 2 56 2F AAION,
: AZOOR
27 Murgova & Balchev [36] Bulgaria Case Series 1 584 3M,2F NAAION
28 Nachbor et al. [37] Nepal Case Report 1 64 F NAAION
29 Nusanti et al. [38] Indonesia Case Report 1 50 F N/A
30 Park et al. [39] Korea Case Series 21 77 11M,19F 11 AMD, 10 RvO
31 Peters et al. [40] Australia Case Series 5 57 3M,2F 3 BRCVIg/,é{VO,
32 Priluck et al. [41] USA Case Report 2 38.5 2F BRVO, AMN
33 Pur et al. [42] Canada Case Report 1 34 M BRVO
34 Romano et al. [43] Italy Case Report 1 54 F CRVO
35 Sacconi et al. [44] Ttaly Case Report 1 74 F RVO
36 Sanjay et al. [45] India Case Report 1 50 F N/A
37 Shah et al. [46] USA Case Report 1 27 F CRVO
38 Sodhi et al. [47] India Case Report 1 43 M CRVO
39 Sonawane et al. [48] India Case Report 2 46.5 M 2 CRVO
40 Sugihara et al. [49] Japan Case Report 1 38 M BRVO
41 Takacs et al. [50] Hungary Case Report 1 35 M CRVO
42 Tanaka et al. [51] Japan Case Report 2 71.5 M 2 BRVO
43 Ti‘;ﬁ‘g:ifj;;ffs&;] Thailand Case Report 1 4 M CRAO
44 Tsukii et al. [53] Japan Case Report 1 55 F NAAION
45 Vinzamuri et al. [54] India Case Report 1 35 M N/A
46 Vujosevic et al. [55] Ttaly Case Series 14 77 5M,9F 6 BRVZOIé\(;g RVO,
47 Wang et al. [56] Taiwan Case Series 1 47.7 4M,7F CRAO
48 Elnahry et al. [57] USA Case Series 2 50.5 F NAAION
49 Haseeb et al. [58] Egypt Case Report 1 40 M NAAION

Abbreviations: AAION: Arteritic Anterior Ischemic Optic Neuropathy, AMN: Acute Macular Neuroretinopathy,
AZOOR: Acute Zonal Occult Outer Retinopathy, BRVO: Branch Retinal Venous Occlusion, CRAO: Central Retinal
Arterial Occlusion, CRVO: Central Retinal Venous Occlusion, NAAION: Non-Arteritic Anterior Ischemic Optic
Neuropathy, PAMM: Paracentral Acute Middle Maculopathy, RVO: Retinal Venous Occlusion, VH: Vitreous
Hemorrhage.
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The patients” ages ranged between 20 and 96, with a mean (£SD) of 58.92 (£17.57),
and the population was nearly equally distributed between males and females (51.5%).
Pfizer-BioNTech was the most reported vaccine (n = 56, 43.1%), while AstraZeneca was
the second most reported with 50 cases (38.5%). The remaining 24 cases (18.6%) were
associated with other types of vaccines, namely Moderna, CoronaVac, Johnson & Johnson,
one case of non-available data on the vaccine, and one case with a non-specific mRNA
vaccine (Figure 2). Regarding the doses, most ocular vascular events occurred after the
administration of the first dose (46.2%).

0.80% 1.60%

m AstraZeneca

= CoronaVac
Johnson & Johnson
Moderna

= Pfizer/BioNTech

m Sputnik V

m Unspecified

3.10%

Figure 2. Types of COVID-19 vaccine used in patients with ophthalmic vascular event.

Table 2 shows the demographic characteristics of the included cases, categorized into
five main categories: arterial events (CRAO, NAAION, etc.), venous events CRVO/BRVO,
etc.), simultaneous arterial and venous together, hemorrhagic events, and other events.
Venous events were the most reported events with 69 cases (53%), followed by arterial
events with 36 cases (27.7%). There was no significant difference in the five categories
regarding age (p = 0.692). However, hemorrhagic events were associated mainly with
older age (74.15 &+ 9.11), while the arterial and venous events were associated with similar
age groups (57.86 = 16.89 and 59.36 + 16.84 respectively). Regarding gender, all the
events were distributed equally in the five categories and we found no statistical difference
between them (p = 0.804). The AstraZeneca vaccine was associated the most with venous
complications (n = 33, 25.4%) compared to the other vaccines, followed by the Pfizer vaccine
(n =27, 20.8%), which was reported the most with arterial complications (p = 0.38). The
dosage effect was most commonly associated with the first and second doses (88.5%);
however, events were evenly distributed between the first and second dosage, except in
the dual arterial and venous category, which was mainly associated with the second dose
only. The booster dose was reported only in three cases of venous complications (2.3%)
(p = 0.429).
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Table 2. Demographic characteristics of the included cases.

Characteristic Nature of Ocular Event Total p-Value
. o o Ve & H hagi o
Arterial n (%) Venous n (%) Arteell“ilgr:\ (%) en:lo(sz)aglc Others n (%)
Demographics
Age 57.86 + 16.89 59.39 + 16.84 56.33 + 23.58 74.15 £9.11 38.33 + 13.89 58.92 £+ 17.57 0.692
Sex 0.804
Female 17 (13.1%) 35 (26.9%) 2 (1.5%) 7 (5.4%) 6 (4.6%) 67 (51.5%)
Male 19 (14.6%) 34 (26.2%) 1(0.8%) 6 (4.6%) 3(2.3%) 63 (48.5%)
COVID—19 0.380
Vaccine
AstraZeneca 10 (7.7%) 33 (25.4%) 0 (0%) 3(2.3%) 4 (3.1%) 50 (38.5%)
CoronaVac 4 (3.1%) 2 (1.5%) 0 (0%) 1 (0.8%) 1 (0.8%) 8 (6.2%)
Johnson & 0) 0) ) ) 0, 0
Johnson 1 (0.8%) 2 (1.5%) 0 (0%) 0 (0%) 1 (0.8%) 4 (3.1%)
Moderna 4(3.1%) 3(2.3%) 1(0.8%) 0 (0%) 1(0.8%) 9 (6.9%)
Pfizer- 9 0 o o o 0
BioNTech 17 (13.1%) 27 (20.8%) 2 (1.5%) 8 (6.2%) 2 (1.5%) 56 (43.1%)
Sputnik V 0 (0%) 1(0.8%) 0 (0%) 0 (0%) 0 (0%) 1 (0.8%)
Unspecified 0 (0%) 1 (0.8%) 0 (0%) 1(0.8%) 0 (0%) 2 (1.6%)
Dose 0.429
First 17 (13.1%) 29 (22.3%) 0 (0%) 10 (7.7%) 4 (3.1%) 60 (46.2%)
Second 15 (11.5%) 30 (23.1%) 3(2.3%) 3(2.3%) 4 (3.1%) 55 (42.3%)
Booster 0 (0%) 3(2.3%) 0 (0%) 0 (0%) 0 (0%) 3(2.3%)
Unspecified 4(3.1%) 7 (5.4%) 0 (0%) 0 (0%) 1(0.8%) 12 (9.2%)
Total 36 (27.7%) 69 (53%) 3(2.3%) 13 (1%) 9 (4.6%) 130 (100%)

Table 3 shows the clinical characteristics of the cases with underlying systemic and
ocular diseases. Hypertension was more frequently associated with ocular vascular events
compared to diabetes in most of the categories. Furthermore, old vascular events were
reported in eight cases, while previous ocular surgeries were reported in 18 cases, and
six cases had a history of treatment with anti-vascular endothelial growth factor (VEGEF)
injections, five of which were associated with hemorrhagic events. In addition, only
one case with a history of glaucoma secondary to epiretinal membrane was reported.
Regarding the laterality, most cases were unilateral (96 cases, 73.8%) and affected the
right eye (p = 0.002). As to the duration between vaccination and the ocular events, we
classified the durations into five-day categories (Table 3). An inverse relationship was
observed between the duration following vaccination and the incidence of ocular vascular
events, indicating that most ocular vascular events in this review occurred in the first
five days following vaccination (46.2%), which, however, was not statistically significant
(p = 0.095) (Figure 3). Patients’ complaints were classified into three categories: visual
disturbances, non-available data, and others (proptosis, red eye, scalp tenderness, temporal
headache, ophthalmoplegia, retrobulbar pain, uveitis, etc.). Visual disturbances included
decreased visual acuity, floaters, light flashes, photopsia, curtains obstructing vision, visual
field defects, and greyish spots, which represented 68.5% of the total patients” presenting
complaints.

Table 4 shows the interventions that were used in the cases; we classified them into
two main groups, medical and surgical. The medical treatment was also subdivided
into four groups. Medical treatment was much more common than surgical intervention,
as the most frequent treatment used as the first-line therapy following the events was
intravitreal anti-VEGF (n = 39, 30.7%), followed by corticosteroids, which were given in
18 (14.2%) of the cases. Nine patients (6.92%) had received some type of thrombolytic,
antiplatelet, or anticoagulant, of whom four (3.07%) had received Aspirin, two (1.5%)
received Apixaban, one received Clopidogrel, one received Fondaparinux, and one case
received a nonspecific anti-platelet. On the other hand, vitrectomy was the most commonly
performed surgery (60% of total performed surgeries) (p < 0.001). In addition, the use of both
intravitreal anti-VEGF and vitrectomy reached a statistically significant point (p < 0.001)
while other interventions did not. Furthermore, vitrectomy was done almost exclusively for
hemorrhagic events (five out of six total), while 76.92% of the total intravitreal anti-VEGF
was given after venous vascular complications.
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Table 3. Clinical characteristics of included cases.

Characteristic Nature of Ocular Event Total p-Value
. o o Venous & Hemorrhagic o
Arterial n (%) Venous n (%) Arterial 1 (%) 1 (%) Others n (%)
No. of Patients 36 (27.7%) 69 (53%) 3(2.3%) 13 (1%) 9 (4.6%) 130 (100%)
Clinical Characteristics
Underlying
Systemic
Disease
Hypertension 11 (8.7%) 21 (16.5%) 1(0.8%) 5(3.9%) 2 (1.6%) 40 (31.5%) 0.964
Diabetes o o o o o o
Mellitus 8 (6.2%) 12 (9.2%) 0 (0%) 6 (4.6%) 0 (0%) 26 (20%) 0.062
Other 9 (7.2%) 17 (13.6%) 1 (0.8%) 8 (6.4%) 2 (1.6%) 37 (29.6%) N/A
Underlying
Ocular
Condition
Old Vascular 1(0.8%) 6 (4.8%) 0(0%) 1(0.8%) 0(0%) 8 (6.4%) 0953
Old Ocular o o o, o o o
Surgery/Procedure 4 (3.2%) 9 (7.2%) 0 (0%) 5 (4%) 0 (0%) 18 (14.4%) 0.862
Anti-VEGF , . . . . .
Tnjections 0 (0%) 1(0.8%) 0 (0%) 5 (4%) 0 (0%) 6 (4.8%) 0.004
Other 2 (1.6%) 5 (4%) 0 (0%) 6 (4.7%) 0 (0%) 13 (10.3%) N/A
Laterality 0.002
Right 15 (11.5%) 32 (24.6%) 2 (1.5%) 8 (6.2%) 1(0.8%) 58 (44.6%)
Left 11 (8.5%) 19 (14.6%) 1 (0.8%) 4(3.1%) 3 (2.3%) 38 (29.2%)
Bilateral 3(2.3%) 1(0.8%) 0 (0%) 1(0.8%) 4 (3.1%) 9 (6.9%)
Not reported 7 (5.4%) 17 (13.1%) 0 (0%) 0 (0%) 1 (0.8%) 25 (19.2%)
Duration
between
Vaccination 0.095
and Ocular
Event (days)
<5 17 (13.1%) 33 (25.4%) 1 (0.8%) 6 (4.6%) 3 (2.3%) 60 (46.2%)
6-10 6 (4.6%) 16 (12.3%) 0 (0%) 2 (1.5%) 4(3.1%) 28 (21.5%)
11-15 5(3.8%) 11 (8.5%) 2 (1.5%) 1(0.8%) 0 (0%) 19 (14.6%)
16-20 2 (1.5%) 1(0.8%) 0 (0%) 1(0.8%) 0 (0%) 4 (3.1%)
21-25 1 (0.8%) 5 (3.8%) 0 (0%) 0 (0%) 0 (0%) 6 (4.6%)
26-30 1 (0.8%) 3 (2.3%) 0 (0%) 3 (2.3%) 1 (0.8%) 8 (6.2%)
>30 4 (3.1%) 0 (0%) 0 (0%) 0 (0%) 1 (0.8%) 5(3.8%)
Main Presenting Complaint
Visual o o o o o o
Disturbances 26 (20%) 50 (38.5%) 3(2.3%) 2 (1.5%) 8 (6.2%) 89 (68.5%)
Other 2 (1.6%) 2 (1.6%) 0 (0%) 0 (0%) 3 (2.4%) 7 (5.3%)
Not reported 10 (7.9%) 19 (15%) 0 (0%) 11 (8.7%) 1(0.8%) 41 (31.5%)
&0
28
19
B
« m 0
<=5 6-10 11-15 16-20 21-25 26-30 =30

Figure 3. Day of onset of vascular ocular event divided into segments of five days.
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Table 4. Medical & surgical interventions for included cases.

Management Nature of Ocular Event Total p-Value
. . Vi & H hagi 0
Arterial n (%) Venous n (%) Arteeg(a);‘rs\ (%) en:lo(rc;))aglc Others n (%)
Medical
Intravitreal o o o, 0 0 0)
;‘n:fz;EréaF 1 (0.8%) 30 (23.6%) 2 (1.6%) 6 (4.7%) 0 (0%) 39 (30.7%) <0.001
Corticosteroid 6 (4.6%) 12 (9.2%) 1 (0.8%) 0 (0%) 1(0.8%) 20 (15.4%) 043
Observation 3 (2.4%) 9 (7.1%) 1 (0.8%) 2 (1.6%) 1(0.8%) 16 (12.6%) 0.798
Oth o 9 o o o o
Interveirﬁon 7 (5.4%) 4(3.1%) 0 (0%) 0 (0%) 2 (1.5%) 13 (10%) 0.116
U“a];:faable 18 (14.2%) 16 (12.6%) 0(0%) 2(1.6%) 5 (3.9%) 41 (32.3%) N/A
Surgical /Procedural
Vitrectomy 0 (0%) 1(0.8%) 0 (0%) 5 (3.9%) 0 (0%) 6 (4.7%) <0.001
L
ijesdeflre 0 (0%) 3 (2.4%) 0 (0%) 0 (0%) 0 (0%) 3 (2.4%) 0.63
Other o
Interventions 1(0.8%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1(0.8%) 0.58
Total 36 (27.7%) 69 (53%) 3 (2.3%) 13 (1%) 9 (4.6%) 130 (100%)

The outcome and degree of improvement of the cases are shown in Table 5 based on
the difference between the final BCVA and the initial BCVA, which was calculated using
the formula (Final BCVA-Initial BCVA), with any (+) value denoting improvement, any (—)
value denoting worsening, and “0” or no change denoting persistence. The improvement
was grouped into three categories: improved, persisted, and deteriorated. Among the data
that were available, the majority of patients (91.3%) demonstrated either improvement or
persistence in the final BCVA. There were no significant differences between improvement,
persistence, or worsening between the groups (p = 0.369, p = 0.516, and p = 0.34, respectively).
Persistence in venous events was marginally higher than the number of patients who
improved, whereas among arterial issues, persistence was more than twice as great as

improvement.

Table 5. The overall outcome for included cases.

Outcome Nature of Ocular Event Total p-Value
. o o Venous & Hemorrhagic n o
Arterial n (%) Venous n (%) Arterial 1 (%) (%) Others n (%)

Improved 6 (16.7%) 17 (24.6%) 1(33.3%) 3(23.1%) 1(11.1%) 28 (21.5%) 0.369

Persisted 8 (22.2%) 22 (31.9%) 0 (0%) 4(30.8%) 1(11.1%) 35 (26.9%) 0.516

Worsened 2 (5.6%) 2 (2.9%) 0 (0%) 2 (15.4%) 0 (0%) 6 (4.6%) 0.34
Unavailable Data 20 (55.6%) 28 (40.6%) 2 (66.7%) 4 (30.8%) 7 (77.8%) 61 (46.9%) N/A

Total 36 (20%) 69 (41.77%) 3 (1.85%) 13 (7.85%) 9 (5.46%) 130 (100%)

Supplementary Table S2 provides an aggregation for all case characteristics and

information.

4. Discussion

In the present systematic review, 49 reports describing 130 cases of ocular vascular
events in close proximity to COVID-19 vaccination were described. This occurred after the
first dose or second dose of their Pfizer-BioNTech (n = 56 (43.1%)) or AstraZeneca (n = 50,
38.5%) vaccines. The exact mechanism by which these pathologies occur remains unclear;
nevertheless, a few hypotheses were suggested to explain these adverse events. Immune-
mediated mechanisms are thought to cause thrombosis through an activation of platelets,
immune cells, and hypercoagulability factors [59]. Other potential mechanisms also have
been suggested, like molecular mimicry, protein contaminants, and adenovirus vector
proteins [60,61]. Since these vascular events are likely brought about by immune-medicated
mechanisms, they are more likely to happen after the administration of the first dose due
to higher spikes of immunoglobulins after the first exposure, with the risk decreasing with
the second and third doses [62]. However, we still identified a relatively large number
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of cases after the second dose. Although a higher risk of adverse events was attributed
to the AstraZeneca vaccine [63], it is hard to validate this information with regards to
vascular ocular events since data on vaccine type per population is difficult to acquire. The
AstraZeneca vaccine is also reported to be one of the most commonly administered COVID-
19 vaccines which may explain its frequent association with adverse events (REF). Most
events occurred within five days of vaccination (p = 0.095), and 67.8% of events occurred
within 10 days post-vaccination. In the literature, retinal vascular events were observed
within 3.1 £ 2.4 days of vaccination, and other ocular adverse effects of COVID-19 vaccines
generally occurred during the first 10 days after vaccination [64]. This temporal association
may be attributed to vaccine-related antibodies that induce hypercoagulability, as they
appear within the first 5-10 days after vaccination, and disappear within 100 days [59].

Our cohort had a mean age of 58.92 £ 17.57, falling within the older age group. Age
above 50 years was linked to COVID vaccine-related adverse events [39,65], and ocular
vascular events were recorded in the same age group in [64]. This was also true when
comparing ischemic optic neuropathy versus optic neuritis in patients that developed
optic neuropathy after COVID-19 vaccination [61]. Ocular hemorrhagic events were also
specifically linked to advanced age [66], which is the case in our population. Older patients
(74.2 £ 9.11) had a higher incidence of hemorrhagic vascular complications. This could be
attributed to age-related degeneration of macular and choroidal tissues, which may involve
neovascularization (NS) and pathologic angiogenesis [67]. Vascular occlusive events of
veins (central or branch) were observed with a higher frequency compared to arterial
occlusions: 69 venous cases (53%) compared to 36 arterial cases (27.7%). This goes in
accordance with observations in the literature, where retinal venous events were observed
more than arterial events [68-71]. The venous involvement in the adverse effects of vaccines
is thought to be due to the relation between cerebral veins, including retinal veins, and
the clearance of toxins from nasal sinuses, which could lead to higher immunogenicity,
hence a higher risk of thrombosis, especially in the setting of immune activation post
vaccination [60]. Most patients suffered from a unilateral vascular event, with only nine
(6.9%, p = 0.002) patients presenting with bilateral ocular affection, as previously observed
in literature [70] . The anatomical variations between the right and left retinal veins and
arteries can help explain the preferences of retinal vascular events [70]. Given that the
majority of cases in this review were of venous occlusion, right eye involvement was higher
(n =58, 44.6%, p = 0.002). This can be due to the anatomical relations between the venous
system or the right heart and the right eye.

The history of prior underlying systemic diseases was also collected in this study.
Hypertension and diabetes were reported more commonly. Overall, hypertension was
frequently associated with ocular vascular events in the current review. This is described
in the literature as “hypertensive eye disease,” associating chronic and acute elevations
in systemic blood pressure with the incidence of ocular vascular events [72]. However, a
recent study from Japan suggests that the relationship can be multifactorial and occurs
only in females [73]. Changes in systemic blood pressure are directly linked to several
ocular complications, since the vasculature of the retina and the optic nerve are vulnera-
ble to fluctuations in blood flow due to limited autoregulation [72]. On the other hand,
diabetes compromises retinal blood flow, which in turn predisposes patients to vascular
complications [74]. A link between prior intravitreal anti-VEGF injection and hemorrhagic
ocular events was also suspected in the current study, since five patients with a history
of anti-VEGF treatment presented with hemorrhagic events. This, however, could be a
complication of the underlying condition for which the anti-VEGF agent was administered
in the first place, or, less likely, a complication related to the anti-VEGF agent’s vascular
and inflammatory effects [75,76] . More studies are needed to further evaluate this risk.

In the reviewed cases, a clear management criterion was often not mentioned. Never-
theless, 39 (30.7%, p < 0.001) patients received intravitreal anti-VEGF injections of various
types, likely because many patients are expected to develop exudative maculopathy fol-
lowing the retinal venous events [77]. The management of vascular ocular events varies
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between anti-VEGEF injections, surgical procedures, steroid therapy, and other medications
according to the type of event. In exudative and ischemic events, intravitreal anti-VEGF
injections are mostly used [78].

The patients” improvement was assessed by comparing the patient’s presenting BCVA
with the patient’s final BCVA after follow-up and management. Unfortunately, most case
reports did not include sufficient data on their management and outcome. The available
data showed persisting symptoms in most patients, which is a known feature of most
ocular vascular events, although new research suggests long-term improvement [79].

The issue of ocular vascular events as a consequence of COVID-19 vaccination is
therefore, arguably, an important cause of blindness for patients that deserves more at-
tention. However, these adverse events are still considered rare based on the millions of
vaccine doses administered worldwide. Individuals particularly at risk should be coun-
selled regarding this risk before receiving COVID-19 vaccines particularly because the
visual prognosis appears to be guarded. In addition, further research targeting the un-
derlying pathophysiology of these events is required, especially with respect to their risk
factors and possible methods of prevention and treatment. Nevertheless, the benefits of
COVID-19 vaccination still far outweigh the associated risks. Future case reporting with
detailed descriptions of management criteria is needed in order to provide researchers and
ophthalmologists with insight on how to treat similar cases.

The limitations of our study include the lack of diagnostic information in many cases,
the lack of outcome assessment for the affected eyes in many cases, and the inability to
perform relative risk statistical analysis due to insufficient data.

5. Conclusions

Ophthalmic vascular events are serious vision-threatening side effects that have been
associated with COVID-19 vaccination. We provided the first systematic review dedicated
to these events. Luckily, venous occlusive events that are currently most amenable to
treatment were the most common among other vascular events. These events occurred
after the first and second doses mostly within the first five days following vaccination.
Moreover, most events tended to occur in older patients. Further studies are needed to
better determine the incidence, risk factors, prognosis, and management of ocular vascular
events following COVID-19 vaccination.

Supplementary Materials: The following supporting information can be downloaded at
https:/ /www.mdpi.com/article/10.3390/vaccines10122143/s1, Table S1: The detailed search strat-
egy used in each of the search databases. Table S2: The characteristics and detailed information of all
included cases.

Author Contributions: Conceptualization: H.A.S., A.A., L.A.-I,, and Q.EA.S.; methodology: H.A.S.,
A.A., L.AS., and S.I.; software: A.G.E., and A.A.; validation: H.A.S., A.A.,, A.G.E., M.T.A., and M.].].T.;
formal analysis, A.A.; investigation: H.A.S., and A.A.; resources: S.I., and L.A.S.; data curation:
B.A, L.A-I, and QEA.S,; writing—original draft preparation: H.A.S., A.A.,, AGE., M.T.A,, and
M.].].T.; writing—review and editing: H.A.S., A.A., and A.G.E,; visualization: B.A.,S.I.,and L.A.S,;
supervision: H.A.S., A.G.E., and A.A_; project administration: N/A; funding acquisition: N/A. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data provided in this manuscript can be provided upon reasonable
request by contacting the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

78



Vaccines 2022, 10, 2143

References

1. Karpiniski, T.M.; Ozarowski, M.; Seremak-Mrozikiewicz, A.; Wolski, H.; Wlodkowic, D. The 2020 race towards SARS-CoV-2
specific vaccines. Theranostics 2021, 11, 1690. [CrossRef]

2. WHO. COVID-19 Vaccines with WHO Emergency Use Listing. WHO—Prequalification of Medical Products (IVDs, Medicines, Vaccines
and Immunization Devices, Vector Control); WHO: Geneva, Switzerland, 2021.

3. Feikin, D.R,; Higdon, M.M.; Abu-Raddad, L.J.; Andrews, N.; Araos, R.; Goldberg, Y.; Groome, M.; Huppert, A.; O'Brien, K.; Smith,
P.G.; et al. Duration of effectiveness of vaccines against SARS-CoV-2 infection and COVID-19 disease: Results of a systematic
review and meta-regression. Lancet 2022, 399, 924-944. [CrossRef]

4. WHO. Adverse Events Following Immunization (AEFI). WHO: Geneva, Switzerland, 2021.

5. DPottegard, A.,; Lund, L.C.; Karlstad, &.; Dahl, J.; Andersen, M.; Hallas, |.; Lidegaard, &.; Tapia, G.; Gulseth, H.L.; Ruiz, PL.-D;
et al. Arterial events, venous thromboembolism, thrombocytopenia, and bleeding after vaccination with Oxford-AstraZeneca
ChAdOx1-S in Denmark and Norway: Population based cohort study. BMJ 2021, 373, n1114. [CrossRef]

6. Taha, M.].].; Abuawwad, M.T.; Alrubasy, W.A.; Sameer, S.K.; Alsafi, T.; Al-Bustanji, Y.; Abu-Ismail, L.; Nashwan, A.J. Ocular
manifestations of recent viral pandemics: A literature review. Front. Med. 2022, 9, 1011335. [CrossRef]

7. Girbardt, C.; Busch, C.; Al-Sheikh, M.; Gunzinger, ].M.; Invernizzi, A.; Xhepa, A.; Unterlauft, ].D.; Rehak, M. Retinal Vascular
Events after mRNA and Adenoviral-Vectored COVID-19 Vaccines—A Case Series. Vaccines 2021, 9, 1349. [CrossRef]

8. Dean, A.G.; Arner, T.G,; Sunki, G.G,; Friedman, R.; Lantinga, M.; Sangam, S.; Zubieta, J.C.; Sullivan, K.M.; Brendel, K.A.; Gao, Z.;
et al. Epi Info™, a Database and Statistics Program for Public Health Professionals; CDC: Atlanta, GA, USA, 2011.

9.  Ritchie, H.; Mathieu, E.; Rodés-Guirao, L.; Appel, C.; Giattino, C.; Ortiz-Ospina, E.; Hasell, ].; Macdonald, B.; Beltekian, D.; Roser,
M. Coronavirus pandemic (COVID-19). In Our World in Data. 2020. Available online: https://ourworldindata.org/coronavirus
(accessed on 26 October 2022).

10. Muka, T.; Glisic, M.; Milic, J.; Verhoog, S.; Bohlius, J.; Bramer, W.; Chowdhury, R.; Franco, O.H. A 24-step guide on how to design,
conduct, and successfully publish a systematic review and meta-analysis in medical research. Eur. . Epidemiol. 2020, 35, 49-60.
[CrossRef]

11.  Abdallah, S.; Hamzah, K. Case Report—Central Retinal Artery Occlusion After Ad26.COV2.S COVID-19 Vaccine. Biomed. ]. Sci.
Tech. Res. 2022, 43, 34720-34724.

12.  Abdin, A.D.; Gértner, B.C.; Seitz, B. Central retinal artery occlusion following COVID-19 vaccine administration. Am. J. Ophthalmol.
Case Rep. 2022, 26, 101430. [CrossRef]

13.  Amin, M.A_; Nahin, S.; Dola, T.A.; Afrin, S.; Hawlader, M.D.H. Retinal hemorrhage of late post-COVID-19 and post-vaccine-
related pathogenic mechanisms: A new challenge for ophthalmologist in COVID era. Clin. Case Rep. 2022, 10, €05471. [CrossRef]

14. Bialasiewicz, A.A.; Farah-Diab, M.S.; Mebarki, H.T. Central retinal vein occlusion occurring immediately after 2nd dose of mRNA
SARS-CoV-2 vaccine. Int. Ophthalmol. 2021, 41, 3889-3892. [CrossRef]

15. Bolletta, E.; Iannetta, D.; Mastrofilippo, V.; De Simone, L.; Gozzi, F.; Croci, S.; Bonacini, M.; Belloni, L.; Zerbini, A.; Adani, C.; et al.
Uveitis and other ocular complications following COVID-19 vaccination. J. Clin. Med. 2021, 10, 5960. [CrossRef]

16. Cackett, P.; Ali, A.; Young, S.L.; Pavilion, N.L.P.A.E. Phenotypic appearance of central retinal vein occlusion post AstraZeneca
vaccine. Int. J. Ophthalmol. 2022, 15, 672-673. [CrossRef]

17.  Casarini, B.; Bruni, F.; Rubino, P.; Mora, P. Vitreous Hemorrhage and Long-Lasting Priapism After COVID-19 m-RNA Based
Vaccine: A Case Report. Eur. J. Ophthalmol. 2022, 0, 11206721221098880. [CrossRef]

18. Che, S.A.; Lee, K\Y.; Yoo, Y.J. Bilateral Ischemic Optic Neuropathy from Giant Cell Arteritis Following COVID-19 Vaccination. J.
Neuro-Ophthalmol. 2022, 1-2, 10-1097. [CrossRef]

19. Chen, P-J.; Chang, Y.-S.; Lim, C.-C.; Lee, Y.-K. Susac Syndrome Following COVID-19 Vaccination: A Case Report. Vaccines 2022,
10, 363. [CrossRef]

20. Choi, M;; Seo, M.-H.; Choi, K.-E.; Lee, S.; Choi, B.; Yun, C.; Kim, S.-W.; Kim, Y.Y. Vision-Threatening Ocular Adverse Events after
Vaccination against Coronavirus Disease 2019. J. Clin. Med. 2022, 11, 3318. [CrossRef]

21. Chow, S.Y,; Hsu, Y.-R.; Fong, V.H. Central retinal artery occlusion after Moderna mRNA-1273 vaccination. J. Formos. Med. Assoc.
2022, 121, 2369-2370. [CrossRef]

22. Chung, S.A,; Yeo, S.; Sohn, S.-Y. Nonarteritic Anterior Ischemic Optic Neuropathy Following COVID-19 Vaccination: A Case
Report. Korean ]. Ophthalmol. 2022, 36, 168-170. [CrossRef]

23. Da Silva, L.S.; Finamor, L.P,; Andrade, G.C.; Lima, L.H.; Zett, C.; Muccioli, C.; Sarraf, E.P.; Marinho, PM.; Peruchi, ].; Oliveira,
R.D.D.L.; et al. Vascular retinal findings after COVID-19 vaccination in 11 cases: A coincidence or consequence? Arq. Bras.
Oftalmol. 2022, 85, 158-165. [CrossRef]

24. Majumder, P.D.; Prakash, V]. Retinal venous occlusion following COVID-19 vaccination: Report of a case after third dose and
review of the literature. Indian . Ophthalmol. 2022, 70, 2191. [CrossRef]

25.  Elhusseiny, A.M.; Sanders, R.N.; Siddiqui, M.Z.; Sallam, A.B. Non-arteritic Anterior Ischemic Optic Neuropathy with Macular
Star following COVID-19 Vaccination. Ocul. Immunol. Inflamm. 2022, 30, 1274-1277. [CrossRef]

26. Endo, B.; Bahamon, S.; Martinez-Pulgarin, D.F. Central retinal vein occlusion after mRNA SARS-CoV-2 vaccination: A case report.
Indian ]. Ophthalmol. 2021, 69, 2865. [CrossRef]

27. Franco, S.V.; Fonollosa, A. Ischemic Optic Neuropathy After Administration of a SARS-CoV-2 Vaccine: A Report of 2 Cases. Am.

J. Case Rep. 2022, 23, €935095.

79



Vaccines 2022, 10, 2143

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Goyal, M.; Murthy, S.; Srinivas, Y. Unilateral retinal vein occlusion in a young, healthy male following Sputnik V vaccination.
Indian ]. Ophthalmol. 2021, 69, 3793. [CrossRef]

Ikegami, Y.; Numaga, J.; Okano, N.; Fukuda, S.; Yamamoto, H.; Terada, Y. Combined central retinal artery and vein occlusion
shortly after mMRNA-SARS-CoV-2 vaccination. QJM Int. |. Med. 2022, 114, 884-885. [CrossRef]

Ishibashi, K.; Yatsuka, H.; Haruta, M.; Kimoto, K.; Yoshida, S.; Kubota, T. Branch Retinal Artery Occlusions, Paracentral Acute
Middle Maculopathy and Acute Macular Neuroretinopathy After COVID-19 Vaccinations. Clin. Ophthalmol. 2022, 16, 987-992.
[CrossRef]

Kang, M.S.; Kim, S.Y.; Kwon, H.J. Case Report: Recanalization of Branch Retinal Artery Occlusion Due to Microthrombi Following
the First Dose of SARS-CoV-2 mRNA Vaccination. Front. Pharmacol. 2022, 13, 845615. [CrossRef]

Lee, S.; Sankhala, K.K.; Bose, S.; Gallemore, R.P. Combined Central Retinal Artery and Vein Occlusion with Ischemic Optic
Neuropathy After COVID-19 Vaccination. Int. Med. Case Rep. ]. 2022, 15, 7-14. [CrossRef]

Chen, X,; Li, X;; Li, H.; Li, M.; Gong, S. Ocular Adverse Events after Inactivated COVID-19 Vaccination in Xiamen. Vaccines 2022,
10, 482. [CrossRef]

Lin, W.-Y.; Wang, J.-].; Lai, C.-H. Non-Arteritic Anterior Ischemic Optic Neuropathy Following COVID-19 Vaccination. Vaccines
2022, 10, 931. [CrossRef]

Maleki, A.; Look-Why, S.; Manhapra, A.; Foster, C.S. COVID-19 recombinant mRNA vaccines and serious ocular inflammatory
side effects: Real or coincidence? |. Ophthalmic Vis. Res. 2021, 16, 490-501. [CrossRef]

Murgova, S.; Balchev, G. Ophthalmic manifestation after SARS-CoV-2 vaccination: A case series. |. Ophthalmic Inflamm. Infect.
2022, 12, 1-4. [CrossRef]

Nachbor, KM.; Naravane, A.V,; Adams, O.E.; Abel, A.S. Nonarteritic anterior ischemic optic neuropathy associated with
COVID-19 vaccination. J. Neuroophthalmol. 2021, 1-3. [CrossRef]

Nusanti, S.; Putera, I; Sidik, M.; Edwar, L.; Koesnoe, S.; Rachman, A.; Kurniawan, M.; Tarigan, T.J.E.; Yunus, R.E.; Saraswati, I;
et al. A case of aseptic bilateral cavernous sinus thrombosis following a recent inactivated SARS-CoV-2 vaccination. Taiwan |.
Ophthalmol. 2022, 12, 334-338.

Park, H.S.; Byun, Y.; Byeon, S.H.; Kim, S.S.; Kim, Y.J.; Lee, C.S. Retinal hemorrhage after SARS-CoV-2 vaccination. J. Clin. Med.
2021, 10, 5705. [CrossRef]

Peters, M.C.; Cheng, S.S.H.; Sharma, A.; Moloney, T.P,; Franzco, S.5S.H.C.; Franzco, A.S.; Franzco, T.P.M. Retinal vein occlusion
following COVID-19 vaccination. Clin. Exp. Ophthalmol. 2022, 50, 459-461. [CrossRef]

Priluck, A.Z.; Arevalo, ].E; Pandit, R.R. Ischemic retinal events after COVID-19 vaccination. Am. J. Ophthalmol. Case Rep. 2022, 26,
101540. [CrossRef]

Pur, D.R.; Bursztyn, L.L.C.D.; Iordanous, Y. Branch retinal vein occlusion in a healthy young man following mRNA COVID-19
vaccination. Am. J. Ophthalmol. Case Rep. 2022, 26, 101445. [CrossRef]

Romano, D.; Morescalchi, F.; Romano, V.; Semeraro, F. COVID-19 AdenoviralVector Vaccine and Central Retinal Vein Occlusion.
Ocul. Immunol. Inflamm. 2022, 30, 1286-1288. [CrossRef]

Sacconi, R.; Simona, E; Forte, P.; Querques, G. Retinal vein occlusion following two doses of mRNA-1237 (moderna) immunization
for SARS-CoV-2: A case report. Ophthalmol. Ther. 2022, 11, 453-458. [CrossRef]

Sanjay, S.; Acharya, I.; Rawoof, A.; Shetty, R. Non-arteritic anterior ischaemic optic neuropathy (NA-AION) and COVID-19
vaccination. BMJ Case Rep. 2022, 15, €248415. [CrossRef] [PubMed]

Shah, P.P; Gelnick, S.; Jonisch, J.; Verma, R. Central Retinal Vein Occlusion Following BNT162b2 (Pfizer-BioNTech) COVID-19
Messenger RNA Vaccine. Retin. Cases Brief Rep. 2021, 0. [CrossRef] [PubMed]

Sodhi, PK,; Yadav, A.; Sharma, B.; Sharma, A.; Kumar, P. Central Retinal Vein Occlusion Following the First Dose of COVID
Vaccine. Cureus 2022, 14, €25842. [CrossRef] [PubMed]

Sonawane, N.; Yadav, D.; Kota, A.; Singh, H. Central retinal vein occlusion post-COVID-19 vaccination. Indian . Ophthalmol. 2022,
70, 308. [CrossRef] [PubMed]

Sugihara, K.; Kono, M.; Tanito, M. Branch Retinal Vein Occlusion after Messenger RNA-Based COVID-19 Vaccine. Case Rep.
Ophthalmol. 2022, 13, 28-32. [CrossRef] [PubMed]

Takacs, A.; Ecsedy, M.; Nagy, Z.Z. Possible COVID-19 MRNA Vaccine-Induced Case of Unilateral Central Retinal Vein Occlusion.
Ocul. Immunol. Inflamm. 2022, 1-6. [CrossRef]

Tanaka, H.; Nagasato, D.; Nakakura, S.; Tanabe, H.; Nagasawa, T.; Wakuda, H.; Imada, Y.; Mitamura, Y.; Tabuchi, H. Exacerbation
of branch retinal vein occlusion post SARS-CoV2 vaccination. Medicine 2021, 100, e28236. [CrossRef]

Suphachaiprasert, K.T.; Thammakumpee, K. A Cilioretinal Artery Occlusion (CLRAO) Associated with Optic Disc Edema after
Viral Vector SARS-CoV-2 Vaccination: Case Report. J. Med. Assoc. Thail. 2022, 105, 565-568.

Tsukii, R.; Kasuya, Y.; Makino, S. Nonarteritic anterior ischemic optic neuropathy following COVID-19 vaccination: Consequence
or coincidence. Case Rep. Ophthalmol. Med. 2021, 2021, 5126254. [CrossRef]

Kotian, R.; Vinzamuri, S.; Pradeep, T. Bilateral paracentral acute middle maculopathy and acute macular neuroretinopathy
following COVID-19 vaccination. Indian ]. Ophthalmol. 2021, 69, 2862-2864. [CrossRef]

Vujosevic, S.; Limoli, C.; Romano, S.; Vitale, L.; Villani, E.; Nucci, P. Retinal vascular occlusion and SARS-CoV-2 vaccination.
Graefe’s Arch. Clin. Exp. Ophthalmol. 2022, 260, 3455-3464. [CrossRef]

80



Vaccines 2022, 10, 2143

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Hsu, Y.-R,; Wang, L.-U.; Chen, E-T.; Wang, ].-K.; Huang, T.-L.; Chang, P-Y.; Chen, Y.-J. Ocular inflammatory manifestations
following COVID-19 vaccinations in Taiwan: A case series. Taiwan J. Ophthalmol. 2022, 12, 465. [CrossRef]

Elnahry, A.G.; Asal, Z.B.; Shaikh, N.; Dennett, K.; Abd Elmohsen, M.N.; Elnahry, G.A.; Shehab, A.; Vytopil, M.; Ghaffari, L.;
Athappilly, G.K; et al. Optic neuropathy after COVID-19 vaccination: A report of two cases. Int. ]. Neurosci. 2021, 1-7. [CrossRef]
Haseeb, A.; Elhusseiny, A.M.; Chauhan, M.Z.; Elnahry, A.G. Optic neuropathy after COVID-19 vaccination: Case report and
systematic review. Neuroimmunol. Rep. 2022, 2, 100121. [CrossRef]

Bilotta, C.; Perrone, G.; Adelfio, V.; Spatola, G.F; Uzzo, M.L.; Argo, A.; Zerbo, S. COVID-19 Vaccine-Related Thrombosis: A
Systematic Review and Exploratory Analysis. Front. Immunol. 2021, 12, 729251. [CrossRef]

McGonagle, D.; De Marco, G.; Bridgewood, C. Mechanisms of immunothrombosis in vaccine-induced thrombotic thrombocy-
topenia (VITT) compared to natural SARS-CoV-2 infection. J. Autoimmun. 2021, 121, 102662. [CrossRef]

Elnahry, A.G.; Al-Nawaflh, M.Y,; Eldin, A.A.G.; Solyman, O.; Sallam, A.B.; Phillips, P.H.; Elhusseiny, A.M. COVID-19 Vaccine-
Associated Optic Neuropathy: A Systematic Review of 45 Patients. Vaccines 2022, 10, 1758. [CrossRef]

Simpson, C.R.; Shi, T.; Vasileiou, E.; Katikireddi, S.V.; Kerr, S.; Moore, E.; McCowan, C.; Agrawal, U.; Shah, S.A.; Ritchie, L.D.;
et al. First-dose ChAdOx1 and BNT162b2 COVID-19 vaccines and thrombocytopenic, thromboembolic and hemorrhagic events
in Scotland. Nat. Med. 2021, 27, 1290-1297. [CrossRef]

Ostrowski, S.R.; Segaard, O.S.; Tolstrup, M.; Steerke, N.B.; Lundgren, ].; Ostergaard, L.; Hvas, A.M. Inflammation and platelet
activation after COVID-19 vaccines-possible mechanisms behind vaccine-induced immune thrombocytopenia and thrombosis.
Front. Immunol. 2021, 12, 779453. [CrossRef]

Haseeb, A.A.; Solyman, O.; Abushanab, M.M.; Obaia, A.S.A.; Elhusseiny, A.M. Ocular Complications Following Vaccination for
COVID-19: A One-Year Retrospective. Vaccines 2022, 10, 342. [CrossRef]

Vo, A.D; La, J.; Wu, ].T.Y,; Strymish, ].M.; Ronan, M.; Brophy, M.; Do, N.V.; Branch-Elliman, W.; Fillmore, N.R.; Monach, P.A.
Factors Associated with Severe COVID-19 Among Vaccinated Adults Treated in US Veterans Affairs Hospitals. JAMA Netw. Open
2022, 5, €2240037. [CrossRef] [PubMed]

Jiang, H.; Gao, Y.; Fu, W.; Xu, H. Risk Factors and Treatments of Suprachoroidal Hemorrhage. BioMed Res. Int. 2022, 2022, 6539917.
[CrossRef] [PubMed]

Thomas, C.J.; Mirza, R.G,; Gill, M.K. Age-Related Macular Degeneration. Med. Clin. N. Am. 2021, 105, 473—491. [CrossRef]
[PubMed]

Chang, Y.-S.; Ho, C.-H.; Chu, C.-C.; Wang, ] .-].; Tseng, S.-H.; Jan, R.-L. Risk of retinal artery occlusion in patients with diabetes
mellitus: A retrospective large-scale cohort study. PLoS ONE 2018, 13, e0201627. [CrossRef] [PubMed]

Chang, Y.S.; Jan, R.L.; Weng, S.E; Wang, ].].; Chio, C.C.; Wei, ET.; Chu, C.C. Retinal artery occlusion and the 3-year risk of stroke
in Taiwan: A nationwide population-based study. Am. J. Ophthalmol. 2012, 154, 645-652.e1. [CrossRef]

Li, Y.; Hall, N.E.; Pershing, S.; Hyman, L.; Haller, ].A.; Lee, A.Y.; Lee, C.S.; Chiang, M.; Lum, E; Miller, ] W.; et al. Age, Gender,
and Laterality of Retinal Vascular Occlusion: A Retrospective Study from the IRIS® Registry. Ophthalmol. Retin. 2021, 6, 161-171.
[CrossRef]

Song, P; Xu, Y.; Zha, M.; Zhang, Y.; Rudan, I. Global epidemiology of retinal vein occlusion: A systematic review and meta-analysis
of prevalence, incidence, and risk factors. J. Glob. Health 2019, 9, 010427. [CrossRef]

Cheung, C.Y,; Biousse, V.; Keane, P.A ; Schiffrin, E.L.; Wong, T.Y. Hypertensive eye disease. Nat. Rev. Dis. Prim. 2022, 8, 1-18.
[CrossRef]

Kinouchi, R.; Ishiko, S.; Hanada, K.; Hayashi, H.; Mikami, D.; Yoshida, A. Identification of risk factors for retinal vascular events
in a population-based cross-sectional study in Rumoi, Japan. Sci. Rep. 2021, 11, 6340. [CrossRef]

Campochiaro, P.A. Molecular pathogenesis of retinal and choroidal vascular diseases. Prog. Retin. Eye Res. 2015, 49, 67-81.
[CrossRef]

Porta, M,; Striglia, E. Intravitreal anti-VEGF agents and cardiovascular risk. Intern. Emerg. Med. 2019, 15, 199-210. [CrossRef]
Anderson, W.J.; da Cruz, N.ES,; Lima, L.H.; Emerson, G.G.; Rodrigues, E.B.; Melo, G.B. Mechanisms of sterile inflammation after
intravitreal injection of antiangiogenic drugs: A narrative review. Int. J. Retin. Vitr. 2021, 7, 37. [CrossRef]

Marin-Lambies, C.; Gallego-Pinazo, R.; Salom, D.; Navarrete-Sanchis, J.; Diaz-Llopis, M. Rapid Regression of Exudative
Maculopathy in Idiopathic Retinitis, Vasculitis, Aneurysms and Neuroretinitis Syndrome after Intravitreal Ranibizumab. Case
Rep. Ophthalmol. 2012, 3, 251-257. [CrossRef]

Schmidt-Erfurth, U.; Garcia-Arumi, J.; Gerendas, B.S.; Midena, E.; Sivaprasad, S.; Tadayoni, R.; Wolf, S.; Loewenstein, A. Guide-
lines for the Management of Retinal Vein Occlusion by the European Society of Retina Specialists (EURETINA). Ophthalmologica
2019, 242, 123-162. [CrossRef]

Scott, I.U.; VanVeldhuisen, P.C.; Oden, N.L.; Ip, M.S.; Blodi, B.A. Month 60 Outcomes After Treatment Initiation with Anti—
Vascular Endothelial Growth Factor Therapy for Macular Edema Due to Central Retinal or Hemiretinal Vein Occlusion. Am. J.
Ophthalmol. 2022, 240, 330-341. [CrossRef]

81



vaccines

Review

COVID-19 Vaccine-Associated Ocular Adverse Effects:

An Overview

Parul Ichhpujani *, Uday Pratap Singh Parmar, Siddharth Duggal and Suresh Kumar

Citation: Ichhpujani, P.; Parmar,
U.PS,; Duggal, S.; Kumar, S.
COVID-19 Vaccine-Associated
Ocular Adverse Effects: An
Overview. Vaccines 2022, 10, 1879.
https://doi.org/10.3390/
vaccines10111879

Academic Editor: Pedro Plans-Rubid

Received: 6 October 2022
Accepted: 1 November 2022
Published: 7 November 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Ophthalmology, Government Medical College and Hospital, Sector-32, Chandigarh 160030, India
* Correspondence: parul77@rediffmail.com

Abstract: Background: To address the pandemic caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), vaccination efforts were initiated across the globe in December 2020
and are continuing. We report the onset interval and clinical presentations of ocular adverse effects
following SARS-CoV-2 vaccination. Methods: For this narrative review, articles in the English
language, published between 1 January 2020 to 1 September 2022, were included to formulate a list
of the reported ocular adverse effects of different COVID-19 vaccines. Results: During this period,
ocular adverse effects have been reported with BNT162b2 (Pfizer), mRNA-1273 (Moderna), AZD-
1222 (AstraZeneca), and Ad26.COV2.S (Johnson & Johnson) vaccines. Endothelial graft rejection,
herpes simplex virus keratitis, herpes zoster ophthalmicus, anterior uveitis, eyelid edema, purpuric
rashes, ischemic optic neuropathy, and cranial nerve palsies were the most reported with BNT163b2.
Retinal hemorrhages, vascular occlusions, and angle closure glaucoma were the most reported with
AZD-1222. Most of the ocular adverse effects reported in the literature had a good to fair prognosis
with appropriate management. Conclusions: Evidence regarding the ocular adverse effects does not
outweigh the benefits of SARS-CoV-2 vaccination in patients with pre-existing systemic or ophthalmic
diseases. This review provides insights into the possible temporal association between reported
ocular adverse events and SARS-CoV-2 vaccines; however, further investigations are required to
identify the link between potential causality and pathological mechanisms.

Keywords: COVID-19 vaccine; booster; molecular mimicry; ocular adverse effects

1. Introduction:

The coronaviruses are positive sense, single-stranded ribonucleic acid (RNA), en-
veloped medium-sized viruses. Coronaviruses are classified as a family within the order
Nidovirales with a spike (S) glycoprotein which mediates receptor binding and cell entry. S
protein is the site of the major antigens that stimulate neutralizing antibodies and target
cytotoxic lymphocytes, thus making it an important vaccine antigen. Seven different strains
of coronaviruses that infect humans include the common cold coronavirus strains; 229E,
NL63, OC43, and HKU1 and the more pathogenic strains include Middle East respiratory
syndrome (MERS)-CoV, severe acute respiratory syndrome (SARS)-CoV, and SARS-CoV-2.
Since the structure and function of pathogenic strains of coronaviruses causing diseases
like SARS and MERS were known it helped in the early development of various vaccine
platforms across the globe.

A stepwise approach for developing any new vaccine involves vaccine development,
clinical trials, U.S. Food and Drug Administration (FDA) approval or authorization, manu-
facturing, and distribution. The COVID-19 vaccines were developed at an unprecedented
pace and were given Emergency Use Authorizations (EUAs) [1]. As of 19 September
2022, a total of 12,640,866,343 vaccine doses have been administered. COVID-19 vaccines
and updated/bivalent COVID-19 boosters are effective at protecting people from being
hospitalized, serious illness, and death [2].
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Currently, 11 COVID-19 vaccines have been approved for EUA, which can be sub-
divided into four types: mRNA vaccines (BNT162b2, Pfizer-BioNTech14; mRNA-1273, Mod-
ernalb), protein subunit vaccines (NVX-CoV2373, Novavax16), vector vaccines (Ad26.COV2,
Janssen Johnson & Johnson17; ChAdOx1 nCoV-19/AZD1222, Oxford-AstraZenecal8), and
whole virus vaccines (PiCoVacc, Sinovac19; BBIBP-CorV, Sinopharm?20) (Table 1) [3]. Indi-
vidual vaccine trials report vaccine safety with rare ocular adverse effects but given the
massive scale of the current vaccination drive, the possible adverse effects are a cause for
concern. Since the widespread administration of COVID-19 vaccinations, multiple reports
of ocular adverse effects after COVID-19 vaccinations and boosters have emerged [4,5].

Table 1. List of WHO-approved vaccines for COVID-19.

Country Where Countries Route of
SNo Name Type of Vaccine Vaccine Was That Have Admi VVM Preservatives Diluents
min
Developed Used It
Covovax (Novavax Protein Subunit India
1 formulation) (Recombinant (Serum Institute 6 countries M N/A N/A N/A
ormuiatio Nanoparticle) of India)
2 Nuvaxovid Protein Subunit Czech Republic 40 countries ™M N/A N/A N/A
(Novavax) P
RNA .
3 mRN‘A-12'73 (modified Spain (Moderna 88 countries M N/A N/A N/A
Moderna: Spikevax . Biotech)
nucleoside)
BNT163b2 RNA (g’ierf\‘I‘Ta“{I Sodium
4 Pfizer BioNTech: (Modified o ech 149 countries ™ N/A N/A Chloride Inj
Comi . Manufacturing o
omirnaty nucleoside) USP 0.9%
GmbH)
- People’s Republic
Convidecia: s .
5 CanSino NOI.I replicating O.f Chl_na . 10 countries ™M None None None
(Ad5.CoV2-S) viral vector (CanSino Biologics
’ Inc.)
Jcovden: Janssen Non-replicatin
6 (Johnson & o ?p cating Belgium (JCINV) 113 countries ™M None None None
Johnson) viral vector
Republic of Korea
v Vaxzevria (Oxford Nop replicating (As'traZeneca /SK 149 countries M None None None
AstraZeneca) viral vector Bioscience Co.,
Ltd.)
Covidshield
(ChAdOx1
nCoV-19 Non-replicatin, India
8 (AZD1222) Tep g (Serum Institute of 49 countries ™M None None None
viral vector )
(Oxford India)
AstraZeneca
formulation)
. Inactivated India ) Phenoxy
K Covaxin (Whole virion) (Bharat Biotech) 14 countries ™M N/A ethanol N/A
Inactivated
Sinopharm: (Antigen is purified
10 Covilo/BBIBP- and absorbed with China (BIBP) 93 countries M VVM7 None N/A
CorV aluminium
hydroxide)
Inactivated
. . (Antigen is purified : .
11 Sinovac: and absorbed with Chm; (Sinovac 56 countries ™M N/A None N/A
Coronavac Biotech)

aluminium

hydroxide)

(IM: Intramuscular; RNA: Ribonucleic acid; VVM: Vaccine Vial Monitor Type).

To develop methods for closely observing ‘at risk” patients, reporting of adverse
effects must be conducted on a regular basis. This narrative review summarizes ocular
adverse effects that are possibly associated with COVID-19 vaccination. The aim is to
encourage early recognition of adverse effects not only by ophthalmologists but also by
treating physicians.
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2. Methodology

A literature search was performed in PubMed for ‘COVID-19 vaccine’, ‘ocular inflam-
mation’, ‘ophthalmic manifestations’, ‘adverse effects’, ‘graft failure’, ‘retinal hemorrhage’,
‘“uveitis’, ‘neuro-ophthalmology’, ‘nerve palsy’, and ‘vascular occlusion’. Articles of inter-
est were searched using Boolean operators. Each synonymous word was separated by a
Boolean operator, “OR”, phrases were enclosed within quotation marks, and groups of
synonymous words were enclosed within parenthesis. Articles in the English language,
published between 1 January 2020 to 1 September 2022, were included to formulate the list
of the reported ocular adverse effects of different COVID-19 vaccines. The search, although
not exhaustive, includes important and relevant articles. Search results were screened by
two authors (PI and SD) for relevance. References cited within the identified articles were
also used to further augment the search. We characterized our results into an anterior
segment, posterior segment, and neurophthalmic adverse effects.

3. Results

Ocular complications reported post-COVID-19 vaccination included abducens nerve
palsy, oculomotor nerve palsy, facial nerve palsy/Bell’s palsy, multiple cranial nerve palsies,
acute macular neuroretinopathy (AMN), paracentral acute middle maculopathy (PAMM),
superior ophthalmic vein thrombosis (SOVT), corneal graft rejection, anterior uveitis, panu-
veitis, central serous chorioretinopathy(CSCR), Vogt—Koyanagi-Harada (VKH) reactivation,
acute zonal occult outer retinopathy (AZOOR) and multifocal choroiditis. The reported oc-
ular adverse effects following vaccination appear to overlap with the ocular manifestations
of COVID-19 itself, suggesting a common pathway between virus- and vaccine-mediated
immune response in humans. Aggregated information on the reviewed cases is elucidated
in Tables 2 and 3.
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4. Discussion

A new variant of CoV emerged in Wuhan, China in December 2019 that caused severe
respiratory illness. The World Health Organization named this virus SARS-CoV-2 and
the pandemic COVID-19. According to Li, Y.-D. [55], to address the global morbidity
and mortality caused by COVID-19, the development process of COVID-19 vaccines was
expedited by undertaking clinical trials in parallel rather than in a linear fashion. Multiple
COVID-19 vaccines directly entered clinical trials on humans without preclinical testing
in animal models. The COVID-19 vaccination drive has been carried out worldwide and
the evidence is overwhelming that irrespective of the type(s) of vaccine taken, the vaccines
offered safety and protection against becoming seriously ill or dying due to the different
variants of CoV-2.

The Vaccine Adverse Event Reporting System (VAERS) was developed by the U.S.
Food and Drug Administration (FDA) in 1990 as a national early monitoring system for
vaccine safety. The commonly reported adverse effects of COVID-19 vaccinations consist
of the injection site’s local reaction followed by several non-specific flu-like symptoms.
However, several systemic and organ-specific (e.g., eye, heart) adverse effects have also
been reported from across the globe. Therefore, it is imperative for ophthalmic health
care providers to be familiar with the clinical presentations, pathophysiology, diagnostic
criteria, and management of ocular adverse effects following COVID-19 vaccination. Early
diagnosis and quick initiation of the treatment may help to provide patients with a more
favorable outcome and rule out masquerading entities. With an increasing amount of
literature in the form of isolated case-study reports, case series, and analysis of the VAERS
database, an epidemiological montage has started to emerge [56].

A recent Lancet article questioned the effectiveness of COVID-19 vaccines and the wan-
ing of immunity over time, more pronounced in individuals with pre-existing conditions
and elderly adults. According to Nordstrom, P. [57], in addition to the risk of infections
owing to lowered immune function, the authors cited a possible risk of some organ damage
caused by the vaccine that has remained somewhat sequestered in the circulatory system,
without apparent clinical presentations. This can explain the slightly delayed presentation
of some of the adverse effects.

Vaccines have added adjuvants within them to boost their efficacy; these adjuvants
potentiate the innate and adaptive immune responses further, possibly leading to autoim-
mune or inflammatory conditions in some individuals. Although truncated and modified
RNA traces may be present in BNT162b2 and mRNA-1273 vaccines, these aberrant proteins
have a minuscule chance of eliciting allergic reactions. The active constituent of the vaccine
is not always the culprit for causing adverse reactions. Excipients such as polyethylene
glycol (PEG) used in the BNT162b2 and mRNA-1273 vaccines have been reported to have
induced IgE-mediated allergic reactions [3].

Despite reports suggesting an association between ocular adverse effects and the
vaccines due to a maladaptive immune response in susceptible individuals, the adverse
issues are still considered ‘rare’ given the millions of people who have received either one
or more vaccines or boosters.

The COVID-19 vaccines interact with the platelets or the platelet factor 4 (PF4) and
this interaction results in vaccine-induced immune thrombotic thrombocytopenia (VITT).
The proposed mechanisms suggest the formation of autoantibodies against PF4, antibodies
induced by the free deoxyribonucleic acid (DNA) in the vaccine that cross-reacts with
PF4, platelets, and adenovirus binds to the platelets causing platelet activation. VITT may
explain vascular occlusions [58].

Endothelial graft rejection, herpes simplex virus (HSV) keratitis, herpes zoster oph-
thalmicus (HZO), anterior uveitis, eyelid edema, purpuric rashes, ischemic optic neuropa-
thy, and cranial nerve palsies were the most reported with the BNT163b2 vaccine. Although
both BNT162b2 and mRNA 1273 are mRNA vaccines, the ocular adverse effects have been
relatively lesser with mRNA 1273 than those with BNT162b2.
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Retinal hemorrhages (subretinal, subhyaloid, or intraretinal), vascular occlusions,
and angle closure glaucoma have been the most reported with the AZD 1222 vaccine.
No COVID-19 vaccine-associated adverse events have been reported in patients with
age-related macular degeneration in the peer-reviewed literature to date.

The pathophysiological mechanisms underlying vaccine—corneal graft rejection are
still poorly understood. However, cases of acute graft rejection have also been reported
following influenza, hepatitis B, yellow fever, and tetanus toxoid vaccinations. Steinemann,
T.L. and Wertheim, M.S. [59,60] proposed mechanisms for acute corneal allograft rejection
include the reduction in the corneal immune privilege due to systemic immune dysregula-
tion and activation of toll-like receptors on the ocular surface and CD4+ T helper-1 cell (Th1)
immunity. Corneal edema was the leading clinical manifestation, followed by keratic pre-
cipitates in patients with corneal graft rejection. Most of the ocular adverse effects reported
in the literature had a good to fair prognosis with appropriate management. Therefore,
corneal graft recipients should not be discouraged from receiving COVID-19 vaccines or
boosters. Additionally, the evidence is insufficient to suggest delaying keratoplasties or
uptitrating topical steroid administration after a routine keratoplasty, following primary
COVID vaccine or booster administration. In high-risk cases, increasing immunosuppres-
sants in the peri-vaccination period may decrease the risk of immune reactions [9].

Studies suggest a link between COVID-19 vaccines and the reactivation of the varicella-
zoster virus (VZV), resulting in vaccine-acquired immunodeficiency syndrome. Data from
the works of Barda, N., Desai, H.D. and Seneff, S. [61-63] have shown that the population
prevalence rates of post-vaccination ophthalmic HSV were <0.05 cases per million doses
and for HZO were <0.5 cases per million doses. According to Wang, M.T.M. [64], there is
no conclusive evidence to suggest the need for prophylactic antiviral treatment for patients
with prior herpetic eye disease considering COVID-19 vaccination.

Regarding vaccine-associated uveitis (VAU), a recent VAERS review by Singh R B et al.
reported a total of 1094 cases from 40 countries with an estimated crude reporting rate (per
million doses) of 0.57, 0.44, and 0.35 for BNT162b2, mRNA-1273, and Ad26.COV2.S, respec-
tively. More than two-thirds of cases were reported in patients who received BNT162b2.
Additionally, the post hoc analysis showed a significantly shorter interval of onset for
the first dose compared with the second dose and BNT162b2 compared with the mRNA
1273 vaccine. According to [65], other vaccines that have also triggered uveitis flare-ups
include hepatitis A and B, influenza, Bacillus Calmette-Guérin, human papillomavirus,
measles-mumps-rubella (MMR), and varicella zoster vaccines. According to Wang [64], De
novo VKH cases can be the result of molecular mimicry between vaccine peptide fragments
and uveal self-peptides, whereas, for cases with VKH reactivation, specific HLA haplo-
types may account for the individual susceptibility of the autoimmune activation. Many
patients who developed ocular adverse effects lacked medical comorbidities that may have
predisposed them to the adverse effects, although a few patients were on hormone-based
birth control [49,66].

Although clinical trials for all vaccines undergo rigorous safety monitoring prior to
authorization for human use, some serious adverse events may not be identified in trials,
especially if uncommon, because of the relatively small sample size, the selection of trial
participants who may not represent the general population, restrictive eligibility criteria,
and limited duration follow-up [67].

The data regarding ocular adverse effects with other approved vaccines, such as
ZyCoV-D, Sputnik, Covidecia, Sputnik, Abdala, Zifivax, and Novavax are sparse. Despite
the mandatory requirement by all nations to report any vaccine-associated adverse events,
unreliable reporting, under-reporting, and/or delayed reporting are common. Additionally,
the possibility of anti-vaccination fringe groups attempting to malign vaccines using VAERS
data by adding misinformation about the safety of COVID-19 vaccinations must also
be remembered.

To conclude, the scientific evidence regarding the ocular adverse effects does not
outweigh the benefits of COVID immunization in patients with pre-existing systemic
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or ophthalmic conditions. However, patients must be counseled to seek prompt medi-
cal review for symptoms of post-vaccination deterioration of vision or primary ocular
disease relapse.
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Abstract: Abstract: PurposeTo report a rare case of a patient with two recurrent episodes of Multiple
Evanescent White Dot Syndrome (MEWDS) associated with the second dose and second booster of the
mRNA-1273 COVID-19 vaccine (Moderna), and to perform a literature review on COVID-19-vaccine-
associated MEWDS. Case Report: A 31-year-old female was evaluated for a temporal scotoma and
photopsias that started two weeks after the second dose of the Moderna COVID-19 vaccine. Dilated
fundus findings were remarkable for unilateral, small whitish-yellow dots scattered around posterior
pole of the left eye, consistent with a diagnosis of MEWDS. The symptoms resolved three months
later without treatment. Approximately one year after the first vaccine, the patient received the
second Moderna COVID-19 vaccine booster and experienced a recurrence of symptoms with an
enlarged scotoma and similar examination findings. The patient was treated with a course of systemic
corticosteroids with subsequent clinical improvement. Conclusion: Although uveitis following
COVID-19 vaccines is rare, our case highlights a need for increased awareness amongst practitioners
regarding COVID-19-vaccine-associated onset or recurrence of ocular inflammatory diseases.

Keywords: white dot syndromes; MEWDS; COVID-19 vaccine; mRNA vaccine

1. Introduction

The white dot syndromes (WDS) refer to a group of ocular diseases that character-
istically involve the outer retina and/or choroid and present with white-yellow lesions
of varying morphologies on fundus examination. Amongst them, multiple evanescent
white dot syndrome (MEWDS) has distinctive features, characterized by small spots at the
level of the outer retina or RPE and is more commonly unilateral. This disease is usually
self-limiting and occurs largely in healthy young adult females [1,2].

Although the pathogenesis of MEWDS remains poorly understood, different theories
implicate a genetic and autoimmune predisposition contributing to the development of this
disease. Interestingly, its onset has been associated with different viral vaccines including
hepatitis A and B, human papillomavirus, influenza, measles-mumps-rubella, varicella
virus, yellow fever, and most recently COVID-19 vaccines [3].

The Food and Drug Administration (FDA) authorized the messenger RNA (mRNA)
vaccines from Moderna and Pfizer-BioNTech for SARS-CoV-2 virus (COVID-19) disease for
emergency use in December 2020 [3]. Since then, other vaccines with different compositions
have been widely utilized around the world, and the efforts have reduced the morbidity and
mortality effectively caused by the COVID-19 virus [4,5]. There have been approximately
600 million COVID-19 infections with 6.5 million associated deaths to date worldwide. The
number of vaccinations has now exceeded 12.5 billion, and the incidences of infections and
death have decreased significantly since January 2022 [6]. The positive global effect that
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these vaccines have had is unquestionable. Nevertheless, reports of very rare side effects
including ophthalmic findings have been noted with their use [3,7].

Herein, we report a case of recurrent MEWDS associated with the mRNA-1273
COVID-19 vaccine. Furthermore, we performed a literature review on COVID-19-vaccine-
associated cases of MEWDS reported until 20 July 2022, using PubMed and Google scholar
search engines for terms “multiple evanescent white dot syndrome, MEWDS, uveitis, and
COVID-19 vaccine”.

2. Case Report

A 3l-year-old white female was evaluated for a new onset temporal scotoma and
photopsias, 14 days after the second dose of the mRNA-1273 COVID-19 vaccine (Moderna).
She was seen by an outside ophthalmologist, and her fundus examination was remarkable
for multifocal, outer retinal dots scattered around the posterior pole in the left eye consistent
with a diagnosis of MEWDS. The patient was observed without any intervention, and her
symptoms resolved within 3 months. Approximately 12 months after the second dose, the
patient received the second booster dose and experienced a recurrence of symptoms, which
prompted referral to our clinic.

On our evaluation, the patient reported an enlarged scotoma in her left eye with
increased photopsias. Past medical history was unremarkable, except for a remote episode
of Lyme disease, which was successfully treated with doxycycline. Past ocular history was
significant for myopia, and she was status-post myopic LASIK surgery in both eyes in 2019.
On examination, best-corrected visual acuity (BCVA) was 20/16 on the right eye (OD) and
20/50 on the left eye (OS), and intraocular pressure (IOP) was 13 mm Hg in both eyes (OU).
Slit-lamp examination revealed a quiet anterior chamber in both eyes and trace pigmented
anterior vitreous cells in the left eye. On dilated fundus examination, a few scattered faint
hypopigmented round dots of differing sizes, especially nasal to the optic nerve (Figure 1B)
were noted. Optical Coherence Tomography (OCT) of the left eye revealed multifocal
areas of ellipsoid zone (EZ) loss with associated areas of outer retinal hyperreflectivity
(Figure 2A-C). Fundus autofluorescence (FAF) of the left eye revealed a confluent area
of hyperautofluorescence in the posterior pole with scattered hyperautofluorescent dots
(Figure 3B). Fluorescein angiography (FA) of the left eye demonstrated hyperfluorescent
staining of the corresponding areas. Late-phase indocyanine green (ICG) imaging showed
diffuse hypocyanescent spots in the posterior pole (Figure 1D). The clinical examination
and imaging studies of the right eye were unremarkable. A uveitic laboratory work-up
was performed, which was unrevealing for QuantiFERON, syphilis IgG antibody and
angiotensin converting enzyme. The clinical presentation, examination, and imaging
findings were thought to be consistent with MEWDS. After a discussion with the patient,
a course of 60 mg of oral prednisone tapered over 8 weeks was started. The patient
returned for follow-up two weeks later with improvement in symptoms and BCVA OS had
improved to 20/25 OS. Four-weeks after the initiation of prednisone, BCVA OS remained
stable at 20/25. OCT revealed reconstitution of the EZ and a decrease in outer retinal
hyperreflectivity (Figure 2C,D), and FAF demonstrated a reduction in hyperautofluoresence
(Figure 3D).
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Figure 1. Optos ultrawide-field fundus images of the right eye showing normal fundus (A). The left
eye demonstrates a mottled appearance of the macula and areas of multiple scattered hypopigmented
spots in the posterior pole (dark arrows) (B). Late-phase indocyanine green angiography (ICG) of the
left eye shows multiple spots of hypocyanescence in the posterior pole, some of which correspond to
the spots on color fundus photos (D). Late-phase ICG of the right eye (C) was unremarkable.

Figure 2. Optical coherence tomography (OCT) of the left eye at the initial presentation is notable for
presence of hyperreflective dots in outer retina (blue arrow) and multifocal loss of the ellipsoid zone
(EZ) (white arrow) (A,B). At 1 month follow up, reconstitution of the EZ (white arrow) is observed
and improvement in outer retinal hyperreflectivity (C,D).
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Figure 3. Fundus autofluorescence (FAF) at presentation of the left eye at presentation demonstrates
a confluent area of hyperautofluorescence surrounding the optic nerve and posterior pole with
hyperautofluorescent dots extending to the temporal macula and mid nasal periphery (B) FAF at
1 month follow-up demonstrates decreased hyperautofluoresence and ill-defined borders. (D). FAF
of the right eye at presentation and final visit are unremarkable (A,C).

3. Discussion

We report a de novo case of MEWDS following the second dose of COVID-19 mRNA-
vaccination and a subsequent recurrence after the second booster. To the best of our knowl-
edge, this is the second case of COVID-19-vaccine-associated MEWDS which developed
a recurrent course, with both episodes temporally associated with vaccine doses. Recur-
rences are uncommonly reported in MEWDS. A large retrospective cohort of 111 patients
with MEWDS, observed recurrent disease in only 14% of cases [8] Although our patient
had improved symptoms after the initiation of corticosteroids, the efficacy of treatment
with systemic corticosteroids for MEWDS remains unclear. In a study of 51 patients with
MEWDS, those who received systemic prednisone did not achieve a better final BCVA than
those who did not; however, lower baseline BCVA at presentation and younger age were
predictive of worse outcomes [9]. Although the use of corticosteroids with this subpopula-
tion is reasonable, further studies are needed to determine the efficacy of corticosteroids
in MEWDS.

The association between COVID-19 vaccines and MEWDS is yet to be elucidated.
The causality assessment of an adverse event following immunization (AEFI) provides
criteria to assess causality between a vaccine and an adverse event [10]. In our case, factors
supporting a causal association are that this presentation occurred in an otherwise healthy
patient, without a previous history of uveitis, and was temporally associated, as the doses
of the vaccine preceded the onset of disease within the “plausible” time window on both
occasions. Notably, the patient denied a viral prodrome, which is commonly associated
with MEWDS. Finally, MEWDS has been reported in association with different vaccines [11],
as well as more recently, COVID-19 immunizations (Table 1).

To date, 13 cases of COVID-19-vaccine-associated MEWDS have been reported to
date in the literature (Table 1). The average patient age was 39.5 years (ranging from
15 to 71 years old) with a female predominance (9:4), and the only reported races (5/13)
were Asian (3) or White (2). Notably, these demographics and clinical features are similar
to non-vaccine related MEWDS [2]. The most common vaccine manufacturer was Pfizer-
BioNTech (9/13) followed by CoronaVac (2/13), Medigen (1/13), and Moderna (1/13). Of
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note, approximately 360 million Pfizer doses have been administered worldwide compared
to Moderna’s 229 million [12], which may bias the data towards a greater association
between the Pfizer vaccine and MEWDS than with the Moderna vaccine or others. From
our review, six cases developed symptoms after the first dose, seven patients after the
second dose, and one after the first booster. Interestingly, the large majority of cases (12/13)
had their first onset of MEWDS following the vaccine. One case had a previous episode of
MEWDS nine years prior and experienced recurrence with the vaccine [13]. Of note, one
case developed a new episode following the first dose, then a recurrence of MEWDS in
the same eye following the second vaccine [13]. Nine patients received no treatment, and
four patients received a short course of systemic corticosteroids. Nearly all patients had
complete resolution of visual symptoms, with majority having 20/20 as their final visual
acuity [13].

These findings are highly comparable with those of other reported vaccine-associated
MEWDS presentations. Ng et al. reviewed eight cases of vaccine-associated MEWDS,
which included immunizations against rabies, HPV, hepatitis A and B, meningococcal,
yellow fever, and influenza [11]. Patients had an average age of 31.7 years (ranging from
16 to 53) with female predominance (2:1), and the disclosed racial data indicated that only
White (44.4%) and Asian (22.2%) races were affected; however, this association should not
be restricted to these ethnic populations. Overall, patients had significant visual recovery,
although one reported a gradual loss of peripheral vision for 2 years following MEWDS [11].
Altogether, MEWDS associated with the COVID-19 vaccines and others, typically occurs in
young to middle age healthy females, has a good prognosis and mostly monophasic course
of disease.

The Pfizer BNT and Moderna COVID-19 vaccines are both mRNA vaccines and re-
ceived their authorizations almost simultaneously in December 2020 (FDA and UK). This
vaccine encapsulates the mRNA in lipid nanoparticles (LNP) that encode for the S pro-
tein of SARS-CoV-2 [14]. Unlike most vaccines, the mRNA molecules function as both
the antigen and the adjuvant; thus, it can avoid the need for added molecules that may
induce toxicity. Although the exact mechanisms by which the mRNA COVID-19 vaccines
cause uveitis is still unclear, it has been proposed that these vaccines can activate type I
interferon (IFN) proinflammatory cascades which can stimulate autoimmunity in predis-
posed individuals [15,16]. The inoculated mRNA may activate intracellular RNA-sensors,
namely endosomal Toll-like receptors, with a subsequent increase in IFN production which
may stimulate autoimmunity [17]. However, although we are reporting an association
of MEWDS with the mRNA COVID-19 Moderna vaccine, the underlying pathogenesis is
likely due to a shared etiological mechanism across different vaccines, given the reports of
MEWDS following COVID-19 non-mRNA vaccines as well as non-COVID -19 vaccines.
Many theories have been proposed to explain this phenomenon which include molecular
mimicry [18], hypersensitivity reactions [19], and autoimmunity induced by adjuvants
(ASIA) [20]. Future work is needed to better understand the multifactorial risk factors
including genetic and environmental associations that predispose certain individuals to the
development of MEWDS.

COVID-19 vaccines have been associated with multiple ocular inflammatory diseases
including anterior uveitis [21], acute macular neuroretinopathy, bilateral acute zonal occult
outer retinopathy (AZOOR) [15], Vogt-Koyanagi-Harada [22], optic neuropathies [23] and
corneal graft rejection [24,25]. It is important to note that the uveitis following COVID-19
vaccine have a good prognosis as shown by multinational case series of 70 patients with
onset of ocular inflammatory diseases associated with different COVID-19 vaccines [3]. In
this series, the majority of patients presented with anterior uveitis (58.6%), followed by
posterior uveitis and scleritis. Most of these were not severe and their course was notable for
unchanged final visual acuity in 93% of cases. The majority were either observed without
treatment or received topical corticosteroids (70%) [3]. In our case and literature review,
all patients improved with visual acuity greater than 20/40, and the majority improved to
20/20 (73%).

107



Vaccines 2022, 10, 1776

juawaAoxduur _ _ JN Ie9) [eunaI BUWIOJODS pue 19)500q W BUISDO . [g€] Te 3@
snoauejuodg 0€/0z thai pue ordoA UOISIA parIn[g € IST ELCIVNA PO M d 2 ueysqey[y
uo juawaAoxdur wisdojoyd
D e - - - oy auoN “2w10j03S - puz ZAZYTING 75 d - W6t
SIS “UOTSIA paLmig [ze] e 1o
uo JuawaAoxdwr ersdojoyd tpnouae
nd EME S ’ B B B MOy SUON ‘ew0j0ds 0 pug CATITLNY ozYd B q 8T
SIS “UoIsIA parng
SYoaM § Ul MMOMWMMMMMHW VA paseardsp (payeaseup) aupdes [1€] T2 3@
uonnosax wuwﬂmﬁou \m:Om_zvm.a 0¢/0c 007/02 oMY SUON ersdojoy g Z ®l um“\.wwﬂwwou M d 8¢ a3mysnuof,
[eto pazadey, B 'S
< senI[eUwLIOUqe skep [z 10§ a0 I puz (0¢] T2 30
snpuny Juo[oyIaWOoION J 0£/02 0z2/0z JUSLINDIY duoN UOTSIA PaLIN[g ‘¢ pue / fs] ZAZ9TING 1ozh osouede[ g 0¢ emeSeu
pey sa£o yrog %10 Teardor,
‘$eaM 7 Je
uornjosaz 93a[dwod UOISIA parIm[q .
- [6z] T 3@
jsowrfe ‘spLyiA Ge/0c 001/0C RSk SUON “ersdojoyd I pug CATILLNY 1ozYd osouede[ £9 epnse
derapowr padofoaap eW0}00G PrIseA
os[e juaneJ
pam Zur Su f e Sunreys B
uonmosar wuﬁmEoU suostupaid 0z/0T 09/0T Iy SUON UoIsTA patmg 1C puc CAC91LLN4G PZHd d 1<
[exo pazader, [8z] T2 1@
opom 7 0y Swi of ye Sunaeys ersdojoyd s
uonnosar 39w ‘suostupard 0¢/0¢ 001/0C oy SUON \E&o.w%aa Pl pug TITILING 19ZYd W Sl
Texo pazader, UOISIA PALM{g
PUIIEA 61-AIAOD
S3ooMm § ut (asz—/asse6-) OAN) [£2]
uonnjosaz a3a1dwo)) UOREAISq0 0¢/0z §¢/0e SV erdofwr ySrpg ersdojoyq 4 s uonerodio) sordojorg OSFUBMIEL d 9€ ‘Te 3 ury
QumdeA UISTPIIN
B (pereandeuy)
uornjosar aj[dwo)) 0Z tptm uness 02/02 001/07  IUSLIMOAY SAMIN UOISIA parIm[g 4 18T AUIdOLA DJYARUOIOD) - 1 6% et
: ‘auostupard o T oo ‘Te 3o nx
pazader, 'S
uoynosaz aadwo) UoneAIasqO 0z/0T 00%/0T Aoy SUON VA paseaaq z 38T TAT9ITING 1075 J - N 8
jo959p
uonnosaz gaduwo) UoHeAIISq0 0z/02 99/0C amoy BUON PRy [ensia ¥ 38T TAT9TING 1975 - 4 8l loz] e
UOISIA paLIyg epa[[0g
“euI0300s —
uopnosar e[dwo) uoneArssqo 0z/0T §2¢/0T Iy SUON YA PaseaIda(] 8¢ puc CAC9T.LN4G PZHd 4% €9
(sAeQ)
VA VA swojdwg swojdwAg
uonn[osay judunealy, [euny - 3simo) A103STH Iseq [0 03 suOEA asoq QUIEA ey xdag 8y sIoyny
WOIJ dWIL],

‘SAMHIN Pa1enosse-aurdeA-6T-qIAQD JO SIsed Jo Arewrnuung [ d[qer,

108



Vaccines 2022, 10, 1776

4. Conclusions

In conclusion, we have reported a case of recurrent episodes of MEWDS following
COVID-19 mRNA-1273 vaccines. The majority of vaccine-associated MEWDS episodes
were previously in healthy, young females and resembled those of non-COVID-19-vaccine-
associated MEWDS. Although the prognosis for this disease is favorable, physicians should
be aware of this association so that these patients can be rapidly identified and offered
prompt management and counseling.
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Abstract: We provide a systematic review of published cases of optic neuropathy following COVID-19
vaccination. We used Ovid MEDLINE, PubMed, and Google Scholar. Search terms included:

s

“COVID-19 vaccination”, “optic neuropathy”, “optic neuritis”, and “ischemic optic neuropathy”.
The titles and abstracts were screened, then the full texts were reviewed. Sixty eyes from forty-five
patients (28 females) were included. Eighteen eyes from fourteen patients (31.1%) were diagnosed
with anterior ischemic optic neuropathy (AION), while 34 eyes from 26 patients (57.8%) were di-
agnosed with optic neuritis (ON). Other conditions included autoimmune optic neuropathy and
Leber hereditary optic neuropathy. Fifteen patients (33.3%) had bilateral involvement. The mean
age of all patients was 47.4 £ 17.1 years. The mean age of AION patients was 62.9 & 12.2 years and
of ON patients was 39.7 4 12.8 years (p < 0.001). The mean time from vaccination to ophthalmic
symptoms was 9.6 & 8.7 days. The mean presenting visual acuity (VA) was logMAR 0.990 + 0.924.
For 41 eyes with available follow-up, the mean presenting VA was logMAR 0.842 + 0.885, which
improved to logMAR 0.523 + 0.860 at final follow-up (p < 0.001). COVID-19 vaccination may be
associated with different forms of optic neuropathy. Patients diagnosed with ON were more likely to
be younger and to experience visual improvement. More studies are needed to further characterize
optic neuropathies associated with COVID-19 vaccination.

Keywords: CNS inflammation; COVID-19; ischemic optic neuropathy; ocular inflammation; optic
neuritis; optic neuropathy; vaccination

1. Introduction

In 2021, vaccination against severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) became a primary focus of public health efforts to control the COVID-19 pandemic.
Even though they were generally found to be safe and effective in multiple large controlled
clinical trials, the relatively fast and wide deployment of COVID-19 vaccines has made
them a subject of considerable scrutiny and analysis since the time of their introduction to
the public.

The COVID-19 disease itself has affected the eye in many ways. Previous research
demonstrated a link between COVID-19 infection and ophthalmic manifestations, both
directly and indirectly. For example, it was reported that inflammatory conditions such
as conjunctivitis, scleritis, orbital inflammation, keratitis, and retinal affection may be
directly linked to COVID-19 infection [1-9]. Regarding indirect impact, several studies have

Vaccines 2022, 10, 1758. https:/ /doi.org/10.3390/vaccines10101758 111

https://www.mdpi.com/journal /vaccines



Vaccines 2022, 10, 1758

addressed the relationship between eye strain and dry eye symptoms and the increased
screen time in both pediatric and adult populations during the pandemic [7,10].

Since their deployment, COVID-19 vaccines have been linked to various ophthalmic
manifestations [11,12]. These manifestations have involved the orbit [13], cornea [14,15],
uvea [16,17], optic nerve [18,19], retina [20,21], and retinal vessels [22]. Regarding neuro-
ophthalmic manifestations, several cranial nerve palsies were reported following COVID-19
vaccines that involved the oculomotor [23], abducens [24], and facial nerves [25-28]. Re-
cently, multiple reports were published on the development of optic neuropathy following
COVID-19 vaccination [19,29-34]. In this study, we provide a systematic review of all cases
of optic neuropathy following COVID-19 vaccination published to date.

2. Materials and Methods

We performed a systematic literature search using Ovid MEDLINE, PubMed, and
Google Scholar for published cases of optic neuropathy that followed COVID-19 vaccination
up to 10 September 2022. We used a combination of the following terms: “COVID-19
vaccination”, “optic neuropathy”, “optic neuritis”, “papillitis”, “retrobulbar optic neuritis”,
“ischemic optic neuropathy”, “NAION”, and “AION”. We initially screened titles and
abstracts for the identification of studies, then the full texts were retrieved for eligible studies
for a complete review and inclusion in the final analysis. We only included cases that were
published in the English language, peer-reviewed, and that included details on optic nerve
involvement. There were no restrictions on study type, and all studies, including case
reports and case series, were eligible for inclusion. Exclusion criteria included insufficient
evidence or details of optic nerve involvement.

Data Extraction and Statistical Analysis

The following data were extracted from the included studies: type of study, age of
patients, gender of patients, type of vaccine, the dose of vaccination, the duration between
administration of the vaccine and the onset of ocular symptoms, the presenting, and the
final visual acuity, presenting symptoms and signs, results of systemic and ocular investiga-
tions, diagnoses, and mode of treatment. For continuous variables, we reported the mean as
mean = standard deviation. We made comparisons of populations, when appropriate, us-
ing a two-tailed two-sample t-test for means. A p-value of <0.05 was considered statistically
significant.

3. Results
3.1. Studies and Patients

We identified 29 studies (21 case reports and 8 case series) that reported on patients
that developed optic neuropathy following COVID-19 vaccination. From those, a total of
60 eyes from 45 patients that developed optic neuropathy following COVID-19 vaccination
met the inclusion criteria (Table 1). Eighteen eyes from fourteen patients (31.1%) were
diagnosed with anterior ischemic optic neuropathy (AION), while 34 eyes from 26 patients
(57.8%) were diagnosed with optic neuritis. One patient was diagnosed with papillitis in
one eye and neuroretinitis in the other, while four eyes from three patients were diagnosed
with autoimmune optic neuropathy (AON). In addition, one patient was diagnosed with
Leber hereditary optic neuropathy (LHON), which was genetically confirmed (m.14568A > G
mutation in MT-ND6). Fifteen patients (33.3% of the total), therefore, had bilateral optic
nerve involvement. Regarding AION, five eyes from three patients were diagnosed with
arteritic anterior ischemic optic neuropathy (AAION), all confirmed by temporal artery
biopsy, while the remaining eyes (13 eyes from 11 patients) were diagnosed as non-arteritic
anterior ischemic optic neuropathy (NAION). In addition to optic neuropathy, one patient
was diagnosed with central nervous system (CNS) inflammatory syndrome, one with acute
disseminated encephalomyelitis (ADEM), three with giant cell arteritis (GCA), three with
neuromyelitis optica spectrum disorder (NMOSD), and five with myelin-oligodendrocyte-
glycoprotein (MOG) antibody-associated disease.
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3.2. Demographic Data

Twenty-eight patients (62.2%) were females, while 17 (37.8%) were males. The mean
age of all patients was 47.4 &= 17.1 years (Range: 15-87 years). The mean age of AION
patients was 62.9 & 12.2 years (Range: 40-87 years), while the mean age of optic neuritis
patients was 39.7 & 12.8 years (Range: 19-65 years) (p < 0.001). The mean time from
vaccination to onset of ophthalmic symptoms was 9.6 & 8.7 days (Range: 0—42 days).

3.3. Visual Acuity Outcomes

The mean presenting visual acuity of all patients was logMAR 0.990 £ 0.924 (20/200 in
Snellen notation). Of the 41 eyes (32 patients) that had both presenting and final follow-up
visual acuity, 21 eyes (52.5%) from 18 patients (56.3%) experienced an improvement in visual
acuity, with 16 eyes (76.2%) due to optic neuritis, 3 (14.3%) due to AION, and 2 (9.5%) due
to AON. For those 41 eyes, the mean presenting visual acuity was logMAR 0.842 £ 0.885
(20/140 in Snellen notation), while at final follow-up, it significantly improved to logMAR
0.523 + 0.860 (20/70 in Snellen notation; p < 0.001). For the 18 eyes (14 patients) with
AION, the mean presenting visual acuity was logMAR 0.987 £ 0.929 (20/200 in Snellen
notation), comparable to the 32 eyes (25 patients) with optic neuritis (2 eyes from one
patient had no reported visual acuity), who had mean presenting visual acuity of logMAR
1.068 £ 0.980 (20/230 in Snellen notation) (p = 0.772). However, for cases with available
follow-up visual acuity, the final visual acuity for 14 eyes (11 patients) with AION was
logMAR 0.970 = 1.012 (20/185 in Snellen notation), which was significantly worse than
that for 21 eyes (17 patients) with optic neuritis with available follow-up (final visual acuity
of logMAR 0.227 +£ 0.659 (20/35 in Snellen notation), p = 0.025).
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4. Discussion

In this systematic review of published cases of optic neuropathy following COVID-19
vaccination, we found that COVID-19 vaccination was associated with several forms of
optic neuropathy, most commonly AION and optic neuritis. All subtypes of COVID-19
vaccines, including mRNA, viral vector, and inactivated viral vaccines were associated with
optic neuropathy. However, protein subunit vaccines, such as the Novavax vaccine, were
not reported as a cause of optic neuropathy in the current review. The temporal association
between vaccine administration and the development of optic neuropathies in these cases
makes a causal link plausible, with a mean time from vaccination to the development of
ocular symptoms of 9.6 & 8.7 days. Cases with a late onset of optic neuropathy, however,
are less likely to be related to vaccination and could be coincidental. Vaccines and their
adjuvants are meant to robustly activate the innate immune system, and adaptive immunity
then follows. Overactivation of this response, however, may occur in some patients and
lead to rare immune-mediated complications.

AION is an important cause of loss of vision in adults and is classically divided into
AAION and NAION. Previously, the incidences per 100,000 individuals for NAION and
AAION, respectively, were reported as 2.30 and 0.36 [57]. Regarding pathogenesis, AAION
results from inflammation and thrombosis of the short posterior ciliary arteries, which
causes optic nerve head infarction [58,59]. It occurs mainly in the setting of GCA. It is
an ophthalmic emergency and requires immediate treatment with systemic steroids [58].
NAION is classically idiopathic [58], though there is an association with various conditions
including sleep apnea [60-62], certain drugs such as sildenafil and interferon [63-65], and
ocular conditions such as optic disc drusen and crowded discs [66-68]. It commonly mani-
fests as an altitudinal field defect. Post-vaccination NAION was also reported following
the administration of the influenza vaccine [69,70].

Most of the post-vaccination inflammatory syndromes affecting the CNS were related
to influenza vaccines, and optic neuritis is the most common clinical presentation of these
syndromes [71]. The number of people receiving COVID-19 vaccines annually is even
larger than those who receive influenza vaccines. This possibly makes the appearance of
complications following COVID-19 vaccination seem more common. Certain individuals
may also be at a higher risk of developing complications such as patients with diabetes,
hypertension, or patients with autoimmune diseases, as suggested in the current review.
The development of cerebral venous sinus thrombosis in women under 50 years of age was
associated with the AstraZeneca-Oxford COVID-19 vaccine owing to a vaccine-induced
immune thrombotic thrombocytopenia [72]. This complication was excluded by magnetic
resonance venography in most of the reported cases of post-COVID-19 vaccination optic
neuropathy included in this review.

Historically, gender type seems to influence the incidence and type of optic neuropathy.
Previous studies have demonstrated a female predominance of incident optic neuritis, with
one large study from the UK demonstrating that almost 70% of new cases over 22 years
involved females [73]. Lee et al., however, previously showed in a cohort of patients with
diabetes that the male gender increases the risk of developing AION by around 32% [74]. In
the current review, we found that 62.2% of cases of optic neuropathy following COVID-19
vaccination occurred in females. This percentage was even higher (73.1%) when looking
at only patients who developed optic neuritis, indicating a possible higher risk of optic
neuropathy, especially optic neuritis, in females following COVID-19 vaccination. This
could be due to hormonal or genetic differences and requires further analysis in larger
prospective studies.

Ocular side effects including ocular inflammation, were reported following COVID-
19 vaccination but are thought to be rare. In a relatively large multinational study of
ocular inflammatory events following COVID-19 vaccination, 70 patients were reported to
develop ocular inflammation within 14 days of COVID-19 vaccination, but only 2 (2.9%)
patients were diagnosed with optic neuritis [75]. This indicates that the incidence of optic
neuropathy following COVID-19 vaccination could be low. The latter study, however, did
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not provide specific details on cases with optic nerve involvement and so were not included
in this review.

We have previously described that an autoimmune mechanism underlies the develop-
ment of optic neuropathies following vaccination [11]. Previously, Stiibgen et al. reported
that there is no long-term risk of developing optic neuropathy following vaccination, but
that the presence of adjuvants contributes to the process [76]. However, in the absence of
adjuvants in several of the COVID-19 vaccines, this explanation is insufficient [19]. Clini-
cally, it is challenging to differentiate between AION and optic neuritis, and the diagnosis
is usually based on both clinical impression and multimodal imaging findings including
neuroimaging [77-79]. Some differentiating features include older age of onset, altitudinal
field defect, and worse visual outcomes in patients with AION, which was also found in our
study; however, these features cannot confidently distinguish between both conditions [77].
Furthermore, the pathophysiology (and treatment) of both types of optic neuropathies is
suggested to be different and it is not currently clear why some patients develop AION
while others develop optic neuritis following vaccination. Documented risk factors for
NAION include small cup-to-disc ratio, diabetes, hyperlipidemia, and hypertension, and
it is likely that the development of NAION is a multifactorial process that includes the
pre-existing structural compromise of the optic nerve [36,80,81].

Tsukii et al. have proposed that neutralizing antibodies directed against SARS-CoV-2
spike proteins after vaccination may cross-react with proteins in the retinal vasculature
and retinal pigment epithelial cells, a mechanism also endorsed by Maleki et al. [34,35].
It is possible that these antibodies also cross-react with elements of the CNS including
the optic nerve, a phenomenon suggested by the co-occurrence of CNS disease in several
patients reported in this review. It is, therefore, conceivable that both processes may
have played a role in the development of optic neuropathy in the cases reported herein.
This is also supported by reports on cases of optic neuritis that developed following
COVID-19 infection and was suggested to be due to molecular mimicry between viral
antigens, which are also partly present in the vaccines, and CNS proteins [82-84]. Another
possible explanation for the development of post-vaccination optic neuropathy that could
link inflammation and ischemia was recently elucidated by Francis and colleagues in
patients that developed optic neuropathy with immune checkpoint inhibitors used for
the treatment of cancer [85]. These immunotherapy agents, such as vaccines, enhance the
adaptive immune response resulting in a range of adverse inflammatory events including
both ophthalmic and neurologic phenomena [85]. Francis and colleagues also indicated
that this class of drugs could result in optic papillitis, a specific type of optic neuritis that
involves the optic nerve head, leading to ischemia of the optic nerve head and an AION-like
picture [85,86].

This review has limitations, including that it relies on a cohort of a relatively small
number of case reports. Larger case-control studies would have provided a more optimal
analysis of the association and the temporal relationship between COVID-19 vaccines
and optic nerve disease, but unfortunately, no studies exist to date. Optic neuritis and
AION are among the most common optic neuropathies even among the unvaccinated, with
predisposing risk factors similar to those seen in patients in the current report. Therefore,
the association of optic neuropathy with vaccination in many patients could be coincidental
and unrelated to vaccination. Furthermore, the number of cases of optic neuropathy
reported to date is very small, despite billions of individuals having already received
COVID-19 vaccines, suggesting that the incidence of this complication is very low. The
frequency of optic neuropathy following COVID-19 vaccination, however, is currently
unknown and cannot be determined based on the available data.

5. Conclusions

In conclusion, several cases of optic neuropathy were reported following the admin-
istration of COVID-19 vaccines, suggesting an association and perhaps a cause—effect
relationship, with at least one case reporting a positive rechallenge phenomenon follow-
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ing the second dose of vaccination [48]. Nevertheless, the benefits of vaccination against
SARS-CoV-2 are substantial and outweigh the associated risks. Many reported cases were
self-limiting and had a good prognosis with available treatments. Future studies should
further evaluate the risk factors, both ocular and systemic, that may contribute to the
development of optic neuropathy following COVID-19 vaccination within larger and more
diverse populations and elucidate the mechanisms that underly the development of these
conditions. This could further assist in the causality assessment of optic neuropathy as
an adverse event following COVID-19 vaccination and help optimize the follow-up and
treatment of this rare but sight-threatening complication [87].
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Abstract: This study reports three cases of toxoplasmosis retinochoroiditis following coronavirus
disease 2019 (COVID-19) infection or vaccination from the national Canadian COVID-19 Eye Reg-
istry between December 2020 and September 2021. A 56-year-old male presented 15 days after
a positive COVID-19 test with toxoplasmosis retinochoroiditis. He later relapsed 8 days following
a first Pfizer-BioNTech vaccine dose. Two patients presented with toxoplasmosis retinochoroiditis
following COVID-19 vaccination: A 58-year-old female presenting 4 days following a first Pfizer-
BioNTech vaccine dose with anterior uveitis and a posterior pole lesion discovered 3 months later and
a 39-year-old female presenting 17 days after a first Moderna vaccine dose. Resolution was achieved
with oral clindamycin, oral trimethoprim/sulfamethoxazole, and topical prednisolone acetate 1%.
Patients were offered prophylactic trimethoprim/sulfamethoxazole for subsequent doses without
relapse. Following COVID-19 infection or vaccination, patients may be at risk for toxoplasmosis
retinochoroiditis. Prophylactic antibiotics for future doses may be offered to patients with known
ocular toxoplasmosis to prevent recurrence.

Keywords: coronavirus disease 2019; vaccination; mRNA vaccine; SARS-CoV-2; toxoplasmosis
retinochoroiditis; inflammation; antibiotic prophylaxis; ophthalmic adverse events; COVID-19 vaccination

1. Introduction

Toxoplasmosis, caused by the protozoan parasite Toxoplasma gondii, is an opportunistic
infection which can affect healthy adults but targets immunosuppressed people, causing
more severe disease [1]. When this affects the eye, ocular toxoplasmosis can cause severe
vision loss especially with macular involvement [1,2]. Many causes of relative immune
suppression have reportedly caused reactivations of ocular toxoplasmosis, such as dex-
amethasone intravitreal implants [3] and azathioprine treatment for inflammatory bowel
disease [4].

Another emerging cause of relative immunosuppression is the coronavirus disease
2019 (COVID-19). It triggers dysfunction and reduced numbers of T cells, natural killer
cells, monocytes, and dendritic cells [5]. This may explain reports of de novo infections
or reactivations following COVID-19 disease, including herpes simplex keratitis [6] and
herpes zoster ophthalmicus even in children [7].

Another possible immune modulator is COVID-19 vaccination. These were shown
to be safe and effective [8-10], allowing for the reduction in virus transmission [11,12].
However, these have also been associated with autoimmune and infectious diseases, such
as graft rejections [13] and herpes zoster ophthalmicus [14].
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Changes in immunity related to both COVID-19 infection and vaccination may increase
the risk of ocular toxoplasmosis relapse. Three cases following COVID-19 vaccination have
recently been reported [15]. This case series aims to report three cases of new or recurrent
toxoplasmosis retinochoroiditis following COVID-19 infection or vaccination.

2. Methods

This study reports results from the COVID-19 Eye Registry (COVER). COVER is
a national Canadian registry recording ocular manifestations following COVID-19 infection
or vaccination [16]. Patients who were reported between December 2020 and September
2021 with new or recurrent toxoplasmosis retinochoroiditis were presented. Basic demo-
graphic data, type of vaccine (i.e.,, Moderna Spikevax® (ModernaTX, Inc., Cambridge, MA,
USA), Pfizer-BioNTech Comirnaty® (BioNTech Manufacturing GmbH, Mainz, Germany),
or AstraZeneca Vaxzevria® (AstraZeneca BioPharmaceuticals, Cambridge, England)), tim-
ing of presentation relative to COVID-19 infection or vaccination, clinical presentation,
management, and final visual acuity (VA) are reported.

3. Results

Three eyes of three patients were reported. Of these, a patient presented with de novo
toxoplasmosis retinochoroiditis following COVID-19 infection followed by reactivation
after a first dose of COVID-19 vaccine. Two other patients presented with unilateral
panuveitis and active chorioretinal lesions following COVID-19 vaccination.

3.1. Case 1

A 56-year-old male known for high blood pressure and oral herpes simplex virus,
with no history of toxoplasmosis, presented with hypertensive anterior uveitis in his right
eye (OD). Initial VA was 20/40-2 and dilated fundus examination (DFE) at the time did
not show any chorioretinal lesion. He was found to be COVID-19 positive 10 days later.
At follow-up 15 days after his positive COVID-19 test, his VA had decreased to 20/70 and
repeat DFE showed a unilateral white chorioretinal lesion in the posterior pole without
pigmentary or atrophic scarring (Figure 1) associated with vitritis, consistent with ocular
toxoplasmosis. Anti-toxoplasmosis immunoglobulin (Ig) G was positive (97.80 g/L), while
anti-toxoplasmosis IgM was negative when requested at the follow-up visit. Moreover, the
patient tested negative for syphilis but positive for HLA-B27. Resolution was achieved
with a course of topical prednisolone acetate 1% with oral clindamycin 450 mg three times
daily and trimethoprim/sulfamethoxazole 800/160 mg twice daily over 2 months. One
month following the end of treatment, VA was 20/20, no inflammation was observed, and
the chorioretinal lesions were cicatricial and inactive. He later presented a retinochoroiditis
relapse 8 days following a first dose of Pfizer-BioNTech vaccine, which resolved with the
same therapeutic regimen.

A prophylactic course of trimethoprim/sulfamethoxazole 800/160 mg three times
per week was started 2 days before his second dose and continued over 2 weeks. No
recurrence was observed. He was not seen in clinic prior to his third booster dose to receive
a prophylactic prescription. Nevertheless, no recurrence was detected when assessed
1 week later. His final VA was 20/25-1.

129



Vaccines 2022, 10, 1692

Figure 1. Case 1 with active toxoplasmosis retinochoroiditis following a diagnosis of coronavirus
disease 2019 (COVID-19) and recurrence after COVID-19 vaccination. (A) Color fundus photography
showing a single, white, deep chorioretinal lesion along the inferior arcade with vitritis at initial
presentation. (B) Initial red-free monochromatic fundus photograph showing the same lesion which
becomes more apparent. (C) Initial fundus autofluorescence showing a hyperautofluorescent lesion
with distinct borders corresponding to the retinochoroiditis. (D) Four months after presentation, the
lesion is now cicatricial without vitritis with (E) a horizontal optical coherence tomography scan
through the lesion. (F) The patient had a recurrence 1 month later, 8 days after his first COVID-19
vaccine dose.

3.2. Case 2

A 58-year-old female known for high blood pressure, dyslipidemia, type II diabetes
mellitus, and fibromyalgia was previously treated for anterior uveitis in her left eye (OS)
by an optometrist 4 days following her first dose of Pfizer-BioNTech vaccine with topi-
cal prednisolone acetate 1% over 1 month. It is unknown whether DFE was performed
initially and whether signs of vitritis or chorioretinal lesions were already present. Three
months post-vaccination, she was referred to our service for increasing floaters, discom-
fort, and VA of 20/50. Examination revealed panuveitis with posterior hyaloid precipi-
tates and a slightly elevated, yellow whitish lesion with surrounding pigmentary changes
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(Figure 2A). Serological testing revealed positive anti-toxoplasmosis IgG (18.80 g/L) and
negative anti-toxoplasmosis IgM. Other uveitis testing was negative, including HLA-B27,
antinuclear antibodies, anti-double stranded DNA, extractable nuclear antigen antibodies,
antineutrophil cytoplasmic antibodies, Lyme, syphilis, and QuantiFERON-TB Gold. She
was treated with topical prednisolone acetate 1% four times daily tapered over a month,
6 weeks of trimethoprim/sulfamethoxazole 800/160 mg twice daily, and a short course of
oral prednisone starting at 40 mg daily tapered over 5 weeks. Six weeks after the treatment
started, there was no intraocular inflammation, the chorioretinal lesion was cicatricial
(Figure 2B), and final VA was 20/20. The patient received the same prophylactic trimetho-
prim/sulfamethoxazole regimen as Case 1 for her second vaccine doses, but not for her
third dose, and she did not relapse in both instances.

Figure 2. Case 2 with active toxoplasmosis retinochoroiditis 3 months after a first dose of COVID-19
vaccination. (A) Fundus photography showing the initial elevated, yellow whitish lesion with
surrounding pigmentary changes. (B) Six weeks later, the main lesion became cicatricial.

The patient was not known to have had a previous COVID-19 infection prior to their
vaccination or during follow-up. At follow-up, she later received a dose of pneumococcal
polysaccharide vaccine (Pneumovax® 23, Merck & Co., Inc., Kenilworth, NJ, USA) and had
a recurrence of retinochoroiditis that responded to the same treatment of prednisolone.

3.3. Case 3

A 39-year-old female presented 17 days after a first dose of Moderna vaccine with
floaters and VA of 20/100. This patient was known to the center’s uveitis service for
toxoplasmosis retinochoroiditis since 2011 with no relapse since 2016 without prophylaxis
and was otherwise healthy. Her initial exam showed panuveitis with an active fundus lesion
around the known chorioretinal scar (Figure 3). She was treated with topical prednisolone
acetate 1%, oral clindamycin 600 mg three times daily and trimethoprim/sulfamethoxazole
800/160 mg twice daily over 6 weeks, and a short course of oral prednisone starting at
10 mg with a taper over 4 weeks. She received her second dose of Moderna 12 weeks after
presentation while still under trimethoprim/sulfamethoxazole 800/160 mg twice daily
without recurrence. At her last follow-up 2 months later, the final VA was 20/20 and the
lesion was cicatricial 4 months after the initial presentation. She was offered the same
prophylactic trimethoprim/sulfamethoxazole regimen as Case 1 in the event of a third
booster dose. The patient was not known to have had a previous COVID-19 infection prior
to their vaccination or during follow-up.
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Figure 3. Case 3 with a previous, cicatricial toxoplasmosis scar with recurrence of active toxoplasmosis
retinochoroiditis 17 days after COVID-19 vaccination. (A) Fundus photography showcasing the old
toxoplasmosis scar with an area of active retinochoroiditis adjacent to it. There is diffuse sheathing
consistent with vasculitis. (B) Three weeks later, the new area of retinochoroiditis has decreased in
size and activity as did the vasculitis. (C) At seven weeks, there was still an area of activity within
the chorioretinal scar, thus the treatment was further extended. (D) At final follow-up 4 months later,
the area had scarred, and no inflammation was observed.

4. Discussion

We report one case of toxoplasmosis retinochoroiditis following COVID-19 infec-
tion with recurrence after COVID-19 vaccination, as well as two cases of toxoplasmosis
retinochoroiditis following COVID-19 vaccination. Both Cases 1 and 3 had recurrences
of ocular toxoplasmosis within 2-3 weeks following COVID-19 vaccination. Both had
previous episodes of toxoplasmosis retinochoroiditis (after COVID-19 infection in Case 1),
which may explain the rapid reactivation following vaccination. In Case 2, anterior uveitis
was initially diagnosed 4 days after vaccination. As an outside optometrist assessed her,
it is unknown whether DFE may have revealed vitritis and retinochoroidal involvement.
This patient also recurred following pneumococcal polysaccharide vaccine.

COVID-19 infection disrupts the function and number of T cells, natural killer cells,
monocytes, and dendritic cells [5]. This may increase ocular toxoplasmosis reactivation
risk as the principal cytokine responsible for the response against T. gondii is interferon
(IFN)-y. It is produced by CD4 and CDS8 positive T cells, natural killer cells, and neutrophils
through a trigger by interleukin 12, produced by dendritic cells [1]. Production of IFN-
v is reduced in active COVID-19 infection [5]. In IFN-y deficient mice, the extent of
toxoplasmosis is more severe with cerebral dissemination and occasionally more severe
ocular toxoplasmosis [17]. In humans, serum IFN-y levels are lower in patients with
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ocular toxoplasmosis reactivations and old toxoplasmosis scars [18]. Decreased aqueous
humor IFN-y is also associated with increased risk of severe ocular complications and
longer time to recovery from reactivations [18]. This is consistent with the fact that various
polymorphisms of the IFNG gene modify chorioretinal scar severity [1].

The pathophysiology for ocular toxoplasmosis reactivation following COVID-19 vac-
cination is less clear. The Spike protein targeted by all currently available vaccines can
produce robust CD4 and CDS8 positive T cell responses [19]. This in turn should produce
IFN-y which should also be efficient against T. gondii as part of the innate and early adaptive
immune response. This production of IFN-y is important in protecting against COVID-19,
since patients with deficient IFN-y do not mount an appropriate defense against COVID-19
in the early phases of the disease, leading to more severe illness [19]. However, whether
there may be a phenomenon of immune modulation responsible for decreased protection
against toxoplasmosis in the immediate post-vaccination period remains to be studied.
Moreover, this holds true for other vaccines, such as in Case 2 where the patient experi-
enced a second reactivation after pneumococcal polysaccharide vaccination, which may
suggest an underlying immune reaction to vaccinations in general, and not specifically
to COVID-19, in susceptible patients. Additionally, with the breadth of the vaccination
campaigns around the world, it is also possible that ocular findings after vaccination may
occur coincidentally without a true association.

Whether patients known for ocular toxoplasmosis might require prophylactic an-
tibiotics for COVID-19 vaccination is debatable. Antibiotic treatments for toxoplasmosis
include combinations of pyrimethamine, sulfadiazine, and leucovorin or trimethoprim-
sulfamethoxazole [20,21]. For prophylaxis, trimethoprim-sulfamethoxazole is the preferred
option [20]. There is a lack of studies that provide level I evidence to support the antibiotics
treatment of toxoplasmosis retinochoroiditis, as it does not seem to reduce lesion size
or improve visual outcomes [21,22]. However, there does seem to be a reduced risk of
reactivation with prophylactic treatment [21,22], which could be of particular interest in the
setting of COVID-19 vaccination in patients with known toxoplasmosis retinochoroiditis,
especially in those with posterior pole lesions. This remains to be studied but could be
discussed with patients as possible management options in the absence of more evidence.

Limitations

There is no definitive causal relationship between COVID-19 infections or vaccines and
toxoplasmosis retinochoroiditis. The temporal relationship makes this plausible although
it could be a coincidence given the billions of vaccine doses administered worldwide.
Since recurrences of ocular toxoplasmosis are treatable and preventable, it should not
deter vaccination efforts. Similarly, we could not be certain of the temporality of Case
2 wherein a reliable DFE was not performed despite increasing floaters and discomfort
between 4 days and 3 months post-vaccination.

5. Conclusions

In conclusion, following COVID-19 infection or vaccination, patients may be at risk
for new or relapsing toxoplasmosis retinochoroiditis, possibly due to changes in immune
modulation. Physicians should be aware of this and may propose prophylactic antibiotics
for future vaccine doses in patients known for ocular toxoplasmosis, especially those with
vision-threatening posterior pole lesions.
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Abstract: Background: To counter the rapidly spreading severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2), global vaccination efforts were initiated in December 2020. We assess the
risk of glaucoma following SARS-CoV-2 vaccination and evaluate its onset interval and clinical
presentations in patients. Methods: We performed a retrospective analysis of the glaucoma cases re-
ported to the Vaccine Adverse Event Reporting System (VAERS) database between 16 December 2020,
and 30 April 2022. We assessed the crude reporting rate of glaucoma, clinical presentations, onset
duration, and associated risk factors. Results: During this period, 161 glaucoma cases were reported,
with crude reporting rates (per million doses) of 0.09, 0.06, and 0.07 for BNT162b2, mRNA-1273,
and Ad26.COV2.S, respectively. The mean age of the patients was 60.41 4= 17.56 years, and 67.7%
were women. More than half (56.6%) of the cases were reported within the first week of vaccination.
The cumulative-incidence analysis showed a higher risk of glaucoma in patients who received the
BNT162b2 vaccines compared with mRNA-1273 (p = 0.05). Conclusions: The incidence of glaucoma
following vaccination with BNT162b2, mRNA-1273, or Ad26.COV2.S is extremely rare. Amongst the
patients diagnosed with glaucoma, the onset interval of adverse events was shorter among those who
received the BNT162b2 and rAd26.COV2.S vaccines compared with mRNA-1273. Most glaucoma
cases were reported within the first week following vaccination in female patients and from the
fifth to seventh decade. This study provides insights into the possible temporal association between
reported glaucoma events and SARS-CoV-2 vaccines; however, further investigations are required to
identify the potential causality link and pathological mechanisms.

Keywords: SARS-CoV-2 vaccines; glaucoma; VAERS; adverse events; COVID-19

1. Introduction

In response to the COVID-19 pandemic, large-scale global vaccination efforts were
launched in December 2020 [1]. As the COVID-19 vaccines were approved for emergency-
use authorization by the United States Food and Drug Administration (FDA), the Centers
for Disease Control and Prevention (CDC) expanded its passive surveillance system (known
as the Vaccine Adverse Event Reporting System (VAERS)) to include a wide array of adverse
events of interest, including ophthalmic disorders, such as glaucoma [2].

Glaucoma is a group of ocular disorders that cause characteristic optic neuropathy
with corresponding visual-field defects that result from the progressive degeneration of the
retinal ganglion cells in the optic disc and the loss of their axons in the optic nerve [3]. In
2020, an estimated 76.02 million people were reported to have glaucoma worldwide [4].
A raised intraocular pressure (IOP) has been identified as a significant risk factor. These
pathological changes lead to progressive peripheral-visual-field defects and may result in
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blindness. Despite the clinical insights into primary and secondary glaucoma, the patholog-
ical mechanisms at the cellular and subcellular levels are poorly understood, and the factors
that significantly contribute to the disease progression are yet to be delineated [5]. Although
several reports highlight ocular adverse events associated with COVID-19 vaccination,
the literature associating COVID-19 vaccination with glaucoma is sparse. Moreover, the
COVID-19 vaccine-related information portals categorically report the absence of evidence
linking vaccination with glaucoma.

We used the VAERS database to evaluate the reports of glaucoma cases for three
FDA-approved COVID-19 vaccines: BNT162b2 (Pfizer Inc./BioNTech SE, Mainz, Ger-
many), mRNA-1273 (Moderna Therapeutics Inc., Cambridge, MA, USA), and Ad26.COV2.S
(Janssen Pharmaceuticals, Beerse, Belgium). We determined the crude reporting rate of
glaucoma in vaccine recipients since the initiation of the vaccination program. Additionally,
we assessed the clinical characteristics and association between age, sex, and duration of
onset (following vaccination) in patients who received one of the three vaccines.

2. Methods

VAERS is a passive surveillance platform that functions as an early warning system
for potential vaccine related adverse events [2]. The VAERS data are available through
Wide-ranging Online Data for Epidemiologic Research (WONDER), a database developed
and operated by the CDC, an agency of the United States federal government. The VAERS
database compiles reports of all post-vaccination adverse events from patients, parents
(for minor patients), clinicians, vaccine manufacturers, and regulatory bodies globally. The
database includes a detailed report of the adverse events experienced by patients following
vaccination. The data recorded in VAERS are verified by third-party professional coders
who assign appropriate medical terminology (based on the preferred terms of the Medical
Dictionary for Regulatory Activities) from the data in the submitted reports [6]. A false
VAERS report violates federal law (18 U.S. Code § 1001) and is punishable by a fine and
imprisonment. CDC WONDER allows access to the information freely, as well as the
use, copying, distributing, or publishing of this information without additional or explicit
permission [7]. This study was conducted in compliance with the tenets of the Declaration
of Helsinki and the National Statement on Ethical Conduct in Human Research 2007. As the
study includes publicly available, deidentified anonymous data, the University of Adelaide
Human Research Ethics Committee exempted it from ethical review.

The VAERS data included in this study were accessed via CDC WONDER on April 30,
2022 [8]. The data query included all SARS-CoV-2 vaccine-adverse events for all vaccine
types administered to patients of all ages and genders for glaucoma (unspecified type),
angle-closure glaucoma, open-angle glaucoma, uveitic glaucoma, and uveitis-glaucoma—
hyphema syndrome. The results were grouped by symptoms, age, sex, state/territory, and
onset interval. The additional measures included in the results were—an adverse-event
description, lab data, current illness, adverse events after prior vaccination, medications at
the time of vaccination, and history/allergies. The data included in the analysis were clinical
presentation, date of vaccination and adverse-event onset, ocular and systemic history, and
prescribed drugs and surgeries performed on the patients before the presentation. Some of
the patients’ reports also included the interventions post-glaucoma diagnosis.

The unspecified glaucoma data were stratified broadly into open-angle glaucoma
(OAG) and angle-closure glaucoma (ACG), as per the reported clinical presentations by
a glaucoma specialist (PI). The patients presenting with elevated IOP and general ocular
symptoms, such as eye pain without any associated ocular morbidity, were broadly con-
sidered open-angle glaucoma. The patients who were categorically reported with vision
loss /blindness associated with colored haloes and redness were classified as angle-closure
glaucoma. However, this classification may have discrepancies as the gonioscopy findings
were not reported.
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3. Statistical Analysis

The statistical analysis was performed using R Studio (R Foundation for Statistical
Computing, Vienna, Austria). The crude reporting rates were estimated using the number
of glaucoma reports (by vaccine type) per million SARS-CoV-2 vaccine doses administered.
We performed a descriptive analysis of the social and demographic characteristics and
vaccination data. We assessed the association between the onset interval of glaucoma and
the vaccine type, age, sex, and dosage using the one-way analysis of variance (ANOVA)
test. The t-test was used to evaluate the association between glaucoma diagnosis and a
prior history of COVID-19. A cumulative-incidence analysis was performed for BNT162b2
and mRNA-1273 vaccines. The Ad26.COV2.S vaccine was excluded from this analysis due
to few reports. As the primary outcome measure (i.e., glaucoma diagnosis) was categorical,
the analysis was performed to investigate the risk factors associated with it using Pearson’s
chi-square test of association. The missing values in the data were indicated and Na.rm
code was used to account for them during the analysis. The onset-interval data are reported
as means =+ standard errors of means (SEMs).

4. Results

A total of 2,061,557,270 COVID-19 vaccine doses were administered during the study
period: 80.7% were BNT162b2, 16.8% were mRNA-1273, and 2.5% were Ad26.COV2.S [1].
During this period, 1,250,310 (0.06% of all doses) adverse events post-COVID-19 vaccina-
tions were recorded in CDC VAERS, including 166 reports of glaucoma [2]. In our analysis,
161 reports were included, four were duplicated, and one report did not include any infor-
mation except the type of vaccine administered. The cases were reported by drug regulatory
agencies (n =99, 61.5%), physicians (n = 18, 11.2%), directly by patients (1 = 26, 16.1%), and
vaccine manufacturers (n = 16, 9.9%). The estimated crude reporting rates (per million
doses) for BNT162b2, mRNA-1273, and Ad26.COV2.S were 0.09, 0.06, and 0.07, respectively.
All the cases in the cohort were classified as “medically significant” adverse events by the
CDC VAERS. The average age of the patients included in the study was 60.41 £ 17.56 years,
and 67.7% (n = 109) were female (Table 1). The cases were reported from the United States
(48, 28.81%), Europe (86, 53.4%), and Asia (18, 11.2%) (Supplementary Table S1). The
state-by-state crude reporting rates for the three vaccines administered in the United States
are reported in Supplementary Table S2.

In the study cohort, the majority of the patients (n = 130, 80.7%) were administered
the BNT162b2 vaccine, while 27 patients (16.8%) received the mRNA-1273 vaccine, and
four patients (2.5%) received the rAd26.COV2.S vaccine (Table 2). Most of the cases
(n =91, 56.5%) were reported within the first week, including 18% (1 = 29) of the cases on
the day of vaccination (Figure 1).

A total of 77 cases (47.8%) were reported after the first dose, 59 cases (36.6%) were
reported after the second dose, and 13 cases (8.1%) were reported after the third dose of
the vaccine (Figure 2). Only five patients (3.1%) reported a prior history of COVID-19.
On stratifying the patients based on the clinical descriptions, we found that most of the
cases (n = 105, 65.2%) had OAG. The patients presented with ocular pain (n = 60, 37.3%),
reduced/blurry vision (47, 29.2%), and complete vision loss/blindness (1 = 35, 21.7%). An
elevated IOP was reported in 48 (29.8%) cases. The other ocular signs included flashes
(n =6,3.7%), floaters (n = 5, 3.1%), and photophobia (1 = 5, 3.1%). Notably, 28 patients
(17.3%) had a prior history of glaucoma and had controlled IOP at the time of vaccination.
Seven patients (4.3%) had a history of uveitis. The patients also presented with severe
headache (n = 48, 29.8%), general body pain (n = 17, 10.6%), and high blood pressure
(n =8,5.0%). The patients had a prior history of cardiovascular diseases (1 = 33, 20.5%)
and hypertension (1 = 13, 8.1%). The ocular and systemic presentation and history of the
patients included in the study are summarized in Table 3.
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Table 1. Demographics of patients who were diagnosed with glaucoma following SARS-CoV-2

vaccination.
Frequency (1) %
Mean Age (in years) 60.41 £ 17.56
Age Range

10-19 2 1.2

20-29 9 5.6

30-39 9 5.6

40-49 9 5.6
50-59 42 26.1
60-69 21 13.0
70-79 38 23.6

80-89 16 9.9

90+ 4 25

Unknown 11 6.8

Sex

Female 109 67.7
Male 51 31.7

Unknown 1 0.6

Origin
Australia 1 0.6
Asia 18 11.2
Europe 86 53.4
United States 48 29.8
Foreign (nonspecific) 3 1.9
Unknown 5 3.1
35
Ad26.COV2.S
30
= BNT162b2
= mRNA-1273

- I~ N
wn 3 W

% of patients reported with glaucoma

-
o

; I. = 0

Day 0 Day 1-7 Day 8-14 Day 15-21 Day 22-28 Day29-35 Day36-42 Day42-49 Day 50-56 >Day 56

Figure 1. Cases of glaucoma following vaccination with BNT162b2, mRNA-1273, and Ad26.COV2.S
on day 0 (i.e., day of vaccination) and in subsequent weeks.
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Table 2. Vaccination data of patients who were diagnosed with glaucoma following vaccination.

Frequency (n) %
Type of Vaccine
Ad26.COV2.S 4 2.5
BNT162b2 130 80.7
mRNA-1273 27 16.8
Dosage
1 77 47.8
2 59 36.6
3 13 8.1
Unknown 12 7.5
Median Onset Interval
. 4
(in days)
Onset Interval Post-Vaccination
Day 0 29 18.0
Days 1-7 62 38.5
Days 8-14 18 11.2
Days 15-21 9 5.6
Days 22-28 5 3.1
Days 29-35 5 3.1
Days 3642 2 12
Days 42-49 0 0.0
Days 50-56 2 1.2
Days 56+ 14 8.7
Unknown 15 9.3
35
Ad26.COV2.S
- 30
= EBNT162b2
:
s 25 = mRNA-1273
£
z
= 20
51
b~
S
-9
215
2
=
2
510
S
°©
s S
0
Dose 1 Dose 2 Dose 3 Unknown

Figure 2. Cases of glaucoma post-vaccination with protocol doses (Doses 1 and 2 for BNT162b2 and
mRNA-1273 and Dose 1 for Ad26.COV2.S) and boosters.
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Table 3. Ocular and systemic history and presentation in patients diagnosed with glaucoma following
SARS-CoV-2 vaccination.

Frequency %
History of COVID-19 5 3.1
Glaucoma Diagnosis
Open-angle glaucoma 105 65.2
Angle-closure glaucoma 45 27.6
Unknown 11 6.8
Ocular Presentations
Flashes 6 3.7
Floaters 5 3.1
High IOP 48 29.8
Ocular pain 60 37.3
Photophobia 5 3.1
Reduced /blurry vision 47 29.2
Vision loss/blindness 35 21.7
Ocular History
Conjunctivitis 4 2.5
Glaucoma (controlled) 28 17.3
Hemorrhage 3 1.9
Herpes zoster ophthalmicus 5 3.1
Keratitis 2 1.2
Ocular ischemic syndrome 1 0.6
Optic ischemic neuropathy 1 0.6
Retinal artery occlusion 1 0.6
Retinal vein occlusion 6 3.7
Uveitis 7 4.3
Vitreous detachment 2 1.2
Systemic Presentation
Headache 48 29.8
Pain 17 10.6
Nausea 12 7.5
Palpitations 4 2.5
High blood pressure 8 5.0
Vaccine site induration/rash 6 3.7
Systemic History
Allergies 9 5.6
Cardiovascular diso%‘ders (M1, CAD, Afib, 33 205
tachyarrhythmia, heart failure)
Cerebrovascular disorders 3 1.9
Diabetes 9 5.6
Hypercholesterolemia/Dyslipidemia 7 4.3
Hypertension 13 8.1
Hypothyroidism 11 6.8
Pulmonary disorders (COPD, embolism) 4 25
Renal disorders 5 3.1
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The statistical evaluation revealed a significant association between the vaccine type
and the glaucoma-onset duration following vaccination. The symptom onset duration in the
patients who received the BNT162b2 (14.7 & 27.58 days) and Ad26.COV2.S (5.5 £ 6.4 days)
vaccines were significantly shorter compared with those who received mRNA-1273
(37.07 £ 66.11 days, p = 0.013) (Table 4). These findings were confirmed by a cumulative-
incidence analysis, which showed a significant difference in the onset duration between
BNT162b2 and mRNA-1273 (p = 0.05) (Figure 3). The analysis showed that there was
no significant association between the onset interval and sex (p = 0.196), age (0.565), and
history of COVID-19 (p = 0.08). Pearson’s chi-square analysis showed that the frequency of
glaucoma cases in patients who received the mRNA-1273 vaccine was significantly higher
(p = 0.047) in the older age groups (sixth-seventh decade) (Table 5). A similar association
was not observed in patients vaccinated with the BNT162b2 and Ad26.COV2.S vaccines.
Additionally, we did not observe any significant association between the vaccine dose, sex,
and onset interval.

Table 4. Analysis to assess factors associated with onset interval of glaucoma following SARS-CoV-2

vaccination.
Mean Onset Median Onset
Percentage (1) Interval Interval p-Value
(in Days) (in Days)
Vaccine *
BNT162b2 80.7% (130/161) 14.7 £ 242 5 0.013 *
mRNA-1273 16.7% (27/161) 37.07 +£12.71 7
Ad26.COV2.S 2.5% (4/161) 55+3.2
Sex *
Female 67.7% (109/161) 15.17 £ 2.98 4 0.196
Male 31.7% (51/161) 24.6 £ 6.65
Age*
10-19 1.86% (3/161) 32 +£31.03 1 0.565
20-29 5.6% (9/161) 21.88 +17.74 1
30-39 6.8% (11/161) 29.81 +23.54 5
40-49 8% (13/161) 12.46 +4.95 5
50-59 32.3% (52/161) 14.90 £ 3.65 3.5
60-69 13% (21/161) 27.04 + 8.62 8
70-79 21.7% (35/161) 15.57 £5.23 6
80-89 8.7% (14/161) 20.71 £12.13 10
90+ 1.86% (3/161) 12 +10.51 2
Dosage *
1 47.8% (77/161) 15.34 £ 4.26 4 0.268
2 36.6% (59/161) 23.64 + 5.60 9
3 8.07% (13/161) 17.61 £ 6.35 6
Unknown 7.45% (12/161)
History of COVID-19 **
Yes 3.1% (5/161) 54.2 +32.5 33 0.08
No (19565'%06/‘1) 17.18 £ 2.86 5
Unknown 0.62% (1/161)

* One-way ANOVA test; ** t-test.
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Figure 3. Cumulative-incidence analysis for glaucoma cases reported after administration of
BNT162b2 and mRNA-1273 vaccines.

Table 5. Association analysis of age, sex, and onset interval with glaucoma following SARS-CoV-2

vaccination.
BNT162b2 (Pfizer BioNTech) mRNA-1273 Ad26.COV2.S
Unknown 1 2 3 x> p-value Unknown 1 2 x> p-value  Unknown 1 X p-value

Age (in years) 19.17 0.742 26.2 0.047 * 1.333 0.995
10-19 0 0 2 0 0 0 0 0 1
20-29 0 2 4 0 0 1 0 0 0
30-39 2 6 2 0 1 1 0 0 0
40-49 1 5 4 1 0 1 0 0 0
50-59 4 16 16 4 0 0 1 0 2
60-69 0 4 7 3 0 9 1 0 1
70-79 1 14 13 4 0 5 2 0 0
80-89 3 5 4 1 0 3 0 0 0
90+ 0 1 1 0 0 0 2 0 0

Sex 0.555 0.906 0.905 0.636 1.333 0.248
Male 3 16 15 5 0 8 3 0 2
Female 8 37 38 8 1 12 3 0 2

Onset Interval 21.08 0275 1678 0157 1333 0.987

(in days)
0 1 9 13 2 0 4 0 0 0
1-7 3 25 16 5 1 9 0 0 3
8-14 1 4 8 1 0 2 2 0 0
15-21 4 10 6 1 0 2 0 0 1
22-28 1 1 2 1 0 0 0 0 0
29-35 1 1 2 0 0 0 1 0 0
36-42 0 1 1 0 0 0 0 0 0
43-49 0 0 0 0 0 0 0 0 0
49-56 0 0 0 2 0 0 0 0 0
56+ 0 2 5 1 0 3 3 0 0
*p <0.05.
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The patients were prescribed topical eye drops (1 = 44), and surgical interventions
(n =29) were performed in the requisite cases. Laser iridotomy and shunt/valve place-
ment surgeries were performed in 18 (11.2%) and 4 (2.5%) patients, respectively. None of
the patients included in this study had a pre-existing iridotomy. Trabeculectomies were
performed in two (1.2%) patients. The type of surgical intervention was not specified in
seven (4.3%) patients. The patients were prescribed brimonidine (1 = 5, 3.1%), dorzolamide
(n =6,3.7%), timolol (n = 11, 6.8%), or Travoprost/Latanoprost (1 = 2, 1.2%). The prescribed
eye drops were not specified in 18 (11.2%) patients. The interventions were not known for
more than half (n = 86, 53.4%) of the patients (Supplementary Table S3).

5. Discussion

Since initiation of the global vaccination in December 2020, several case reports have
highlighted the ocular adverse events associated with the COVID-19 vaccines. The current
study evaluates the temporal association between glaucoma and the SARS-CoV-2 vaccines,
as there was a short interval between post-vaccination and the onset of the signs of glau-
coma; however, further studies are required to evaluate the potential causal relationship [9].
Over the years, several studies have established the presence of the renin-angiotensin
system in the human ciliary body and aqueous humor [10-12]. It has been speculated
that binding of the spike proteins generated by SARS-CoV-2 vaccines (such as BNT162b2
and mRNA-1273) to angiotensin-converting enzyme 2 (ACE2) leads to angiotensin II
overactivity, thereby increasing the aqueous-humor production and elevated intraocular
pressure [13].

The ocular adverse events associated with the three vaccines approved in the United
States include uveitis, Bell’s and abducens nerve palsy, acute macular neuroretinopathy,
central serous retinopathy, Grave’s disease, Vogt—-Koyanagi-Harada disease, retinal and
ophthalmic vein thrombosis, and corneal-graft rejection [14-23]. Similar ocular disorders
have also been observed in patients infected by the SARS-CoV-2 virus [24-26]. Recently,
Choi and colleagues reported vision-threatening ocular adverse events in sixteen patients
following SARS-CoV-2 vaccination [27]. Among these patients, the authors reported four
cases of angle-closure glaucoma following the ChAdOx1 nCoV-19 vaccine and attributed
it to the inflammation of the ciliary body due to vaccine-associated uveitis. Additionally,
two cases of secondary angle-closure glaucoma post-vaccination have been reported in the
literature. Behera and colleagues reported the case of a 60-year-old male with hemophilia
who developed painful and sudden vision loss a day after receiving the ChAdOx1 nCoV-19
(Oxford AstraZeneca) vaccine due to acute angle-closure glaucoma secondary to a massive
suprachoroidal hemorrhage [28]. In the other case, a 49-year-old male presented with
progressive vision loss one day after the administration of the second dose of the BNT162b2
vaccine. The patient had a massive intraocular hemorrhage and was diagnosed with
secondary angle-closure glaucoma, bullous retinal detachment, and massive intraocular
hemorrhage [29]. The patient’s presentation was attributed to the necrosis of a melanocytic
lesion at the posterior edge of the ciliary body and choroid [29]. In another case report,
Santovito and Pinna reported reduced vision, severe headache, and photophobia in a
patient after vaccination with BNT162b2. The patient had no prior ocular history, and the
authors could not establish a definitive diagnosis for the patient [16]. The pathogenesis of
secondary glaucoma following vaccination can be explained by the underlying disorders, as
observed in the abovementioned cases, or by trabecular dysfunction that is likely mediated
by inflammatory responses and oxidative stress. Additionally, the fluctuations in the
intraocular pressure also play a critical role in inducing metabolic stress [3].

The analysis of the VAERS data suggests an extremely low safety concern for glaucoma
post-vaccination with BNT162b2, mRNA-1273, and Ad26.COV2.S. The estimated crude
reporting rates in this study are comparable with the report by Wang and colleagues,
who evaluated the data from the Australia Therapeutic Goods Administration Database
of Adverse Event Notifications, the Canada Vigilance Adverse Reaction Database, the
European Union Medicines Agency (EudraVigilance) System, and the United Kingdom
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Medicines and Healthcare Products Regulatory Agency between December 2020 and
August 2021 [30]. Although the glaucoma crude reporting rate is extremely low, it may be
considered a “severe” adverse event because the fluctuations in the intraocular pressure
can have a domino effect on the aqueous dynamics and optic nerve.

In this study, a substantial proportion of the patients were women and between 50 and
70 years old. The data analysis of this cohort shows that the patients typically presented
with signs of glaucoma in the first 2448 h post-vaccination (viz., elevated intraocular
pressure), and the incidence was higher after the first dose. Most of the patients did
not have a prior history of glaucoma; therefore, it is imperative that patients at risk of
developing glaucoma remain vigilant post-vaccination. The onset interval of the disease
was significantly shorter in the patients vaccinated with the BNT162b2 and Ad26.COV2.S
vaccines compared with those vaccinated with the mRNA-1273 vaccine. The patients
diagnosed with glaucoma after mRNA-1273 vaccination were between 60 and 80 years old.
Although uveitis and other ocular inflammatory disorders are considered more common
ocular adverse events associated with vaccination, only 4% of the patients were diagnosed
with it. The pathogenesis of secondary glaucoma post-vaccination can be explained by the
underlying disorders or trabecular dysfunction likely mediated by inflammatory responses
and oxidative stress. In addition, increases or fluctuations in the intraocular pressure induce
metabolic stress. However, there are no insights into the pathophysiologic mechanisms
that can potentially cause open-angle glaucoma reported in many of the patients included
in this study.

6. Limitations

This study, reporting glaucoma cases following SARS-CoV-2 vaccination, has several
limitations. VAERS is a passive surveillance system which includes adverse event reports
following administration of FDA approved vaccines, from pharmaceutical companies,
physicians, drug regulators, and patients from all over the world. Despite the mandatory
requirement to report vaccine-associated adverse events, underreporting and delayed
reporting are common. In some cases, the submitted reports are incomplete and lack
uniformity in the data reporting. Several reports have missing data points, such as ethnicity,
that are considered important risk factors associated with glaucoma.

The absence of an unvaccinated control group impedes the relative-risk calculation.
The pharmacovigilance associated with COVID-19 vaccines is limited to the European
Union, the United States, Australia, Canada, and a few Asian countries. Hence, reports
are not recorded from many developing countries, including India, where over one billion
vaccine doses have been administered. Moreover, the data are absent for other approved
vaccines, such as ChAdOx1 nCoV-19, ZyCoV-D, Sputnik, Covidecia, Sputnik, Sinopharm,
Abdala, Zifivax, and Novavax.

The reports submitted by drug regulators, pharmaceutical companies, and physicians
(~80%) can be relied on for the clinical diagnosis of glaucoma; however, cases in which
patients self-reported are presumed to be glaucoma. The data in the literature suggest
glaucoma underreporting; therefore, it can be assumed that the cases were grossly under-
reported. The lack of clinical (specifically vision and gonioscopy) data severely impedes
the use of these data on the ability of the researchers to report the adverse effects in these
reports convincingly. Additionally, there are no details of optic-nerve head cupping or
visual-field defects on the perimetries; thus, what is labeled as glaucoma could also be
secondary ocular hypertension, as access to detailed clinical history is not logistically possi-
ble and is limited by the Health Insurance Portability and Accountability Act (HIPPA) of
1996 [31].

In conclusion, the risk of glaucoma following vaccination with BNT162b2, mRNA-1273,
and rAd26.COV2.S is extremely low. The majority of the patients in the cohort had pri-
mary open-angle glaucoma and had received the BNT162b2 vaccine. Most cases occurred
after the first dose and within the first week following vaccination. Therefore, it is recom-
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mended that ophthalmologists and glaucoma specialists closely monitor the at-risk patients
following vaccination.
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Abstract: Background: We report a case of atypical unilateral optic neuritis after receiving the
BNT162b2 mRNA-based COVID-19 vaccine. Case Presentation: An 86-year-old man complained
of blurred vision and decreased visual acuity in his right eye 8 days after receiving the second
BNT162b2 mRNA-based COVID-19 vaccine and was referred to our hospital. He also had pain
with eye movement. Best corrected visual acuity (BCVA) in the right eye was 20/200 and critical
flicker frequency dropped to 16 Hz. Relative afferent pupillary defect was positive and central
scotomas were observed on visual field analysis. Fundus examination and SD-OCT revealed optic
disc swelling and apparent thickening of the retinal nerve fiber layer around the optic disc in the right
eye. Although either an increase in CRP or ESR on laboratory tests, demyelinating lesion on MRI, or
positive of anti-MOG antibodies or anti-AQP4 antibodies were not observed, fluorescein angiography
presented only hyperfluorescence of the optic disc in the right eye, but there were no findings such as
papillary deficiency and choroidal delay that would suggest ischemic optic neuropathy. We diagnosed
atypical optic neuritis developed after the SARS-CoV-2 mRNA-based vaccination and initiated oral
corticosteroid therapy. One month later, the optic disc swelling disappeared and BCVA improved to
20/100; however, the central scotoma remained and no further improvement in visual function OD
was obtained. Conclusions: An atypical acute idiopathic optic neuritis can occur after receiving the

) second vaccination with BNT162b2, which may present a limited response to corticosteroid therapy.
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Coronavirus disease 2019 (COVID-19) remains rampant worldwide, with the develop-
ment of vaccines against the causative virus severe acute respiratory syndrome coronavirus
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Received: 18 August 2022 2 (SARS-CoV-2) progressing rapidly with an urgent demand. Several vaccines have been
Accepted: 16 September 2022 approved for emergency use for the prevention of COVID-19, though critical adverse events
Published: 20 September 2022 of the vaccines have not been fully investigated.
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with regard to jurisdictional claims in ~ COVID-19 vaccination have been reported [1-6], while a complication of optic neuritis
published maps and institutional affil- (ON) is also known [7-10]. Although idiopathic ON after COVID-19 vaccination is also
iations. reported [11-15], those visual prognoses are generally favorable. We report a case of

atypical unilateral ON after receiving the BNT162b2 mRNA-based COVID-19 vaccine, in

which the recovery of visual functions was restricted despite corticosteroid therapy.
BY
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Licensee MDPI, Basel, Switzerland. An 86-year-old man who complained of blurred vision and decreased visual acuity

in the right eye visited a local eye clinic. This patient had received the second dose of the
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BNT162b2 mRNA-based COVID-19 vaccine 8 days before the onset of his ocular symptoms.
conditions of the Creative Commons . . . . .
Since the patient was also aware of pain with eye movement, he was referred to our hospital
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such as flu-like symptoms before vaccination. At presentation, the best-corrected visual acu-
ity (BCVA) was 20/200 in the right eye (OD) and 20/20 in the left eye (OS), with intraocular
pressure (IOP) 14 mmHg OD and 15 mmHg OS. Critical flicker frequency (CFF) was 16 Hz
OD and 47 Hz OS. Relative afferent pupillary defect (RAPD) OD was observed and fundus
examination revealed optic disc swelling OD (Figure 1A,B). Fluorescein angiography (FA)
OD showed only hyperfluorescence of the optic disc (Figure 1C,D), with no findings such
as papillary filling deficiency and choroidal delay that would suggest ischemic optic neu-
ropathy. Humphrey’s visual field analysis (HFA) and spectral domain optical coherence
tomography (SD-OCT) OD revealed central scotomas (Figure 1E,F) and apparent thicken-
ing of the retinal nerve fiber layer (RNFL) around the optic disc (Figure 2). Alternatively,
laboratory tests including erythrocyte sedimentation rate (ESR) and C-reactive protein
(CRP) indicated no abnormal values. Anti-myelin oligodendrocyte glycoprotein (MOG)
antibodies or anti-aquaporin 4 (AQP4) antibodies were also examined by commercial-based
cell-based assays (CBAs) using live transfected cells, but were negative. Intracranial mag-
netic resonance imaging (MRI) indicated neither a contrast-enhanced effect of gadolinium
on the optic nerve nor abnormalities such as demyelinating lesions. Non-arteritic anterior
ischemic optic neuropathy (NA-AION) was suspected based on the patient’s age and his
medical history of arrhythmia; however, FA findings and HFA results were consistent with
acute idiopathic optic neuritis OD, contrary to NA-AION. Since the patient had received
the second BNT162b2 mRNA-based COVID-19 vaccine 8 days before the onset of ocular
symptoms OD, a side effect of the COVID-19 vaccine was suspected to be the possible
cause. Considering the patient’s advanced age, methylprednisolone pulse administration
was avoided and oral corticosteroid therapy was initiated from 0.6 mg/kg. One month
later, although the optic disc swelling OD had gradually resolved (Figure 3A,B) and BCVA
OD had improved to 20/100, the central scotoma remained (Figure 3C,D) and no further
improvement in visual function OD was obtained. There was no inflammation in the left
eye during these events.

Figure 1. Cont.
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Figure 1. (A,B) color fundus photographs of the right eye (A) and left eye (B) 8 days after receiving
the second COVID-19 vaccination. (C,D) fluorescein angiography findings in the right eye (C) and
left eye (D) at the late stage. (E,F) Humphrey’s visual field analysis of the right eye (E) and left eye (F).
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Figure 2. Retinal nerve fiber layer thickness around the optic nerve head of the right eye (OD) and
left eye (OS) measured by spectral domain optical coherence tomography.
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Figure 3. (A,B) color fundus photographs of the right eye (A) and left eye (B) 1 month after receiving
the second COVID-19 vaccination. (C,D) Humphrey’s visual field analysis of the right eye (C) and
left eye (D).

3. Discussion

Optic neuropathy is suspected as one of adverse events of the COVID-19 vaccine,
which includes ON associated with or without demyelinating CNS diseases [7-16],
NA-AION [17-24], and NMOSD [8,9]. Lotan et al. reviewed 14 case reports and 2 case
series by electronic searches of the published literature regarding neuro-ophthalmological
complications of COVID-19 vaccines and reported that optic neuritis was the most common,
occurring in 61 of 76 cases (80.3%) [25]. We reviewed the previous reports of newly onset
optic neuropathy after receiving COVID-19 vaccines and compared clinical manifestations,
management, and outcomes in Table 1. The onset after receiving COVID-19 vaccines
ranged from 1 day to 3 weeks, in which 7 of all 26 cases (26.9%) were associated with
relapsing-remitting multiple sclerosis (RRMS) or NMOSD, with 10 cases (38.5%) idiopathic
ON. High-dose pulse steroid therapy was useful in most cases and their visual prognosis
was favorable. Although visual acuity was not fully recovered in 3 cases [13], those were
not as high as in this case. NA-AION was also reported in 8 cases (30.8%), with ON
suspected in some cases.

151



Vaccines 2022, 10, 1574

Table 1. Published cases reports of optic neuropathy after receiving COVID-19 vaccines.

. .. Time between Final
Author Age (Sex) M?dlcal Clmlca.l Diagnosis Vaccine Vaccination Treatment Visual
(Year) History Presentation .
and Symptoms Acuity
1000 mg/day
mRNA intravenous
69 Bilateral vision  Bilateral optic (Pfizer- methylpred-
A G P yip
1 E}iﬁ?}ﬂ.y (female) None loss neuritis BioNTech) 16 days nisolone Stable
(2021) [11] 2nd dose (IVMP) for
5 days,
Viral vector
. . o 1000 mg/day
32 Blurred vision ~ Optic neuritis (Oxford—
(female) None oS oS AstraZeneca) 5 days IVMP for 20/20
3 days
1st dose
. Bilateral .
2 I—I\I/[er}jq%ue 32 N Vision loss and ~ optic neuritis Il(i;c tlvate)d 12h 10;)\91\13111?? day 20/20 OD
| -ever (female) one pain OS and novac or 20/25 OS
(2021) [16] thyroiditis 2nd dose 5 days
Non-arteritic
anterior
Rika 55 Visual field ischemic I('I;Ei?
3 Tsukii None . optic . 7 days No treatment 20/20
(female) disturbance OD BioNTech)
(2021) [17] neuropathy Istd
(NA-AION) stdose
OD
Valentina Middle- Bilateral Bilateral opti Vzga)l( fv ifitfr 1000 mg/day
4 Arnao age None blurred vision atera’ Optic o 14 days IVMP for Recovered
(2022) [14] (female) and pain neuritis Asira%ieneca) 5 days
st dose
1 Blurred vision Obtic neuriti Inactivated 800 mg/day
5 Jiajun (female) None OD with ocular P COSU S (Sinopharm) 3 weeks IVMP for 20/20
Wang rotation pain 2nd dose 3 days
2022) [12 i
( )2l 38 Blurred vision ~ Optic neuritis It}actlvated 1000 mg/day
None (Sinopharm) 3 weeks IVMP for 20/20
(female) OD OD
. . V.1stl dose 1008 day/scl
rogressive . i iral vector mg/day
6  Madhurima ( feriille) None blurring of Optlcggurltls (Covishield) 9 days IVMP for 20/40
Roy (2022) vision OS 1st dose 3 days
1l 48 Pi;rcliliz Optic neuritis Viral vector 1000 mg/day
None | gradu p (Covishield) 5 days IVMP for 20/30
(female) diminution of (6]
vision OS 2nd dose 3 days
. .. . . Viral vector .
40 (male) None Bl.urrmg vision Bllatera% (?pth (Covishield) 12 days Steroid 20/30 OD
in both eyes neuritis 1 therapy 20/40 OS
st dose
New onset
relapsing-
. - mRNA 1000 mg/day
7 Mahsa ( feri(;le) None ?;;rezli\r?g%n 1§11111111tt;arlleg (Moderna) 14 days IVMP for -
Khayat- b P 2nd dose 5 days
Khoei sclerosis
(2022) [7] (RRMS) mRNA
Vision changes Multiple (Pfizer- 1000 mg/day
64 (male) RRMS and pain OgD sclerosis (MS) BioNTech) 1 day IVMP for -
b exacerbation 3 days
2nd dose
mRNA
33 (male) none Blurred vision New onset (Pfizer- 1da 101()\9&1%?;?}’ )
0s RRMS BioNTech) y
2nd dose 3 days
clinically
isolated
48 mdee-li— Pain OD, Conversion I&lﬁiﬁ 1000 mg/day
(female) na}t]in Lhermitte’s, from CIS to BioNTech) 15 days IVMP for -
& balance/gait RRMS 3 days
syn- 1st dose
drome
(CIS)
Christian .
. . . o Viral vector 1000 mg/day
3 Garcia- 19 None V151on. lossand  Optic neuritis (Janssen) 1st 1 week IVMP for 20/20
Estrada (female) pain OS oS
dose 5 days

(2022) [15]
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Table 1. Cont.

. .. Time between Final
Author Age (Sex) M.edlcal Clmlca.I Diagnosis Vaccine Vaccination Treatment Visual
(Year) History Presentation .
and Symptoms Acuity
Neuromyelitis
Yelda Yildiz Graves’ Ocular pain s ()ez}:?rcljlm Inactivated 1000 mg/day
9  Tasc (2022) 32 (male) di and blurred P (Sinovac) 14 days IVMP for 20/20
[8] 1sease vision OD disorders 1st dose 5 days
(NMOSD)
OD
Bilateral vision
loss and Viral vector 20/16
Sai A Na- subjective color Bilateral (Oxford— 1000 mg/day oD
10 garatnam 36 (female) None desaturation, o tican:uiitis AstraZeneca 14 days IVMP for 20/20
(2022) [10] painful eye P ChAdOx1) 3 days o8
movements 1st dose
and fatigue
Systemic .
Bader lupus Iiagsilri:rﬁz ?;EZ?_ 1000 mg/day
11 Shirah 31 (female) erythe- NMOSD OSs . 14 days IVMP for -
and blurred BioNTech)
(2022) [9] matosus .. 2 days
(SLE) vision OS 2nd dose
Viral vector
Wen-Yun Hypertension . ) (Oxford— Oral
12 Lin(2022) 61 (female) and hyper- Blurre(;lsvmlon NA OASION AstraZeneca 7 days prednisolone 20/80
[18] lipidemia ChAdOx1) 60 mg/day
2nd dose
Abdelrahman mRNA Oral
M - NA-AION (Pfizer- .
13 Elhusseiny 51 (male) None Vision loss OS 05 BioNTech) 1 day precllmsonfh 20/400
(2022) [19] 2nd dose over L mon
mRNA
(Pfizer-
Suspected BioNTech) 20/20
14 Sonia 53 (male) None Bllatefal vision bilateral 1st clI(;sl\eI AOD 17Oc(1jlays /;ggtazo}a:imlde 28)/]?10
Valsero 0ss NA-ATON mR ays mg/day
Franco (Pflzer—h : (O8]
BioNTec
2022) [20
( ) [20] 2nd dose OS
Arterial Blurred vision Suspected ?l'l’lszNef—
65 (male) hyp.erten- oD NA-AION BioNTech) 12 days No treatment 20/200
sion OD
1st dose
Snezhana Arterial mRNA Vasodilators
Visual NA-AION (Pfizer- and
15 (%gg%o[;f 1 45 (male) hylso i(;rrtlen- disturbance OD OD BioNTech) 10 days anti-platelet 20/20
2nd dose therapy
Viral vector
Seung Ah Sudden inferior NA-AION (Oxford- 1000 mg/day
16 Chung 65 (female) None visual field loss oD AstraZeneca 15 days IVMP for 20/200
(2022) [22] OD ChAdOx1) 3 days
2nd dose
B vin i Wpand
17 Caliskan 43 (female) None . . NMOSD OD . 1 day plasma -
(2022) [23] associated pain BioNTech) exchange
OD 2nd dose &
Non-
arteritic
anterior
Srinivasan ischaemic Viral vector Oral aspirin
18 Sanjay (F i?ls] ) opticneu-  Vision loss OS NA-éXSION (Covishield) 4 days 75 mg for 20/20
(2022) [24] emate ropathy 1st dose 1 month
(NA-
AION)
OD
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Clinically, it is often challenging to differentiate ON from NA-AION, with the diagnosis
usually based on the patient’s background, clinical findings, and multimodal images. In this
case, NA-AION OD was primarily suspected based on the medical history of arrhythmia,
the patient’s age, negative result for anti-MOG or anti-AQP4 antibodies, no elevation
of ESR or CRP, and no associated neurological signs or abnormalities on an intracranial
MRI. However, FA presented only hyperfluorescence of the optic disc, without papillary
filling deficiency or choroidal delay suggesting AION was negative. In addition, visual
field test results provide the critical clue of the diagnosis. It is well known that central
scotomas are highly characteristic of ON, while an inferior altitudinal defect along the
horizontal meridian, particularly in the nasal periphery, is characteristic of AION [26].
Although a worse visual outcome in this case is also differentiating features of NA-AION,
eye movement pain, FA findings, and central scotomas without the horizontal meridian
led us to diagnose acute ON rather than NA-AION.

Hypotheses indicating a causal relationship between COVID-19 vaccination and
ON are yet to be proved, but the close temporal association between symptom onset
and vaccination strongly supports that possibility. BNT162b2 is a nucleoside-modified
mRNA vaccine, which is translated into the SARS-CoV-2 spike protein by the host’s
ribosomes, followed by antigen processing and presentation to local immune cells for
subsequent neutralizing antibody production and T-cell-mediated immune response [27].
Since there have also been several reports regarding optic neuritis developed after SARS-
CoV-2 infection, we speculate that adverse events after receiving the COVID-19 vaccine are
probably attributed to the adaptive immune response evoked by the vaccination, and/or
the spike protein itself.

The autoimmune mechanism evoked by molecular mimicry of viral proteins and the
immunological involvement of adjuvants have been suggested to underlie the development
of ON following COVID-19 vaccination [7,28]. Visual prognosis of ON associated with
RRMS or idiopathic ON with autoimmune nature is generally favorable by high-dose pulse
steroid therapy. The reasons for the inadequate recovery of visual function in this case
are speculated to be the avoidance of methylprednisolone pulse administration due to the
patient’s advanced age and the impairment of tissue repair associated with aging.

In conclusion, we encountered a case of unilateral atypical ON occurring af-
ter the second BNT162b2 mRNA-based COVID-19 vaccination. Warnings should be
given to ophthalmologists and physicians about the risk of atypical optic neuritis after
COVID-19 vaccination.
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