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Rohit Saxena and Rebika Dhiman

13.1 Introduction

Coronavirus disease (COVID-19) caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) is an ongoing global pandemic. Earlier believed to be
primarily a respiratory disease, COVID-19 has now been recognized as a multisys-
tem disorder. Eye complications are being increasingly reported in the acute as well
as recovery phase of the disease. This chapter outlines various ocular manifestations
that have been reported in association with COVID-19 during and following the
infection. The knowledge and understanding of these ocular manifestations is
important to raise awareness about keeping COVID-19 as a differential in such
cases, especially during the pandemic. This is crucial for the comprehensive man-
agement of the disease and entails adopting preventive measures for the safety of
the examining clinician, who may be the first point of contact. The latter is impor-
tant as Dr. Li Wenliang, an ophthalmologist, one of the first doctors who warned
about the outbreak of COVID-19, died after becoming infected with SARS-CoV-2 in
Wuhan, China, on February 7, 2020, at the young age of 33 years. He contracted the
virus from an asymptomatic glaucoma patient in early January due to the close
association with the patient during the ocular examination.

13.2 Pathophysiology

There are several proposed mechanisms for eye manifestations in SARS-CoV-2
infection.
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The first hypothesis is the direct viral invasion in the tissue via angiotensin-
converting enzyme-2 (ACE-2) receptor that acts as the primary functional receptor
for the virus. Viral entry is facilitated by the binding of viral spike (S) protein to
ACE-2 receptors. Thereafter, viral uptake and membrane fusion is promoted by
priming of S protein by the host cellular transmembrane protease serine 2
(TMPRSS2). ACE-2 expression has been noted in several tissues, including the
lungs, nasopharynx, heart, brain, and blood vessels. Several ocular structures
express ACE-2 receptors and evidence supports the presence of ACE-2 and
TMPRSS?2 on ocular surface as well. This explains the tropism of SARS-CoV-2 for
the ocular surface, suggesting that the eye may act as a conduit for viral entry
in humans.

The second hypothesis is related to endothelial dysfunction and coagulopathy.
This theory is supported by the presence of ACE-2 receptors on the endothelial cells
that can lead to endothelial abnormalities such as endothelitis and microvascular
dysfunction causing vasoconstriction, ischemia, and tissue edema. The heightened
immune response causes increased levels of pro-inflammatory cytokines, in turn
leading to hypercoagulability. This predisposes affected individuals to throm-
botic events.

Thirdly, the exaggerated or dysregulated immune response-induced autoanti-
body production has been associated with the fresh occurrence of autoimmune dis-
orders like antibody-positive optic neuritis, Miller Fisher syndrome, or myasthenia
gravis. Autoantibody production occurs due to molecular mimicry in which viral
antigens induce an immune response against self-proteins [1].

Lastly, SARS-CoV-2 pneumonia and respiratory insufficiency can lead to
hypoxia-induced brain injury that may cause various neuro-ophthalmic
manifestations.

13.3 Ocular and Extraocular Manifestations of COVID-19

COVID-19 may involve any part of the eye- the ocular surface, intraocular, or extra-
ocular or may have neuro-ophthalmic manifestations. Vaccine-related ocular com-
plications are also described. All these features have been summarized in Table 13.1.

1. The ocular surface and cornea

Conjunctivitis is the most common ophthalmic involvement reported with
COVID-19 infection. As discussed earlier, the ocular surface may also be the
source of entry or dissemination of the virus. Various studies have reported con-
junctival involvement in the range of 0.8-32% [2]. Hand-eye contact has been
noted as a risk factor predisposing to conjunctival symptoms in COVID-19.
Although the virus yield from the conjunctival samples has been poor on reverse
transcriptase-polymerase chain reaction (RT-PCR), ocular surface is still consid-
ered the likely entry portal for the SARS-CoV-2.

Conjunctival hyperemia, chemosis, epiphora, ocular irritation, foreign body
sensation, follicular conjunctivitis, and increased secretions are commonly
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Table 13.1 Summary of eye manifestations in COVID-19

Structure

S.no. |involved

Type of involvement

1

Ocular surface
and cornea

(a) Conjunctivitis—follicular, hemorrhagic, pseudomembranous
(b) Conjunctival hyperemia

(c) Chemosis

(d) Epiphora

(e) Foreign body sensation

(f) Episcleritis

Intraocular

(a) Uveitis—anterior, intermediate, and posterior

(b) CRVO

(c) CRAO

(d) Other retinal abnormalities—acute retinal necrosis (ARN),
acute macular neuroretinopathy (AMN), paracentral acute middle
maculopathy (PAMM), etc.

Extraocular

(a) Eyelid abnormalities—blepharitis, lid margin hyperemia/
telangiectasia, meibomian orifice problems

(b) Acute dacryoadenitis

(c) Orbital cellulitis and sinusitis

(d) Rhino-orbital-cerebral mucormycosis

Neuro-
ophthalmic

(a) Optic neuritis

(b) Idiopathic intracranial hypertension (IIH)

(c) Cranial neuropathy

(d) Posterior reversible encephalopathy syndrome (PRES)

(e) Ischemic optic neuropathy—arteritic and non-arteritic AION
(f) Cortical visual impairment (CVI)

(g) Multisystem inflammatory syndrome in children (MIS-C)
(h) Myasthenia gravis

(i) Nystagmus and other eye movement disorders

(j) Pupillary abnormalities

Vaccine-related

(a) Mild ocular features—episcleritis, anterior scleritis, acute
macular neuroretinopathy, paracentral acute middle maculopathy,
and subretinal fluid

(b) Transient vision loss or visual field defects

(c) CRVO

(d) Optic neuritis

(e) Exacerbation of VKH

(f) Myasthenia gravis

(g) Acute macular neuroretinopathy

(h) Central serous retinopathy

(i) Uveitis

(j) Multiple evanescent white dot syndrome and cranial nerve
palsies

described features. Most cases of follicular conjunctivitis have been reported in
the subacute phase of the disease, i.e., the second week. Conjunctival involve-
ment has occasionally been seen as the presenting symptom of the disease, with
patients developing other respiratory signs of SARS-CoV-2 a few days later.
Rarely, it may be the sole manifestation of the disease. Conjunctivitis has also
been reported in the late or recovery phase of SARS-CoV-2 infection. Early-
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onset conjunctivitis is attributed to direct viral invasion and involves treatment
with topical antibiotics. On the other hand, late-onset conjunctivitis is presumably
an immune-mediated response. This has more severe manifestations such as
bilateral involvement and corneal involvement and needs treatment with topical
steroids and lubricants. Ribavirin has been used in some cases. Hemorrhagic and
pseudomembranous forms of conjunctivitis have also been reported where a
complete resolution was noted with topical antibiotics, steroids, and daily
debridement of the pseudomembrane [3].

Conjunctivitis has also been seen as a manifestation of the multisystem
inflammatory syndrome in children (MIS-C) that is reported to occur a few
weeks after SARS-CoV-2 infection and bears a resemblance to Kawasaki dis-
ease. It is related to delayed immune response occurring following COVID-19
and is associated with elevated inflammatory markers.

Episcleritis is another rare manifestation of COVID-19 infection and is infre-
quently seen as a presenting symptom. It is usually self-limiting and requires no
specific therapy.

2. Intraocular
(a) Uveitis—All forms of uveitis, i.e., anterior, intermediate, and posterior, have
been described during the course of the disease.
(b) Posterior segment

(i) Venous occlusions—Inflammatory reaction and hypercoagulability
seen with COVID-19 infection may lead to venous occlusions
(Fig. 13.1). There are several reports of unilateral or bilateral central
retinal vein occlusion (CRVO) and impending CRVO following
COVID-19 infection in young as well as elderly individuals. Usually
good visual recovery has been noted with steroids and anticoagulants.
Cases with macular involvement need anti-VEGF treatment.
Papillophlebitis, a milder form of CRVO, has been noted either as a
manifestation of COVID-19 or as a consequence of prone positioning
in ICU patients admitted for management of COVID-19. Prone posi-
tioning causes direct compression on the eye, increases orbital venous
pressure, and consequently increases intraocular pressure. Therefore,
fundus examination becomes necessary in prone-positioned ICU
patients. Also, protective cushioning of the eyes and maintaining the
head position above heart level are some preventive measures that must
be implemented [4].

(ii) Arterial occlusion—Central retinal artery occlusion (CRAO) is less
commonly reported than CRVO in COVID-19. It is a blinding condi-
tion that has been linked with elevated inflammatory markers like inter-
leukin-6, C-Reactive Protein (CRP), ferritin, D-dimer, and fibrinogen.
Rarely, combined CRVO and CRAO can also be seen.

(iii) Other retinal abnormalities
1. Acute retinal necrosis (ARN) is a rare manifestation of COVID-19.
2. Acute macular neuroretinopathy (AMN) and paracentral acute mid-

dle maculopathy (PAMM).
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Fig. 13.1 Fundus photograph of a 55-year-old male showing right-sided central retinal venous
occlusion noted a week after being diagnosed with COVID-19

3. Subclinical abnormalities on optical coherence tomography (OCT)
in the retinal layers like bilateral hyperreflectivity in several layers
of the retina that are more prominent at the papillomacular bundle,
disruption of the ellipsoid zone and interdigitation zone, and loss of
inner nuclear layer (INL) volume have been described.

4. Vitritis can be seen but should be diagnosed after ruling out other
infectious causes.

5. Nonspecific retinal changes like peripapillary and peripheral retinal
hemorrhages, cotton-wool spots, hard exudates, dilated veins, tortu-
ous vessels, and macular pigmentation have been noted.

6. OCT angiography (OCT-A) has shown significant, diffuse perfu-
sion loss in several areas of the post-COVID-19 patients’ retinas
compared with healthy eyes.

7. On Fluid Attenuated Inversion Recovery (FLAIR) weighted images,
abnormal magnetic resonance imaging (MRI) findings have been
seen at the posterior pole in few patients with COVID-19 consisting
of one or several hyperintense nodules in the macular region. These
lesions are postulated to be either direct inflammatory infiltration of
the retina or microangiopathic disease from viral infection.

(iv) Choroidal abnormalities—Reactivation of serpiginous choroiditis has
been reported following COVID-19 infection. Other differentials like
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tuberculosis, hepatitis B and C, human immunodeficiency virus (HIV),
and syphilis should be ruled out before initiating immunomodulatory
therapy.
3. Extraocular
(a) Lid—Eyelid abnormalities in the form of meibomian orifice problems and

lid margin hyperemia/telangiectasia may be seen. Blepharitis is seen as a

late manifestation of the disease.

(b) Orbital—Orbital manifestations may vary from non-specific retro-orbital
pain to life-threatening invasive mucormycosis.

(i) Acute dacryoadenitis as a late complication of SARS-CoV-2 has been
reported in a patient otherwise devoid of any COVID-19 symptoms and
later detected positive for SARS-CoV-2 antibodies. Retrograde spread
of the virus to the lacrimal gland via the ductules or immunologic
response to the gland are the possible mechanisms.

(ii) Orbital cellulitis and sinusitis—Orbital cellulitis has been seen in
young patients presenting as progressive painful orbital swelling in the
absence of any chronic sinus disease. Orbital abscess with globe perfo-
ration has also been reported.

(iii) Rhino-orbital-cerebral mucormycosis (Fig. 13.2) is a life-threatening
opportunistic infection that is increasingly reported with moderate to
severe COVID-19 infection. The risk factors are the presence of associ-
ated comorbidities like uncontrolled diabetes, diabetic ketoacidosis
and corticosteroid use for the management of COVID-19. Facial or
orbital pain, headache, periocular swelling, double vision, and diminu-
tion of vision may be the early features of the disease. In suspected
cases, clinical assessment of vision, pupillary reactions, and ocular
motility should be done. Nasal swab for KOH mount and cultures
should be sent to confirm the diagnosis. Neuroimaging is useful in
assessing the extent of the disease. Aggressive management with intra-
venous liposomal amphotericin B with or without surgical debride-
ment, along with strict glycemic control, is required. The reported

Fig. 13.2 Left-sided conjunctival congestion with mild proptosis noted in a patient post-
COVID-19. MRI image showing diffuse orbital involvement of the left side suggestive of orbital
Mmucormycosis
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Fig.13.3 Right-sided optic neuritis noted in a 50-year-old female patient 1 month after COVID-19
infection. Visual acuity on presentation was the perception of light in the right eye. The patient was
tested positive for MOG antibody and responded well to steroids

mortality despite treatment is as high as 50%, and therefore, early diag-
nosis and management is imperative [3, 5].
4. Neuro-ophthalmic manifestations—Various neuro-ophthalmic manifestations
have been documented in association with COVID-19 infection.
(a) Optic neuritis (Fig. 13.3)

There are several reports of unilateral or bilateral optic neuritis during the
course or following recovery of COVID-19 infection. Para- and
post-infectious demyelinating syndromes are known to occur following
viral illnesses. So, the occurrence of optic neuritis in association with
COVID-19 may be explained by a similar demyelinating process that is ini-
tiated either by the exposure to viral antigens related to viral neurotropism
or by autoantibody production. The clinical presentation could be typical,
with periventricular demyelinating lesions on MRI in a young female patient
suggestive of multiple sclerosis (MS), or maybe atypical with myelitis and
myelin oligodendrocyte (MOG) or anti-AQP4 (NMO) antibody positivity.
Optic neuritis may occur as a presenting feature of COVID-19. Usually,
good visual recovery has been noted with intravenous methylprednisolone
(IVMP) and/or plasma exchange (PLEX). However, other infectious and
inflammatory causes should be excluded.

Panuveitis and optic neuritis as a presenting feature have also been
reported. The simultaneous occurrence of uveitis and optic neuritis is
explained by the presence of ACE-2 receptors in both the ocular tissues—
choroid as well as central nervous system (CNS) [6].

Acute disseminated encephalomyelitis (ADEM) presenting with bilateral
vision loss and sensory deficit is also known [7]. The diagnosis was made
based on neuroimaging showing multiple T1 post-gadolinium-enhancing
lesions in the brain, lesion in the spinal cord, and bilateral optic nerve



166

R. Saxena and R. Dhiman

Fig. 13.4 Papilledema in a young female patient a month after being tested positive for SARS-
CoV-2. Visual fields show mild enlargement of the blind spot, and neuroimaging was normal sug-
gestive of idiopathic intracranial hypertension

(b)

enhancement. Significant visual recovery was noted after management with
IVMP and IV immunoglobulins.
Idiopathic intracranial hypertension (ITH)

There are reports of fresh-onset headache with raised intracranial pres-
sure (defined as CSF opening pressure > 250 mm of H,O) without encepha-
litis or meningitis following COVID-19 infection. However, disc edema
may not be noted in all cases. Idiopathic intracranial hypertension with disc
edema may be a presenting feature in COVID-19 and is also seen during the
recovery phase (Fig. 13.4). Recovery of visual complaints and field defects
occurs with lowering the CSF pressures with acetazolamide therapy. ITH is
possibly caused by venous congestion due to low-grade inflammation and
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Fig. 13.5 Left-sided third nerve palsy showing drooping of the lids and limitation of adduction,
elevation, and depression in an elderly patient with uncontrolled diabetic status. RT-PCR was
negative, and patient did not have any systemic features of COVID-19 infection. But IgG
COVID-19 antibody titers were markedly elevated. Neuroimaging was unremarkable

with hypercoagulable state precipitated by COVID-19 infection, leading to
hyperviscosity and less CSF absorption.
Cranial neuropathy

Ocular motor palsies have been seen following COVID-19 infection
either as an isolated pathology or a manifestation of underlying systemic
disease like Miller Fisher syndrome. There are reports of oculomotor
(Fig. 13.5), trochlear, abducent, and facial palsy with COVID-19. While
some patients had pre-existing vascular comorbidities, others were healthy
young adults.

Acute demyelinating inflammatory polyneuropathy leading to third nerve
and abducent nerve palsy has also been reported, likely due to the virus-
mediated immune response. MRI findings may include enhancement of the
optic nerve sheath and posterior Tenon’s capsule, which may be due to viral
leptomeningeal invasion or an ischemic process [8].

Guillain-Barre syndrome (GBS) presenting with facial paresis or diple-
gia, Miller Fisher syndrome with features of anosmia, ageusia, internuclear
ophthalmoparesis, fascicular oculomotor palsy, ataxia, areflexia, albumino-
cytologic dissociation, GD1b-IgG antibody positivity and polyneuritis cra-
nialis with ageusia, bilateral abducens palsy, areflexia, and
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(d)

(e)

®
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albumino-cytologic dissociation are some other manifestations of
COVID-19 infection. Good recovery has been demonstrated with treatment
in most cases [9].

Posterior reversible encephalopathy syndrome (PRES)

PRES is a neurological disorder characterized by vasogenic edema with
a distinctive parieto-occipital involvement evident on neuroimaging. PRES
has been reported in elderly patients with severe COVID-19 infection requir-
ing intensive care unit (ICU) care with respiratory support. The patients usu-
ally present with seizures and occasionally with neuro-ophthalmic
manifestations like visual field defects, cortical blindness, and visual hallu-
cinations. There is also a report of hallucinatory palinopsia, the persistent
recurrence of a visual image after the stimulus has been removed [10].
Cytokine storm, endothelial abnormalities, and SARS-CoV-2 pneumonia-
related hypoxemia are the possible factors that affect cerebral autoregulation
leading to cerebral vasodilatation, neuronal swelling, and vasogenic edema.
Usually, good recovery has been noted in most cases.

Ischemic optic neuropathy

Non-arteritic ischemic optic neuropathy (NAION) has been noted in
already predisposed individuals, i.e., individuals with vascular comorbidi-
ties like diabetes and hypertension. Bilateral NAION has also been reported
due to prone positioning in a patient with COVID-19-related acute respira-
tory distress syndrome (ARDS) [11]. Prone positioning is known to affect
ocular perfusion and cause raised intraocular pressure. There are also rare
reports of increasing presentation of giant cell arteritis (almost five-fold
high) during the pandemic [12]. However, the cause-effect relationship
could not be established definitively.

Cortical visual impairment (CVI)

Greater incidence of stroke and younger age of incidence of stroke have
been noted with SARS-CoV-2 infection than with other coronaviruses,
influenza, or seasonal viruses. Coagulation disorders, endothelial abnormal-
ities, and excessive inflammatory response are the causative factors.
Therefore, early anticoagulation therapy is recommended in moderate-
severe COVID-19.

Occipital and visual pathway involvement in stroke can lead to neuro-
ophthalmic manifestations like vision loss and visual field defects.
Multisystem inflammatory syndrome in children (MIS-C)

MIS-C is characterized by inflammation of multisystem organs like the
heart, lungs, kidneys, brain, skin, eyes, or gastrointestinal organs (>2) and
elevated inflammatory markers associated with recent SARS-CoV-2 infec-
tion. This is associated with an exaggerated immune response in children.
Inflammatory markers like C-reactive protein (CRP), erythrocyte sedimen-
tation rate (ESR), fibrinogen, procalcitonin, D-dimer, ferritin, lactic acid
dehydrogenase (LDH), or interleukin-6 (IL-6) are elevated. Raised CSF
pressures, related to altered CSF dynamics due to inflammatory or infec-
tious meningitis, have been documented in the setting of MIS-C following
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COVID-19 infection. Disc edema and abducent nerve palsy due to elevated
intracranial pressure have been reported in some of these patients. Usually,
the recovery is good with management.
(h) Myasthenia gravis
Exacerbation, as well as new cases of myasthenia gravis, may occur fol-
lowing COVID-19. The common presenting symptoms are diplopia and pto-
sis. The patients are positive for acetylcholinesterase (AchR) or
muscle-specific tyrosine kinase (MuSK) antibodies and respond well to
pyridostigmine.
(i) Nystagmus and other eye movement disorders
There are isolated reports of nystagmus and other eye movement disor-
ders like intermittent horizontal nystagmus with a rotatory component [13],
opsoclonus (rapid, chaotic, involuntary saccadic, multidirectional eye move-
ments), and bilateral horizontal pendular nystagmus in COVID-19
patients [14].
(j) Pupillary abnormalities
Adie’s pupil due to parasympathetic denervation following viral infec-
tions is not uncommon. Adie’s tonic pupil has been documented in associa-
tion with SARS-CoV-2 infection. Adie-Holmes syndrome with anisocoria
and absence of deep tendon reflexes in upper and lower limbs has also been
reported [15].
5. Vaccine-related complications

As the vaccination drive is ongoing, several COVID-19 vaccines have been
introduced, such as RNA vaccines, DNA vaccines, and replication-defective
viral vector vaccines. Subsequently, there have been reports of vaccine-related
ocular complications. The mechanism of ocular disease post-vaccination can be
an immunologic response to the spike antigen, other viral antigens, or compo-
nents of adenovirus causing molecular mimicry.

Mild reversible ocular adverse events like episcleritis, anterior scleritis, acute
macular neuroretinopathy, paracentral acute middle maculopathy, and subretinal
fluid have been reported with inactivated COVID-19 vaccine. Thromboembolic
events, including CRVO, have been noted with adenovirus vector-based
COVID-19 vaccines. This has been attributed to systemic inflammation, platelet,
and endothelial dysfunction. There have been rare cases of a transient decrease
in vision and transient visual field defects. Occurrence of autoimmune diseases
like bilateral arteritic anterior ischemic optic neuropathy (AAION) and bilateral
acute zonal occult outer retinopathy (AZOOR) has been seen following vaccina-
tion suggesting cross-reactivity of neutralizing antibodies against SARS-CoV-2
spike proteins and host cell antigens [16].

There are numerous reports of postvaccination optic neuritis worldwide,
some of whom were positive for myelin oligodendrocyte glycoprotein (MOG)
antibodies [17]. Other noteworthy ocular events are Vogt-Koyanagi-Harada
(VKH) disease exacerbation, myasthenia gravis, acute macular neuroretinopa-
thy, central serous retinopathy, thrombosis, uveitis, multiple evanescent white
dot syndrome, and cranial nerve palsies.
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While multiple reports of side-effects following a vaccine injection have been
documented, the mere temporal relationship does not necessarily prove causal-
ity. The reported frequency of the side effects is considered rare given the mil-
lions of people who have received one or more vaccines. The possible reasons
for these effects may be related to potentially susceptible individuals exhibiting
a maladaptive immune response. Vaccines have added adjuvants within them to
boost the immunogenic efficacy, and these adjuvants potentiate the innate and
adaptive immune response, which may lead to autoimmune or inflammatory
conditions in a small group of persons.

13.4 Preventive Measures in Ophthalmic Practice

An ophthalmologist may be the first point of contact in SARS-CoV-2 infection due
to these unusual ocular presentations. This necessitates the adherence to appropriate
infection control measures based on the latest national and state health directives.
Stratification of ophthalmic patients for clinical visits and utilization of tele-
ophthalmology practices as much as possible for routine cases may be done. For
outpatient examination, use of breath shields while using slit lamps, disinfection,
and cleaning of instruments like tonometers, trial frames, pinhole occluders, and
B-scan probes are advocated especially during the pandemic. Special care to cover
the eyes, nose, and mouth with masks and face shields, use of gloves, and observing
proper hand etiquette before and after patient examination are the key to prevent
cross-transmission.

13.5 Conclusion

This chapter elaborates various eye manifestations of COVID-19. Considering the
proximity required in the ophthalmic examination, understanding the ophthalmic
manifestations of COVID-19 becomes important. Strict adherence to appropriate
infection control measures while examining these patients will ensure the safety of
the healthcare worker and the patients.
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