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Purrose. This systematic review aimed to determine currently reported clinical and
prodromal ocular symptoms in patients with coronavirus disease 2019 (COVID-19).

MetHODS. An online article search was performed in PubMed and EMBASE. Altogether
15 studies (retrospective, prospective, or case studies) involving 1533 patients with
COVID-19, reporting on ocular symptoms, and with outcome data available were identi-
fied. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses reporting
guidelines were followed. Study-specific estimates (incidence rates of ocular symptoms
in patients with COVID-19) of cases were combined using one-group meta-analysis in a
random-effects model.

Resurrs. Of all included studies, 11.2% (95% confidence interval, 5.5-16.9; 78/1526 cases)
reported ocular symptoms. The most common ocular finding was conjunctivitis. Prodro-
mal ocular symptoms occurred in 12.5% (13/104 cases) of patients with COVID-19. Posi-
tive real-time polymerase chain reaction results were obtained for 16.7% (10/60 cases)
of conjunctival samples and 0% (0/17 cases) of tear samples. Twelve ocular conjuncti-
val swab samples tested positive for SARS-CoV-2. Ten cases were from subjects showing
ocular symptoms (16.7%, 10/60 cases), and the remaining two cases were from subjects
without ocular manifestation (1.8%, 2/113 cases). Limitations included the short study
period, small sample size, findings were limited to the Asian population, only seven arti-
cles included ophthalmologic examination details, and there is currently no consensus
on COVID-19 management.

Concrusions. Ocular symptoms may occur in the presymptomatic phase as a prodromal
symptom (12.5%, 13/104 cases), suggesting the possibility of viral transmission from the
conjunctiva.

Keywords: coronavirus disease, coronavirus disease 2019, COVID-19, ocular symptoms,
presymptomatic phase, prodromal symptoms, SARS-CoV-2, conjunctivitis
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evere acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) is a novel, enveloped, positive-sense, single-
stranded RNA virus that causes respiratory, enteric, hepatic,
and neurologic diseases.! The World Health Organization
declared SARS-CoV-2 as the causative agent of coron-
avirus disease 2019 (COVID-19) in February 20202 As of
May 2020, COVID-19 has infected more than 4.13 million
individuals and has spread globally.> Consequently, early
detection of COVID-19 has been emphasized as a crucial
infection control strategy.*> According to currently avail-
able evidence, SARS-CoV-2 is transmitted to humans via
respiratory droplets and aerosols.®” The clinical features of
COVID-19 include fever, cough, shortness of breath, nasal
congestion, and ocular symptoms such as conjunctivitis.®°
Angiotensin I-converting enzyme 2 (ACE2) has been shown
to encode a viral entry-associated gene for SARS-CoV-2
that is expressed in corneal epithelial cells and conjunc-
tival tissue, as well as in the bronchial and pharyngeal
mucosa.'®

COVID-19 is diagnosed by a positive result on high-
throughput sequencing or real-time reverse transcriptase—
polymerase chain reaction (RT-PCR) assay of nasal and
pharyngeal swab specimens.® The median incubation period
for COVID-19 is approximately four to five days after
exposure.”!! Recent reports have indicated that SARS-CoV-
2 is excreted during the presymptomatic (asymptomatic)
period of COVID-19, suggesting that the detection of
presymptomatic individuals can be pivotal in control-
ling SARS-CoV-2 transmission.”'*!3 Recent reports have
described clinical ocular symptoms, such as conjunctivi-
tis in COVID-19 as a prodromal symptom.'®'> Further-
more, positive SARS-CoV-2 results using conjunctival swabs
from the affected eye have suggested the possibility of
ocular transmission.'®!> This may result in potential trans-
mission to healthcare workers, especially ophthalmolo-
gists and optometrists, who perform examinations in close
proximity to patients with COVID-19 and may come into
contact with tears and conjunctival secretions. There-
fore elucidating the characteristics and prodromal ocular
symptoms of COVID-19 may aid in preventing COVID-19
transmission.

This systematic review was performed to determine the
clinical and prodromal ocular symptoms in patients with
COVID-19.

METHODS
Outcomes

The primary aim of this study was the systematic evaluation
and characterization of currently reported ophthalmic cases
of COVID-19. In particular, the primary analysis focused
on age, sex, ocular findings including prodromal ocular
symptoms, clinical ocular symptoms, ocular therapeutic
management, and presence of SARS-CoV-2 in ocular tissue
using RT-PCR in patients with ocular symptoms associated
with COVID-19. The diagnosis of COVID-19 was based on
RT-PCR testing of nasopharyngeal specimen.

Search Strategy

An extensive search strategy was designed to retrieve all arti-
cles published from April 2, 2020, to May 7, 2020, by combin-
ing the genetic terms [(coronavirus 2019) OR COVID-19 OR
COVID OR SARS-CoV-2 OR (sars cov 2) OR (2019 novel coro-
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navirus) OR 2019-nCoV) AND (Conjunctivitis OR (Ocular
Surface) OR Eye OR Ophthalmology)] in key electronic
bibliographic databases (PubMed and EMBASE) and follow-
ing the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses reporting guidelines.'® Study inclusion
and exclusion criteria are shown in Figure 1. Search
results were compiled using EndNote X9.3.2 software (Clar-
ivate Analytics, Philadelphia, PA, USA). In keeping with
the quality standards for reporting systematic reviews and
meta-analyses of observational studies,'” two independent
researchers (T.I. and K.K.) screened the retrieved articles.
The same investigators independently assessed the full texts
of records deemed eligible in consensus.

Data Extraction

Two independent reviewers (T.I. and K.K) extracted data
from each eligible study using a standardized data extraction
sheet and subsequently cross-checked the results. Disagree-
ments between the reviewers regarding the extracted data
were resolved through discussion with a third reviewer
(T.K.).'® The following data were extracted: first author
name, date of publication, type of study (retrospective
study, case report, case series, or prospective study), coun-
try, cohort size, and characteristics of ocular symptoms in
patients with COVID-19 including age, sex, and ocular find-
ings. Ocular findings were assessed based on prodromal
ocular symptoms, clinical ocular symptoms, ocular therapeu-
tic management, and ocular RT-PCR results using conjuncti-
val and tear samples.

Statistical Analyses

Study-specific estimates (incidence rates of ocular symp-
toms) were combined using one-group meta-analysis in
a random-effects model using OpenMetaAnalyst version
12.11.14 (available from http://www.cebm.brown.edu/
openmeta/).!” Subgroup analyses including only studies
that had reported on a given outcome was undertaken.

RESULTS

The database search identified 264 articles. One arti-
cle was added through another source® After removing
76 duplicates, 189 articles were reviewed based on the title
and abstract. Of these articles, 170 were excluded based
on article type (clinical guidelines, consensus documents,
reviews, systematic reviews, and conference proceedings),
other serotypes of SARS-CoV and Middle East respiratory
syndrome, animal-based studies, mental health status during
COVID-19, conference abstracts, other unrelated topics, and
articles without ocular symptoms of COVID-19. Nineteen
articles met the inclusion criteria and were assessed for the
systematic review (Fig. 2). Four articles were excluded for
reasons such as duplication,? or the articles covered neuro-
logic*"*? or molecular aspects.”

Study Characteristics and Demographic Features

The articles included in this systematic review were
published between March 24, 2020, and April 30, 2020.
Eight articles were from China®'4%4? two were from
Italy, and one each were from Singapore Canada,'
Argentina,® the Netherlands** and Iran?® Altogether,


http://www.cebm.brown.edu/openmeta/
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Inclusion Criteria
1. Population: patients with COVID-19 demonstrating ocular

symptoms.

2. Study design: retrospective studies (cross-sectional studies, case-
control studies, case series, and case reports) and prospective

studies.

3. Outcome: evaluation of ocular findings with COVID-19; number,
age, sex, prodromal ocular symptoms in presymptomatic COVID-19,
clinical ocular symptoms, therapeutuics, and RT-PCR results using

ocular tissues. therapeutuics.

Exclusion Criteria
1. Clinical guidelines, consensus documents, reviews, systematic

reviews, and conference proceedings.
2. Studies about other serotypes of severe acute respiratory

syndrome coronavirus and Middle East respiratory syndrome

coronavirus infection.
3. Animal-based studies.

4. Mental health status during COVID-19.

5. Preprinted articles.

6. Conference abstracts.

Abbreviations: COVID-19, coronavirus disease 2019; RT-PCR, real-

time reverse-transcriptase-polymerase-chain-reaction.

Ficure 1. Study inclusion and exclusion criteria.

Total records identified through database searching Additional records identified through other sources
(PubMed, EMBASE) (n = 264) (n=1)
Records screened (1%t Screening) Records excluded
(n=189) (n=170)
Full-text articles assessed for eligibility Full-text articles excluded, with reasons
(n=19) (n=4)

Studies included in qualitative synthesis
(n=15)

Studies included in qualitative synthesis
(meta-analysis) (n=8)

Ficure 2. Flow diagram of study selection.

1533 individuals with confirmed COVID-19 were identified 37) at the onset of COVID-19,'%1524.2527-3133-35 and 12 arti-
from the 15 studies (Table). Twelve articles reported the age cles mentioned the sex of the patients, with 36 men and
(median [interquartile rangel: 52 years [40-65 years], n = 12 women in total.!4:15,24,25,27-31,33-35
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Studies Estimate (95% C.I.) Ev/Trt ;
Seah et al.® 0.059 (0.000, 0.171) 1/17
Wu et al.* 0.316 (0.168, 0.464) 12/38 !
Zhang et al. 0.028 (0.000, 0.066) 2/72 —. |
Zhou et al.® 0.066 (0.022, 0.110) 8/121 —-—
Tostmann et al.®? 0.344 (0.246, 0.443) 31/90 .
Hong et al 28 0.268 (0.152, 0.384) 15/56
Xie et al.® 0.015 (0.000, 0.055) 0/33 —w—— !
Guan et al 2 0.008 (0.003, 0.014) 9/1099 [
Overall (1A2=92.04 % , P<0.001) 0.112 (0.055, 0.169) 78/1526 —_——

o o

T T T ]
0.1 0.2 03 0.4
Proportion of ocular symptoms in patients with COVID-19

Ficure 3. Proportion of ocular symptoms in patients with coronavirus disease (COVID-19).

Prodromal Ocular Symptoms, Clinical Ocular
Symptoms, and Therapeutic Management

Using one-group meta-analysis in a random-effects model,
eight prospective, retrospective, and case-control studies
involving 1526 individuals with COVID-19 were further
analyzed for the incidence rates of ocular symptoms in these
patients (Fig. 3).8,14,25,26,28—50,32

Among these individuals, 11.2% of patients with
COVID-19 (95% confidence interval [CI], 5.5-16.9; 78/1526
cases) exhibited ocular symptoms. Unilateral or bilateral
conjunctivitis was the leading symptom (86.4%, 38/44
cases),'®15,24-27,30,31.34 fr]lowed by ocular pain (34.4%, 31/90
cases),”? dry eye (33.3%, 5/15 cases),?® and floaters (6.7%,
1/15 cases).?®

Two case reports have described unique findings, with
one reporting eyelid dermatitis?’ and the other report-
ing keratoconjunctivitis.!> Three patients presented with
conjunctivitis accompanied by tender preauricular lymph
nodes.!>?%3* A history of prodromal ocular symptoms in
patients with COVID-19 was described in 11 articles (12.5%,
13/104 cases).!®15,24,25.27-29,31,33-35 Geven articles reported
therapeutic management for ocular symptoms in patients
with COVID-19—namely, a combination of oral valacy-
clovir and moxifloxacin'®; ribavirin eye drops?*; ganciclovir
eye drops®; topical application of antibiotic and corticos-
teroids?!; artificial tears and ganciclovir gel®*; oral admin-
istration of oseltamivir and hydroxychloroquine®; and oral
paracetamol and a tapering course of topically administered
tobramycin and dexamethasone.*®

Ocular Viral Loads

Eight articles reported conjunctival swabs for RT-PCR
in patients with COVID-19; the positive rate was 16.7%
(10/60 cases).!15,24-29,31,33,34 Conjunctival specimen from
two patients (1.8%, 2/113 cases) were positive for SARS-CoV-
2 in the absence of ocular symptoms.? One article described
tear sampling for RT-PCR and the results were all negative
(0/17 cases).”®

DISCUSSION

Our review identified 11.2% of patients (95% CI, 5.5-16.9;
78/1526 cases) with ocular symptoms among patients with
COVID-19, mostly presenting with conjunctivitis. Prodro-
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mal ocular symptoms occurred in 12.5% (13/104 cases)
of patients with COVID-19. SARS-CoV-2 positive RT-PCR
results were obtained in 16.7% (10/60 cases) of conjunc-
tival samples; however, none of the tear samples (0/17
cases) were positive. Patients with COVID-19 may develop
prodromal conjunctivitis and may present with symptoms of
the disease during their visit to an ophthalmologist, which
suggests that the conjunctiva may present another possi-
ble transmission route for SARS-CoV-2. Although unlikely,
we propose that the two positive conjunctival swab results
from patients without ocular symptoms?® point to absence of
ocular symptoms being unreliable as an indicator of SARS-
CoV-2 conjunctival transmission.

The overall prevalence of ocular symptoms in patients
with COVID-19 was 11.2%, which is not a common finding.
Nevertheless, this reported prevalence might be an underes-
timation because patients with COVID-19 present with life-
threatening clinical scenarios, which may preclude a detailed
ocular examination or relevant history, and large retrospec-
tive studies did not include detailed ophthalmic examina-
tions.® The most common ocular symptom was conjunc-
tivitis (86.3%, 38/44 cases), accompanied by hyperemia,
foreign body sensation, chemosis, and epiphora, followed
by ocular pain, dry eye, floaters, and eyelid dermatitis.
One patient initially presented with herpes-like pseudoden-
dritic infiltration on the cornea, leading to a decline in
vision due to severe keratoconjunctivitis.!> Unlike coron-
avirus infection, epidemic keratoconjunctivitis, which is the
most frequent manifestation of ocular adenoviral infection,
occurred in approximately 75% cases, with accompanying
pseudomembrane formation.3® This is because species D
adenoviruses, notably Ad8, Ad19, and Ad37, are capable of
efficient binding to corneal and conjunctival epithelial cells®’
and demonstrate high degrees of resistance to defensin-
like chemokines.®® This results in the activation of nuclear
factor-«B and induction of various cytokines.*® In contrast,
the coronavirus does not appear to attract significant reac-
tions from the immune system and is thus rarely associ-
ated with inflammatory responses of the ocular surface.®
In fact, no case with persistent subepithelial corneal infil-
trates was reported in the reviewed studies. However, the
analysis of ACE2 expression across different tissues revealed
that ACE2, which has been known to encode a viral entry-
associated gene for SARS-CoV-2, was predominantly present
in corneal and conjunctival cells.*! This may elucidate the
prolonged conjunctivitis in patients with COVID-19, even
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though concurrent clinical keratitis was not present at that
time.

In three cases of conjunctivitis, tender palpable preau-
ricular lymph nodes were observed, which is considered a
valuable aid in the diagnosis of early cases, although this
is not a specific finding. Considering that 12.5% of cases
(13/104 cases) had a history of prodromal ocular symptoms
at three hours to five days before the onset of COVID-19,
ocular examination should be initially considered. Although
no unremarkable findings in the retina were observed, a
recent study has reported more prominent hyperreflective
lesions at the level of ganglion cells and inner plexiform
layers at the papillomacular bundle in both eyes.*? There-
fore the detection of ACE2 in human retinal cells*> suggests
the need for performing full eye examinations so as not to
overlook retinal impairment.

We reviewed various therapeutic agents, some applied
systemically and some topically, including antiherpes
medicines, antibiotic eye drops, and artificial tears. Two
patients were treated with a combination of antibacterial eye
drops and corticosteroid eye drops.>!:*> However, the use of
topical steroids as a treatment for viral Keratitis may delay
the recovery time and is a point of contention among clin-
icians.* Considering the lower possibility of severe kerato-
conjunctivitis caused by coronavirus compared to the risk
associated with adenovirus, injudicious use of topical corti-
costeroid eye drops may only increase the risk of bacterial
infection. Most ocular symptoms in patients with COVID-19
were mild, lasted for four to 14 days, and healed relatively
rapidly, with no sight-threatening complications observed.
Nevertheless, because there is currently no proven treat-
ment for ocular symptoms in COVID-19, further studies are
required.

No virions were detected in the tear samples from seven-
teen patients with COVID-19° whereas positive results
were obtained for 16.7% (10/60 cases) of conjunctival swabs
for RT-PCR,'%15:24,26,28,29.33,45 jndjcating that the risk of
SARS-CoV-2 transmission from ocular to respiratory systems
should be considered low. Nevertheless, the sampling time
lag and the low amounts of viral RNA may contribute
to the inefficiency of the detection rate. Viral loads may
be approximately 10,000-fold different between conjuncti-
val and nasal mucosa samples according to the number
of amplification cycles in quantitative RT-PCR assays.?* As
the virus completes its replication cycle within the cell, it
would be advantageous to collect samples by rubbing the
swab onto the conjunctival epithelium. The other considera-
tion is that diverse respiratory pathogens represent differing
immune reactions. Unlike most respiratory viruses such as
adenoviruses and influenza viruses, coronaviruses have been
documented to rarely infect the conjunctiva.

Recent studies have confirmed the transmissibility of
SARS-CoV-2 during the presymptomatic period and within
five days of symptom onset.*>%” Although the transmis-
sion route of the virus is yet to be clarified, virus-
containing droplets and aerosols are presumed to be the
most likely pathways of SARS-CoV-2 transmission. There-
fore, to prevent SARS-CoV-2 transmission from patients
with presymptomatic COVID-19, it may be important to
capture contact tracing events during the presymptomatic
period’®% and to apply behavioral changes to prevent
contact with droplets and aerosols by avoiding the follow-
ing three Cs: closed spaces with insufficient ventilation,
crowded conditions with people, and conversation at a short
distance.>®>! Prodromal conjunctivitis may signal presymp-

Downloaded from iovs.arvojournals.org on 04/24/2024

IOVS | August 2020 | Vol. 61 | No. 10 | Article29 | 9

tomatic COVID-19, as demonstrated in 12.5% of the cases
from the selected studies. Although this might indicate that
conjunctival transmission may not be the major transmis-
sion route, it must be remembered that frontline health-
care workers without adequate eye protection have been
infected with SARS-CoV-2.%-52 In routine ophthalmic exami-
nations, noncontact tonometers can produce a large amount
of aerosols by applying pressured gas to the eye,>® and the
use of face shields as well as good hygiene practice can
afford protection to eye care providers and frontline health-
care workers.

This study has several limitations. First, this systematic
review covered a short period (three months); hence, the
sample size might still be limited. Second, most of the arti-
cles included were published from China, possibly limit-
ing the generalizability of the findings to non-Asian popu-
lations. Third, this review included only seven case reports
with ocular examinations; other articles with large sample
sizes did not include detailed ocular examinations and
prognosis. In addition, it may be difficult to distinguish
presymptomatic-COVID-19 conjunctivitis from conjunctivi-
tis of other causes, unless SARS-CoV-2 is confirmed by RT-
PCR of the conjunctiva. Fourth, because there is currently
no proven treatment for COVID-19, no consensus treatment
has emerged. During the pandemic, the lack of consul-
tation with ophthalmologists may inadvertently trivialize
the importance of ocular symptoms with COVID-19. Two
patients had positive results on conjunctival swab testing in
the absence of ocular symptoms. More detailed assessments
with larger sample sizes may be needed.

This systematic review assessed clinical ocular findings
and discussed the possibility of ocular findings as prodro-
mal symptoms and as the source of transmission from
patients with COVID-19. Ocular findings occurred in 11.2%
of patients with COVID-19, and it should be noted that ocular
manifestations such as conjunctivitis may represent one of
the prodromal symptoms of COVID-19. This review suggests
that there is a potential risk of transmission from the
conjunctiva and necessitates appropriate precautions, espe-
cially for ophthalmologists who may encounter presymp-
tomatic patients with COVID-19.
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