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The pandemic caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has had health 
implications of unprecedented magnitude. The infection can range from asymptomatic, mild to life 
threatening respiratory distress. It can affect almost every organ of the body. Ophthalmologists world 
over are reporting various manifestations of the infection in the eye. This review was undertaken to help 
ophthalmologists recognize the possible manifestations and the stage of the viral disease when they 
commonly appear. Literature search was performed for the publications on ophthalmic manifestations 
of coronavirus disease-19 (COVID-19) between January 1, 2020 and January 31, 2021. 46 case reports, 8 
case series, 11 cross sectional/cohort observational studies, 5 prospective interventional studies, 3 animal 
models/autopsy studies and 6 reviews/meta-analysis were included. Conjunctivitis is the most common 
manifestation and can develop at any stage of the disease. Direct effect due to virus, immune mediated 
tissue damage, activation of the coagulation cascade and prothrombotic state induced by the viral infection, 
the associated comorbidities and drugs used in the management are responsible for the findings in the eye. 
The viral ribonucleic acid (RNA) has been isolated from ocular tissues but the role of eye as a route for 
infection is yet to be substantiated. Ophthalmic manifestations may be the presenting feature of COVID-19 
infection or they may develop several weeks after recovery. Ophthalmologists should be aware of the 
possible associations of ocular diseases with SARS-CoV-2 in order to ask relevant history, look for specific 
signs, advise appropriate tests and thereby mitigate the spread of infection as well as diagnose and initiate 
early treatment for life and vision threatening complications.
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The coronavirus global pandemic has had far‑reaching and 
lasting consequences. The full spectrum of the disease is yet 
to be unraveled. The permanent sequelae to different organs, 
the multitude of presentations, the theories of pathogenesis, 
and the true associations with the severe acute respiratory 
syndrome coronavirus 2 (SARS‑CoV‑2) are being reported and 
studied at a rate that may only be described as a scientifically 
demanded frenzy. A simple search of ‘COVID‑19’ in search 
engines throws up about a lakh of articles. If we refine it with 
the addition of the word ‘Ophthalmology’, the results are less 
staggering but none the less large with over 1000 publications. 
To bring down the numbers to more conquerable values, 
‘ophthalmic manifestations’ has just over  100 publications. 
We believe it is important for ophthalmologists to have 
knowledge about the ophthalmic manifestations of the novel 
viral infection in order to suspect, diagnose, refer and treat the 
conditions with skills, machinery, and drugs that we already 
possess. This article gives an overview of the ophthalmic 
conditions that have been associated with the virus, directly or 
indirectly. We have also tried to categorize the manifestations 

into the phase of the coronavirus disease-19 (COVID‑19) when 
they are most likely to present.

Methods
Literature search was performed in PubMed for ‘COVID‑19’, 
‘SARS‑CoV‑2’, ‘ophthalmology’, ‘ophthalmic manifestations’, 
‘anterior segment’, ‘conjunctiva’, ‘ocular surface’, ‘retina’, 
‘choroid’, ‘uveitis’, ‘neuro‑ophthalmology’, ‘cranial nerve 
palsy’, and ‘orbit’. Articles in the English language, published 
between January 1, 2020 to January 31, 2020, were included 
to formulate the description of the current understanding of 
the ophthalmic manifestations of SAR‑CoV‑2 virus. While 
the search is not exhaustive, we have tried to include the 
important and unique articles. We have also included the 
observations and cases seen by the authors in the relevant 
sections. 46  case reports, 8  case series, 11 cross‑sectional/
cohort observational studies, 5 prospective interventional 
studies, 3 animal models/autopsy studies, and 6 reviews/
meta‑analysis were included. Severity of COVID-19 disease 
was considered as per the description in the article, if 
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mentioned, or based on the symptoms and management 
described. All the cases were diagnosed as COVID‑19 based 
on nasopharyngeal or oropharyngeal swabs or antibody 
titers. The statistical analysis was done using Microsoft Excel.

Eyelid, Ocular Surface and Anterior 
Segment Manifestations of COVID-19
Ocular surface and cornea
In our review of literature, there were 120 patients with ocular 
surface and corneal symptoms and signs. The mean age was 
45± 15.3  (range 24‑72, median 46.9) years. The median gap 
between COVID‑19 symptom/diagnosis and ophthalmic 
findings was 8.5 (mean 11.1 ± 8.8, 2–32) days. But it was the 
initial or concurrent presentation in 12/26 published articles. 
Table 1 shows the case reports, case series, and cross‑sectional 
studies that have reported ocular surface findings.
A.	Follicular conjunctivitis
	 Conjunctivitis is the most common ophthalmic manifestation 
documented in COVID‑19 patients. In a large series of cases 
with mild COVID-19 infection, Sindhuja et al. reported that 
11/127 (8.66%) patients had conjunctivitis. All symptomatic 
patients gave a history of redness of one or both eyes. 
Presence of respiratory tract symptoms were associated 
with conjunctival congestion. A positive history of hand‑eye 
contact was elucidated in four patients; however, this did not 
attain clinical significance as a risk factor.[1] This was different 
from the results of a cross‑sectional study performed by 
Chen et al. in 535 cases of COVID‑19 patients which showed 
that hand‑eye contact was independently correlated to the 
presence of conjunctival congestion amongst patients.[2]

	 Chen et al. suggested that ocular manifestations are more 
common in the middle phase of the disease based on their 
findings of bilateral acute follicular conjunctivitis in a patient 
on the 13th day of the illness. [Fig. 1] The conjunctival swab 
remained positive for five days, though with progressively 
increasing cycle threshold (Ct) values.[3] Nayak et al. reported 
delayed onset of follicular conjunctivitis four weeks after 
severe COVID‑19 infection in a 65‑year‑old male with 
diabetes, hypertension, and asthma. The conjunctival 
swab did not reveal any bacterial or fungal infection. The 
conjunctivitis resolved in two weeks with lubricants and 
preservative‑free moxifloxacin eye drops. The authors 
also concluded that virus shedding in the conjunctiva 
may persist even after the nasopharyngeal swab becomes 
negative for SAR‑CoV virus.[4]

B.	 Viral keratoconjunctivitis
	 Keratoconjunctivitis as the initial presentation in a 
patient with mild respiratory symptoms has been 
reported by Cheema et  al. The patient presented with 
redness, discharge, and photophobia and was treated 
as herpetic keratoconjunctivitis, and later, as epidemic 
keratoconjunctivitis with oral valacyclovir and topical 
moxifloxacin. SARS‑CoV‑2 testing was done only in view of 
updated guidelines for testing patients with travel history 
in Canada. The nasopharyngeal and conjunctival swabs 
both turned out to be positive. This case highlights the 
importance of considering conjunctivitis as a presenting 
symptom of COVID‑19.[5]

	 In a case report from China, Guo et al. reported a patient 
with moderate‑severe COVID‑19 infection with left 

eye conjunctivitis developing ten days after COVID‑19 
symptoms. In the first episode, the cornea was clear, and 
patient had viscous discharge. Conjunctival swab was 
positive for SARS‑CoV‑2 virus ribonucleic acid (RNA) by 
reverse transcriptase polymerase chain reaction (RT‑PCR) 
but not for herpes simplex virus (HSV) or adenovirus and 
this was repeated daily. On the second day after initiation of 
treatment with topical levofloxacin and sodium hyaluronate, 
the swab became negative. Patient recovered well within 
a week but presented with a relapse and peripheral 
corneal staining in both eyes after five days. This time 
the conjunctival swab was negative for both SARS‑CoV‑2 
and HSV. However, the interleukin-6 (IL-6) levels showed 
ten‑fold elevation in the left eye. With an immune‑mediated 
pathogenesis in mind, topical fluoromethalone was started 
and patient responded well with complete resolution. Since 
SAR‑CoV‑2 virus was detected in the conjunctiva, the first 
episode of conjunctivitis was attributed to local invasion and 
inflammation of the ocular surface caused by the virus. It 
was localized to the left eye with resolution within a week. 
The relapse, with more widespread bilateral manifestation, 
on the other hand, was presumed to be due to a cytokine 
surge caused by an autoimmune response mediated by 
the virus. A  longer follow‑up with proper use of topical 
glucocorticoid is recommended by some to diminish the 
risk of immune‑mediated keratoconjunctivitis.[6]

C.	Hemorrhagic and pseudomembranous conjunctivitis
	 Navel et  al. in France reported a case of a 63‑year‑old 
male patient with severe COVID‑19 infection, admitted 
in intensive care unit (ICU), developing hemorrhagic and 
pseudomembranous conjunctivitis 19 days after the onset 
of systemic symptoms. Treatment was with azithromycin 
and dexamethasone drops and daily debridement of 
pseudomembrane.[7]

D.	Conjunctivitis in children
	 A 30 fold increase in the incidence of Kawasaki disease‑like 
condition has been reported in children in some parts of 
Italy with strong association with COVID‑19. This atypical 
presentation is known as multisystem inflammatory 
syndrome in children  (MIS‑C).[8] Kawasaki disease, 
a form of self‑limiting vasculitis, is associated with 
iridocyclitis, punctate keratitis, vitreous opacities, 
papilloedema, subconjunctival hemorrhage and conjunctival 
injection.[9] In the literature available on MIS‑C, the 
ophthalmic manifestations have mainly been in the 
form of conjunctivitis.[8] MIS‑C is commonly being noted 
to have serological positivity for SARS‑CoV‑2 than on 
nasopharyngeal swab indicating it to be a manifestation of 
delayed immunological response to COVID‑19. Treatment 
is directed towards suppressing the systemic inflammation. 
Corticosteroids, intravenous immunoglobulin (IVIG) and 
aspirin have been used in the cases reported.[8]

E.	 Episcleritis
	 A case of episcleritis as the initial manifestation of COVID‑19 
has been described in a 29‑year old male by Otaif et  al. 
Patient had history of foreign body sensation in the left 
eye and examination revealed nasal conjunctival and 
episcleral congestion with blanching with phenylephrine. 
He developed mild viral infection with symptoms appearing 
three days after the ocular signs.[10] Managna et al. reported 
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another case of episcleritis which developed seven days after 
the onset of symptoms of COVID‑19 infection. Most cases of 
episcleritis are idiopathic and self‑limiting. About a third of 
them may be associated with viral infections including ebola, 
HSV and hepatitis C and now possibly, SARS‑CoV‑2 virus.[11]

Eyelid
Eyelid manifestations in the form of meibomian orifice 
abnormalities and lid margin hyperemia/telangiectasia was 
found in 11/27  (38%) patients in the study by Meduri et  al. 
in Italy. Blepharitis positively correlated with the COVID‑19 

Table 1: Review of literature of ocular surface and corneal manifestations of COVID‑19

Study Type Location Sample 
(ocular 

manifestation/
total sample 

studied)

Age 
(mean/

median) 
(years)

Duration between 
COVID‑19 

symptoms/diagnosis 
and ophthalmic 

symptoms (days)

Diagnosis

Sindhuja et al.[1] Retrospective 
cross sectional

India 11/127 38.8 
(median)

Mean 9.4
Initial  in one

Conjunctival congestion, 
lid edema, hyperaemia, 
watering

Nayak et al.[4] Case India 1 65 32 Follicular conjunctivitis

Wu et al.[13] Retrospective 
case series

China 12/38 67 (mean) NA Conjunctival chemosis, 
epiphora, hyperaemia, 
secretions

Chen et al.[2] Cross sectional 
study

China 27/535 44 
(median)

NA Conjunctival congestion

Scalinci et al.[29] Case series Italy 5 46.8 
(mean)

Initial Conjunctival chemosis, 
epiphora

Chen et al.[3] Case China 1 30 13 Follicular conjunctivitis

Guan et al.[14] Retrospective 
cohort

China 9/1099 47 
(median)

NA Conjunctivitis

Colavita et al.[31] Case Italy 1 65 Initial Conjunctivitis

Daruich et al.[32] Case Argentina 1 27 Initial Conjunctival hyperaemia, 
eyelid edema

Khavandi et al.[33] Case Iran 1 65 Initial Follicular conjunctivitis

Salducci et al.[34] Case Italy 1 72 Concurrent Conjunctivitis

Zhou et al.[15] Retrospective 
cohort

China 1/67 35.7 Initial Conjunctivitis

Xia et al.[16] Prospective 
interventional

China 1/30 53 3 Conjunctivitis

Atum et al.[17] Prospective 
interventional

Turkey 10/40 41.3 
(mean)

NA Conjunctivitis

Zhang et al.[18] Cross sectional China 2/72 NA Initial in one Conjunctivitis

Lan et al.[19] Cross sectional China 3/81 Na 16 Dryness, conjunctival 
chemosis, swelling, itching

Karimi et al.[20] Cross sectional Iran 2/43 NA NA Foreign body sensation, 
follicular conjunctivitis

Hong et al.[21] Cross sectional China 15/56 50 (mean) Initial in 6 Redness, dryness FB 
sensation, pain

Seah et al.[22] Prospective 
case series

Singapore 1/17 NA 17 Conjunctival injection and 
chemosis

Zhou et al.[23] Cross sectional China 8/121 NA NA Itching, redness, tearing, 
foreign body sensation

Goel et al.[30] Letter to editor India 2 38 (mean) Initial Conjunctivitis

Cheema et al.[5] Case Canada 1 29 Initial Keratoconjunctivitis

Guo et al.[6] Case China 1 53 10 Relapsing viral 
keratoconjunctivitis

Navel et al.[7] Case France 1 63 19 Haemorrhagic, 
pseudomembranous 
conjunctivitis

Otaif et al.[10] Case Saudi Arabia 1 29 Initial Episcleritis
Mangana et al.[11] Letter to editor Spain 1 31 7 Episcleritis

FB: Foreign body
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Figure 1: Follicular conjunctivitis following COVID-19: A 30‑year‑old man developed bilateral follicular conjunctivitis 13 days after mild COVID‑19 
infection. Slit lamp examinations showed evidence of acute viral conjunctivitis. (a and d)The examination on illness day 13 showed moderate 
conjunctival injection and inferior palpebral conjunctival follicles. (b and e) Examinations on illness day 17 and (c and f) illness on day 19 demonstrated 
that treatment with ribavirin eye‑drops gradually improved the patient’s symptoms. (Reproduced with permission from Chen L, Liu M, Zhang Z, 
Qiao K, Huang T, Chen M, Xin N, Huang Z, Liu L, Zhang G, Wang J. Ocular manifestations of a hospitalised patient with confirmed 2019 novel 
coronavirus disease. Br J Ophthalmol. 2020;104:748-51)

a b c

d e f

a

a

c

Figure 2: Vasculitic retinal vein occlusion as a manifestation of COVID-19: A 52-year-old patient presented with the diminution of vision in the left 
eye 10 days after he tested positive for SARS-CoV-2. (a) Fundus photograph demonstrating inferior hemiretinal vein occlusion with superonasal 
branch retinal vein occlusion. (b) Fundus fluorescein angiogram showing the presence of dilated tortuous vein in inferior and superonasal quadrants 
with late phases showing staining and leakage from the vessel walls (Blue arrow), multiple areas of hypofluorescence corresponding to retinal 
hemorrhages clinically, suggestive of blocked fluorescence (Yellow arrow) and areas of hypofluorescence suggestive of capillary nonperfusion 
(Blue arrow) in involved quadrants. The macular region and optic disc also showed hyperfluorescence in late phases suggestive of leakage. (c) 
Spectral domain optical coherence tomography illustrating the presence of serous macular detachment (Orange arrow), cystoid macular edema, 
cysts located in outer nuclear layer (Blue arrow), inner nuclear layer (Red arrow) and ganglion cell layer (Green arrow) and disorganization of retinal 
inner layers (Yellow arrow) (Reproduced with permission from Sheth JU, Narayanan R, Goyal J, Goyal V. Retinal vein occlusion in COVID-19: 
A novel entity. Ind J Ophthalmol 2020;68:2291-3). 
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disease duration.[12] It may develop as late manifestation of 
the disease and the incidence is also expected to rise in the 
post‑pandemic era especially in patients with pre‑existing 
ocular surface alteration.

Table 2 lists the reported signs and symptoms commonly 
seen in the patients with their incidence. The prevalence of 
eyelid, ocular surface and anterior segment manifestations in 
different studies has varied from 0.81% to 34.5%.[1,2,12‑23] The 
basic problem in defining the prevalence is that the studies 
have been conducted at various stages of the disease, in 
patients with different severity with lack of uniformity in the 
examination method and collection of data.[1] A review and 
meta‑analysis performed by Agarwal et al. with 16 studies, of 
2347 confirmed cases, showed a prevalence of 11.6%. Ocular 
symptoms were seen in 6.9% of the patients with severe 
pneumonia while 4.13% of mild to moderate cases had ocular 
features.[24] Wu et al. have shown that ocular manifestations 
are seen more commonly in patients with higher white blood 
cell (WBC) count, C-reactive protein (CRP), procalcitonin 
and lactate dehydrogenase (LDH) levels.[13] A study in Italy 
showed that conjunctival findings were significantly correlated 
with the severity of the disease but not the duration.[12] A 
cross‑sectional study conducted in Turkey showed that older 
age, high fever, increased neutrophils/lymphocyte ratio 
and high levels of acute‑phase reactants were risk factors 
for development of ocular surface and anterior segment 
manifestations.[25] A cause of ambiguity is that dry eyes, pain, 
conjunctival redness, and chemosis may be present in severely 
ill patients (60% of those admitted in ICU) with renal failure, 
cardiopulmonary failure, and carbon dioxide retention and 
may be unrelated to the COVID-19 infection.[12,24]

Deng et al. demonstrated that SARS‑CoV‑2 can infect rhesus 
macaques through the conjunctiva.[26] Zhou et al. successfully 
demonstrated the presence of viral RNA in the conjunctival sac of 
COVID‑19 patients. Detection of viral RNA in conjunctival swabs 
with RT‑PCR gives positive results in only 3.5‑5.2% of the cases 
subject to timing of collection during the course of disease and 
method of collection.[13] In a meta‑analysis performed by Ulhaq 

et al., the pooled specificity was 100% but the pooled sensitivity 
of ocular tissues/fluid for detecting SAR‑CoV‑2 was extremely 
low (0.6%).[27] What is more interesting is that the viral RNA 
may be detected in conjunctival swabs even in patients without 
ocular manifestations as reported by Zhou et  al.[15] But it is 
unclear if the viral RNA in ocular fluids has infectious potential. 
Till date, the virus has not been isolated in culture or had any 
cytopathic effect on Vero‑E6 cell lines indicating that it does not 
replicate in the conjunctiva.[24] Viral genomic and subgenomic 
RNA of SARS‑CoV‑2 have been detected in cornea of deceased 
COVID-19 patients but further studies are required to determine 
the transmission of the infection following corneal transplant.[28]

Ocular surface manifestations of COVID‑19 can be 
acute,  (within a week) or delayed  (after a week). Although 
diffuse follicular conjunctivitis may be found in both types, 
immune response is considered to play a major role in the 
delayed development of signs. It is much more diffuse, presents 
with corneal involvement, and responds well to steroids. The 
recurrent and delayed cases also had more severe forms of 
the disease as compared to isolated acute conjunctivitis.[6] 
Conjunctival congestion may be an early sign of COVID-19 
infection even before the development of systemic symptoms 
in 2.26% of the patients.[24] About half the articles presented 
in Table 2 had conjunctivitis as the presenting feature of the 
viral infection. A  series of five cases of COVID‑19 reported 
by Scalinci et al. from Italy and two cases reported by Goel 
et al from India showed that conjunctivitis was the sole 
manifestation of COVID‑19 infection.[29,30] Treatment involves 
mainly lubricants and the disease is self‑limiting. Topical 
antibiotics may be added to prevent bacterial superinfection. 
Ribavirin has been used in some cases.[3] Topical steroids have a 
role in immune‑mediated keratoconjunctivitis and episcleritis. 
Long term sequelae are yet to be studied.

For ophthalmologists, the important consideration is that, in 
the current scenario, one should have a high index of suspicion 
for COVID-19 in patients presenting with conjunctivitis. 
Thorough ophthalmic examination using all safety measures 
should be done to rule out more common causes like bacterial, 
chlamydial, adenoviral or microsporidial diseases. Patients 
with conjunctivitis should be specifically asked about 
COVID‑19‑related symptoms and advised to get tested if 
present. Further studies are necessary to determine if the 
conjunctiva can be a portal of entry and reservoir of the virus.

Posterior Segment Manifestations of 
COVID-19
Posterior segment involvement has varied manifestation and 
are actually vascular, inflammatory, and neuronal changes 
triggered by the viral infection but not specific to COVID‑19. 
The literature review showed that the mean age of the 
patients was 47.4 ± 14.8 (median 50, 17‑75) years. The median 
duration between appearance of ophthalmic symptoms and 
the COVID‑19 symptoms /diagnosis was 12 (17.6 ± 13.1, 4–55) 
days. About 50% (14/23) were male and eight had no associated 
systemic comorbidity. [Table 3]

Retinal vascular occlusions
A.	Central retinal vein occlusion (CRVO)
	 CRVO is one of the many vascular manifestations of 
COVID‑19. In the published reports, only one patient 

Table  2: Eyelid and ocular surface manifestations of 
COVID‑19[2,12,24,25]

Symptoms and signs Incidence

Dryness 6.9‑37%

Pain 10.3‑31.2%

Discharge 6.9‑29.6%

Redness 10.8‑24.1%

Tearing 9.7‑22.2%

Foreign body sensation 6‑18.5%

Photophobia 2.6‑16.1%

Itchiness 9.6‑15.7%

Blurred vision 4.8‑12.8%

Burning sensation 8.4%

Lid margin hyperaemia 34.5%

Crusted eyelashes 24.1%

Meibomian orifices abnormality 20.7%

Follicular conjunctivitis 7.7‑8.6%

Chemosis 3.4%
Episcleritis 2.2%
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suffered from hypertension and morbid obesity. It is not 
possible to correlate the development with the severity 
of COVID‑19 disease. Investigations in these cases, like 
fluorescein angiography  (FA) and optical coherence 
tomography  (OCT) demonstrate features not different 
from CRVO from non‑COVID-19‑related causes. [Fig. 2] 
Patients of COVID‑19 are in a procoagulant state evident 
by elevated D‑dimer, prothrombin time  (PT), activated 
partial thromboplastin time  (aPTT), fibrinogen, and 
cytokines even in the absence of common systemic 
conditions like hypertension, diabetes or dyslipidemia. 
Additionally, intermittent hypoxia in patients with 
pneumonia can induce the endothelial cells to release 
tissue factor and trigger the extrinsic coagulation cascade. 
In the impending stage, high dose steroids may help to 
normalize the inflammatory markers and coagulation 
indices. Management is with anti-vascular endothelial 
growth factor (anti-VEGF) in the established phase.[35-
38] In patients with systemic comorbidities with severe 
COVID‑19 infection, early anticoagulant prophylaxis 
should be considered.

B.	 Central retinal artery occlusion (CRAO)
	 Sudden onset of painless vision loss can herald the occlusion 
of central retinal artery with grave visual prognosis. Both 
patients, in the reported cases, had elevated inflammatory 
markers including IL-6, CRP, ferritin, fibrinogen and 
D‑dimer as a result of severe COVID‑19 infection, possibly 
resulting in the vascular occlusion.[39,40] In the case reported 
by Dumitrascu et al., incomplete ophthalmic artery occlusion 
developed despite the patient being on enoxaparin for 
deep vein thrombosis.[40]  Combined retinal vein and artery 
occlusion has also been seen (unpublished) in a patient 
following COVID-19 infection [Fig. 3].

C.	Acute macular neuroretinopathy  (AMN), paracentral acute 
middle maculopathy (PAMM)

	 AMN is a rare condition with unknown etiology but, about 
50% have been shown to be associated with respiratory or 
influenza‑like illness. Ischemic mechanism involving the 
deep capillary plexus has been proposed. Cases of AMN 
and PAMM have been reported following/concurrently 
with COVID‑19 diagnosis.[41-43] In a yet unpublished report 
from India, a 28‑year‑old healthy woman was diagnosed 
with AMN 1 week after recovery from mild COVID‑19 
infection.  [Fig.  4] In the case reported by Zamani et  al. 
from Iran, the patient was recently diagnosed with acute 
myeloid leukemia (AML) and was on chemotherapy. It is 
difficult to conclude with certainty if the retinal findings 
in this case were a manifestation of AML or if the viral 
infection predisposed the patient to AMN.[42] Acute painless 
diminution of vision, faintly colorful paracentral scotoma, 
and dyschromatopsia are the common symptoms. Fundus 
examination may not reveal any obvious abnormality, 
although retinal hemorrhages with Roth spots and a 
wedge‑shaped reddish‑brown lesion directed towards fovea 
have been described. Spectral‑domain OCT  (SD‑OCT) is 
invaluable in detecting hyperreflectivity at the level of outer 
plexiform layer (OPL), outer nuclear layer (ONL) or between 
outer plexiform layer (OPL) and inner nuclear layer (INL). 
Disruption of ellipsoid zone (EZ), interdigitation zone (IZ), 
and loss of INL volume have also been described [Fig. 5]. 
OCT‑angiography (OCT‑A) in PAMM shows reduced flow 

in intermediate, deep and superficial capillary plexus, and 
in AMN, there is reduced flow in the deep plexus.

Retina
A.	Vitritis and outer retinal abnormalities
	 The presenting complaint in this case was bilateral 
redness in eyes. SD‑OCT showed hyperreflectivity at the 
level of posterior vitreous hyaloid corresponding to the 
vitritis. Hyperreflectivity was also present at the level 
of inner plexiform layer  (IPL), ganglion cell layer  (GCL) 
with disruption of EZ. FA showed corresponding 
hyperfluorescence. It is important to rule out other infectious 
causes of vitritis like HSV, cytomegalovirus  (CMV), 
syphilis, bartonella, toxoplasma, borrelia, toxocara, and 
inflammatory diseases which can cause uveitis. In the 
absence of any of these, COVID‑19 was presumed to have 
led to the development of abnormalities detected on OCT.[44]

B.	 Acute retinal necrosis (ARN)
	 The reported patient was immunocompromised with 
relapsed diffuse large B cell lymphoma and had completed 
chemotherapy two months ago. A  known case of 
systemic lupus erythematosus (SLE), she presented 
with ocular complaints of floaters and reduced vision. 
Intravitreal specimen tested positive for varicella‑zoster 
virus (VZV) but not for COVID‑19.[45] ARN is not common 
in immunosuppressed states, neither is the amount 
of inflammation seen in this patient which led to the 
presumption that COVID‑19 had a role to play in triggering 
the VZV‑related ARN by its effect on the immune system. It is 
possible that SARS‑CoV‑2 may compromise the blood‑retinal 
barrier allowing a heightened inflammatory response.

C.	Other retinal findings seen in patients with COVID‑19
	 Pereira et al., from Brazil, reported retinal findings in patients 
admitted with severe COVID‑19. The cross‑sectional 
study showed retinal changes in ten patients  (55.6%) 
and included peripheral retinal hemorrhages, macular 
hyperpigmentation, retinal sectoral pallor, peripapillary 
flame‑shaped hemorrhages, hard exudates, and cotton wool 
spots. All the patients were on prophylactic or full intensity 
anticoagulants to counter the prothrombotic condition in 
severe cases of COVID‑19. But the superadded or primary 
effect of pre‑existing comorbidities, ICU admission, 
and vasoactive pharmacological support was not taken 
into account. The retinal findings, thus, cannot be solely 
attributed to the viral infection.[46]

Uvea
Serpiginous choroiditis
Reactivation of serpiginous choroiditis following COVID‑19 
infection was reported by Providencia et al. This patient had 
older pictures of prior retinal examination which showed 
evidence of atrophic lesions on FA indicative of previous 
episode of choroiditis.[47] There are unpublished cases of 
multifocal or serpiginous choroiditis presenting in patients with 
a history of SARS‑CoV‑2 infection. It is difficult to determine 
whether these are new onset or reactivation of inflammation. 
Autoimmunity activated by SARS‑CoV‑2 is believed to play a 
role in this. Tests for tuberculosis (TB), Hepatitis B and C (HBV, 
HCV), human immunodeficiency virus  (HIV), borrelia, and 
syphilis should be done to diagnose serpiginous like choroiditis 
and before starting immunomodulatory therapy.[47]
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SARS‑CoV‑2 RNA has been detected in the retina of 
patients diagnosed with COVID‑19 in a study by Casagrande 
et  al. in Germany. Three of the fourteen eyes enucleated on 
autopsy showed the presence of all three gene sequences on 
RT‑PCR‑ RdRp‑gene, E‑gene, Orfl. The authors rightly state 
that the actual rate of RNA detection in retina may be much 
more because it depends on the post‑mortem interval for the 
collection of the specimen, the Ct values and the biopsy size.[48] In 
animal models, retinitis and uveitis have been shown to develop. 
Angiotensin converting enzyme 2 (ACE-2) receptors have been 
detected in the retina. But none of the studies have answered 
the question of viral replication within ocular structures. Many 
of the manifestations are a result of predisposition to arterial 
and venous thrombosis in patients with the novel coronavirus 
infection. Cavalcanti et  al. reported three patients, younger 
than 41 years with cerebral venous thrombosis.[49] Pulmonary 
embolism, stroke, disseminated intravascular coagulation 

(DIC), limb, and digit infarcts are also seen in these patients. 
Venous thromboembolism is seen in as many as 19‑25% of 
the COVID‑19 patients in ICU and on anticoagulants. Thus, 
development of retinal venous or arterial occlusion is not 
surprising. But what is surprising is, their development even in 
patients with mild to moderate symptoms.[35,36] It can develop 
within a few days to almost three weeks after the onset of 
COVID‑19 symptoms. Patients presenting with CRVO to 
an ophthalmologist could have undiagnosed active or past 
infection with COVID‑19. In the panel of investigations for a 
patient with retinal vascular occlusion, COVID‑19 should now 
find a place. In the absence of comorbidities and in young adults, 
vasculitis can produce retinal vascular occlusion. The delayed 
onset can be explained by the immune complex deposition 
as a part of type  3 hypersensitivity reaction producing a 
pro‑inflammatory state with cytokine storm. This is similar 
to the pathogenesis of vasculitis in other viral infections like 
chikungunya and dengue and systemic vasculitis.

In a correspondence, Marinho et al. in May 2020 discussed 
about retinal findings on OCT in 12 patients with COVID‑19. 
All patients showed hyperreflective lesion at GCL and IPL 
prominently at the papillomacular bundle. The affinity for 
ganglion cells and plexiform layer may explain the associated 
central nervous system (CNS) manifestations as well.[50] In 
a case‑control study from Spain, COVID‑19 patients with 
moderate to severe disease had consistently decreased central 
vascular density on OCT‑A as compared to patients with mild 

Figure 3: Combined central retinal artery and vein occlusion following 
COVID-19: A 32-year-old lady, known hypertensive with past history 
of COVID-19, presented with sudden onset, painless diminution of 
vision in the right eye. Examination showed right eye visual acuity of 
finger counting at 50cm and RAPD. (a) Fundus photograph showing 
retinal hemorrhages in all quadrants, dilated tortuous vessels and 
optic disc edema. (b) SD-OCT showing neurosensory detachment 
with intraretinal fluid and hyper-reflectivity of inner retinal layers. 
(Contributed by Rajashree Salvi and Shrinivas Joshi, M M Joshi Eye 
Institute, Hubli, India)

Figure 4: Acute macular neuroretinopathy following COVID-19: A 
28‑year‑old woman presented with diminution of vision in left eye seven 
days after recovering from a mild COVID‑19 infection. Vision was 6/36 in 
left eye with RAPD. (a) Fundus examination showed vitritis 1+, blurred 
disc margins, hard exudates over macular area and internal limiting 
membrane folds. (b) SD‑OCT showed neurosensory detachment and 
outer retinal hyperreflective foci. She was managed with tapering 
doses of oral steroids and topical steroid and homatropine. (c) After 1 
month, vision had recovered, disc edema had subsided with resolving 
exudates. (Contributed by Debdulal Chakraborty, Vitreoretina Services, 
Disha Eye Hospitals, Kolkata, India)

b
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a
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disease or controls without the viral infection. The immune 
cells recruited by the virus in the vessel walls are believed 
to produce endothelial cellular edema. Indirectly, the viral 
infection can induce an immune response with endothelial 
dysfunction associated with apoptosis. Central vascular density 
is considered a biomarker for several diseases like diabetes, 
chronic kidney disease, inflammatory bowel disease and 
Alzheimer’s and has a potential to become a biomarker for 
microvascular damage in COVID‑19 patients, though larger, 
population‑based studies are essential.[51]

Neuro‑ophthalmic Manifestations of COVID‑19
Neuro‑ophthalmic manifestations are not common and at 
present, isolated case reports are all that we have to build a 
foundation.

The mean age of the patients with neuro-ophthalmic 
manifestations was 42.3 ± 16.2 (median 43, 6–71) years. Of the 
19 cases reported, 13 were males while only seven had systemic 
comorbidity in the form of hypertension and diabetes. One 
patient had SLE with advanced chronic kidney disease (CKD), 
chronic obstructive pulmonary disease (COPD). Patients 
presented with ophthalmic complaints either concurrently or 
within a few days of onset of systemic symptoms of COVID‑19. 
The median gap from COVID‑19 to development of ophthalmic 
symptoms was 5 (mean 11.3 ± 13.3, 0–42) days. [Table 4]
A.	Papillophlebitis
	 Papillophlebitis is an uncommon condition seen in healthy, 
young adults and one such case has been reported in a 
COVID‑19  patient. There is painless, unilateral, slight 
diminution of vision. Visual fields show an enlarged blind 
spot. Ophthalmic findings include dilated, tortuous retinal 
vessels, disc edema, superficial retinal hemorrhages, cotton 
wool spot with or without macular edema. FA shows discrete 
venous staining and leakage, late staining of optic disc but no 
evidence of ischemia or peripheral vasculitis. [Fig. 6] While 
the final visual prognosis is quite favorable, about 30% of the 
cases develop vision‑threatening ischemic venous occlusion 
with consequent neovascular glaucoma and macular edema. 

Figure 6: Papillophlebitis as a manifestation of COVID-19: A 40-year-old 
patient developed diminution of vision in left eye 6 weeks after a mild 
COVID-19 infection. (a) Fundus photograph and (b) red free retinography 
showing inflammation of the optic disc, retinal venous vasodilatation and 
tortuosity, and superficial hemorrhages in all four quadrants. (c) Early 
and (d) late arteriovenous phase FA showing discrete venous staining 
and leakage, in addition to leakage and late staining from the optic disc. 
(e) OCT showing optic disc edema without macular edema. (f) Visual 
field with slight central scotoma and a slight to moderate increase in the 
blind spot. (Reproduced with permission from Insausti-García A, Reche-
Sainz JA, Ruiz-Arranz C, Vázquez ÁL, Ferro-Osuna M. Papillophlebitis 
in a COVID-19 patient: Inflammation and hypercoagulable state. Eur J 
Ophthalmol 2020 Jul 30.)

dc

b

f

a

e

a

b

c

d

e

f
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Figure 5: Acute macular neuroretinitis (AMN) and paracentral acute 
middle maculopathy (PAMM) as a manifestation of COVID-19: A 32-year-
old male presented with abrupt onset paracentral triangular negative 
scotoma in his right eye noted below and to the right side of the centre 
of his visual field. History was significant for recovery from COVID-19 
infection recently. Left eye was asymptomatic. (a) Fundus evaluation of 
the right eye revealed a triangular greyish-white lesion in deeper retina 
superonasal to the macular centre. (b) Optical coherence tomography 
(OCT) revealed corresponding areas of disruption in the outer retinal 
layers in addition to (c) other hyper-reflective lesions in more superficial 
retinal layers causing shadowing in underlying deeper retina. (d)There 
was hyper-reflectivity of the entire inner retinal surface just inferior to 
foveal centre. (e)Left eye fundus examination revealed a small whitish 
lesion nasal to foveal centre and multiple smaller lesions inferonasal and 
temporal to centre; (e) OCT revealed a single hyper-reflective lesion in 
the superficial retina with shadowing temporal to centre and (g) hyper-
reflectivity of the entire inner retinal surface nasal to centre. These findings 
suggested post-COVID-19 right eye symptomatic AMN and bilateral 
asymptomatic PAMM. (Contributed by Mallika Goyal, Retina-Vitreous 
Service, Apollo Eye Institute, Apollo Hospitals, Hyderabad, India)
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Systemic evaluation for hypercoagulable state, vasculitis 
syndromes, hyperviscosity, and vascular inflammatory 
disorders should be done to determine the possible etiology 
that could result in inflammation of retinal vasculature and 
capillaries of the disc. The role of COVID‑19 as a possible 
cause comes in view of its association with coagulopathy and 
disproportionate inflammatory response or cytokine storm.[52]

B.	Optic neuritis
	 In humans, neurological manifestations have been 
documented in almost 36% of the cases.[53] These were 

anosmia, headache, dizziness, hypogeusia, Guillain‑Barré 
syndrome (GBS), and ischemic stroke. Ischemic stroke has 
been particularly noted in the younger adults similar to the 
average age of the reported patients with neuro‑ophthalmic 
features.[48] The SARS‑CoV‑2 virus has been shown to 
cause optic neuritis is animal models. Neurotropism of the 
virus has been proposed as one of the mechanisms for the 
neurological and neuro‑ophthalmic manifestations. Fig. 7 
shows a case of bilateral optic neuritis in a healthy young 
female two weeks after a mild COVID-19 infection. In a case 
report by Sawalha et  al., bilateral optic neuritis followed 
within a week of COVID‑19 symptoms.[54] Similarly, another 
case of optic neuritis developing within a few days of 
COVID‑19 was reported by Zhou et al.[55] Patients presented 
with painful vision loss, relative afferent pupillary defect 
(RAPD) in the more severely affected eye with visual field 
defects and optic nerve enhancement on magnetic resonance 
imaging (MRI). Both cases had anti‑myelin oligodendrocyte 
glycoprotein (MOG) antibodies. Cerebrospinal fluid (CSF) 
examination, immunological profile, viral panel and 
MRI brain did not reveal any other underlying etiology. 
Treatment was on the same lines as a typical case of optic 
neuritis with intravenous methylprednisolone  (IVMP) 
followed by oral prednisolone leading to visual recovery 
and resolution of disc edema. MOG‑antibody associated 
optic neuritis in the setting of COVID‑19 is a parainfectious 
demyelinating syndrome with a viral prodrome. The virus 
has not been isolated from the CSF of the patients indicating 
that the virus may not be directly involved, rather it may 
be an immune‑mediated insult. It is possible that in future, 
a spike in demyelinating neurological conditions may be 
seen, triggered by the viral infection.[53]

	 A case of acute hypokinetic rigid syndrome with transient 
opsoclonus was reported in a patient admitted for severe 
COVID‑19 infection. In this case as well, a parainfectious 
immune‑mediated midbrain affliction was the suggested 
mechanism.[56]

C.	Adie’s tonic pupil
	 Adie’s tonic pupil can result from systemic conditions 
like diabetes or other viral infections. Development of 
tonic pupil in the patient after COVID‑19 onset made the 
authors consider the association. The patient was a health 
care worker who gave a history of retro‑ocular pain and 
reading difficulty two days after the onset of systemic 
COVID‑19 symptoms. Pupillary hypersensitivity to 0.1% 
pilocarpine confirmed the diagnosis of Adie’s tonic pupil. 

Figure 7: Bilateral atypical optic neuritis after a mild COVID-19 infection: 
A 34-year-old female presented with complaints of gradual blurring 
of vision in right eye with pain on eye movements since 1 week and 
history of a similar episode 3 weeks back in left eye, which improved 
spontaneously. She had recovered from a mild COVID-19 infection 
2 weeks before the onset of ocular symptoms. On examination, her 
uncorrected visual acuity was 20/200, N24 in right eye, and 20/25, N6 
in left eye. Pupil examination revealed a Grade III RAPD in right eye. 
(a and b) Fundus photograph and (c and d) red-free imaging showing 
bilateral disc oedema, more in the right eye. (Contributed by Rachna 
Vinaya Kumar, Paediatric ophthalmology, Neuro ophthalmology and 
Adult Strabismus Services, Apollo Eye Institute, Apollo Hospitals, 
Hyderabad, India)

c d

ba

Figure 8: Sixth nerve palsy after COVID-19: A 64-year-old male presented with acute onset diplopia. (a) On examination there was right 
abduction limitation with (b) orthophoria in primary gaze and (c) normal adduction of right eye. (Contributed by Rachna Vinaya Kumar, Paediatric 
ophthalmology, Neuro-ophthalmology and Adult Strabismus Services, Apollo Eye Institute, Apollo Hospitals, Hyderabad, India)

a b c
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The short duration between COVID‑19 symptoms and 
ocular features points towards the direct role of the virus 
itself on the nerves.[57] The functional receptor for the virus, 
ACE‑2 receptor, has been identified in both brain and the 
basal layer of nasal epithelium. It has been suggested that 
the virus can enter the brain from the nasal epithelium 
via the olfactory bulb. Countering this theory, others have 
suggested that olfactory sensory neuron does not contain 
ACE‑2 receptor and transmembrane protease serine 
2  (TMPRSS2). However, radiological changes have been 
shown in the olfactory bulb and gyri recti.[58] The patient also 
had bilateral chorioretinopathy. The systemic evaluation 
for autoimmune and infectious causes were all negative. 
The etiology of spectrum of white dot syndrome remains 
unknown though it follows autoimmune diseases and viral 
infections. Systemic oral steroids led to full anatomical and 
functional recovery, further favoring the role of autoimmune 
factors mediated by COVID‑19 in the development of both 
chorioretinopathy and Adie’s tonic pupil.

D.	Miller Fisher Syndrome (MFS) and cranial nerve palsy
	 MFS with acute onset ataxia, loss of tendon reflexes, and 
ophthalmoplegia and cases of cranial nerve palsies have 
been reported in several patients recently diagnosed 
with COVID‑19.[59-64] Patients give history of acute onset 
of diplopia as the ocular complaint. 6th nerve was most 
commonly involved followed by oculomotor nerve [Fig. 8]. 
A case of right‑sided facial nerve palsy has been reported 
in a child with agammaglobulinaemia and hyper IgM 
syndrome, asthma, and obstructive sleep apnoea in the 
USA.[64] RT‑PCR was positive for SARS‑CoV‑2 but not for 
HSV and VZV. Cases of MFS responded well to intravenous 
immunoglobulin (IVIG) while cranial nerve palsies resolved 
spontaneously in most cases in 2‑6 weeks. In these cases, 
again a misdirected immune system triggered by the viral 
infection is believed to be at fault.

E.	Neurogenic ptosis
	 Acute onset of bilateral ptosis with other neurological 
signs of GBS was reported by Assini et  al. from Italy.[65] 
Symptoms developed almost 20 days after severe COVID‑19 
infection. CSF examination showed oligoclonal bands with 
increased IgG/albumin ratio. No SARS‑CoV‑2 virus was 
detected in the CSF. GBS with cranial nerve involvement 
can thus be a late manifestation of severe COVID‑19 
infection. Good response to immunoglobulin supports the 
immune‑mediated pathogenesis.

	 Delayed onset of ocular myasthenia gravis was reported 
by Huber et al. in a 21‑year‑old healthy woman.[66] She gave 
history of mild flu‑like symptoms a month ago. Her antibody 
titers were suggestive of past infection with SARS‑CoV‑2. 
Acetylcholine receptor antibodies were positive. In view 
of rapid worsening of symptoms, she was treated with 
IVIG with gradually increasing dose of pyridostigmine. It 
is likely that COVID‑19 infection can potentially trigger or 
exacerbate autoimmune diseases.

F.	 Cerebrovascular accident (CVA) with vision loss
	 Acute vision loss following CVA can also result from the 
procoagulant state in COVID‑19 infection. Pre‑existing 
endothelial dysfunction may make patients more susceptible. 
In the two cases reported, one had diabetes mellitus and the 
other patient had SLE with end‑stage kidney disease and 

COPD with a prior history of CVA. Acute onset of bilateral, 
painless vision loss should prompt the treating physicians to 
advise an urgent imaging of the brain with angiography.[67]

	 Yang et al. described the development of bilateral supranuclear 
gaze palsy with right branch retinal artery occlusion in 
a 60‑year old patient with a history of atrial fibrillation, 
COPD, bladder carcinoma on chemotherapy and bacterial 
endocarditis. Diffusion‑weighted MRI revealed an infarct 
in left paramedian midbrain. In this case as well, COVID‑19 
possibly aggravated the procoagulant state of the patient.[68]

Based on the above findings, it is important that physicians 
ask leading questions about double vision, decreased 
vision, pain with eye movements, gait abnormalities, or 
other neurological conditions while screening patients with 
COVID‑19 symptoms. In patients presenting with these 
complaints, COVID‑19 testing may be prudent while advising 
tests to determine the etiology. Treating doctors should also 
do a quick assessment of visual acuity, pupillary response, 
ocular motility, ptosis, optic disc, and reflexes since majority 
of these conditions occur in the early phase of the disease. 
Neuroimaging with angiography with attention to cranial 
nerves for any abnormal enhancement or cerebral infarcts can 
be advised based on the assessment.

Orbital Manifestations of COVID‑19
There are not many orbital manifestations described but 
it is expected that their incidence will rise considering the 
interplay of comorbidities and treatment along with the 
infection itself. The case reports and series published show 
patients with a mean age of 50.2 ± 43  (median 60, 12‑76) 
years. 12/14 patients were males with nine being diabetic 
and six hypertensive patients. Asthma was notably present 
in eight patients. Five of these patients presented either with 
ophthalmic symptoms and were tested for COVID‑19 on 
screening or presented concurrently with systemic symptoms 
of viral infection. The median time of presentation from the 
development of COVID-19 symptoms was 12 (mean 15.8 
± 13.8, 2-42) days. 10/14  patients had moderate to severe 
disease. [Table 5]
A.	Dacryoadenitis
	 Dacryoadenitis is the most common cause of a painful 
lacrimal gland mass in a healthy young adult and the most 
common cause of dacryoadenitis is viral infection. [Fig. 9] In 
the only reported case, the patient had a four‑day history of 
eyelid swelling and pain. The patient had history of contact 
with COVID‑19 infected patients and his antibody tests 
for IgM, IgG were positive. Other tests for autoimmune 
conditions, infectious diseases particularly TB, mumps, 
adenovirus, Epstein‑Barr virus  (EBV), HSV, and Herpes 
zoster virus (HZV) were all negative. A diagnosis of acute 
dacryoadenitis as a late complication of SARS‑CoV‑2 virus 
was made.[69] In the early stages of the disease, the virus 
can travel to the lacrimal gland via the lacrimal ductules 
or by direct hematogenous spread. Later, immunological 
response incited by the virus may affect the lacrimal gland 
producing inflammation. Acute dacryoadenitis responds 
well to systemic steroids.

B.	 Retro‑orbital pain
	 Bilateral retro‑orbital pain may be a prominent and even 
presenting symptom in patients with COVID‑19 and can 
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Figure 9: Acute dacryoadenitis manifesting with COVID-19: A 10-year-
old girl developed painful, progressive left eyelid swelling and lacrimal 
gland mass concurrently with a mild COVID-19 infection. (Contributed 
by Ayushi Agarwal, Guru Nanak Eye Center, New Delhi, India)

Figure 10: Rhino-orbito-cerebral mucormycosis following COVID-19 infection: (a) Clinical picture of a 61-year-old, diabetic, male who developed 
left eye periocular edema, complete ptosis, ophthalmoplegia, (b) proptosis, conjunctival congestion, and severe chemosis 17 days after moderate to 
severe COVID-19 infection treated with steroids. (Reproduced with permission from Sen M, Lahane S, Lahane TP, Parekh R, Honavar SG. Mucor 
in a viral land: A tale of two pathogens. Ind J Ophthalmol 2021;69:244‑52.)

a b

mimic conditions like dengue.[70] This case highlights the 
important fact that COVID‑19 has features that are highly 
non‑specific and can simulate a lot of other common 
conditions.

C.	Orbital cellulitis and sinusitis
	 In the two cases reported by Turbin et al., two adolescent 
boys developed acute onset unilateral, progressive, 
painful orbital swelling.[71] RT‑PCR for COVID‑19 was 
done as a preoperative investigation. There were no 
symptoms of chronic sinus disease. Suggested mechanism 
is that COVID‑19 induced upper respiratory congestion 
can compromise mucociliary clearance with secondary 
sinus obstruction and bacterial infection. Children have 
a relatively indolent course with 56% of them being 
asymptomatic or having mild symptoms.[72] The superior 
ophthalmic vein thrombosis with facial vein extension may 
be a thrombotic complication of SARS‑CoV‑2.

	 In another case reported by Shires et  al., a 76‑year‑old 
man, diabetic, hypertensive with testicular cancer and 
COVID‑19 developed a spontaneously‑draining orbital 
abscess and globe perforation necessitating enucleation 
with sinus debridement. Cultures grew methicillin resistant 
Staphylococcus aureus (MRSA), Streptococcus constellatus, 
and Peptoniphilus indolicus with negative blood cultures. 

Intraoperatively, an unusual finding was a highly avascular 
nasal mucosa. COVID‑19 may predispose a patient to 
infection by bacteria not known to be found in the orbit 
like Peptoniphilus indolicus which is present in vagina and 
stomach. Orbital infection with this bacteria has not been 
reported previously. The avascularity was most likely 
because of thromboembolic complications of COVID‑19.[73]

D.	Mucormycosis
	 Mucormycosis is a life‑threatening, opportunistic infection 
and patients with moderate to severe COVID‑19 are more 
susceptible to it because of the compromised immune system 
with decreased CD4+ and CD8+ lymphocytes, associated 
comorbidities such as diabetes mellitus which potentiates 
both the conditions, decompensated pulmonary functions, 
and the use of immunosuppressive therapy (corticosteroids) 
for the management. Literature shows that rhino‑orbital 
cerebral (ROC) mucormycosis can present concurrently 
with COVID‑19 infection in patients under treatment or 
diagnosed on preoperative evaluation.[74-76] Mortality rate 
is as high as 50% even with treatment. In the series by the 
authors, all, except one patient, presented after recovering 
from COVID‑19.[77] 5/6  cases had received intravenous 
and/or oral steroids and all were diabetics. Almost 70% of 
rhino‑orbital‑cerebral mucormycosis is seen in patients with 
uncontrolled diabetes and most of them have ketoacidosis 
at the time of presentation. What is interesting to note in 
this series is that symptoms of rhino‑orbital mucormycosis 
developed as late as 30‑42  days after the diagnosis of 
COVID‑19. High index of suspicion, early diagnosis with 
histopathological and microbiological evidence, appropriate 
management with antifungals and aggressive surgical 
debridement  (functional endoscopic sinus surgery and 
orbital exenteration) can improve survival. The signs and 
symptoms of orbital mucormycosis are not different from 
those of mucormycosis in non‑COVID‑19 patients. [Fig. 10] 
Simple tests like vision, pupil, ocular motility and sinus 
tenderness can be part of routine physical evaluation of a 
COVID‑19 patient hospitalized with moderate to severe 
infection or diabetics with COVID‑19 or those receiving 
systemic corticosteroids. A nasal swab for KOH mount 
and culture is a bedside procedure. Orbital exenteration for 
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 life‐threatening infection is triaged as an urgent condition 
requiring surgery within 4‑72 hours. Thus, appropriate 
surgery has to be undertaken with full personal protective 
equipment. Intravenous liposomal amphotericin B is started 
based on clinical suspicion or results of deep nasal swab. 
MRI is very useful to determine the extent of the disease and 
intracranial extension. Patients should also be made aware 
about the risks involved with the treatment of COVID‑19 
and the need for strict glycemic control. Development 
of unilateral facial or orbital pain, headache, periocular 
swelling or double vision or diminution of vision should 
prompt even the COVID‑19 recovered patients to seek 
immediate medical attention. Since majority of the patients 
developed symptoms of mucormycosis after recovering 
from COVID‑19, follow‑up of high‑risk COVID‑19 patients 
for sequelae is imperative.[77]

E.	Orbital histiocytic lesion
	 The authors have seen a case (unpublished) of a 77‑year‑old 
man with bilateral proptosis, eyelid swelling, enlarged 
lacrimal glands, orbital mass, and cervical, axillary and 
mediastinal lymphadenopathy with history of COVID‑19 
infection six months ago. Incisional biopsy was done and 
histopathology with immunohistochemistry was suggestive 
of a benign histiocytic proliferative lesion, possibly 
Rosai‑Dorfman disease. This is very unusual in an elderly 
individual and the infection with SARS‑CoV‑2 may have 
a role in with its influence on the immune system of the 
body.[78]

The orbital manifestations of COVID‑19 can vary from 
intense retro‑orbital pain to life‑threatening invasive 
mucormycosis. Orbital emphysema is seen as a complication 
in intubated patients receiving positive end expiratory pressure 
ventilation. As with other ophthalmic manifestations, direct 
effect of the virus, altered immune status, proinflammatory 
milieu and escalated coagulative profile play variable role in 
the pathogenesis.

Discussion
COVID-19, first reported in Wuhan in China in December 
2019, spread to all parts of the world to the proportion of 
a pandemic by March 2020. SARS‑CoV‑2 is a member of 
the coronaviridae family, Betacoronavirus genus and is an 
enveloped single‑stranded RNA virus. The COVID‑19 illness 
can range from asymptomatic or mild flu‑like symptoms 
to severe respiratory distress. It is now known that it can 
have effects on almost all organs of the body including the 
cardiovascular, neurological, and gastrointestinal systems. 
An ophthalmologist was the first to report the virus in Wuhan 
and himself contracted and succumbed to the disease while 
treating a patient for glaucoma. Ophthalmic manifestations are 
varied in terms of presentation, severity, and timing. Wu et al. 
suggested that ophthalmic manifestations are more common 
in patients with severe systemic disease with abnormal blood 
and inflammatory parameters.[13] Based on the findings in the 
eyes of the patients, it has been suggested that exposure of 
unprotected eyes can also lead to infection with SAR‑CoV‑2 
virus.[18] The theories about routes of transmission of the 
virus to the eyes include direct inoculation of conjunctiva by 
droplets, migration of upper respiratory tract infection through 
the nasolacrimal duct or lacrimal gland involvement by the 
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Figure 11: A broad timeline of the different ophthalmic manifestations of COVID‑19. They can be divided into those which present with ocular 
symptoms initially (before COVID‑19), within the first week of infection (Acute, Day 0‑day 7), between the second and third week since the onset 
of COVID‑19 symptoms (Subacute, day 7‑day 20) and those which present as late sequelae of the infection (Delayed, after 20 days)

hematogenous route.[79] Samples collected with Schirmer strips 
and conjunctival swabs have detected the viral RNA in very 
few patients. Low sensitivity of RT‑PCR, significantly lower 
viral load in conjunctival samples as compared to nasopharynx, 
and sampling timing related to disease can account for the low 
yield. A negative result does not exclude the possibility of the 
virus being present in tears or ocular surface and the presence 
of the virus in ocular samples does not imply an infection. 
As discussed before, there is no evidence of viral replication 
in ocular tissues.[79] Keeping in mind that the conclusions of 
different studies are still blurred, it is advisable to use goggles, 
slit lamp breath shields, and sanitization techniques while 
examining patients.

The review of available literature suggests that there is 
very low risk of transmission through the ocular surface. This 
could be because of the very fact that although ACE‑2 receptors 
and TMPRSS2 have been demonstrated on conjunctival and 
corneal epithelia, the number of these receptors is very low as 
compared to the respiratory tissues. The binding capacity of the 
virus to the receptors on ocular surface also appears to be low, 
mediated by the lactoferrin in tears which prevents attachment 
of the virus to heparan sulfate proteoglycans which helps in its 
subsequent binding to ACE-2 receptor. Serum IgA may also 
play a protective role.[79]

The medications that have been used to treat COVID-19 
also have ocular toxicities. Long‑term use of chloroquine and 
hydroxychloroquine can lead to retinal toxicity but it is not 
expected or seen with the brief period of use for COVID‑19. 
Lopinavir/Ritonavir may cause reactivation of autoimmune 

conditions. Ribavirin has not been used much for COVID‑19 
but is known to cause retinopathy, retinal vein occlusion, serous 
retinal detachment, non‑arteritic ischemic optic neuropathy 
and Vogt‑Koyanagi‑Harada (VKH) disease. Interferon has been 
associated with retinopathy, VKH, conjunctivitis, uveitis, optic 
neuropathy, corneal ulcers, epithelial defects and Sjogren’s 
syndrome. Tocilizumab has been reported to produce cotton 
wool spots and retinal hemorrhages. Systemic corticosteroids 
are known to cause cataract, glaucoma and central serous 
chorioretinopathy. The risk of life‑threatening fungal infection 
in predisposed individuals cannot be overemphasized. 
Central retinal vein occlusion has been reported in patients 
receiving IVIG. These points should be kept in mind by 
an ophthalmologist during the history and examination of 
patients.[80]

The ophthalmic features can develop at any point in the 
disease course. The median time of appearance from the 
time of development of COVID‑19 symptoms/diagnosis of 
neuro‑ophthalmic features is 5 days, of ocular surface and 
anterior segment manifestations is 8.5  days and posterior 
segment and orbital pathology is 12 days. Fig. 11  provides 
a simplified timeline to help ophthalmologists and treating 
physicians to look for specific features depending on the stage 
of the disease.

Future Directions and Conclusion
The prevalence of ophthalmic manifestations among 
COVID-19 patients ranges from 2‑32%.[3] The causal relation 
with SARS‑CoV‑2 is yet to be established with certainty for any 
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of these conditions. Whether they are a result of pre‑existing 
systemic condition, whether the virus has, in fact, aggravated 
the underlying condition, whether the virus causes direct 
damage to the nerves, vessels, and other structures or whether 
it is ultimately the body’s own immune system responsible for 
the pathology, are some of the unanswered questions which 
would take larger population‑based studies with standardized 
methods of examination, investigations and data collection to 
resolve. While the viral RNA has been identified in different 
parts of the eye, its replication and infectivity is not established. 
The transmission of the virus via eye secretions is being actively 
investigated. There is an imminent need for establishing 
evidence‑based guidelines for prophylactic use of antifungals 
in patients with high risk of rhino‑orbito‑cerebral mucormycosis 
diagnosed with COVID‑19 who require corticosteroids. 
Thromboembolic complications are well established. Studies 
to establish risk factors for ophthalmic vascular occlusions in 
COVID‑19 patients followed by development of anticoagulation 
prophylaxis regimen keeping ophthalmic implications in 
mind are also required. As we enter the phase of vaccination, 
a substantial proportion of the population has already been 
exposed to the SARS‑CoV‑2 virus, either in the form of overt 
clinical disease or contact with a patient diagnosed with 
COVID‑19 with subclinical illness. Several countries of the 
world are experiencing resurgence of cases with mutated 
strains. We can definitely expect to see more manifestations 
of the disease in the eye and even clusters of similar cases. 
For now, we have tried to present a broad overview of the 
various possible features that have been published till date 
from around the world and the stage of the disease when they 
can be expected to help ophthalmologists keep in mind the 
importance of asking specific history about COVID‑19 infection, 
contact with infected person or related symptoms. COVID‑19 
should be included in the lists of causes of common ophthalmic 
pathologies elucidated above. It should also be suspected when 
there is unusual presentation of a disease in an age group or 
population phenotype where it is not expected like histiocytic 
lesion in an elderly individual. Knowing that many of these 
manifestations can be the presenting feature can help diagnose 
the infection early and limit the disease transmission. Tests like 
nasopharyngeal swab for RT‑PCR, antibody titers for previous 
infection for patients with ophthalmic complaints or computed 
tomography of the paranasal sinuses to look for sinusitis along 
with a scan for the chest in high‑risk patients by physicians 
treating COVID‑19 cases need to be advised conscientiously 
and logically. Ophthalmologists are also encouraged to report 
cases seen in association with COVID‑19 to add to the pool of 
knowledge on a global level.
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