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ABSTRACT

The COVID-19 pandemic has led to the development and rollout of several vaccines worldwide at unprecedented pace. This systematic
review of published literature has been undertaken to spread awareness among general physicians and ophthalmologists about
the various reported adverse effects in the eye following COVID-19 vaccination. A systematic search was performed on 25 January
2022 through PuBMed, Medline and Google scholar for publications on ocular adverse effects after COVID-19 vaccination. One brief
communication, four retrospective case series, sixteen case reports, and five letters to editors were included. Ocular manifestations
most commonly appear in the uvea and retina. Other manifestations are seen on the eyelid, cornea and ocular surface, and in
cranial nerves innervating the eye. The incidence rate of these manifestations is quite low after COVID-19 vaccinations. Our
systematic review meticulously enumerates various adverse effects of COVID -19 vaccine on the eye. Most of these adverse effects
are transient and observed to resolve without any sequelae except for cases of retinal and ophthalmic vascular occlusions and
corneal graft rejections. An emphasis on close follow-up and a need to delay vaccination and modified therapy to control flare up
of signs and symptoms in certain sub-populations, Graves’ disease (autoimmune etiology), pre-existing uveal inflammation and
corneal graft cases are warranted. We need long-term, larger, multicentric studies to substantiate our findings and establish the
causal relationship with certainty. Mass vaccinations to curb this pandemic after outweighing the ocular risks associated with it
is warranted.
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BBIBPCorV is an inactivated virus COVID-19 vaccine developed
by Sinopharm.

Few other vaccines approved are as follows:

Sputnik V is an adenoviral-based vaccine produced in Russia
initially.

mRNA1273 is developed by Moderna Inc.

Ad26.COV2. S is a non-replicating viral vector vaccine developed
by Janssen, Johnson & Johnson.

BBV152 (COVAXIN) is an inactivated vaccine developed by
Bharat Biotech, India.

CoronaVac is an inactivated vaccine produced by Sinovac in
China.

The latest vaccine added to the list, NVX-CoV2373, is a protein
subunit vaccine, developed by Novavax. The efficacy of vaccines
has been found to be 94%-95%." As the data from all over the
world is pouring in, several adverse events, including ophthalmic
manifestations, of these vaccines are being reported. In this
review, we analyze reported ophthalmic side effects of these
vaccines.

Materials and Methods

The Preferred Reporting Items for a Systematic Review and
Meta-Analyses (PRISMA) was used as a guideline.!”

Search strategy

A systematic search was done through a computerized search
on PubMed or Medline and Google Scholar on 25 January
2022 by two independent researchers (S.K and R.A). The
following keywords: (“COVID-19” OR “SARS-COV-2” OR
“coronavirus”) AND “vaccination” AND “ocular adverse
effects” AND (“eye” OR “eyelid” OR “cornea” OR “uvea” OR
“retinopathy” OR “neuropathy”) were searched. Articles were
screened for relevance. Few reference articles of these were
further looked for thorough information.

Inclusion criteria

Articles such as original research, case series, case reports,
letters to editors on ocular adverse effects after receiving
COVID-19 vaccine were included using the aforementioned
search engines.

Full-text articles were selected. Articles in the English language
were only selected.

Exclusion criteria

All those studies, reporting events not affecting eye, post
vaccination wete excluded.
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Duplicate, literature reviews, systematic review or commentaries
though relevant, were not included.

A PRISMA flowchart is depicted in Figure 1. A total of 285
articles were screened using PubMed or Medline, and Google
Scholat. The Centers for Disease Control and Prevention (CDC),
the World Health Organization (WHO) and the Ministry of
Health and Family Welfare (MoHFW) websites were searched
for different vaccines. On further assessment, 25 duplicate articles
were excluded. Similar articles listed below each study were also
searched to assess diverse ocular adverse events. Abstracts of 285
articles were screened. One hundred sixty articles were excluded
because of non-relevance. Thirty-one abstracts were excluded as
these couldn’t be accessed. Twenty-seven full-text articles from
cross reference were excluded though relevant portions from
these cross references were mentioned in this article. Ultimately, 64
full-text articles were evaluated. Thirty-eight full-text articles were
excluded as primary objectivity was not met with. Out of these 38
full-text articles, a proposed guideline was used from one, though
the study was not included in our review. Our primary objective
was to include as many diverse ocular adverse events of COVID-19
vaccine and to keep similar ocular adverse events to a minimum.
Finally, 26 full-text articles were included in this systematic review.

Extraction of data and analysis

From each included report, the type of ocular adverse event was
analyzed. An ocular adverse event was any adverse event reported
inany part of the eye, ocular adnexa, orbit, nerves innervating eye
and its surrounding muscles, and vision after receiving COVID-19
vaccine shot. Age, sex, type of vaccine, dose (1% or 2*), interval
between vaccine shot and appearance of ocular symptoms and
outcome were mentioned in the results section of this review.

Quality rating of each study was done according to Quality Rating
Scheme for Studies and Other EvidenceP and the Centre for
Evidence-based Medicine, Oxford.’)

Statistical analysis

The statistical analysis was performed using the Chi-squared and
Fisher’s exact tests. The continuous variables were expressed as
mean while categorical variables were expressed as a percentage.
A Pvalue less than 0.05 was considered statistically significant.

Results

Most of the adverse effects in the eyes post COVID-19
vaccination are secondary to the immune dysregulation triggered
by the antigens associated with the respective vaccines. Depending
on the clinical site, the patient’s predisposition to a particular
immune disorder and some yet unknown factors, these adverse
reactions have varied clinical presentations in different patients.

Demographic characteristics of patients

A total of 145 patients from 26 studies [Table 1] were included
in this review but individual data of 8 patients related to age and
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Figure 1: PRISMA flowchart for selection of studies

gender are missing in one study™l, and data of 4 patients are not
desctibed individually in another study. ! The propottion of male
patients was 42.85% and female was 57.14% [Figure 2]. The mean
age of the patients was 41.7 years with the youngest patient being
19 years of ageP and eldest being 83 years of agel' A total of 44
types of ocular adverse events were reported by authors from 26
of the included studies [Figure 3]. Ocular adverse events consisted
of eyelid edema and erythema, Purpuric lesions on the eyelid,
reactivation of herpes simplex keratitis, herpes zoster virus corneal
endotheliitis, acute graft rejection in a repeat penetrating keratoplasty
(PKP), dual graft rejection in post-PK, acute endothelial rejection
after Descemet's Membrane Endothelial Keratoplasty (DMEK),
reactivation of vogt-koyanagi-harada disease (VKH), anterior
uveitis, posterior uveitis, scleritis, bilateral choroiditis, toxoplasma
retinochoroiditis, pars planitis, retinal vasculitis, bilateral panuveitis
in new-onset Behcet’s disease, multiple evanescent white dot
syndromes (MEWDS), acute macular neuro-retinopathy, retinal
vein occlusions, non-arteritic ischemic optic neuropathy, activations
of quiescent choroidal neovascularization (CNV) secondary
to myopia or uveitis, central serous chorioretinopathy, bilateral
AAION, bilateral AZOOR, PAMM and AMN, disc edema and
CSCR, branch retinal arterial occlusion, combined arterial and
venous occlusion, venous stasis retinopathy, verve fiber layer
infarction, bilateral AMN, episcleritis, forme fruste of CSR, Bell’s
palsy, Abducens nerve palsy, optic neuritis, multiple cranial nerve
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palsies, Miller Fisher syndrome, bilateral supetior ophthalmic vein
thrombosis & I'TP & Ischemic stroke, thyroid eye disease (TED),
acute hemorrhagic conjunctivitis in a systemic lupus erythematosus
case. Some of these adverse effects were reported in many patients
in our study. Ocular adverse effects most commonly appear in
the posterior segment of eye, that is, uvea and retinal vasculature.

Characteristics of ocular adverse events post
COVID-19 vaccination, onset, duration, treatment
and outcome

Ocular adverse effects were described and reported in our study
based on different anatomical parts of the eye involved [Table 2].

Eyelid edema and erythema

Three patients presented with unilateral lid edema and
erythema, more in upper than lower, on day 1 or 2 following first
or second dose of Pfizer COVID-19 mRNA vaccine. They
had no other associated ocular, adnexal, or systemic findings.
These symptoms resolved fully in 1-2 days without any sequelae
with observation, antihistamines, and oral steroids, respectively.

Eyelid purpuric lesions

Three cases of localized purpuric and ecchymotic eyelid reaction
after administration of BNT162b2 mRNA COVID-19 vaccine
was teported.! The lesions appeated after a median of 14 days
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ocular adverse events after COVID-19 vaccination and proportion of
males/females in our study

ocular adverse events
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Figure 2: Compound bar diagram showing adverse events after
covid-19 vaccination in males and females

Relative proportion of ocular adverse events post COVID-19 vaccination
affecting different eye anatomy in included patients in our study
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Figure 3: Pie chart showing adverse outcome in eye after covid-19
vaccination

Distribution of different COVID-19 vaccines with different ocular
adverse effects based on eye anatomy involved in our study

m eyelid
m cornea/sclera/ocular surface

30 =uvea
25 wretina
20
15 mnerve
m vascular thrombosis

w others

ChAdOx1
BBV152
Coronavac

o~
Q
Y
©
-
=
z
o

m RNA-1273
Ad26COV2.5
BBIBP-Cor V

Inactive COVID-19 vaccine

Figure 4: Compound bar diagram showing adverse outcome in different
parts of eye with different types of COVID-19 vaccines

post injection. There were no symptoms. Spontaneous clearing
occurred after 10-15 days.

Herpes simplex keratitis or Herpes zoster corneal
endotheliitis

A 60- year-old woman complained of photophobia, deteriorating
vision and redness in her right eye after her first shot of inactivated
COVID-19 vaccines (Sinovac). Her symptoms started two days
after the dose. She had a history of corneal scarring for which
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she underwent penetrating keratoplasty (PKP) one year ago.
Herpes simplex keratitis was the underlying cause of scarring,
She was on topical steroids, tacrolimus and tear substitutes but
no anti-viral therapy. There was no recurrence after surgery till
she received the vaccine. A diagnosis of herpes simplex epithelial
keratitis was made. She was put on anti-viral. She responded to
it and received second dose of vaccine uneventfully.”!

Another patient, a 51-year-old man complained of blurred
vision and redness in his left eye. He had received his second
dose of inactivated COVID-19 vaccine a few days ago. He had
no history of ocular surgery. On examination, corneal edema,
Descemet fold, anterior chamber reaction and keratic precipitates
were noted. A diagnosis of herpes zoster corneal endotheliitis
was made after polymerase chain reaction test. He was put on
topical steroids, topical anti-viral and oral anti-viral, ganciclovir.
He responded to this treatment.”!

Corneal graft rejection

A 35-year-old male complained of diminution of vision in the
left eye within two days of COVID-19 vaccination (ChAdOx1,
viral vector vaccine). He had a history of repeat PKP of the same
eye. A diagnosis of acute graft rejection post vaccination was
made. An improvement of visual acuity and corneal graft clarity
was achieved with topical and systemic immunosuppression
therapy.["”

A 44-year-old woman presented with features of acute corneal
graft rejection after 25 years of corneal transplantation for
keratoconus. She had received BNT162b2 vaccine (Comirnaty,
BioNTech/Pfizer) 13 days ago. She was put under regular
follow-up. In a span of 6 months, the inflammation in the cornea
appeared twice. A diagnosis of biphasic corneal graft rejection
was established." Supplementation of Vitamin D was given in
view of deficiency in this case. She was put on standard regimen
of topical therapy as well.

A T71-year-old male patient had a Descemet membrane
endothelial keratoplasty (DMEK) procedure of the right eye for
endothelial decompensation post phacoemulsification surgery.
He had a history of coronary artery disease, high blood pressure
and smoking. He had no complaints for five months post surgery.
Afterwards, he got his first shot of the BNT162b2 mRNA
vaccine. After 7 days, he suddenly developed painless diminution
of vision in his right eye. Acute endothelial graft rejection was
diagnosed. He was put on topical steroid, dexamethasone,
two-houtly and oral antiviral, valacyclovir 1000 mg TID.['?

Uveal tissue inflammation
Reactivation of VKH

A 43- year-old woman had an episode of severe initial-onset Vogt—
Koyanagi—Harada (VKH) disease. Steroids and non-steroidal
immunosuppressants (mycophenolic acid and cyclosporine) were
used to control the disease process. Additional infliximab infusions
were also used as indocyanine green angiography (ICGA)
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Table 1: Data of ocular adverse events after COVID-19 vaccination

Study Type Age Sex and Vaccine Dose Duration between Diagnosis and Rating Outcome
(Mean and No. (n) Vaccine and Ocular Total No. of and No. of
Range) symptoms (Days) Cases (n) Cases (n)
Austria Letter to the  39.3 (32-43) F (3) BNT162b2 15t/20d 1-2 Eyelid edema and 5  Ful
et all editor erythema (3) Resolution (3)
Mazzatenta Letter to the 58 (44-67)  F (2) BNT162b2 1et/20d 10-25 Purpuric lesions on 5 Ful
et all editor M (1) eyelid (3) Resolution (3)
Li et all Case report ~ 55.5(51-60) F (1) Inactivated COVID 19 1%/2™ 2/NA Reactivation of herpes 5 Resolved (1)
M (1)  Vaccine (Sinovac) simplex keratitis (1) Reduced (1)
Herpes zoster virus
corneal endotheliitis (1)
Parmar Case report 35 M ChAdOx1 1+ 2 Acute graft rejection 5 Improved
et al.l"” in a repeat PKP (1)
Nioi et al' Case report 44 F  BNT162b2 1 13 Dual graft rejection 5  Resolved
in post-PK (1)
Crnej Letter to the 71 M BNT162b2 1+ 7 Acute endothelial 5  Resolved
et all" editor rejection after
DMEK (1)
Papasavvas  Case report 43 F BNT162b2 2nd 42 Reactivation of 5  Substantial
et all”! VKH (1) improvement
Testi et al!'"! Case series 51* (19-84) *F (35) BNT162b2 /20 1-14 Antetior uveitis (41) 4 Final vision not
*M (27) ChAdOx1 Posterior uveitis (9) affected (65)
m RNA-1273 Scleritis (7) <3 lines
BBIBP-CorV Others (13) affected (2)
BBV152 [70] >3 lines
affected (3)
Pan et all™  Case report 50 F  Inactivated COVID-19 NA 5 Bilateral 5  Improved
Vaccine choroiditis (1)
Bolletta Retrospective  49.8 (18-83) F (20) BNT162b2 1et/20d 1-30 Uveitis and other 4 Complete
et all') case series M (14) ChAdOx1 complications (34) resolution (24)
m RNA-1273 Significantly
Ad26COV2.S improved (4)
Partially
improved (4)
Mild
improvement (1)
No
improvement (1)
Maleki Case report 56 (33-79) F(2) BNT162b2 2nd 2-10 Bilateral AAION (1) 5 Under
et all mRNA-1273 Bilateral follow-up (2)
AZOOR (1)
Renisi Case report 23 M BNT162b2 2nd 14 Anterior uveitis (1) 5  Complete
et al.l"¥ resolution
Bohler Brief 27 F ChAdOx1 1~ 2 AMN (1) 5  Not mentioned
et all"! communication
Vinzamuri  Case report 35 M ChAdOx1 2nd 30 PAMM and 5  Slight
et al.? AMN (1) symptomatic
improvement
OCT-wise
improved
Lee et al”!!  Letter to the 41 F  ChAdOx1 1+ 2 Disc edema and 5  Resolved
Editor CSCR (1)
Girbardt Retrospective  46.5 (21-81) M (4)  BNT162b2 1t/20 2-12 Branch retinal arterial 4 Under
et al.? case series F (2 ChAdOx1 occlusion (1) follow-up
m RNA-1273 Combined arterial and
venous occlusion (1)
Venous stasis
retinopathy (1)
NAION (1)
Nerve fiber layer
infarction (1)
Bilateral AMN (1) (6)
Contd...
Journal of Family Medicine and Primary Care 5045 Volume 11 : Issue 9 : September 2022
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Table 1: Contd...

Study Type Age Sex and Vaccine Dose Duration between Diagnosis and Rating Outcome
(Mean and No. (n) Vaccine and Ocular Total No. of and No. of
Range) symptoms (Days) Cases (n) Cases (n)
Pichi et al®! Retrospective 414 M (3) ** BBIBP-CorV 1+ 1-10 Episcleritis (1) 1 case of AS
case series (30-55) Anterior scleritis (2) resolved **
AMN (2) 1 case of AMN
PAMM (1) resolved
Forme fruste of 1 case of
CSR (1) PAMM-result
@) Not mentioned
Colella Letter to the 37 M BNT162b2 1+ 5 Bell’s palsy (1) Facial mobility
et al?! editor partially
improved
Pawar et al. Case report 23 M ChAdOxl1 1 7 Abducens nerve Mobility
2 palsy (1) recovered to
near normal
Estrada Case report 19 F Ad26COV2S 1= 7 Optic Neuritis (1) Resolved
et al.”!
Tsukii Case report 55 F BNT162b2 1™ 7 NAION (1) Gradually
et al?! Improved
Manea Case report 29 M BNT162b2 1% 6 Multiple cranial Improved with
et al.”® nerve palsies (1) minimal facial
palsy persisting
Abici¢ Case report 24 F BNT162b2 1+ 18 Miller Fisher Clinically
et al.?! syndrome (1) improved
Bayas Case report 55 F ChAdOx1 1+ 10 Bilateral superior Under
et al.b ophthalmic vein Follow-up
thrombosis (SOVT),
ITP & Ischemic
stroke (1)
RubinsteinP!! Case report 50 F BNT162b2 2nd 3 Thyroid Eye Significant
Disease (TED) (1) improvement
Jin etal®  Case report 28 F  Inactive COVID-19 1% 3 Acute hemorrhagic Lesions faded

Vaccine

conjunctivitis

in a systemic lupus
erythematosus
case (1)

M, Male ; F, Female; NA, Not available ; N, Number of cases; AAION, Arteritic anterior ischemic optic neuropathy, AMN, Acute macular neuro-retinopathy, AZOOR, Acute zonal occult outer retinopathy, CSCR,
Central serous chorioretinopathy, CNV, Choroidal neovascularization, DMEK, Descemet membrane endothelial keratoplasty, I'TP, Immune thrombocytopenia, NATON, Non-arteritic anterior ischemic optic

neuropathy, MEWDS, Multiple evanescent white dot syndromes, PKP, Penetrating keratoplasty, PAMM, Paracentral acute middle maculopathy, SOV, Superior ophthalmic vein thrombosis, VKH, Vogt-Koyanagi-
Harada disease, TED, Thyroid eye disease. *missing data for 8 cases in age and gender **4 cases not described

which showed the persistence of subclinical choroiditis. There
was no inflammation, no subclinical disease and absence of
sunset glow fundus under infliximab therapy alone for the last
6 years. However, the second dose of Pfizer anti-SARS-CoV-2
vaccination led to severe resurgence after 6 weeks with exudative
retinal detachments. Oral prednisone (1 mg/kg) and a new
loading scheme of infliximab therapy were started to control

the disease process.!!

Anterior Uveitis or Posterior Uveitis or Scleritis

Seventy patients, at 40 multinational centers over a duration of
3 months complained of ocular inflammatory events within
14 days after COVID-19 vaccination. Most commonly reported
cases were as follows:- Anterior uveitis (41), Posterior Uveitis (9),
Scleritis (7). The data related to age and gender were missing in
8 cases. The mean time between onset of inflammation and first
dose of vaccination was 5 days while it was 6 days in case of
second dose. Previous episodes of ocular inflammatory events

Journal of Family Medicine and Primary Care

were seen in 36 patients. Topical corticosteroids were used in most
of the patients. Sixty-five patients had unaffected final vision,
whereas 5 patients had reduced visual acuity. Nummular corneal
lesion in one patient, cystoid macular edema in two patients and
macular scarring in two patients were seen. Although the causality
was not proven, a temporal association is suggested between
vaccination and ocular events. Most of the inflammatory episodes
were mild and visual outcome was good. The most common
ocular inflammatory event observed after COVID-19 vaccination
was anterior uveitis. More than 50% of these patients had similar
episodes in the past. The Pfizer vaccine was most commonly
associated with these inflammatory events. This association was
probably related to the number of the administered doses.™!

Bilateral posterior uveitis (Choroiditis)

A 50-year-old woman presented with bilateral blurred vision and
visual distortion five days after vaccination with the inactivated
COVID-19 vaccine. She was diagnosed with bilateral posterior
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Table 2: Data of no. of patients affected based on eye
anatomy involved post COVID-19 vaccination

Ocular Adverse Events Based on
Eye Anatomy Involved Following
COVID-19 Vaccination

No of patients

in each category Patients

of ocular adverse
event based on
eye anatomy

No. of

in Our
Study

Eyelid
Eyelid edema and erythema
Purpuric lesions on eyelid
Cornea, Ocular surface, Sclera
Herpetic keratitis
Reactivation of herpes simplex keratitis
Herpes zoster virus corneal endotheliitis
Acute graft rejection in repeat PKP
Dual graft rejection in post-PK
Acute endothelial rejection in DMEK
Scleritis
Episcleritis
Uvea
Anterior uveitis
Pars planitis
Reactivation of VKH
AZOOR
Bilateral choroiditis
Toxoplasma retinochoroiditis
Bilateral pan uveitis in Bechet’s disease
Posterior uveitis
Retina
Retinal vasculitis

Multiple evanescent white dot syndromes

Acute macular neuro-retinopathy
Bilateral AMN
PAMM and AMN
PAMM
CSCR
Forme fruste of CSR
CSCR and disc edema
Retinal vein occlusion
Combined arterial and venous occlusion
Venous stasis retinopathy
BRAO
Activation of quiescent CNV secondary
to myopia or uveitis
Nerve
NAION
AAION
Nerve fiber layer infarction
Bell’s palsy
Abducens palsy
Optic neuritis
Multiple cranial nerve palsies
Miller Fisher syndrome
Vascular thrombosis
Bilateral superior ophthalmic vein
thrombosis, I'TP and ischemic stroke
Others
TED
Acute hemorrhagic conjunctivitis in a
systemic lupus erythematosus case
Others

[SUI \S}

W = s U1 e e e e e

Y N oY

13

20

67

26

10

15
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uveitis (choroiditis). Upon administration of local and systemic
steroids, the symptoms improved markedly 5 weeks later.['”
Reactivation of prior infection or inflammation

At an ocular immunology unit in Italy, episodes of ocular
inflammation and reactivation in patients after COVID-19
vaccination between January 2021 and October 2021 were
analyzed. Three herpetic keratitis, two anterior scleritis,
five anterior uveitis (AU), two pars planitis, three multiple
evanescent white dot syndromes (MEWDS), two VKH disease
reactivations, three toxoplasma retinochoroiditis, two retinal
vasculitis, one bilateral panuveitis in new-onset Behcet’s disease,
one acute macular neuro-retinopathy (AMN), five retinal vein
occlusions (RVO), three activations of quiescent choroidal
neovascularization (CNV) secondary to myopia or uveitis, one
central serous chorioretinopathy (CSCR), and one non-arteritic
ischemic optic neuropathy (NAION) were recorded. Mean
duration between vaccination and onset of ocular complication
was 9.4 days (range 1-30 days). Twenty-three cases post
BNT162b2 mRNA vaccination, seven post ChAdOx1 nCoV-19
vaccination, three post mRNA-1273 vaccination, and one post
Ad26.COV2 vaccination were noted. Most of the patients
developed ocular complications after the second dose of the
vaccine.l"’]

AZOOR and AAION

A 79-year-old female complained of sudden loss of vision in
both eyes. She received the second shot of recombinant mRNA
vaccine (Pfizer) two days ago before loss of vision. A diagnosis
of bilateral arteritic anterior ischemic optic neuropathy (AAION)
was established after temporal artery biopsy. She was put on
subcutaneous tocilizumab 162 mg weekly. Her ESR, CRP, and

IL-6 were monitored regularly.!'”

A 33-year-old healthy female, after receiving the second shot of
recombinant mRNA vaccine (Moderna) 10 days ago, turned up
with a progressive nasal field defect in the left eye and flashes
in both eyes. High ESR (25) and CRP (19) levels were recorded
on laboratory investigation. A diagnosis of unilateral acute zonal
occult outer retinopathy (AZOOR) in her left eye was established.
An intravitreal dexamethasone was implanted in the left eye.['”

Anterior uveitis

A 23-year-old male presented with red eye, pain and photophobia
and diminution of vision in left eye after receiving his second
dose of BNT162b2 vaccine 14 days ago. The ocular inflammatory
signs disappeared and vision was completely restored after a
10-day treatment course of topical steroids and cycloplegic eye
drops.['*¥

Retinopathy
AMN

A 27-year-old female complained of disturbances in vision in her
left eye. She had flu-like symptoms on the day of vaccination with
the first shot of the AstraZeneca vaccine. Resolution of symptoms
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happened two days later. It was followed by appearance of a left
paracentral scotoma. Her best-corrected visual acuity (BCVA)
was 20/20. She was on oral contraceptive (combined ethinyl
estradiol and desogestrel). A paracentral scotoma in the upper
temporal quadrant of the left eye was noted on threshold
perimetry. Fundus examination of the left eye showed a
teardrop-shaped macular lesion nasal to the fovea. It was better
depicted on ocular coherence tomography (OCT). A diagnosis
of acute macular neuro-retinopathy (AMN) was established.!"”!

PAMM and AMN

A 35-year-old male patient complained of blurred vision and
black spots in the visual field. He had taken the second dose
of Covishield vaccine one month ago. His vision was 6/6 in
both eyes. On examination, normal findings were seen in both
anterior and posterior segments. Optical coherence tomogram
depicted multiple hyperreflective lesions in the nerve fiber layer
with back shadowing. OCT further showed hyperreflective
spots in the ganglion cell layer and an intact inner segment/
outer segment junction and outer plexiform layer with focal
loss of external limiting membrane. A diagnosis of paracentral
acute middle maculopathy (PAMM) and acute macular
neuro-retinopathy (AMN) was established. He was put under

observation.*’l

Disc edema and CSCR

A 41-year-old female complained of blurred vision in the right
eye and a defect in inferior visual field in the left eye. She had
her first COVID-19 vaccine (Vaxzevria) two days ago. She had
no systemic disease. Vision was 20/20 and 20/30 in the right
and left eye, respectively. Disc edema in the right eye and a
dome-shape serous detachment over the upper arcade in the left
eye were detected on fundus examination and fundus fluorescein
angiogram (FFA). With a diagnosis of idiopathic optic disc edema
in the right eye and central serous chorioretinopathy (CSCR) in
the left eye, she was put under regular follow-up without any
invasive treatment. A complete resolution was seen in both eyes
at three months follow-up.”!!

Retinal vascular events

Six patients reported different retinal vascular events after receiving
vaccination with the mRNA vaccine Comirnaty® (BioNTech®),
the mRNA vaccine Spikevax® (Moderna®), and the
adenoviral-vectored vaccine ChAdOx1 nCoV-19 (AstraZeneca®).

A 38-year-old healthy male patient was diagnosed with branch
retinal arterial occlusion four days after receiving his second shot
of Comirnaty®. An 81-year-old female patient presented with
combined arterial and venous occlusion in her right eye twelve
days after the second shot of Comirnaty®. A 40-year-old male
patient presented with venous stasis retinopathy in his left eye
five days after his first shot of Comirnaty®. A 67-year-old male
presented with non-arteritic anterior ischemic optic neuropathy in
his right eye four days after getting the first shot of Vaxzevtia®.
A 32-year-old man was diagnosed with circumscribed nerve
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fiber infarction two days after receiving the second shot of
Spikevax®. A 21-yeat-old female patient presented with bilateral
acute macular neuro-retinopathy three days after getting the first
shot of Vaxzevria®.?

A tertiary referral center from Abu Dhabi reported ocular
complications within 15 days following administration of first of
two doses of inactivated COVID-19 vaccine [Sinopharm]. One
episcleritis, two anterior scleritis, one paracentral acute middle
maculopathy, two acute macular neuro-retinopathy and one
subretinal fluid (forme fruste of central serous chorioretinopathy)
wete recorded post vaccination.!

Neuropathy
Bell’s Palsy

A healthy 37-year-old white Caucasian male received the first
injection of the mRNA Vaccine BNT162b2 on 8 January
2021. From the 11™ he started complaining of left-sided
latero- cervical pain irradiating ipsilaterally to the mastoid, ear,
and retro-maxillary region. On 13 January, he presented with a
left-sided facial droop accompanied by reduced mobility (paresis).
On examination, flattening of forehead’s skin and marionette
line (labial-buccal sulcus) ipsilaterally, mild fattening of the
nasolabial fold, lagophthalmos and mild labial hypomobility were
recorded. This was accompanied by a moderate Bell’s sign. It
was clinically diagnosed as Bell’s palsy. The timing and mode of
onset of the palsy strongly suggests that it was associated with
BNT162b2 vaccine injection though a causal relationship could
not be established.!

Abducens nerve palsy

A healthy 23-year-old male suddenly developed double vision
along with severe headache. He had received his first shot of
COVID-19 vaccine (Covishield) one week ago. His BCVA
remained unaffected. On cover test, a 40 PD left esotropia was
noted along with limited abduction of the left eye. Two similar
episodes had happened in the past. The first episode of the left
eye sixth nerve palsy occurred five years ago following a fever.
Complete resolution took place in two months after Botox
injection in medial rectus of the left eye. After two years of
this episode, the second episode in the left eye happened after
chickenpox infection. This time resolution period was of three

months.?

Optic neuritis

A 19-year-old female developed optic neuritis after single dose
of Ad26.COV2. S vaccine 1 week ago. It responded to steroid
therapy. On evaluation, left amaurosis, afferent pupillary defect
and papillitis on fundoscopy of the left eye were noted. It was
clinically diagnosed as inflammatory optic neuritis.

Non-arteritic anterior ischemic optic neuropathy

A 55-year-old woman complained of disturbance in the inferior
visual field of the right eye for four days. She had the first shot of
Pfizer-BioNTech COVID-19 vaccine seven days ago. A diffuse
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swelling, more prominent above, of the optic disc, was seen in
the right eye on fundus examination. An infetior altitudinal visual
field defect with I/2 isopter was noted on Goldmann visual field
testing in the right eye. Non-arteritic anterior ischemic optic
neuropathy (NA-AION) was diagnosed despite of the absence
of a typical complete infetior visual field defect.’!

Multiple cranial nerve palsies

A 29 -year- old immunocompetent male presented with
double vision and Bell’s palsy six days after getting first shot
of Pfizer-BioNTech COVID-19 vaccine. On neurological
examination, multiple cranial nerve palsies on left side were
noted. He had partial 3" nerve palsy (with no ptosis), partial
6™ nerve palsy, hypoesthesia in middle and lower 5® nerve
distribution and 7™ netve palsy. CSF cytology and biochemical
analysis and serial Gadolinium-enhanced MRI were done. It
ruled out any tumor, vascular cause or demyelinating disease.
Screening for autoimmune disease, systemic inflammatory
disease and granulomatosis was negative. Tuberculosis was ruled
out. Gadolinium-enhanced magnetic resonance imaging (MRI)
showed enhancement of 7%, 5" and 3™ nerve. Symptoms
responded to 1 g of methyl prednisolone for 5 days. After
1 month, only minimal 7™ nerve palsy was obsetrved.

Miller Fisher syndrome

A healthy 24 -year- old female complained of binocular
horizontal diplopia. She had her first shot of Pfizer COVID-19
vaccine 18 days ago. Anti-GQ1b antibody was positive on
anti-ganglioside testing. A patient of acute ophthalmoplegia
is tested for this. Its titer is an indicator of clinical severity
particularly for ophthalmoplegia. Miller Fisher syndrome is a
variant of Guillain-Barre syndrome seen rarely. Itis characterized
by a triad of areflexia, ataxia and ophthalmoplegia. After treating
with intravenous immunoglobulins for five days (2 g per kg of

body weight), clinical improvement was seen in three weeks.*!

Superior ophthalmic vein thrombosis

A 55-year-old woman was admitted with conjunctival congestion,
double vision, and retro- orbital pain after receiving her first shot
of vaccine, ChAdOx1 nCoV-19, ten days ago. She had flu-like
symptoms and fever on the night after vaccination. She had
similar symptoms seven days later. On examination, binocular
diplopia was noted at vertical and right lateral gaze. Bilateral
visual acuity was 0-85. No contrast filling, bilateral high T2
signal intensity of the superior ophthalmic vein was detected
on MRI leading to a diagnosis of Superior ophthalmic vein

' Secondary immune thrombocytopenia (ITP) was

thrombosis.!
confirmed on laboratory investigations. She was on heparin, still
she developed ischemic stroke with complaints of a transient,
mild, right-sided hemiparesis, and aphasia. MRI findings
were consistent with the diagnosis. Thus, after receiving the
ChAdOx1nCoV-19 vaccination, the previously healthy patient
developed marked flu-like symptoms, two rare disorders-bilateral
superior ophthalmic vein thrombosis (SOVT) and I'TP, and an

ischemic stroke. A causal relationship was indicated.
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Thyroid eye disease

A 50 -year- old female complained of blurred vision, watering,
irritation, pain and bulging out of both eyes, left more than
right, for two months. These symptoms started three days
after getting her second shot of BNT162b2 vaccine. She had a
history of controlled Graves’ disease with no ophthalmopathy.
On presentation, positive clinical signs (clinical activity score 5),
elevated thyroid stimulating immunoglobulin levels, enlarged
inferior and medial recti muscle (left more than right) on
CT scan of orbit established a diagnosis of Thyroid Eye
Disease (TED). Intravenous Teprotumumab was administered.
After getting the second dose, relieve in congestion and
reduction in proptosis by 1 mm in right eye and by 3 mm in
left eye wete noted.P!

Acute hemorrhagic conjunctivitis in a Systemic Lupus
Erythematosus patient

A 28-year-old female with diagnosed systemic lupus
erythematosus (SLE) and under treatment received inactivated
COVID-19 vaccine. In three days, she developed conjunctival
congestion, itching, lid edema in her left eye and severe headache.
Acute hemorrhagic conjunctivitis was suspected. Levofloxacin
eye drop was started. On aggravation of signs and symptoms,
diclofenac sodium eye drop and ganciclovir eye gel were added.
Flumilone eye drop was added after relief of congestion and
edema. Patient developed similar mild symptoms in right eye
as well on the eighth day of presentation. On the tenth day,
lesions faded.P

Discussion

COVID-19 vaccines included in our study were mRNA
vaccines (BNT162b2 and mRNA-1273) and adenoviral vector
vaccines (ChAdOx1—chimpanzee adenovirus Y25 and Ad26.
COV2. S—human adenovirus 26) and whole-cell inactivated
virus vaccine (BBV152, CoronaVac, BBIBP-Cor V and one
non-categorized inactive COVID-19 vaccine).

The mRNA vaccines contain codon-optimized sequences for
spike protein synthesis and use the authentic signal sequence
for its biosynthesis.

Adenoviral vector vaccines use replication-incompetent
adenovirus as a vector to deliver the DNA signal sequence of
spike protein.

Pathomechanism of ocular adverse events in our
study

The proposed hypothesis associated with different ocular adverse
events are discussed herein.

Eyelid edema

A hypothesis points towards possibility of reactivation of an
autoimmune response triggered by the mRNA vaccine leading
to eye lid edema and erythema.”
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Eyelid purpuric lesions
BNT162b2 mRNA vaccine might induce a mild and localized

form of vaccine-induced microangiopathy leading to purpuric
and ecchymotic lesions on eyelids.®

Symptomatic and asymptomatic thrombocytopenia following
BNT162b2 vaccination have been reported.”

Vaccine-induced thrombocytopenic thrombosis (VITT), a new
term coined for life-threatening condition following ChAdOx1
vaccination was also reported.?

Herpes simplex keratitis or Herpes zoster corneal
endotheliitis

Neurotropic herpes simplex nirus [HSV] and Varicella Zoster
Virus [VZV] are known to remain lifelong in the host.

Vaccine-induced immunomodulation, like decreased cellular
immunity immediately after vaccination, can trigger their
reactivation.’” It might lead to hetpes simplex keratitis and
herpes zoster endotheliitis.

Corneal graft rejection

The cornea is considered to be immunologically privileged. It is
attributed to its avascularity and absence of lymph vessels. Major
histocompatibility complex (MHC) class II antigen-presenting
cells are also absent which is the basis of acceptance of
the allogenic donor tissue by recipient corneal bed without
rejection.’! However, vaccination triggers incteased generalized
immunological response. Subsequent rejection of allograft
follows due to immunological reaction towards it. Induction of
Class II MHC complex antigens in all layers of the cornea is
seen post vaccination. The similar pathomechanism of rejection
is seen with influenza vaccine.P™

The case of dual corneal graft rejection post vaccination
with concomitant vitamin D deficiency highlights the
immunomodulatory role of vitamin D, need of longer follow
up in corneal graft rejection cases, and risk-benefit ratio and
timing of second dose of vaccination. Authors proposed
preventive check and integration of vitamin D before the vaccine

administration.!

It has been proposed to increase dosage of topical steroids
in cases with corneal grafts before they opt for any type of
COVID-19 vaccination.”

In view of association between COVID-19 vaccination and graft
rejection, a time gap of three to six months between the second

dose and elective corneal transplant is suggested.”

Uveal tissue inflammation

The following are the proposed pathways of pathomechanism
of uveal tissue inflammation post SARS-CoV-2 vaccination: (1)
uveal peptides and vaccine peptide fragments similarities leading to
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molecular mimicry; (2) antigen-specific cell and antibody-mediated
hypersensitivity reactions; (3) adjuvants in the vaccines causes
inflammatory damage which stimulates innate immunity through

endosolic or cytoplasmic nucleic acid receptors.!'' =+

Reactivation of herpetic keratouveitis

Patients with previous herpetic keratitis or keratouveitis can have
reactivation of the disease following COVID-19 vaccination.
It is proposed that herpes reactivation is due to alteration in
the immune status. Lymphocyte exhaustion is a type of altered
immunological profile. Here comes the role of prophylactic
antiviral therapy with oral valacyclovir in high-risk patients with

several previous episodes of herpetic uveitis.[""

AZOOR and AAION

An association between the mRNA COVID-19 vaccination
and ocular inflammatory disease of autoimmune etiology was
highlighted by these two cases.!'”

Several pro-inflammatory pathways can be activated through
mRNA vaccines before translation. Type I interferon, nuclear
translation of the transcription factor and nuclear factor (NF)- kB
are included in this activated pathway.!"”

The basis of immune-mediated diseases is the activation of these
pathways, more so in genetically predisposed patients such as

young females.[*$4]

Anterior uveitis

Molecular mimicry, inflammatory damage induced by adjuvants
such as aluminum salts, direct viral infection (applicable to live
and attenuated vaccines) ate different mechanisms hypothesized

for aforementioned events.*!!

AMN

Ischemia in the deep retinal capillary plexus or choriocapillaris is
the potential pathophysiological mechanism although the exact
cause is unknown.”” Recent infection, febrile illness and use of
oral contraceptives are major associated factors.

PAMM and AMN

It was hypothesized that the development of PAMM and AMN
was due to vasculitis changes leading to ischemia of deep capillary

plexus.?]

Abducens nerve palsy

Ambiguity persists about the site of cellular injury and
pathophysiological mechanism in 6™ nerve palsy, although there
is temporal association between immunization and abducens
nerve palsy. It is proposed that a neurotropic effect of the
infectious agent, demyelination of para-infectious etiology,
sectarian arteritis or microinfarction, and an immune-mediated
reaction are the possible etiologies of the abducens nerve palsy

post vaccination.”!
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Optic neuritis

Optic neuritis is the most common demyelinating condition
associated with vaccination. It includes hepatitis A and B,
influenza, pneumococcal vaccine, measles, rabies, human
papilloma virus and bacillus Calmette-Guérin (BCG).P

Proposed hypothesis says that a dysregulated immunological
reaction could be triggered by the active component of the
Ad26.COV2. S vaccine (adenovirus type 26 vector containing
the DNA of spike) and the specific B cell response targeting the
vector-based vaccine. This leads to the adverse reactions. This
cross reactivity is related to several genetic and environmental
factors, such as aberrant major histocompatibility complex (MHC)

class II antigen presentation to autoreactive T cells.”’

NAION

The ambiguity about consequential or coincidental development
of NA-AION after COVID-19 vaccination persists. Though
the temporal relationship between the two points towards
vasculopathy on the microvascular network of optic nerve head
and inflammatory or immune mediated component behind the
onset of NA-AION.?

Multiple cranial nerve palsies

It has been suggested to observe closely for neurological side
effects in post-vaccination cases.” More such no of cases needs
to be reported to comprehend and to establish definite causal
relationship.

Miller Fisher syndrome

Abundance of ganglioside GQ1b in cranial nerves innervating
extraocular muscles, and in presynaptic neuromuscular
junction, and studies supporting anti- GQ1b Ig antibodies
having pathogenic effect at neuromuscular junction implicates

a dysregulated immune response as the undetlying cause.F**!

Superior ophthalmic vein thrombosis

The thrombotic events like bilateral SOVT may occur in the
context of thrombocytopenia.”!

Thyroid eye disease

In absence of any other known ectiology, stress or altered
physiological or other factors known to cause thyroiditis
in this case, a temporal association between vaccine and
appearance of TED points towards immune stimulation and
autoimmune etiology.’! Thyroid, like many other endoctine
organs, and SARS-CoV-2 share similar functional receptor,
angiotensin -converting enzyme 2.5 Possibility of molecular
mimicry and first mRNA vaccine, COVID -19 vaccine, in clinical
use in humans explains the probable undetlying path mechanism.

Systemic lupus erythematosus

Ocular hyperemia is a known complication in acute episodes
of SLE exacetbation.’” Overactive immune system following
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COVID-19 vaccination and increased specific auto-antibodies

and certain factors in the serum might have led to this injury.

Outcome

In our study, BNT162b2 (m RNA vaccine) had a maximum
number of 82 reported ocular adverse events followed by
ChAdOx1 (adenoviral vector vaccine) with 32 in number [Figure 4].

Uvea-related adverse events were maximum in our study, i.e.,
67 in number, followed by retina related adverse effects, that is,
26 in number.

Statistical analysis was done by grouping vaccines into three
groups, that is, mRNA, adenoviral vector vaccine, and whole-cell
inactivated virus vaccine on one hand, and ocular adverse events
into seven groups based on eye anatomy involved on the other
hand. “Others” group involved miscellaneous ocular adverse
events.

As per the available studies, the side effects related to the eyelid,
cornea, ocular surface, sclera, uvea, retina and nerve were most
dominant as a result of different types of vaccination. The side
effects related to “others” accounted for 11% of side effects.

It was observed that the side effect related to the eyelid was seen
in about 6% of cases who had taken mRNA vaccine whereas
it was none in other categories such as adeno viral vector
and whole cell. However, it was not found to be statistically
significant (P = 0.18)

While observing the side effects related to the cornea, it was
observed that about 11% had side effects in mRNA type of
vaccine where as it was seen in 12.5% and 36% in adenoviral
vector and whole cell in active type, respectively, which was seen
as statistically significant (P = 0.04).

The uvea-related side effects were seen in 45% of mRNA
vaccines whereas it was as high as 56% in adeno viral and 36% in
whole cell in activated type vaccine. The results did not express
statistical significance (P = 0.38).

The retinal related issues were seen in 15 cases administered with
mRNA vaccine whereas 7 out of 34 in adenoviral and 4 out of
14 in whole cell (P = 0.67).

The nerve-related issues were observed in 7.4%, 8.6% and 28.6%,
respectively, in three types of vaccines which was statistically
significant.

The vessel-related issues were none in mRNA and whole cell type
of vaccine as compared to 2.9% in adeno viral type of vaccine.

No statistical significance was observed (P = 0.34).

The side effects categorized as “others” (including TED and
SLE related ocular events) were observed in 14.4% in mRNA
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category as compared to 12.5% in whole cell type of vaccine
while it was none in adeno viral (P = 0.09).

The comparisons were carried out using Chi-squared test or
Fishet’s exact test.

Reporting bias
Testi ef al!" did not report the individual types of adverse events
included in the “others” category with type of vaccines.

Maleki ez al"" reported one patient of bilateral AATON and one
patient of bilateral AZOOR, though it was grouped as only two
ocular adverse events in our study.

Vinzamuti ez al? reported bilateral PAMM and AMN in a patient
which was counted as one adverse event in our study and grouped
under the “retina” subgroup.

Lee ¢t alP" reported disc edema in right eye and CSCR in left
eye of the same patient. In our calculation, it was taken as one
adverse event only and grouped under “retina” subgroup.

Pichi ez 2/ did not describe 4 cases included in their study
affecting gender calculation in our study.

Limitation

Our review has several limitations. First, it included only
case reports, brief communication, letters to editors and case
series with significant reporting bias, some missing, and few
incomplete data. Hence, the result cannot be generalized to all
COVID-19 patients. Second, all studies lacked the control arm
and the sample size was very small.

Adverse effects of approved COVID-19 vaccines on the eye
as reported are quite infrequent, transient and treatable, if
diagnosed early and prompt treatment instituted. Serious adverse
effects related to retinal vascular occlusions and corneal graft
rejections call for further multicentric studies, prompt reporting
and formulation of a protocol for proper management of these
cases. Decisions on timing of vaccination in such cases and
also delay in interventional elective surgeries like PKP should
be emphasized.

Both general physicians and ophthalmologists should make
themselves aware of possibilities of adverse effects of
COVID-19 vaccination on the eye. Their role in educating
general populations about this is of great value so that
patients seck timely consultation and intervention as and when
required. Though the reports of ophthalmic adverse events
of COVID-19 vaccination are being reported worldwide, its
incidence rate is less than the prevalence rate of ophthalmic
manifestations of COVID-19.5% These fewer infrequent
adverse events should not deter the mass vaccination program
globally though a vigilant approach to diagnosis and treatment
them is also a must.
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Conclusions

With emergence of newer mutated strains of coronaviruses and
the third wave of the pandemic worldwide, mass campaigns to
vaccinate the world’s population is the need of the hour.

Most of the ocular adverse effects of vaccines are transient and
resolve without any sequelae except for cases of retinal and
ophthalmic vascular occlusions and corneal graft rejections.

An emphasis on close follow -up and a need to delay
vaccination and modification of therapy to control flare-up
of signs and symptoms in certain subpopulations, Graves’
disease (autoimmune etiology), pre-existing uveal inflammation
and corneal graft cases is warranted.

COVID-19 vaccines are a boon in our armamentarium to restore
normalcy globally. With newer vaccines in the pipeline and
probable endemicity of COVID-19 infection, large multicentric
and longitudinal studies are required in future to establish definite
association of vaccines to ocular adverse events. This would help
in management protocols to combat COVID-19 vaccination
induced ocular adverse effects.
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