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Abstract: The COVID-19 pandemic caused by SARS-CoV-2 had a significant impact on the health of the global human population,
affecting almost every human organ, including the organ of vision. Research focus on understanding the pathophysiology, identifying
symptoms and complications of the disease. Eye-related pathologies are important foci of research due to the potential for direct
impact of the virus. Ophthalmologists around the world are reporting various symptoms of eye infections and ocular pathologies
associated with SARS-CoV-2. The review of ophthalmic symptoms was conducted to help physicians of various specialties recognize
possible ophthalmic manifestations of this viral disease. A literature review was conducted from January 2020 to July 2023 in the
PubMed, MEDLINE, Science Direct, Scopus, Scielo and Google Scholar databases. The review of the literature showed that
conjunctivitis is the most common ophthalmic symptom observed during the course of COVID-19 and can occur at any stage of
the disease. Changes in the eye may result from the direct effect of the virus, immune response, prothrombotic states, comorbidities,
and medications used. Symptoms related to the organ of vision can be divided into: changes affecting the protective apparatus of the
eye, the anterior eye segment, the posterior eye segment, neuro-ophthalmic, and orbital changes. Ocular symptoms may suggest
COVID-19 infection or appear several weeks after recovery. Following COVID-19 vaccinations, a diverse range of ophthalmic
symptoms was observed in various locations and at different times, mirroring the ocular symptoms experienced throughout the course
of the COVID-19 illness. It is important for physicians of all specialties to be aware of possible potential connections between eye
diseases and SARS-CoV-2, in order to effectively diagnose and treat patients.
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Introduction

In March 2020, the World Health Organization (WHO) announced a pandemic of a new, rapidly spreading viral infection
with a high mortality rate and high infectivity called COVID-19 (coronavirus disease 2019)."? The first identification of
a respiratory infection caused by SARS-CoV-2 occurred in December 2019 in Wuhan, China.> By July 2023, over
767 million cases and almost 7 million deaths have been confirmed worldwide.* The SARS-CoV-2 virus mainly attacks
the respiratory system and manifests itself with cough, difficulty breathing, pneumonia and acute respiratory distress
syndrome (ARDS). However, the respiratory system is not the only organ/system affected by the disease. COVID-19 has
a wide spectrum of symptoms and complications and can affect almost every human system and organ.” '

Since the early stages of the pandemic, attention was drawn to the fact that the eye plays a crucial role in the course of
COVID-19, serving as a gateway for infection through hand-to-eye contact or aerosol contact with the conjunctiva. This
observation highlights the importance of eye protection during the pandemic and the awareness that ocular symptoms may
be the first or even the only manifestation of COVID-19. It should be remembered that ocular symptoms can be observed at
any stage of the disease and even after recovery.'*'” In January 2020, in Italy, a 65-year-old woman returning from China,
presented with general symptoms typical of a viral infection and conjunctivitis, as evidenced by the presence of coronavirus
RNA in a swab taken from her eye.'®'” Since the SARS-CoV-2 virus is constantly evolving, resulting in different subtypes
that may have different symptoms, it is necessary to constantly update knowledge about the COVID-19 disease, including
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possible new symptoms and to be particularly vigilant in the evaluation of patients during and after the disease.”’!

Ophthalmic pathologies resulting from SARS-CoV2 virus may affect all structures of the eye and manifest as ophthalmo-
logical symptoms due to the pathological effect of the virus on distant structures and tissues.

A review of the scientific literature on ophthalmological symptoms in the course of COVID-19 was conducted in
databases such as PubMed, MEDLINE, Science Direct, Scopus, Scielo and Google Scholar, using the keywords:
“COVID-19”, “SARS-CoV-2”, “eye” and “ophthalmology”. Due to the extensive literature, we focused on the most
relevant publications in the English language from January 2020 to July 2023. These were primarily original works and
reviews, but we also analyzed case reports.

Ophthalmological Symptoms in the Course of COVID-19

The latest studies and meta-analyses have confirmed a more frequent occurrence of ophthalmological symptoms in
COVID-19 patients, ranging from 2 to 32%.>> The most common ophthalmological symptoms reported by patients were
conjunctivitis, eye pain, swelling and redness. Often, the first visible ophthalmological symptom of COVID-19 infection
was conjunctivitis.”> In a 2020 study of 2347 patients with confirmed infection, 11.64% had ophthalmological symptoms
related to the ocular surface, including eye pain and redness with discharge. The majority of patients (31.2%) reported
eye pain.”® In another study from 2021, the analysis of 7300 patients revealed the occurrence of ocular symptoms during
COVID-19 infection in 11.03% of patients, including symptoms such as: dry eye or foreign body sensation (16%),
redness (13.3%), tearing (12.8%), itching (12.6%), eye pain (9.6%) and discharge (8.8%). Conjunctivitis was the most
frequently reported ophthalmological complaint in COVID-19 patients and occurred in 88.8% of respondents. Much less
common ophthalmic pathologies have also been described, such as keratoconjunctivitis (2.2%), episcleritis (2.2%),
scleritis (2.2%), posterior ischemic optic neuropathy and neuropathy (1.1%) (Figure 1).**

The SERPICO-19 study published in 2020 revealed changes in the retina in the form of: retinal hemorrhages (9.25%),
cotton wool foci (7.4%), dilated veins (27.7%), tortuous vessels (12.9%) (Figure 2).%

In another study of 117 patients in a critical general condition, optic disc edema was observed in 11.1% of patients,
cotton wool foci in 10.3% of patients, retinal hemorrhages in 4.3%, retinal edema in 4.3%, macular whitening in 4.3%,
vascular tortuosity in 3.4%, optic disc inflammation in 2.6%, central retinal vein occlusion in 0.9%, and central retinal
vein branch occlusion in 0.9%.2%%’

The literature on COVID-19 describes neuro-ophthalmological symptoms accompanying the infection, such as optic
neuritis, optic disc edema, visual disturbances associated with posterior reversible encephalopathy syndrome, loss of
vision due to stroke, cranial neuropathies, Miller Fisher syndrome, Adie’s pupils, myasthenia gravis, nystagmus, and eye
movement disorders.”®?’ The described symptoms of COVID-19 may vary in severity, from minor pain around the eye
socket to a life-threatening fungal infection. Retrobulbar neuritis, inflammation of the lacrimal glands and ducts, and
inflammation of the orbital tissues have been reported in the literature.** 2 In the latter part of this paper, we will present
more detailed ophthalmological pathologies depending on the location in the eye in patients with confirmed COVID-19.

Table 1 shows the most significant ophthalmic pathologies associated with COVID-19, categorized according to their
location.

Ophthalmological Symptoms in the Protective Apparatus of the Eye

Eyelids

COVID-19 symptoms affecting eyelids usually concern the edge of the eyelids and occur in the form of inflammation of the
skin, the orifices of the meibomian glands, telangiectasia of the free edge of the eyelids, and secretion around the
eyelashes.'>***? There are case reports of eyelash loss, eyelid dermatitis, and eyelid edema as symptoms of COVID-19.>

Ophthalmological Symptoms in the Anterior Section of the Eyeball

Conjunctivitis

Papillary conjunctivitis is the most common ophthalmological symptom in the course of COVID-19 infection, observed
at various stages of the disease and may be unilateral or bilateral.*>*® Prospective studies have shown the incidence of
this type of inflammation in approximately 6% of patients with COVID-19, while retrospective studies have found
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Figure | The frequency of occurrence of individual ophthalmological symptoms in COVID-19 patients who developed ophthalmological symptoms, based on a 2021 study
of 7300 individuals, representing |1.03% of these patients.24

a lower incidence of less than 1%.*” In a study of 535 patients, conjunctival hyperemia was reported in 5% of patients,
with 4% experiencing it as a symptom of disease onset.’® In a meta-analysis published in 2021, of 19 cross-sectional
studies covering 7300 individuals, 11.03% experienced ophthalmic symptoms. The most prevalent eye disease associated
with COVID-19 was conjunctivitis, which occurred in 88.8% of patients with ocular symptoms.* The high rate of
conjunctival pathology results not only from direct exposure of the conjunctiva to the pathogen, but also from the
connection of the mucous membranes of the upper respiratory tract and the conjunctiva via the nasolacrimal duct.*® In
children, conjunctivitis associated with COVID-19 is usually the initial symptom of infection, has a mild course and is
characterized by a rapid recovery. The main symptom of the disease is hyperemia with scant conjunctival secretion and
rubbing of the eyes.'” Noteworthily, eye symptoms may be the first and only symptom of COVID-19 infection in
children at any stage of the disease. Ophthalmic symptoms are more often observed in children with severe systemic
disease. The literature describes myopia as a long-term and indirect consequence of COVID-19 in children.* There have
also been reports of hemorrhagic and pseudomembranous conjunctivitis in severe cases of COVID-19 infection.*

Few cases of keratitis coexisting with conjunctivitis and other symptoms are described in the literature. They are
characterized as visible defects in the corneal epithelium and subepithelial infiltrates preceding the onset of respiratory
symptoms. The mechanism of the corneal epithelium damage is not fully understood. Two opposing theories explain the
patomechanism of these changes. The first theory suggests direct damage to the corneal epithelium as a result of the

virus’s entry, while the second indicates the damaging effect of cytokines on the corneal epithelium.*'~**
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Figure 2 Changes observed in the retina based on the SERPICO-19 study published in 2020.%°

Scleritis and Episcleritis

Dilated veins Tortuous vessels

Scleritis and episcleritis are described as rare symptoms of COVID-19, often preceding or co-occurring with other

ophthalmological symptoms, and even as the first symptom of COVID-19 preceding the onset of systemic symptoms

such as headache, shortness of breath, cough, and fever.* 8 Case reports of nodular scleritis and necrotizing episcleritis

in the course of COVID-19 are available.***’ Severe binocular scleritis has also been reported as the main symptom or

one of the main symptoms in children suffering from multisystem inflammatory syndrome in children associated with

COVID-19 (MIS-C).%%!

Table | Type of Ophthalmic Pathology in COVID-19 Disease Depending on the Location

Location of Ophthalmic Symptoms

Type of Pathology

Ophthalmological symptoms in the protective apparatus of the eye (Eyelids)

Inflammation of the skin

Inflammation of the orifices of the Meibomian glands
[Telangiectasia of the free edge of the eyelids
Secretion around the eyelashes.

Eyelash loss

Eyelid dermatitis

Eyelid edema

Ophthalmological symptoms in the anterior section of the eyeball

Conjunctivitis

Scleritis and episcleritis

Ophthalmological symptoms in the posterior section of the eyeball

Central retinal vein occlusion

Central retinal artery occlusion

IAcute macular neuroretinopathy (AMN)
lAcute central medial maculopathy (PAMM)
Retinitis, acute retinal necrosis (ARN)
Choroiditis and other retinal changes

(Continued)
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Table | (Continued).

Location of Ophthalmic Symptoms Type of Pathology

Neuro-ophthalmological symptoms Optic neuritis and other optic nerve disorders

Pupil abnormalities

Visual field defects and visual disturbances of central origin
Cranial nerve palsy

Nystagmus and abnormal eye movement

Orbital symptoms Mucormycosis

Post-orbital pain

Inflammation of the orbital tissues

Inflammation of the lacrimal gland

Ophthalmological Symptoms in the Posterior Section of the Eyeball

Ophthalmological symptoms related to the posterior segment of the eye are not pathognomonic for COVID-19. The
SARS-CoV-2 virus, like other viruses, can cause inflammatory, vascular and neuronal changes in the posterior segment
of the eye.'” To assess the symptoms occurring in the posterior segment of the eye during COVID-19, the most useful
methods are optical coherence tomography (OCT) and fluorescein angiography (AF), which allow the detection of
changes and their degree of advancement, including cotton wool foci, retinal hemorrhages, central serous retinopathy,
phlebitis, optic discitis, uveitis, multifocal retinitis, necrotizing retinitis, central retinal artery and vein occlusion, and
Purtscher retinopathy.”?

Central Retinal Vein Occlusion

Ophthalmic imaging such as fluorescein angiography (AF) and optical coherence tomography (OCT) used to visualize
the fundus of the eye in the case of central retinal vein occlusion in the course of COVID-19 did not show any differences
in the image compared to retinal vein occlusion caused by other factors (Figure 3). Patients with COVID-19, regardless
of the severity of the disease, duration, or systemic symptoms, often have hypercoagulability and increased inflammatory
markers such as D-dimer, interleukin-6, prothrombin time (PT), activated partial thromboplastin time (APTT), fibrinogen
and cytokines. Moreover, the hypoxia-induced coagulation cascade in pneumonia is enhanced by endothelial cell
activation and tissue factor secretion as a result of hypoxia.”>>® Blood hypercoagulability as a result of COVID-19
disease is one of the main elements of pathology in the eyeballs of patients in the course of SARS-CoV-2 virus infection
and is independent of standard risk factors for central retinal vein thrombosis, such as hypertension, diabetes, and
obesity.>*>"*® It is noted in the literature that the cause of hypercoagulable state is unclear, whether the coagulation

Figure 3 Central retinal vein occlusion in a 26-year-old female patient with Covid-19 infection and no other risk factors (Picture from the collection of the Ophthalmology
Department, Medical University of Bialystok).
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cascade is directly activated by the virus or may result from local or systemic inflammation. The mechanism is not fully
understood and explained.>

Central Retinal Artery Occlusion, Acute Macular Neuroretinopathy (AMN), Acute Central Medial
Maculopathy (PAMM)
There are reports of sudden painless loss of vision or significant deterioration of visual acuity and central and paracentral
scotomas appearing in the visual field in patients suffering from COVID-19. It is associated with occlusion of the central
retinal artery, acute macular neuroretinopathy (AMN), paracentral acute middle maculopathy (PAMM) or the simulta-
neous occurrence of these pathologies. The available literature describes cases in which it is indicated that the etiology of
these symptoms is caused by an ischemic mechanism affecting the entire retina or limited to sectors vascularized by one
of the branches of the central retinal artery.°>®' It may also affect the posterior pole in an isolated manner and is related
to the mechanism of ischemia of the deep capillary plexuses supplied exclusively by the ciliary system %%
Ophthalmological symptoms of COVID-19 at the fundus of the eye, occurring in central retinal artery occlusion,
AMN, PAMM (Figure 4), such as retinal hemorrhages in all quadrants with Roth spots, retinal edema, swelling and
blurring of the disc border of optic nerve and the cherry sign are not characteristic of COVID-19 and may occur in other
diseases.> ® In most cases reported in the literature, the ischemic mechanism is explained by hypercoagulability
resulting from the hyperinflammatory reaction induced by the SARS-CoV2 virus.®®®” However, obstruction without
a hypercoagulable state and additional risk factors has also been reported.®® Therefore, we cannot clearly determine what
induces the hypercoagulable state and whether the coagulation cascade is directly activated by the virus or perhaps it is

the result of local or systemic inflammation.>

Retinitis, Acute Retinal Necrosis (ARN), Choroiditis and Other Retinal Changes

Changes affecting the choroid and retina in the course of infectious and inflammatory diseases are common, especially in
patients whose immunity has been impaired for various reasons. Infectious diseases often involve inflammation of the
uvea and retina. These conditions are caused by either systemic disease or local inflammation. COVID-19 has also been
associated with retinal and choroid pathologies. There are few descriptions and reports of uveitis during COVID-19.%%7°
It is believed that the SARS-CoV2 virus is responsible for the inflammatory mechanism of highly vascularized tissue and
may cause chorioretinitis.”' A case of anterior uveal involvement associated with tubulointerstitial nephritis and uveitis
(TINU) syndrome following COVID-19 infection has been described in a pediatric patient. The authors of the report
suggest an autoimmune etiology of uveitis, with the SARS-Cov2 virus as the initiating mechanism for the infection.””
Figure 5 demonstrates uveitis in a 48-year-old patient.

Figure 4 Paracentral acute middle maculopathy in a 56-year-old male patient with Covid-19 infection (Picture from the collection of the Ophthalmology Department,
Medical University of Bialystok).
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Figure 5 Uveitis during COVID-19 in a 48-year-old female patient (Picture from the collection of the Ophthalmology Department, Medical University of Bialystok).

Acute retinal necrosis manifests itself in the fundus of the eyes with yellow-white infiltrates with clear boundaries; retinal
hemorrhages may also occur and ultimately lead to tractional retinal detachment. Pathology may also involve vessels. Arteritis
may lead to preretinal neovascularization and, consequently, to vitreous hemorrhages. Other ophthalmological symptoms,
such as peripheral retinal hemorrhages, macular discoloration, sectoral retinal pallor, flame-shaped hemorrhages, hard
exudates, cotton wool foci, vasoconstriction, and vascular tortuosity, cannot be clearly attributed to the action of the SARS-
CoV-2 virus due to the effect of other factors such as medications and chronic diseases of the patient.*>">"*

Acute retinal necrosis (ARN) is a rare disease, most common in patients whose immunity has been compromised for
various reasons. Cases of acute retinal necrosis (ARN) have been reported in the literature due to SARS-CoV2 virus

infection or COVID-19 disease.””

Neuro-Ophthalmological Symptoms

It is estimated that approximately one third of people with COVID-19 experience neurological complications, especially
in more severe infections.”® The most common serious neurological symptoms of COVID-19 are acute cerebrovascular
disorders and fluctuating states of consciousness.’’ In a retrospective study conducted in Wuhan, neurological symptoms
were observed in 36.4% of hospitalized patients.”® Most often, these symptoms are associated with more severe cases of
COVID-19.7%7° Long-term hospitalizations and deaths resulted from ischemic strokes in COVID-19 and often affected
the visual pathways.**®! The conclusions and suggestions resulting from these observations are that ischemic strokes in
patients with COVID-19 are more serious and more likely to lead to disability than strokes in people not infected with
SARS-CoV2.*? In the case of isolated cranial neuropathies affecting the eyes, they are usually observed in mild to
moderate COVID-19 cases that resolve spontaneously or with standard treatment.3-**

Various mechanisms of the probable action of the SARS-CoV-2 virus are described in the literature. It is believed that
the SARS-CoV2 virus can act directly on nervous tissue through hypoxia, causing hypercoagulability, inflammation and
cytokine storm. An ascending route of infection through the olfactory nerve is also considered. Direct entry of the virus
occurs by binding to the ACE-2 receptor, found on alveolar epithelial cells, neurons and glial cells.* These mechanisms
may be responsible for the neuro-ophthalmic symptoms of COVID-19.2%7°

The SARS-COV-2 virus can affect brain tissue, leading to pathologies in the visual pathways. It can cause various
CNS conditions such as seizures, anosmia, dysgeusia, posterior reversible encephalopathy syndrome (PRES), neuro-
myelitis optica (NMO), myelin oligodendrocyte glycoprotein (MOG)-related disease, acute disseminated encephalomye-
litis (ADEM), cerebral venous sinus thrombosis (CVST), and cerebral strokes.”™**** Additionally, it may affect the
peripheral nervous system, causing Guillain-Barré syndrome, Miller Fisher syndrome, cranial polyneuritis, and myasthe-

nia gravis.***°
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Optic Neuritis and Other Optic Nerve Disorders
There are publications in the literature describing cases of optic neuritis associated with COVID-19 disease, where no cause
other than SARS-CoV-2 virus infection could be identified (Figure 6A and B).”?192 COVID-19 has been observed to
precede the onset of optic neuritis in NMO disorders’””* and MOG-related disorders.”*"***® Cases of optic neuritis have
also been reported in children in association with COVID-19 disease.”” A case of a 13-year-old child with optic neuritis in
the course of multisystem inflammatory syndrome in children (MIS-C) has been described in literature.”®

Furthermore, a case has been reported in which COVID-19 caused optic neuritis in association with uveitis, leading to
optic nerve atrophy despite the use of corticosteroid therapy. However, the patient only received oral prednisone, without
intravenous steroid pulses. The authors of this case suggest that the optic nerve atrophy may have been caused by an

Figure 6 Bilateral optic neuritis associated with Covid- 19 disease with no evidence of infection other than SARS-CoV-2 virus in a 45-year-old male patient. (A) right eye, (B)
left eye (Picture from the collection of the Ophthalmology Department, Medical University of Bialystok).
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inflammatory reaction or ischemia caused by hypercoagulability in the course of COVID-19.°° In March 2022, a case
report was published describing a patient with COVID-19 who developed thrombosis of the left internal carotid artery
leading to ischemia of the left optic nerve.”

There is also a report of a case of post-COVID-19 bilateral retrobulbar optic neuritis in a 56-year-old woman, which
was characterized by sudden loss of visual acuity, painful ocular motility of both eyes and abnormal color perception.
The patient was treated with steroid therapy with very good results and a significant improvement in visual acuity and

color perception was achieved.'®

Pupil Abnormalities

In the context of COVID-19, cases of tonic pupil (Adie's pupil), both unilateral'®!

and bilateral'°%, have been observed. It
is a symptom resulting from weakened parasympathetic innervation of the pupillary sphincter muscle, which leads to
a weak reaction of the pupil to light, while relatively good accommodation is maintained. There is a report of a patient
with bilateral tonic mydriasis due to COVID-19 and additional multifocal uveitis.'®> Ordas et al described a case of tonic
pupil with trochlear nerve palsy associated with COVID-19.'" There is no consensus in the available literature on how
exactly the SARS-CoV2 virus causes the formation of a tonic pupil (Adie's pupil). According to the hypothesis raised by
most researchers, in COVID-19 the tonic pupil is the result of delayed immune damage caused by the viral infection and
not the result of a direct effect of the virus on the central nervous system.'®

Horner’s syndrome, with eyelid ptosis and pupil abnormalities can occur in COVID-19 and refers to patients with
involvement of the upper part of the lungs in whom other possible causes of Horner’s syndrome have been excluded.®>'*?
Visual Field Defects and Visual Disturbances of Central Origin
SARS-CoV-2 infection has the ability to induce inflammation and hypercoagulability, which contributes to an increased risk of
stroke.®"'%% Cases of ischemic stroke associated with SARS-CoV-2 infection have been described in the literature, leading to
visual field disturbances®® and even cortical blindness due to bilateral occipital stroke.”**° Bondira et al reported the case of
a patient with COVID-19 who experienced bilateral occipital stroke, leading to partial monotonous right hemianopia and
reading difficulties.®! Priftis et al reported the case of a patient with COVID-19 who had a left occipital and temporal ischemic
stroke, which resulted in alexia syndrome without agraphia and right-sided mononomial visual field defects.®?

Cases of COVID-19-induced hypertensive encephalopathy (PRES) have been reported, affecting the cerebral cortex
causing transient loss of vision or even hallucinatory palinopsia.'®®'°” A case of cerebral venous sinus thrombosis
(CVST) associated with COVID-19 has also been reported, but is rare. Only a few cases of CVST have reported blurred
vision and optic nerve edema.'®®'° The disproportionately low incidence of visual disturbances in COVID-19-related
CVST may be due to the severity of other symptoms or altered level of consciousness of the patients.

Additionally, cases of vision loss due to pituitary infarction have been reported in the setting of COVID-19.'1%!!!
Cranial Nerve Palsy
Due to COVID-19, paralysis of the third, fourth, sixth and seventh cranial nerves has been observed. They may occur as
primary, isolated paralysis, but also in the context of broader conditions such as Miller Fisher syndrome, Guillain-Barré

syndrome or myasthenia gravis.'**'2-114

Cases of isolated oculomotor nerve palsy have been reported, both with and without pupillary involvement.''*!!
Similarly, isolated abducens nerve palsy has been reported associated with COVID-19.%*7 There are also known cases
of unilateral trochlear nerve palsy with contralateral tonic pupil, as well as bilateral palsy of this nerve in the course of
cerebral vasculitis associated with COVID-19.'%%!16

Cases of isolated facial nerve palsy associated with COVID-19 have also been reported. Lima et al also described
palsy of the VII nerve coexisting with ipsilateral VI nerve palsy.®*

Drugs such as hydroxychloroquine, azithromycin, corticosteroids, and intravenous immunoglobulins have been used
in treatment of COVID-19-related cranial neuropathies. However, there is no clear data on the benefits of the treatment.
These neuropathies also appear in the context of Miller Fisher and Guillain-Barré syndrome.®”*® Dinkin et al described
a patient with COVID-19 in whom the use of intravenous immunoglobulins led to partial improvement of deficits
associated with presumed Miller Fisher syndrome.®” Gutiérrez-Ortiz et al reported a similar case with Miller Fisher
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syndrome in which most of the deficits resolved after intravenous infusion of immunoglobulins.®® Sansone et al showed
that among patients with Guillain-Barré syndrome associated with SARS-CoV-2, the first neurological symptoms
appeared approximately 10 days after the onset of SARS-CoV-2 symptoms.®®

Additionally, it has been reported that COVID-19 may be responsible for the emergence of new cases of myasthenia
gravis.®>?° Restivo et al described in detail three patients whose myasthenic symptoms appeared 4—7 days after the initial
symptoms of COVID-19.%°

Nystagmus and Abnormal Eye Movement

Various etiologies such as acute labyrinthitis, benign paroxysmal positional vertigo, myelitis, and Bickerstaff’s encepha-
litis can lead to COVID-19-related acquired nystagmus.''” '?! Several cases of opsoclonus and myoclonus syndrome
(OMAS) have been reported in COVID-19 patients, with no identified causes other than SARS-CoV-2 virus
infection.'?*'** In addition to SARS-CoV-2, OMAS is also associated with other infections such as HIV, West Nile
virus, Epstein-Barr virus, and enterovirus.'>> OMAS therapy for COVID-19, including intravenous immunoglobulin,
levetiracetam, sodium valproate, clonazepam, and corticosteroids, has shown partial or complete recovery of patients.
This suggests a parainfectious immune mechanism of COVID-19-related OMAS, as noted by Emamikhah et al.'*?

Orbital Symptoms

Mucormycosis

Rhino-orbital cerebral mucormycosis (ROC), a form involving the orbit, is more frequently observed in patients with
severe COVID-19, especially those with diabetes. Colonization of the nasal mucosa contributes to its occurrence.'*>'*®
Diabetes, through hyperglycemia, impairs immune function, which increases the risk of mucormycosis - a life-
threatening infection COVID-19 patients are at risk of mucormycosis due to the weakened immune system caused by
the virus and comorbidities such as kidney failure.'*”"'*® The risk increases during treatment with corticosteroids.'**°
Moreover, the use of antibiotics, steroids and oxygen masks during the treatment of severe forms of COVID-19 may

increase the risk of infection.'?’

Post-Orbital Pain
COVID-19 can lead to symptoms such as bilateral retro-orbital pain, which is pronounced and may mimic dengue-like conditions.
This highlights the fact that COVID-19 symptoms are often non-specific, able to mimic various common conditions.'*

Inflammation of the Orbital Tissues

Orbital cellulitis and sinusitis were identified in two adolescents presenting with acute, unilateral orbital swelling and
pain. Preoperative RT-PCR testing confirmed the presence of COVID-19.%* Another case involved a 76-year-old man
who had an orbital abscess with perforation of the eyeball. Surgical intervention revealed sterile nasal mucosa, which
pointed to thromboembolic complications of COVID-19 as a possible cause of these phenomena.'** Other reports
indicate additional orbital complications associated with COVID-19, such as myositis."*'

Inflammation of the Lacrimal Gland

Inflammation of the lacrimal gland, called dacryoadenitis, is usually caused by a viral infection, is a leading cause of
painful lesions in this gland in young adults."**'** In one case, the patient had contact with individuals infected with
COVID-19, which resulted in swelling and pain in the eyelids for four days. Tests for IgM and IgG antibodies were
positive, while other tests for autoimmune and infectious diseases such as tuberculosis, mumps, adenovirus, Epstein-Barr
virus (EBV), HSV, and HZV were negative. This suggests that acute inflammation of the lacrimal glands may be a late
complication of COVID-19. The virus may have reached the lacrimal gland through both the tear ducts and directly
through the bloodstream, leading to inflammation as a result of the immune response to the virus. Treatment with

systemic steroids has been found to be effective.'?'*?

Adverse Ophthalmic Reactions to COVID-19 Vaccinations
The COVID-19 pandemic prompted accelerated and intensive efforts towards developing effective vaccines against
COVID-19. These efforts resulted in several vaccines being authorized for use in the human population. With the
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widespread use of these vaccines, there were reports of adverse reactions as well as ophthalmic symptoms. A review of
the available literature showed that ocular symptoms following vaccination varied, occurring in different locations and at
different times, similar to ophthalmic symptoms during COVID-19. In most cases, post-vaccination complications were
mild, but there were also reports of severe ocular complications.

Ocular adverse events included eyelid edema and erythema; purpuric lesions on the eyelid; reactivation of herpes
simplex keratitis; corneal epithelitis caused by the herpes zoster virus; acute graft rejection in repeat penetrating keratoplasty
(PKP) cases; dual graft rejection in post-PK situations; acute endothelial rejection following Descemet’s Membrane
Endothelial Keratoplasty (DMEK); reactivation of Vogt-Koyanagi-Harada disease (VKH); anterior and posterior uveitis;
scleritis; bilateral choroiditis; toxoplasma retinochoroiditis; pars planitis; retinal vasculitis; bilateral panuveitis in cases of
new-onset Behcet’s disease; multiple evanescent white dot syndrome (MEWDS); acute macular neuroretinopathy; retinal
vein occlusions; non-arteritic ischemic optic neuropathy; activation of quiescent choroidal neovascularization (CNV) due to
myopia or uveitis; central serous chorioretinopathy; bilateral acute anterior ischemic optic neuropathy (AAION); bilateral
acute zonal occult outer retinopathy (AZOOR); PAMM, AMN; disc edema and central serous chorioretinopathy (CSCR);
branch retinal arterial occlusion; combined arterial and venous occlusion; nerve fiber layer infarction; bilateral AMN;
episcleritis; Bell’s palsy; abducens nerve palsy; optic neuritis; multiple cranial nerve palsies; Miller Fisher syndrome;
bilateral superior ophthalmic vein thrombosis; immune thrombocytopenic purpura (ITP) and ischemic stroke; thyroid eye
disease (TED); acute hemorrhagic conjunctivitis in systemic lupus erythematosus.'>* !¢

There are publications that hypothesize that the human body’s immune response to COVID-19 vaccinations may be
involved in the pathogenesis of the ocular adverse effects post-COVID-19 vaccination.'*>'?’

While the occurrence of ocular symptoms is significantly less common in vaccinated individuals compared to those
infected with COVID-19, it remains important for healthcare professionals to recognize potential links between COVID-
19 vaccinations and eye-related symptoms. This awareness is crucial for prompt diagnosis and management of visual
impairments or severe complications that could be life-threatening.138
Treatment Approaches
Most patients with eye complaints secondary to the COVID-19 infection do not require targeted ophthalmic treatment.'**
COVID-19-associated conjunctivitis is mild in most cases and resolves within a few days without targeted therapy. In the
case of secondary bacterial infection, antibiotics drops may be necessary.'*’ Topical anti-inflammatory therapies play
a role in keratitis, episcleritis, and uveitis. Patients with anterior or posterior uveitis should be treated with systemic and/
or topical steroid drops and cyclopentolate until symptoms are resolved.'*®!'*! Careful ophthalmic examinations
(including fundoscopy) in high-risk patients with COVID-19 is important, since systemic inflammation and the genera-
tion of thrombosis in the microvasculature may predispose patients to central retinal artery or vein occlusion. The
inflammation and thromboembolic components of these diseases further support the use of systemic corticosteroids and
anticoagulation based on guidelines for patients with severe COVID-19.'+?

General inflammation can lead to demyelinating neuropathy as a likely etiology. Most patients do not need to receive
specific treatment. Diplopia, ophthalmoplegia and ptosis have also been described in the context of Guillain-Barre and
Miller-Fisher syndromes, which may be caused by eye viral inflammation of COVID-19. Some of these patients
experienced at least a partial resolution of their symptoms with intravenous immunoglobulin treatment.'*?

Although the neuro-ophthalmic complications of COVID-19 usually do not require targeted treatments, rapid
recognition of these entities is essential, as these patients can benefit from interdisciplinary care involving ophthalmol-
ogists and neurologists and will require follow-up monitoring. Furthermore, proning protocols (in the position of patients
in respiratory distress in their stomachs) have been associated with ischemic optic neuropathy and visual loss, again
highlighting the importance of physical examination and pressure redistribution in minimizing iatrogenic injuries in
ventilated patients with COVID-19.'%*

Summary
The medical experience accumulated during the COVID-19 pandemic demonstrates complexity and unpredictability of the
effects of this disease. One of the less obvious aspects of the infection is the occurrence of ophthalmological symptoms.
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Although they are not dominant or common, they can appear at any stage of COVID-19 disease. Moreover, in some cases they
may be the first symptoms of a disease, signaling other, more systemic ailments. The role of ophthalmologists in identifying
and treating these symptoms is undeniably important. When treating COVID-19 patients, it is important to recognize both
typical and atypical ophthalmic symptoms associated with the infection. However, knowledge on this subject should extend
beyond the circle of eye disease specialists. All doctors, regardless of their specialty, should be aware of the possibility of such
symptoms and ocular complications. Additionally, physicians treating COVID-19 should be alert to the specific risks that may
be associated with this disease. Therefore, it is important that ophthalmology specialists participate in treatment teams dealing
with COVID-19 patients. Their expertise in the diagnosis and treatment of eye diseases may be crucial in identifying and
appropriately treating potential eye complications.

Both ophthalmologists and general practitioners need to remain vigilant regarding the potential, though infrequent,
ocular side effects following COVID-19 vaccination. While ocular symptoms occur less frequently in vaccinated
individuals compared to those infected with COVID-19, it is crucial for medical professionals to recognize potential
links between COVID-19 vaccinations and eye-related symptoms. This knowledge is essential for the prompt identifica-
tion and management of visual impairments or severe, potentially fatal complications.
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