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Ocular manifestation, comorbidities, 
and detection of severe acute 
respiratory syndrome‑coronavirus 
2 from conjunctiva in coronavirus 
disease 2019: A systematic review and 
meta‑analysis
Xiao Chun Ling1, Eugene Yu‑Chuan Kang1, Jui‑Yen Lin1, Hung‑Chi Chen1,2, 
Chi‑Chun Lai2,3, David Hui‑Kang Ma1,4,5*, Wei‑Chi Wu1,2*

Abstract:
The coronavirus disease 2019 (COVID 19) pandemic has presented major challenges to 
ophthalmologists. Reports have shown that ocular manifestations can be the first presenting 
symptoms of COVID 19 infection and conjunctiva may be a portal of entry for the severe acute 
respiratory syndrome (SARS) associated coronavirus 2 (SARS CoV 2). The purpose of this article is 
to provide general guidance for ophthalmologists to understand the prevalence of ocular presentation 
in COVID 19 patients and to reduce the risk of transmission during practice. Relevant studies 
published in the period of November 1, 2019, and July 15, 2020, regarding ocular manifestations 
of COVID 19 and detection of SARS CoV 2 in the eye were included in this systematic review 
and meta analysis. The pooled prevalence of the ocular manifestations has been estimated at 7% 
(95% confidence interval [CI]: 0.03–0.10) among COVID 19 patients. The pooled detection rate 
of SARS CoV 2 from conjunctiva was low (1%, 95% CI: 0.00–0.03). Conjunctival symptoms were 
the most common ocular manifestations in COVID 19, but the positive detection rate of the SARS 
CoV 2 virus by reverse transcription–polymerase chain reaction of conjunctival tears or secretions 
remained low. No study has shown a definite transmission of COVID 19 through ocular mucosa or 
secretions. In summary, ocular manifestations in COVID 19 patients commonly comprise ocular 
surface symptoms. Although a low prevalence of ocular symptoms was encountered among patients 
infected by SARS CoV 2, it is imperative for all ophthalmologists to understand the full spectrum of 
COVID 19 symptoms or signs including those of the eyes as well as to adopt appropriate protective 
measures during clinical practice.
Keywords:
Coronavirus, coronavirus disease 2019, ocular manifestations, ophthalmology, polymerase chain 
reaction, severe acute respiratory syndrome‑coronavirus 2

Introduction

Th e  c o r o n a v i r u s  d i s e a s e 
2019 (COVID‑19), caused by the severe 

acute respiratory syndrome‑coronavirus 
2 (SARS‑CoV‑2), has created a critically 

distinct medical reality  –  a persistent 
and rapidly evolving pandemic which 
is projected to infect tens of millions 
around the globe  –  that all health‑care 
professionals must now live in. As of 
August 16, 2020, there were over  21 
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million diagnosed cases and more than 770,000 
confirmed deaths worldwide due to COVID‑19.[1]

The COVID‑19 pandemic has presented major 
challenges to health‑care professionals of different 
disciplines. Due to the need of frequent close contact 
between the ophthalmologists and their patients 
during clinical practice, effective and safe measures 
must be implemented for mutual protection. This is 
particularly important because COVID‑19 is a highly 
contagious disease which could be transmitted through 
discharge, droplets, and fomites from the eyes, nose, 
or mouth.[2,3] In certain instances, conjunctivitis can be 
the first presenting symptoms of COVID‑19 infection, 
thus increasing the exposure risk of ophthalmologists 
to the disease.[4]

It is thus imperative for a comprehensive review of 
ocular‑related information of COVID‑19 with the best 
current evidence for practicing ophthalmologists. 
Besides, the full spectrum of clinical manifestations 
of COVID‑19 infection should be well understood. 
Through a systematic review, we aim to answer critical 
questions regarding COVID‑19 in ophthalmology, 
which comprise:
1.	 What is the essential basic science knowledge 

required to understand the COVID‑19?
2.	 What are the key ocular manifestations or relevant 

ocular findings in patients infected by SARS‑CoV‑2? 
What is the positive rate of conjunctival swab for the 
virus?

3.	 What are the ocular comorbidities, if any, of 
COVID‑19?

4.	 Can SARS‑CoV‑2 infect or spread through the mucous 
membranes or secretions of the eye?

5.	 How can we prevent or reduce the transmission risk 
of COVID‑19, especially for ophthalmologists?

By answering these questions in this review, we hope 
that this article can provide essential information and 
general guidance for ophthalmologists and other medical 
specialties to better understand the implications and the 
full clinical spectrum of COVID‑19.

Essential basic sciences review regarding 
coronavirus disease 2019
Pathogenesis review
The pathogenesis of respiratory diseases caused by human 
coronavirus  (HCoV) is well known, but ophthalmic 
implications are not well elucidated yet. Since the 1960s, 
there are several known HCoVs, namely the HCoV‑229E, 
HCoV‑OC43, and the HCoV SARS‑CoV.[5,6] Three of 
the coronaviruses, namely SARS‑CoV, Middle East 
respiratory syndrome coronavirus, and SARS‑CoV‑2, 
can replicate in the lower respiratory tract, thus causing 
pneumonia.[7]

As the pathogen responsible for COVID‑19, SARS‑CoV‑2 
belongs to the betacoronavirus genus and has 79% 
genetic similarity to SARS‑CoV.[8] All viruses from 
the Coronaviridae family comprise enveloped viruses 
with plus‑strand RNA genome  (27–32 kb), with each 
serology characterized by a specific genome sequence 
and host range. SARS‑CoV‑2 is transmitted primarily 
by respiratory droplets. However, there is a risk 
of transmission via other routes such as oral‑fecal, 
conjunctival or ocular secretions, and the latter will be 
discussed in this article. Based on recent reports, the 
median incubation period is about 4–5 days and >95% of 
symptomatic patients would have developed symptoms 
within 11  days.[9,10] This forms the scientific basis on 
which quarantine period is determined to be 14 days in 
most nations.

The aforementioned different infection sites of 
SARS‑CoV‑2 are dominated by viral surface spikes, 
which is composed of dipeptidyl peptidase‑4 
glycoprotein. The spike protein on the virus reacts 
with a human cell surface receptor known as 
angiotensin‑converting enzyme 2 (ACE2) that has been 
detected on different cell lines.[11,12] Because ACE2 has 
been reported to be expressed in corneal cell lines, 
this raises the concern of the ocular surface serving as 
a portal of entry for SARS‑CoV‑2.[13,14] An important 
study by Hui et al. in investigating tissue tropism of 
SARS‑CoV‑2 revealed that SARS‑CoV‑2 has the ability 
to infect bronchial epithelium, type 1 pneumocytes in 
the lung, and the conjunctival mucosa.[15] Interestingly, 
as compared to SARS‑CoV, SARS‑CoV‑2 demonstrated 
a greater rate of replication in ex vivo conjunctival 
cultures.[15]

In addition, transmembrane protease serine 2 (TMPRSS2) 
is an essential cell surface‑associated protease which 
facilitates entry of virus after interaction of the viral spike 
protein to ACE2.[16] Multiple reports also revealed the 
co‑expression of ACE2 and TMPRSS2 in the superficial 
limbal, corneal, and conjunctival epithelium, implicating 
these as possible target entry cells for SARS‑CoV‑2 
in the ocular surface.[17,18] For instance, all cadaveric 
and surgical samples of conjunctiva were positive 
for ACE2 and TMPRSS2 expression demonstrated by 
immunohistochemistry and Western blot.[17] Pooling 
all these evidences together, this suggested that ocular 
surface epithelium might provide an additional portal 
of entry for SARS‑CoV‑2, which further exploits 
the upregulation of ACE2 and TMPRSS2 following 
inflammation in order to promote infection.[18]

Immune response toward severe acute respiratory 
syndrome‑coronavirus 2
In general, during a healthy immune response, the 
initial inflammatory signals attract T‑cells, which might 
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eliminate those infected cells before spreading of the 
virus. CD8+  T‑cells play an essential role in directly 
targeting and killing virus‑infected cells, whereas 
CD4+  T‑cells are crucial to prime or activate both 
CD8+  T‑cells and B‑cells. These roles were described 
by a study by Zheng et  al. which showed that T‑cell 
exhaustion or reduced functional diversity precipitates 
COVID‑19 progression.[19]

In addition, neutralizing antibodies by the host and 
phagocytosis by macrophages can also avert viral 
infection, thus promoting recovery. The former 
occurs simultaneously with T follicular helper 
response at approximately 1  week after the onset 
of symptoms.[20] Clinical studies have shown good 
clinical results in both COVID‑19 and SARS patients 
using convalescent serum therapy, suggesting that 
antibodies are likely effective against SARS‑CoV‑2 
and SARS‑CoV. [21‑23] However, the specific titer 
and specificity of antibody repertoire required for 
protection remain undefined.

Alternatively, when host cells are infected with 
SARS‑CoV‑2, aggressive host inflammatory responses 
can be initiated in response to airway cell damage.[24] 
Active replication and release of the virus upon infecting 
host cells release damaging‑associated molecules 
such as adenosine triphosphate or nucleic acids, 
which further trigger the secretion of cytokines and 
chemokines. These pro‑inflammatory substances 
comprise interleukin‑6, interferon‑γ ,  monocyte 
chemoattractant protein‑1, and inducible protein‑10.[4] 
This is known as a dysfunctional immune response, in 
which overproduction of cytokine eventually damages 
cell ultrastructures and circulates to other organs, 
causing multi‑organ failure.[25] Thus, disease severity 
in patients correlates not only with viral infection but 
also with the host response.

Materials and Methods

Search strategy and study selection
Relevant studies published during the period from 
November 1, 2019, to July 15, 2020, regarding ocular 
manifestations of COVID‑19 or the presence of 
SARS‑CoV‑2 in the cornea, conjunctiva, lacrimal sac, and 
tears were identified from PubMed, Medline, Cochrane 
Library, World of Science, as well as ClinicalKey. Search 
keywords comprised “COVID‑19,” “Ocular findings/
Signs/Symptoms,” “Ocular/Eye/Ophthalmology,” 
“2019‑nCoV,” and “SARS‑CoV‑2.”

Criteria of studies included in this meta‑analysis 
were (1) studies or articles which reported ocular 
symptoms or signs in COVID‑19  patients,   (2) 
diagnostic outcomes in both ocular tissue/secretions 

and nasopharyngeal swab by polymerase chain 
reaction (PCR) analysis, and (3) ocular comorbidities 
related to COVID‑19.

PRISMA guidelines were used for this systematic 
review. A  reference list of all identified articles were 
independently hand‑searched by two authors  (XCL 
and DHKM). The eligible abstracts were examined, 
and if eligible, full texts and associated reference lists 
underwent further evaluation for eligibility. The search 
was then expanded using a snowballing method 
applied to the references of retrieved papers. As the 
number of reports is relatively small, both original 
articles, editorials, letters, and reviews providing 
evidence  (i.e., prevalence and anecdotal report) about 
SARS‑CoV‑2 colonization in ocular and periocular 
tissues and secretions were all included in the study. 
All publications were then reassessed by a third senior 
author (WWC). All the results were then merged using 
the reference management software EndNote (Version 
X9.3.3, PDFTron Systems Inc.).

To assess the risk of bias and quality of primary studies 
or systematic reviews identified from database searches, 
we utilized the Newcastle–Ottawa Scale, the highest 
score of which is 9 points.[26]

Meta‑analysis was then performed to acquire the 
pooled prevalence estimates of ocular manifestations in 
COVID‑19 patients. If there was a large heterogeneity 
among the studies, a random‑effects model will be 
utilized. Heterogeneity was evaluated with the I2 
statistic, in which an I2 value over 50% with statistical 
significance was considered an indicator of substantial 
heterogeneity.

Results

Search results
Figure  1 illustrates the flowchart of study screening 
and selection in this systematic review. These studies 
were published between November 1, 2019, and July 15, 
2020. The initial screen yielded 234 citations, of which 
208 were ineligible on the basis of the criteria used 
for screening titles and abstracts, such as nonrelevant 
reporting and inappropriate population. Following 
the initial screening of titles, abstracts, and removal 
of duplicates, we included a total of 14 articles in our 
review.

Study characteristics
All  included studies  which reported ocular 
manifestations in patients infected with SARS‑CoV‑2 
were listed in alphabetical order with the details of bias 
assessment  [Table  1]. Of these selected studies, there 
were nine original articles  (including prospective and 
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retrospective studies),[10,16,28,30,32‑36] three case reports,[27,29,37] 
and two letters to the editorials.[17,31]

A rough systematic aggregation of the studies 
revealed that the prevalence of ocular manifestations 
among COVID‑19  patients ranged from 6% to 32%. 
All the ocular manifestations reported were from 
patients diagnosed with COVID‑19 by laboratory 
confirmation  (nasopharyngeal or tear PCR). Risks of 
bias for all included studies were allocated in line with 
PRISMA guidelines.

Ocular manifestations among patients with 
coronavirus disease 2019
In addition to reporting the total prevalence of 
ocular manifestations in COVID‑19  patients, we have 
summarized the reported ocular symptoms or signs 
as according to anatomic sites in Table  2. A  general 
overview revealed that even though ocular symptoms 

have a relatively low prevalence in COVID‑19 patients, 
they still represent a critical issue, as almost all parts of 
the eye can have COVID‑19‑related manifestations. In 
addition, positive PCR results in tears from conjunctival 
swab in the reviewed studies also suggested the 
possibility of ocular transmission.

Eyelids
The only reported case of eyelid dermatitis related 
to COVID‑19 was by Wu et  al.,[17] who described a 
2‑year‑old male with contact history with infected family 
members. The child first presented with a mild eyelid 
dermatitis as well as conjunctivitis.[17] SARS‑CoV‑2 
infection was confirmed by nasopharyngeal swab reverse 
transcription (RT)‑PCR in the patient, thereby suggesting 
that ocular presentation should also be monitored during 
the pandemic. Correspondingly, the significance of 
COVID‑19 testing in children presenting with ocular 
symptoms remains to be investigated.

Figure 1: Flowchart of study selection
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Conjunctiva
As one of the major findings in conjunctivitis, conjunctival 
hyperemia is the key conjunctival symptom reported in 
all included studies. A  total of 27  patients  (5.0%) out 
of 535 COVID‑19 patients presented with conjunctival 
congestion or hyperemia in a cohort study by Chen et al.[28] 
Four of these 27 patients presented with conjunctivitis 
as the initial symptoms. No tear or conjunctival PCR 
was collected in the study. Overall, there were more 
accompanying ocular symptoms in patients with 
conjunctival congestion, including increased conjunctival 
secretion, ocular pain, photophobia, dry eye, and tearing.

In addition, Zhou et  al. reported that 8  (6.6%) out of 
121  patients diagnosed with COVID‑19 presented 
with ocular symptoms, among which 5 presented 
with itching, 3 with redness and tearing, respectively, 
2 with discharge as well as 2 with foreign body 
sensation.[36] Conjunctival swab PCR revealed that 3 out 
of 121 patients (2.48%) tested positively for SARS‑CoV‑2. 
Statistically, a longer duration of COVID‑19 infection 
did not increase the rate of positive detection in this 
study. However, only one of the aforementioned three 
patients presented with both conjunctivitis symptoms 
and positive tear PCR result.

Table  1: List of selected articles with ocular manifestations of coronavirus disease 2019 analyzed and reviewed
Study (year) Article type Number of 

Patients, 
n

Number of 
patients 

with ocular 
findings, n (%)

Types of ocular 
findings

Number of patients 
with both positive 

tear PCR and ocular 
findings, n (%)

Risk of bias

Cheema et al. 
(2020)[27]

Original article (case 
report)

1 N/A Keratoconjunctivitis N/A Selection bias (only 
1 case included)

Chen et al. 
(2020)[28]

Original article (cohort 
study)

535 27 (5.0)* Conjunctival
 congestion, 
increased secretion, 
ocular pain, FBS, 
photophobia

N/A Reporting bias 
(conjunctival 
congestion as 
the only primary 
outcome)

Chen et al. 
(2020)[37]

Original article (case 
report)

1 N/A Follicular 
conjunctivitis

N/A Selection bias (only 
1 case included)

Guan et al. 
(2020)[10]

Original article 
(retrospective review)

1099 9 (0.8) Conjunctival 
congestion

N/A Low

Hong et al. 
(2020)[30]

Original article (cohort 
study)

56 15 (26.8) Conjunctivitis, dry 
eye, and FBS

1 (1.8) Recall bias (ocular 
symptoms recalled 
by patients)

Khavandi et al. 
(2020)[31]

Letter to the editor 1 N/A Follicular 
conjunctivitis

N/A Selection bias (only 
1 case included)

Navel et al. 
(2020)[29]

Original article (case 
report)

1 N/A Hemorrhagic 
conjunctivitis with 
pseudomembrane

N/A Selection bias (only 
1 case included)

Seah et al. 
(2020)[32]

Original article (cohort 
study)

17 1 (5.9) Conjunctival injection 
and chemosis

0 Detection bias (two 
different assays 
used in detection)

Wu et al. 
(2020)[33]

Original article (case 
series)

38 12 (31.6) Conjunctival 
hyperemia, 
chemosis, and 
epiphora

2 (5.3) Low

Wu et al. 
(2020)[17]

Letter to the editor 1 N/A Eyelid dermatitis and 
conjunctivitis

N/A Selection bias (only 
1 case included)

Valente et al. 
(2020)[34]

Original article 
(prospective study)

27 4 (14.8) Mild conjunctival 
hyperemia and 
secretion

1 (3.7) Low

Xia et al. 
(2020)[16]

Original article 
(prospective case series)

30 1 (3.3) Conjunctivitis 0 Low

Zhang et al. 
(2020)[35]

Original article 
(retrospective study)

102 2 (2.0) Conjunctivitis 1 (1.0) High (only RCT 
PCR assay used 
for laboratory 
confirmation of 
COVID-19)

Zhou et al. 
(2020)[36]

Original article 
(retrospective study)

121 8 (6.6) Conjunctivitis and 
FBS

1 (0.8) Low

*Proportion of patients with only conjunctival congestion in this cohort. N/A=Not applicable, FBS=Foreign body sensation, COVID-19=Coronavirus Disease 2019, 
RCT=Randomized controlled trial, PCR=Polymerase chain reaction
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In the largest cohort published to date with patients 
infected with COVID‑19 (n = 1099), Guan et al. reported 
only nine patients (0.8%) with conjunctival congestion.[10] 
No conjunctival PCR was collected from the study. Of the 
nine patients with conjunctival congestion, 5 (0.5%) and 
4 (2.3%) patients were graded as nonsevere and severe 
COVID‑19 disease, respectively. All the nine patients 
did not require mechanical ventilation or intensive care 
unit (ICU) admission and did not report any mortality 
at the end point of the study.

Xia et  al. enrolled thirty patients diagnosed with 
COVID‑19 in a prospective interventional case series.[16] 
Tear and conjunctival secretion were collected from 
all patients for PCR. There was only one patient with 
conjunctivitis symptoms and whose tear/conjunctival 
secretion was tested positive for SARS‑CoV‑2 viral 
RNA.[16] On the other hand, no virus was detected in 
the conjunctival secretion and tears in patients without 
conjunctivitis.

There were several other studies which reported other 
conjunctival symptoms such as increased conjunctival 
secretion, tearing, pain, foreign body sensation, dry eyes, 
and itching.[30,33] The results of these studies signified 
that conjunctival symptoms were the most commonly 
occurring ocular symptoms in COVID‑19. In relation 
to that, Wu et al. reported a total of 12 out of 38 (31.6%) 
patients with conjunctival symptoms including 
conjunctival hyperemia, chemosis, epiphora, or increased 
secretion.[33] The study had also shown by univariate 
analysis that higher white blood cell and neutrophil 
counts, as well as elevated levels of procalcitonin, 
C‑reactive protein, and lactate dehydrogenase, were 
correlated with the occurrence of ocular symptoms in 
the cohort.[33]

Hong et al. recruited 56 patients infected by SARS‑CoV‑2 
who had discharged from the hospital.[30] Evaluation 
of ocular surface condition before and after the onset 
of COVID‑19 was performed using the Ocular Surface 
Disease Index  (OSDI) and Salisbury Eye Evaluation 
Questionnaire (SEEQ). The symptoms before COVID‑19 
were evaluated by asking the patient to recall their 
ocular symptoms before COVID‑19 and to answer the 
OSDI questionnaire as well as SEEQ accordingly. Fifteen 
patients (27%) reported ocular symptoms in the course 
of COVID‑19, including sore eyes, itching, foreign body 
sensation, tearing, redness, dry eyes, eye secretions, 
and floaters. Worsening ocular surface condition of the 
patients was shown by a significant increase in mean 
SEEEQ and OSDI scores after the onset of COVID‑19. 
Among them, six patients (11%) presented with ocular 
symptoms before the onset of fever or respiratory 
symptoms.
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Zhang et  al. performed a retrospective review of 
102  patients who were clinically diagnosed with 
COVID‑19  (via clinical symptoms and computed 
tomography imaging).[35] Seventy‑two percent of the 
102  patients were further confirmed by SARS‑CoV‑2 
RT‑PCR assay, among whom only two patients (2.78%) 
had conjunctivitis. Only one of the patients  (1.39%) 
with conjunctival symptoms had a positive RT‑PCR 
result in both tears and nasopharyngeal swab. This 
was the only article included in this systematic review 
which first recruited a cohort of clinically diagnosed 
COVID‑19 instead of all patients being confirmed by 
laboratory test.

A prospective study in Singapore by Seah et  al. 
revealed that one of the patients  (5.9%) developed 
conjunctival congestion and chemosis during hospital 
admission.[32] The study also compared the viral load 
of tears to nasopharyngeal swab, both of which were 
sampled at the same time for each patient. All tear 
samples were negative even when nasopharyngeal 
swabs persisted to be positive, including the one patient 
with conjunctival symptoms.[32]

Case reports of patients who were diagnosed with 
COVID‑19 and had presented with ocular symptoms 
were reviewed as well. Cheema et  al. described a 
case of a young female who presented first with 
symptoms of conjunctival hyperemia, increased 
tearing, and photophobia. Follicular change and 
conjunctival congestion were noticed during physical 
examination.[27] Corneal signs were also shown, which 
would later be discussed. In view of progressive 
conjunctivitis symptoms and the recommendation for 
COVID‑19 test based on travel history, she underwent 
nasopharyngeal swabbing and was tested positive for 
SARS‑CoV‑2. Besides, retrospective testing of eye swab 
initially sent for gonorrhea or chlamydia PCR revealed 
weakly positive for SARS‑CoV‑2 as well. This case 
emphasizes the importance of considering COVID‑19 as 
one of the differential diagnoses for patients with recent 
travel who present with acute conjunctivitis.

Khavandi et al. reported that a 65‑year‑old Caucasian 
male who did not have a remarkable travel history 
or typical COVID‑19 symptoms first presented with 
mucoid discharge and follicular conjunctivitis.[31] Two 
days later, he developed a sudden‑onset fever and 
bilateral ground‑glass opacity of the lungs, after which 
he was diagnosed with COVID‑19. RT‑PCR testing of 
the conjunctival secretion was positive for SARS‑CoV‑2 
on two occasions during admission.

Chen et  al. reported a 30‑year‑old male with bilateral 
follicular conjunctivitis on days 13 after the onset of 
COVID‑19.[37] Conjunctival swabs collected immediately 

after the onset of conjunctivitis (days 13) were positive 
for SARS‑CoV‑2. The conjunctival swabs remained 
positive subsequently on days 14, 17, and 19, albeit with 
decreasing titer values. The detection of SARS‑CoV‑2 in 
a conjunctival specimen in this patient for several days 
represents a possible source of transmission, especially 
in view of the high viral titer during the acute stage of 
ocular presentation.

In addition to the common conjunctivitis symptoms, 
the multiplicity and severity of COVID‑19‑associated 
ocular presentation have raised concern. For 
instance, Navel et al. reported a case of hemorrhagic 
conjunctivitis and pseudomembrane in a patient 
treated for COVID‑19 in the ICU.[29] His ocular 
symptoms started at around days 17 after admission, 
after which exacerbation occurred with follicles, 
petechiae, chemosis, pseudomembranes, and tarsal 
hemorrhages despite treatment with physiologic 
serum as well as artificial tears. No abnormal posterior 
inflammation or retinal abnormality was observed. 
Conjunctival scrapings and swabs were negative for 
any other bacterial or viral etiology, including PCR for 
SARS‑CoV‑2. This case implicated that all physicians 
should be aware of possible late  (>14  days) ocular 
complications in severe COVID‑19 patients.

Cornea and anterior segment
In comparison with conjunctivitis, corneal involvement 
in COVID‑19 was comparatively rarer. The patient 
reported by Cheema et  al. had developed corneal 
pathologies in addition to conjunctivitis.[27] For instance, 
small pseudodendrites first appeared in tandem with 
conjunctivitis, before morphing into small subepithelial 
infiltrates with overlying defect. The central implication 
from this case is that clinical presentation can vary or 
fluctuate and even progress if left unattended. To date, 
there is no published evidence which shows anterior 
segment involvement of COVID‑19. However, care has 
to be practiced in order to grasp the full clinical spectrum 
of COVID‑19 in the eyes.

Retina and vitreous
With respect to the presentation in the posterior segment 
of the eye, Hong et al. reported one patient with floaters 
in the right eye after hospitalization for COVID‑19.[30] 
However, a direct relationship could not be ascertained, 
and no patient infected with COVID‑19 had reported a 
blurred vision in the cohort.

In a study by Marinho et al. using optical coherence 
tomography  (OCT) to evaluate retinal changes, 12 
adults were examined 11–33  days after the onset 
of COVID‑19 symptom. All patients exhibited 
hyperreflective lesions at the ganglion cell level and 
prominent inner plexiform layers at the papillomacular 
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bundle.[18] Even so, the results of OCT‑angiography 
and ganglion cell complex analysis appeared normal. 
These aforementioned findings might be related to 
neurologic events in COVID‑19 patients.

Pooled prevalence of ocular manifestations in 
coronavirus disease 2019
With regard to the prevalence of ocular manifestations 
among COVID‑19  patients, a rough estimate of 
the prevalence range was between 1% and 32%. 
A  meta‑analysis of 9 studies, with an accumulated 
number of 2025  patients, was performed. Overall, a 
pooled prevalence of ocular manifestations among 
COVID‑19 patients was 7% (95% confidence interval [CI]: 
0.03–0.10). A random‑effects model was utilized due to 
the heterogeneity (I2 = 88%) between studies [Figure 2].

The pooled detection rate of conjunctival swab 
was calculated from 7 studies with collection of 
tear/conjunctival secretion samples from a total of 
391 patients. The pooled positive rate of ocular tissue or 
secretions in detecting SARS‑CoV‑2 was very low (1%, 
95% CI: 0.00–0.03). This confirmed that the detection 
rate of tear or conjunctival swab PCR remained low 
for SARS‑CoV‑2, thus making it impractical to make 
the confirmative diagnosis of COVID‑19 using samples 
from the eye.

Ocular comorbidities related to coronavirus 
disease 2019
A review of articles regarding ocular comorbidities 
associated with COVID‑19 was performed. A  case 
series from Turbin et al. reported two adolescent cases 
who presented with unilateral painful orbital swelling 
and rhinorrhea to the emergency department.[39] There 
was no description of fever, chills, anosmia, dysgeusia, 
and lower respiratory symptoms. CT revealed orbital 
cellulitis and sinusitis in both cases. For precaution, 
nasopharyngeal swab collected within 6 h of first 
visit turned out to be positive for SARS‑CoV‑2 in both 
patients.

While it was unclear if the detection of SARS‑CoV‑2 
in these two cases was a contributing factor or merely 

a coincidence, the study had shown that there was a 
possibility that secondary upper respiratory symptoms 
of COVID‑19 could compromise mucociliary clearance, 
resulting in sinus obstruction and thus bacterial orbital 
infection. It further highlighted that the full spectrum of 
COVID‑19 presentation had not been well known and 
that even serious ocular comorbidities can be associated 
with the disease.

Furthermore ,  dur ing the  ear ly  outbreak of 
COVID‑19, empirical treatment was proposed with 
chloroquine and hydroxychloroquine at a dosage of 
1000 mg/day for 10  days of chloroquine, followed 
by 800 mg 1st day and then 400 mg/day for 5 days of 
hydroxychloroquine.[40] However, the aforementioned 
doses were both considerably higher than the maximum 
safe dosages for retinal toxicity. In cases of COVID‑19 
treated with chloroquine and hydroxychloroquine, the 
major risk comprises the use of doses higher than those 
recommended, though usually only for a week, it might 
still cause a certain risk for retinal toxicity.

In a report by Ruamviboonsuk et al., macula abnormalities 
on retinal imaging and multifocal electroretinogram 
were observed in two out of seven patients  (28.6%) 
who received a high dose of hydroxychloroquine for 
treating COVID‑19.[41] History review revealed that 
these patients did not have any known risk factors 
such as renal insufficiency, concomitant retinotoxic 
drug, or predisposing retinal condition. In view of 
the data, routine baseline ocular examination might 
not be absolutely necessary for patients receiving 
hydroxychloroquine or chloroquine treatment for 
COVID‑19, but the risks of irreversible retinal toxicity 
and visual loss may far outweigh the unproven benefits 
of both agents in certain patients, especially patients with 
previous history of retinal or macular disease.

With respect to ocular comorbidities related to 
COVID‑19, Stevens et  al. described a 74‑year‑old 
male with severe COVID‑19 who developed orbital 
emphysema due to extension of subcutaneous 
emphysema from orotracheal intubation.[42] The 
emphysema extended to unilateral conjunctiva and 

Figure 2: Forest plot of the nine studies estimating the pooled prevalence of ocular manifestations among coronavirus disease 2019 patients
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bilateral eyelids. However, there was no evidence of 
orbital compartment syndrome or vascular occlusion.

Discussion

This systematic review and meta‑analysis provides 
the most comprehensive review on the ocular 
manifestations of COVID‑19 in different parts of 
the eye and to demonstrate the detection rate of 
conjunctival swab/tear PCR. A total of 2025 patients 
and more than 14 studies were accounted for in the 
meta‑analysis. The pooled prevalence of the ocular 
manifestations in COVID‑19 is estimated to be 7% (95% 
CI: 0.03–0.10) in our meta‑analysis. The conjunctival 
symptoms, which included conjunctival hyperemia, 
increased secretion, pain, and foreign body sensation, 
were the most common ocular manifestations in 
COVID‑19. All studies included in the systematic 
review had reported patients with a presentation of 
conjunctivitis. Rare instances of corneal signs such 
as pseudodendrites, epithelial defect, and surface 
complications such as pseudomembranes were also 
reported in separate case reports. There was a patient 
who reported floaters after admission for COVID‑19, 
but the causation relationship could not be ascertained. 
Currently, no clinically significant involvement of the 
aqueous, iris, vitreous, or retina has been reported. 
Potential comorbidities including orbital cellulitis 
and retinal toxicity due to the use of chloroquine/
hydroxychloroquine beyond the daily recommended 
dosage were among the possible and serious ocular 
complications following COVID‑19.

Detec t ion  of  severe  acute  respi ra tory 
syndrome‑coronavirus 2 from tears or conjunctival 
secretions
Although the most common ocular symptom presented 
by COVID‑19  patients is conjunctivitis, the positive 
detection rate of the SARS‑CoV‑2 virus from RT‑PCR of 
conjunctival tears or secretions remained low. The range 
of positive conjunctival tear PCR results in patients with 
ophthalmic symptoms was about 1%–5% according to 
our systematic review. The pooled positive rate of the 
conjunctival swab/tear PCR in our meta‑analysis was 
low (1%, 95% CI: 0.00–0.03), in spite of high specificity 
of the test. The causes of low but positive detection rate 
of SARS‑CoV‑2 in tears or conjunctival secretion could 
be as following:
(a)	The window period of viral shedding in ocular 

tissues might be too short and is not definitively 
known as in what phase of COVID‑19 does it 
occur. However, there might be certain clues based 
on our systematic review. Wu et  al. had shown 
that ocular manifestations were more likely in 
severe COVID‑19, and 91.7% of these patients 

with ocular presentation were tested positive 
for SARS‑CoV‑2 from conjunctival swab.[33] Xia 
et  al. had also shown that no virus was detected 
in the tears or conjunctival secretions from 
patients without conjunctivitis, in contrast to 
positive detection in the tears of one patient with 
conjunctivitis.[16] Altogether, this suggested that 
patients with conjunctival symptoms were more 
likely to have positive detection from tears or 
conjunctival swab than those without.

	 Prospectively, Seah et  al. investigated the viral 
shedding in tears as compared to nasopharyngeal 
swab throughout a 2‑week course of active COVID‑19 
infection in 17  patients.[32] Although there was no 
positive result of tear viral shedding during the 
course, it is important to note that only one among 
the 17 patients had presented with conjunctivitis, and 
that most patients sought treatment a few days after 
symptoms onset, thus leading to difficulty in early 
sampling during infection.

	 In conclusion, the optimal window period has not 
been determined yet, and the sampling condition 
was also not yet ascertained. This is one of the major 
reasons that conjunctival swab is not feasible for 
definite diagnosis purpose

(b)	ACE2/TMPRSS2 expression in the eye facilitates 
viral colonization or transmission via ocular 
route, however, ocular antiviral measures might 
explain the low frequency of eye involvement. The 
presence of SARS‑CoV‑2 in conjunctival secretion 
or tears has raised the concern of COVID‑19 
transmission through the conjunctiva. It was also 
shown that the entry of SARS‑CoV‑2 depended 
on SARS‑CoV‑2 spike protein/ACE2 receptor 
interaction.[43] It has also been reported that there is 
a high possibility that SARS‑CoV‑2 and SARS‑COV 
can both interact with ACE2, which is located 
prominently on lung alveolar epithelial cells and 
small intestinal enterocytes.[44,45]

	 Ocular structures contain its own renin–angiotensin–
aldosterone system and ACE receptors, most of 
them intraocular, such as aqueous humor,[46] retinal 
pigmented epithelia,[47] and retina.[48] However, 
reports of such protein expression in the conjunctiva 
and cornea were limited in the literature before 
COVID‑19.

	 A few reports have shown the expression of 
such proteins in both conjunctiva and cornea. An 
in  vitro model by Sun et  al. revealed the positive 
expression of ACE2 in corneal and conjunctiva cells. 
Subsequently, these cells were shown to bind to 
the S240 proteins of SARS‑CoV.[13] The expression 
of ACE2 was also found on the surface of corneal 
endothelial cells. As mentioned in the pathogenesis 
section, the co‑expression of ACE2 and TMPRSS2 
in ocular surface (limbal, corneal, and conjunctival) 
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epithelia from recent studies raised the possibility 
of ocular surface serving as a portal of entry for 
SARS‑CoV‑2.[14,43,49] All these evidence, despite rare, 
might explain the positive detection of viral genome 
from conjunctival swab and raise the possibility of 
transmission through ocular tissue.

	 Even so, given the scarce nature of currently 
available evidence regarding SARS‑CoV‑2 
transmission through ocular tissues, no strong 
conclusion can be made to ascertain whether 
infection from ocular structures is possible or if the 
virus can reach the respiratory tract via nasolacrimal 
duct.[50] One of the possible explanations for the 
low frequency of viral transmission via ocular 
route is the adoption of antiviral capacity by ocular 
surface epithelia. For example, while microarray 
or transcriptome sequencing confirmed ACE2 
expression in the conjunctiva, RNA‑editing 
enzymes such as APOBEC3A and ADAR‑1 were 
also highly expressed in conjunctival epithelial 
and ex vivo cornea samples by Leonardi et  al.[51] 
This implicates that countermeasures can develop 
in ocular surface by local expression of antiviral 
factors, which explains the low prevalence of ocular 
manifestations as well as the low yield of viral tests 
from the conjunctiva

(c)	Low viral load in conjunctival secretion/tissues and 
inconsistencies in sample handling. As shown in our 
systematic review, the SARS‑CoV‑2 RT‑PCR assay 
for tears or conjunctival swab is inconsistent in its 
detection rate. Overall, the detection rate remained 
low in all studies, which might be due to inherent 
low viral load in tears or conjunctival secretion, the 
absence of viral culture, and the lack of standardized 
handling or testing protocol for collected samples.[32,38] 
This issue is further exacerbated as the sensitivity 
of nucleic acid amplification test in detecting 
SARS‑CoV‑2 varied at different sites.[52]

As previously mentioned, although ACE2 has been 
located on the ocular surface, it is not currently clear 
if SARS‑CoV‑2 can thrive in the microenvironment of 
ocular surface. This would explain the low detection 
rate of SARS‑CoV‑2 in tears or conjunctival tissue 
because it might not be a suitable niche environment for 
colonization of the virus.

Inconsistencies in sample testing were also observed. 
Although Seah et al. tested both nasopharyngeal swab 
and tears for SARS‑CoV‑2 in the same patients, both 
samples were differently handled by the respective 
clinical and research laboratories.[32] The limitation of 
detection by the research laboratory was not reported 
in the study. Besides, a limited quantity of tears and 
conjunctival secretions was collected, thus resulting in 
insufficient sample concentration for RT‑PCR.

Pediatric ocular presentation in coronavirus 
disease 2019
In the current literature, ocular presentation in 
COVID‑19 patients was mostly reported only in adults. 
Valente et al. reported conjunctivitis in 3 out of 27 children 
with mild clinical course. It is hypothesized that children 
might have more benign systemic manifestations of 
COVID‑19 as compared to adults.[34] Similarly, the 
positive rate of conjunctival swabs was low in pediatric 
patients with conjunctivitis.

A COVID‑19‑infected child with conjunctivitis and eyelid 
dermatitis as reported by Wu et al. had self‑resolving 
symptoms 5  days after onset.[17] However, muscle 
enzyme elevation was noted initially, thus suggesting 
that although symptoms might be milder in children, 
the blood indices of children with ocular manifestations 
should be closely monitored.

Finally, a case series by Chiotos et al., which primarily 
highlighted a multisystem inflammatory syndrome 
observed in critically ill children with COVID‑19, had 
also reported conjunctivitis as one of the presenting 
symptoms.[53]

Transmission risk of severe acute respiratory 
syndrome‑coronavirus 2 via conjunctiva or tears
In spite of the low prevalence of conjunctival symptoms in 
COVID‑19 patients, the positive detection of viral genome 
in tears still demonstrates that SARS‑CoV‑2 has the 
capacity to cause ocular disease or even viral transmission 
using the eye as a portal of entry. It is known that HCoV 
commonly spreads through respiratory droplets or 
direct contact with virus‑contaminated fomites.[54] As an 
exposed mucosal structure, the conjunctiva is susceptible 
to infectious droplets and fomites during close contact 
with infected patients. This is consistent with the fact that 
respiratory viruses, such as human adenovirus (species 
D) and avian influenza virus  (H7), can cause highly 
contagious keratoconjunctivitis or conjunctivitis. Tears 
and conjunctival secretions can also contain and spread 
the virus.[54,55] Currently, there is no clinical cohort 
or populational study to statistically evaluate the 
transmission risk of COVID‑19 from conjunctiva tissues 
or tears.

Prevention strategies for ophthalmologists in 
managing coronavirus disease 2019 patients
Based on our previous report on the proposed 
measures for ophthalmologists during the COVID‑19 
pandemic,  the essential strategies for ophthalmologists 
in surmounting the challenges of COVID‑19 comprise 
proper personal protective equipment  (PPE); patient 
volume control; detailed travel, occupation, contact, 
and cluster screening; and effective infection control 
measures in clinics, inpatient wards, and operation 
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theaters.[56] In addition, any possibility of cross infection 
can be effectively reduced with close health monitoring 
of all healthcare professionals and strict measures by 
policy makers as well to enforce mask‑wearing and social 
distancing in the hospital.

In view of the transmission risk of COVID‑19 by 
close contact of ophthalmologists with their patients, 
telemedicine is also utilized and promoted during 
the pandemic. For instance, a strategy involving 
telemedicine technology in the emergency department 
was implemented before seeing the patients 
personally.[56] Doctors could perform history taking and 
a brief inspection of the external eyes before deciding if 
the patients require further examination. Through this 
measure, patients could receive a detailed evaluation, 
and long‑time close contact can be avoided.[56]

Finally, our systematic review suggested that patients 
infected with COVID‑19 might present with ocular 
manifestations first. Therefore, all ophthalmologists 
must adhere to proper infection control protocols 
and personal protection including face masks, PPE, 
and gloves when examining all patients, regardless of 
travel or contact history. Essential and nonessential 
ophthalmic services can also be written in the interim 
guidelines to guide ophthalmologists to balance the 
risks and necessity of providing crucial ophthalmic 
services.

Limitations
Although this is a systematic review and meta‑analysis 
of the largest number of patients to date, it has several 
limitations. First, most of the included studies were 
of retrospective nature and case series/reports. 
However, with respect to the scant evidence available 
and the urgency of the matter, these studies to 
investigate the prevalence of ocular manifestations or 
viral shedding in conjunctiva/tears were evaluated in 
detail by multiple reviews, as only studies with good 
quality and low risk of bias were included. Second, 
studies were conducted in the midst of a worldwide 
outbreak. There is a possibility that certain studies 
have not yet been published, which might affect the 
results in the future. In spite of this, most included 
papers have been assessed critically for its risk of bias 
and value of evidence, thus providing an objective 
evaluation of the issue at hand.

Conclusion

Ocular manifestations in COVID‑19 patients commonly 
comprise ocular surface symptoms, such as conjunctival 
hyperemia, foreign body sensation, and rarely corneal 
subepithelial infiltrates. The prevalence of ocular 
presentation among COVID‑19  patients is low, as is 

shown in our meta‑analysis, and there has been no 
definite report of transmission from the conjunctiva, 
but it is imperative for ophthalmologists and all 
health professionals to be aware of the full spectrum 
of COVID‑19 symptoms or signs. The multifaceted 
mechanisms of ocular colonization or viral shedding 
from tears of SARS‑CoV‑2 are still not clear yet. Further 
experimental and clinical research should be conducted 
to investigate the importance of ocular manifestations, as 
well as its underlying mechanisms, in the progression or 
transmission of COVID‑19.
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