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Abstract

Purpose: To summarize COVID-19 research endeavors by ophthalmologists/researchers in terms of publication
numbers, journals and author countries, and to detail key findings.

Methods: The LitCovid database was systematically reviewed for ophthalmology-focused COVID-19 articles. The
quality of the evidence was assessed for articles investigating conjunctivitis in COVID-19 patients.

Results: There were 21,364 articles in LitCovid on June 12, 2020, of which 215 (1%) were ophthalmology-focused. Of
articles on COVID-19 transmission, 3.3% were ophthalmology-focused. Ophthalmology-focused articles were published
in 68 journals and originated from 25 countries. The top five countries publishing ophthalmology-focused articles (China,
India, United States of America, Italy, and United Kingdom) produced 145/215 (67%) articles. A total of |16 case reports/
series from eight countries reported that conjunctivitis can be the initial or the only symptom of COVID-19 infection.
Conjunctivitis may occur in the middle phase of COVID-19 illness. A total of 10 hospital-based cross-sectional studies
reported that between 0% and 31.6% of COVID-19 patients have conjunctivitis or other ocular conditions, with a
pooled prevalence of 5.5% reported in a meta-analysis. Viral RNA was detected in conjunctival swabs of patients with
and without ocular manifestations, after resolution of conjunctivitis, after nasopharyngeal swabs turned negative and in
retina of deceased COVID-19 patients.

Conclusion: Within 3 months of declaring the COVID-19 pandemic, 215 ophthalmology-focused articles were published
in PubMed, concentrating on disease manifestations and transmission. The reported presence of conjunctivitis or other
ocular conditions in COVID-19 patients is varied. Clinicians should be alert for ocular involvement in COVID-19
infections and possible ocular transmission even in patients without ocular symptoms.
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lockdown in the hope of limiting/stopping viral transmission.
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International awareness of COVID-19 has been attributed
to Dr. Wenliang Li, an ophthalmologist in Wuhan, China.*
Ophthalmologists are at high risk of acquiring COVID-19
likely due to a combination of examination proximity and
contact with mucous membranes. Ophthalmologists, includ-
ing the original whistleblower Dr. Wenliang Li, were among
the first physicians to die from the virus.> Ophthalmologists
were among the initial investigators to study the virus and to
advise on both treatment and protective measures for physi-
cians, patients, and populations.

This paper summarizes research endeavors by oph-
thalmologists into COVID-19 and the relevant findings
through a systematic review on ophthalmology-focused
COVID-19 publications. To place these research endeav-
ors into a larger context, we compared ophthalmology-
focused publications to all publications on COVID-19.

Methods

Eligibility criteria, search, data source, and
study selection

All ophthalmology articles on COVID-19 in PubMed were
considered eligible and were included in the analyses.
This is because our study aims included all ophthalmol-
ogy research and clinical endeavors against COVID-19.
Among identified ophthalmology-focused COVID-19
articles we further manually classified them into eight cat-
egories: original data, sharing experience, meta-analysis,
review (without meta-analysis), recommendation, guide-
line, discussion/comment, and editorials. Articles contain-
ing original data were further examined in details.

The database LitCovid was searched. LitCovid is a
curated literature hub for tracking up-to-date scientific infor-
mation about the 2019 novel coronavirus, SARS-CoV-2
(severe acute respiratory syndrome coronavirus 2), com-
monly referred to as COVID-19. It is the most comprehen-
sive resource on this subject, providing a central access to
COVID-19 relevant articles in PubMed and updating articles
daily.® LitCovid has a more sophisticated search function
than existing resources. It identifies roughly 35% more rel-
evant articles than do conventional keyword-based searches
for entries such as “COVID-19” or “nCOV.”’

LitCovid uses a two-step search approach. First, a
set of articles are retrieved from PubMed with the query
“coronavirus”[All Fields] OR “ncov’[All Fields] OR
“cov”’[All Fields] OR “2019-nCoV”’[All Fields] OR
“COVID-19[All Fields] OR “SARS-CoV-2"[All Fields].
Next, search results are human reviewed and relevant arti-
cles identified and curated with assistance from an auto-
mated machine-learning and text-classification algorithm.®
Irrelevant articles are then discarded. Articles are manually
assigned by LitCovid group to eight broad categories when
applicable: general information, disease mechanism, trans-
mission dynamics, diagnosis, treatment, prevention, case
report, and epidemic forecasting.® LitCovid supports OR,

AND, NOT, and phrase searches.® However, the specifica-
tion “[All fields]” does not work in the LitCovid search.
Pre-prints are not included in LitCovid.

We performed a search for ophthalmology-focused
articles in LitCovid on June 12, 2020 using the query “eye
OR ophthalmology OR ophthalmologist OR ophthalmic
OR ocular OR conjunctivitis OR conjunctiva OR slit-lamp
OR °Slit lamp’.” No language or date restrictions were
applied. The journal of the publication was extracted with
Python 3.8.3 using Integrated Development and Learning
Environment (IDLE).® The country of origin of the pub-
lication was assigned based on country of the first author
as in prior publications.”'? Information on the country
of the first author was extracted with Python 3.8.3 using
IDLE first.® The extracted country information was then
manually confirmed or corrected. Articles with no author
affiliation/country listed (1789 out of 21,364 (8%) for all
articles and 0% for ophthalmology-focused articles) were
excluded from the statistics by country but were included
in the analyses by journal.

Assessment of the quality of the evidence

The quality of the evidence was assessed for articles
investigating ocular involvement in COVID-19 patients,
a major concern of this review. Three types of original
studies included: case-reports/case series, cross-sectional
studies/surveys, and meta-analyses. For case reports and
case series, the tool used to evaluate the methodological
quality of case reports and case series published by Murad
et al.!® was used. For cross-sectional studies, the checklist
recommended by the Agency for Healthcare Research and
Quality was applied.'* For meta-analyses, the measure-
ment tool published by Shea et al was used.'

Data analyses

This review involved categorical data only. Frequencies
and percentages were used in the analyses. Percentages
were calculated as the number of occurrences in a subcat-
egory among the sum of all subcategories. The number of
publications by country may be influenced by population
size and COVID-19 infection rate in a country. We thus
calculated the country-specific publication productiv-
ity adjusted for population size and COVID-19 infection
rates. Data on country population were obtained from the
Worldometer.'® Data on the total number of confirmed
COVID-19 cases by country on June 12, 2020 were
obtained from Our World in Data.? Publication productivity
adjusted for population size was calculated as the number
of publications in a country divided by the corresponding
country population. Productivity adjusted for infection
rate was computed as the number of publications from
a country divided by the country’s COVID-19 infection
rate, which is the number of confirmed COVID-19 cases
on June 12, 2020 divided by the country’s population.>!®
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* 23 COVID-19 general reviews
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3 inflammatory/cytokine studies

2 radiology studies
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2 Kawasaki disease studies
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2 neurology/cardiovascular disease studies
2 dermatology studies

1 thyroidism study

1 kidney study

1 arthritis study

1 diabetes study

1 risk factor study

1 prevention study

1 outpatient study

1 animal study

1 autopsy study

1 virus mutation study

1 media study

1 forecast study

1 environmental study

2 duplicate reports

Included

included in study

215 ophthalmology-focused articles

Figure |. Diagram showing article selection process.

All data used in this study were publicly available
thus Institutional Review Board (IRB)/Ethics Committee
approval was not required. The study adhered to the tenets
of the Declaration of Helsinki.

Results

Total number of publications and by journal
and country

A total of 21,364 articles were registered in LitCovid on
June 12,2020. Of these, 308 were found in the initial search

for ophthalmology-focused publications. The abstracts
of these 308 articles were reviewed and 93 articles were
excluded. Detailed reasons of the exclusion are shown in
Figure 1. In all 215 ophthalmology-focused articles were
included accounting for 1.01% of all COVID-19 related
publications in LitCovid.

Table 1 details the publications breakdown by cat-
egory. The largest number of all LitCovid publications
was in the “Prevention” category, which represents pre-
vention, control, response, and management strategies
as defined by LitCovid group.® This was also the largest
category for those articles with an ophthalmology-focus.
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Table I. Number of publications by article categories as assigned by LitCovid.

LitCovid category* All LitCovid Ophthalmology- % of row (ophthalmology-
publications (% of focused publications focused publications among
column) (% of column) LitCovid category publications)

General information 1144 (5.13) 1 (0.41) 0.09

Mechanism 2284 (10.25) 15 (6.22) 0.66

Transmission 828 (3.71) 27 (11.20) 3.26

Diagnosis 3093 (13.88) 27 (11.20) 0.87

Treatment 4486 (20.13) 12 (4.98) 0.27

Prevention 8753 (39.27) 143 (59.34) 1.63

Case report 1395 (6.26) 16 (6.64) I.14

Epidemic forecasting 306 (1.37) 0 (0.00) 0.00

% - percentage.

*Classified by LitCovid group. One article may be included in more than one category depending on its topics. The sum of the category numbers
is thus greater than the total number of LitCovid publications (i.e. 21,364 for all LitCovid publications and 215 for ophthalmology-focused publica-

tions).

In the category of “Transmission,” 3.3% were from oph-
thalmology-focused publications. Ophthalmology-focused
publications were also found in the categories of disease
mechanism, diagnosis, and treatment. There were no
ophthalmology-focused publications in the category of
“Epidemic Forecasting,” that is, modeling and estimations
of COVID-19 spread.

COVID-19 articles were published in 2794 journals.
The top five journals by number of publications were
“British Medical Journal,” “Journal of Medical Virology,”
“Nature,” “Lancet,” and “New England Journal of
Medicine” (Table 2). For those with an ophthalmology-
focus, 68 journals published COVID-19 articles. The
top five journals by number of ophthalmology-focused
COVID-19 publications were “Eye (Lond),” “Indian
Journal of Ophthalmology,” “Ophthalmology,” “Graefe’s
Archive for Clinical and Experimental Ophthalmology,”
and “Acta Ophthalmologica” (Table 2).

Authors from 128 countries contributed to all COVID-
19 publications and from 25 countries to ophthalmology-
focused articles. The top five countries with the most
COVID-19 publications by first author were United States
of America (USA), China, Italy, United Kingdom (UK),
and India for all articles (Table 2). For ophthalmology-
focused publications, China was the most prolific, pub-
lishing twice as many than the second highest producing
country by first author, India. This was followed closely
by USA, Italy, and UK (Table 2). Together these five
countries produced 145/215 (67%) of the ophthalmology-
focused articles.

Adjusting for population size, Singapore had the
greatest number of publications by first author for both
COVID-19 publications and ophthalmology-focused
publications (Table 2). Adjusting for COVID-19 infec-
tion rate per 100,000 population, China, India, and
Thailand were among the top five prolific countries by
first author (Table 2).

Overview of ophthalmology-focused publications

Table 3 shows that the largest type of ophthalmology-
focused publications contained original data (27.9%),
including case-reports/series, cross-sectional studies/
surveys, cell/gene studies, post-mortem exams, and new
methods of eye protection. The next most frequent type of
publications included information on providing in-person
care (urgent eye care, emergency surgery, oculoplastic,
orbital, and lacrimal care),'®?} tele-ophthalmology,’*?*
resident teaching,?®?’ and basic science research in oph-
thalmology?® during the COVID-19 pandemic. There were
25 editorials published in 15 journals, with 7 (28%) from
the journal “Ophthalmology.”

Quality of evidence for studies on ocular
manifestations and transmissions in patients
with COVID-19

Of the 16 case reports/series assessed, 13 (81.3%)
met all reporting requirements (Supplemental Material)
and 3 received “unsure” in 1-2 questions from 8 ques-
tions assessed. Results of all 16 case reports/series were
included in this review. For all cross-sectional studies,
the assessment for evaluators being masked to the sta-
tus of COVID-19 patients was either “No” or “Unclear.”
At least 4/11 reporting requirements were met in 10/14
(71.4%) articles on ocular manifestation and transmission
(Supplemental Material). Results from these 10 studies
were analyzed. The cut-off 4/11 was chosen because the
answer “Not applicable” was found in 1-3 items assessed,
which mostly related to missing data handling and report.
For meta-analyses, 2 studies fulfilled 6 and 7 report-
ing requirements each from a total 11 questions assessed
(Supplemental Material). The third meta-analysis received
a “Yes” in 3/11 questions. This study was not included in
our detailed analysis.
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Table 2. Top five by number of COVID-19 publications for journal and country of first author-.

All LitCovid publications (IF?) Number (% of

total publications)

Ophthalmology-focused publications Number (% of
(IF) total publications)

Top five journals by total number of published COVID-19 articles

British Medical Journal (30.223) 523 (2.4) Eye (Lond) (2.455) 27 (12.6)
Journal of Medical Virology (2.021) 367 (1.7) Indian Journal of Ophthalmology (1.250) 22 (10.2)
Nature (42.778) 232 (1.1) Ophthalmology (8.470) 17 (7.9)
Lancet (60.392) 230 (1.9) Graefe’s Archive for Clinical and 17 (7.9)
Experimental Ophthalmology (2.396)
New England Journal of Medicine (74.699) 182 (0.9) Acta Ophthalmologica (3.362) Il (5.1)
Top five countries (first author) by the total number of publications
United States of America 4659 (21.8) China“ 53 (24.7)
China® 3549 (16.6) India 25 (11.6)
Italy 2174 (10.2) United States of America 24 (11.2)
United Kingdom 1670 (7.8) Italy 22 (10.2)
India 708 (3.3) United Kingdom 21 (9.8)
Top five countries by the number of publications per | million population
Singapore 51.79 Singapore 1.88
Italy 35.96 Norway 0.37
Switzerland 26.46 Italy 0.36
Republic of Ireland 26.33 Israel 0.35
United Kingdom 24.60 United Kingdom 0.31
Top five countries by the number of publications based on COVID-19 infection rate per 100,000 population as of June
12, 2020
China 616.16 China 9.21
Vietnam 87.96 India .16
India 32.84 Thailand 0.67
Thailand 20.55 Australia 0.18
Japan 13.35 Indonesia 0.08

IF: impact factor.

*Impact factor in 2019 as reported in Web of Science.'”
®Mainland China (3257), Hong Kong (108), and Taiwan (182).
‘Mainland China (35), Hong Kong (17), and Taiwan (1).

Table 3. Publication types of ophthalmology-focused
publications.

Number of % of the total
publications publications
Orriginal data 60 279
Case report 20* -
Study/survey 29 -
Cell/gene study 6 -
Post-mortem exam 2 -
New methods of 3 -
eye protection
Sharing experience 35 16.3
Meta-analysis 3 1.4
Review 26 12.1
Recommendation 9 4.2
Guideline 8 37
Discussion 49 22.8
Editorial 25 1.6
Total 215 100.0

%: percentage.

*Four reports with the category of “Diagnosis,” “Prevention” or no
category assigned by LitCovid were deemed to be case reports in our
classification.

Ocular manifestations in patients with
COVID-19

A total of 14 case reports and 2 case series (consisting of
5 and 7 patients) from China, Italy, France, Canada, USA,
Spain, Iran, and Malaysia indicated that conjunctivitis or
keratoconjunctivitis as evaluated by ophthalmologists can be
the initial symptom of COVID-19 infection,?**? and may be
the only presenting feature of COVID-19.3*3 Conjunctivitis,
episcleritis or orbital emphysema have also been reported to
occur during the middle phase of COVID-19 illness, start-
ing on day 7-19 after the onset of COVID-19.3¢3° Detailed
ocular manifestations are shown in Table 4.

Hospital-based cross-sectional studies reveal that
between 0% and 31.6% of COVID-19 patients have con-
junctivitis, with 75% reporting rates under 4.0%.%2 The
presence of patient reported ocular symptoms ranges
between 5.0% and 26.8%.%34

Two meta-analyses reported that conjunctivitis pre-
sented in 1.1% of COVID-19 patients® and that the pooled
prevalence of conjunctivitis or conjunctival congestion
among COVID-19 patients was 5.5% (95% confidence
interval 1.6%-9.4%).%
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Table 4. Reported ocular manifestations in case-report/series.

Publication Country  Patient agein  Eye Ocular manifestations
years and sex  involved
Casalino®”  Italy 48, Male Right e Redness, watery discharge, foreign body sensation
eye e Clinical history and slit lamp examination were consistent with a viral
conjunctivitis in the right eye
e Ocular manifestations proceeded cough and fever
Cheema®®  Canada 29, Female Right e Photophobia, swollen eyelid, mucous discharge, pain, irritation
eye e [nitial presentation: |-12+ conjunctival injection, 3+ follicles, | small
pseudodendrite in the inferior temporal cornea, 8 small subepithelial
infiltrates with overlying epithelial defects at the superior temporal limbus.
Fundus exam unremarkable with no inflammation Visual acuity 20/20 OU.
Diagnosed with herpetic keratoconjuntivitis
e 2days later: a tender right preauricular node, 2+ conjunctival injection,
numerous subepithelial infiltrates with overlying epithelial defects. Visual
acuity 20/20 OU Diagnosed with epidemic keratoconjunctivitis
e 3days after initial presentation: worsening symptoms and vision decline.
Visual acuity 20/30 in right eye. Follicular conjunctivitis with 2+
conjunctival injection and over 50 discrete subepithelial infiltrates with
overlying epithelial defects spread diffusedly through the entire cornea
e 5Sdays after initial presentation nasopharyngeal swab positive for SARS-
Cov-2
Chen® China 30, Male Both e Redness and foreign body sensation in both eyes |3 days after onset of
eyes sore throat and diarrhea and 6 days after nasopharyngeal swabs tested
positive for SARS-CoV-2
e Slit lamp examination identified bilateral moderate conjunctival injection,
watery discharge, inferior palpebral conjunctival follicles and tender
palpable preauricular lymph nodes
e | day after redness and foreign body sensation, the conjunctival swab
specimens positive for SARS-CoV-2
Colavita®® Italy 65, Female Both e Presented with nonproductive cough, sore throat, coryza, and bilateral
eyes conjunctivitis (severe conjunctival hyperemia, chemosis, epiphora)
e Sputum positive for SARS-CoV-2 on day of admission
e Ocular swab positive for SARS-CoV-2 on day 3 of admission and
remained positive until day 21 of admission
e Ocular swab positive again on day 27, 5days after it became undetectable
Daruich3?  Author 27, Male Left eye o Redness, foreign body sensation
in France, e Eyelid edema and moderate conjunctival hyperemia
patient in e Intense headache, fever, cough, and severe dyspnea following eye
Argentina complaints
e Nasopharyngeal swab positive for SARS-CoV-2
Khavand®'  Iran 65, Male Not e Burning eye, mucoid discharge, and follicular conjunctivitis diagnosed as
stated viral conjunctivitis
e 2days later patient presented to emergency room with a sudden-onset
fever of 101.4°F, dry cough, and shortness of breath
e Nasopharyngeal swab and subsequent conjunctival confirmed diagnosis of
COVID-19
Mendez Spain 31, Female Left eye o Red eye, foreign-body sensation, epiphora, and photophobia without
Mangana®’ impaired vision 7 days after cough, myalgia, and nasopharyngeal swab
positive for COVID-19 infection
e Slightly elevated epibulbar area with hyperemia at the inferotemporal
sector without fluorescein defect consistent with nodular episcleritis
Navel*® France 63, Male Both e Conjunctival hyperemia |17 days after flu-like symptoms with bronchial

eyes secretions positive for SARS-CoV-2
e Day |9 ocular exam in ICU found petechias and tarsal hemorrhages,
mucous filaments, and tarsal pseudomembranous
e Slit lamp and other evaluations of anterior segment complications (such as
uveitis or intraocular hypertension) not performed due to intubation

(Continued)
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Table 4. (Continued)

Publication Country  Patientagein  Eye Ocular manifestations
years and sex  involved
Exam of the posterior segment revealed no vitreous inflammation or
retinal abnormalities
Day 20 tears and conjunctival scrapings and swab tested negative for
SARS-CoV-2
Diagnosed with pseudomembranous and hemorrhagic conjunctivitis
related to SARS-CoV-2
Pascual- Spain Not stated Not 7 cases with oculomotor paresis, SARS-CoV-2 positive in 3 cases
Prieto®! stated Respiratory symptoms preceded diplopia by approximately 2 weeks in all
cases
Salducci®?  Italy 72, Male Both Asymptomatic when oropharyngeal and nasal swab tested positive for
eyes COVID-19
Injected, irritated, and swollen eyes 18days after COVID-19 testing
positive
Transparent serous secretions, conjunctival chemosis,
pseudomembranes of fibrin, and inflammatory cells on the tarsal
conjunctiva accompanied by preauricular lymph nodes and enlarged
submaxillary nodes
Diagnosed with severe viral conjunctivitis
Scalinci®* Italy 37, Female Not Conjunctival hyperemia, epiphora, discharge, and photophobia
41, Male stated Diagnosed with acute conjunctivitis
43, Male None of these patients displayed fever, general malaise, or respiratory
symptoms.
48, Male Nasopharyngeal swab positive for all of 5
65, Male
Stevens® USA 74, Male Both 10-day history of fever, cough, and progressive dyspnea with positive
eyes COVID-19 test
ICU patient, subcutaneous emphysema extended from the chest to the
face, unilaterally in the conjunctiva, and bilaterally around the eyelids
Wy China 2, Male Left eye Asymptomatic with nasopharyngeal swabs positive for SARS-Cov-2
Conjunctival congestion and eyelid erythema and swelling 7 days after
positive SARS-Cov-2 test
Diagnosed with conjunctivitis and eyelid dermatitis
Ying® Malaysia 54, Female Both Redness (started in left eye for | day and to right eye the next day),
eyes watery eyes, and mild swelling over both eyelids
Bilateral conjunctivae hyperemic
Oropharyngeal and nasopharyngeal swab testing positive for SARS-CoV-2
8days after ocular complaints
Denied any respiratory symptoms or fever before or after SARS-CoV-2
testing positive
Hu* China 70, Male None Fever, fatigue, and cough
Sputum and nasopharyngeal swab positive for SARS-CoV-2
No symptoms and signs of conjunctivitis
Obstruction of lacrimal duct in left eye with mild tearing and without any
secretion
Nasopharyngeal swabs positive for 22 days
Eye swabs continuously positive for 2 weeks after nasopharyngeal swabs
turned negative
Huang* China 22, Male Both Itchy eyes, followed by dizziness, fever, nasal-congestion and
eyes rhinorrhea

Respiratory-sample testing positive for SARS-CoV-2 4 days after ocular
symptoms

Infected 7 additional patients (laboratory-confirmed SARS-CoV-2-
infection) before obtaining the positive result for SARS-CoV-2
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Ocular transmissions in patients with
COVID-19

Positive conjunctival swabs for COVID-19 were reported
in case reports of patients with clinically manifested con-
junctivitis, 3031364043 in patients after the conjunctivitis
had resolved for 1week,* or 11days after nasopharyn-
geal swabs turned negative.*® Examining hospital-based
patients revealed that positive conjunctival swabs can be
found in patients with*>>? and without ocular manifes-
tations.*>>” The reported positive rate ranged from 0%
to 16.7% in patients with conjunctivitis or other ocular
abnormalities*>"52 and from 0% to 6.1% in those with-
out conjunctivitis.*®*% A post-mortem study documented
that viral RNA was detected in the retina of 3/14 deceased
COVID-19 patients.*®

Cell/gene studies reported that the co-expression of
the SARS-CoV-2 receptor (i.e. ACE2) was detected in
human adult conjunctival, limbal, and corneal epithelium,
suggesting the human conjunctival and corneal epithe-
lium may provide an additional entry portal for SARS-
CoV-2.%! However, no significant expression of the
ACE2 in conjunctival samples on the mRNA and protein
levels was reported.®?

Discussion

We report that 3months after the COVID-19 pandemic
was declared, ophthalmologists/researchers from 25 coun-
tries contributed 215 articles in 68 journals on the subject.
These articles centered on understanding the ocular mani-
festations and transmission of COVID-19 infection and
how to manage safe eye care, teaching, and research dur-
ing the outbreak. Data from 16 case reports/series from
eight countries indicate that conjunctivitis can be the initial
or only symptom of COVID-19 infection. Conjunctivitis
can occur 1-3 weeks after the onset of COVID-19. About
10 studies of hospital-based patients found the presence
of conjunctivitis or other ocular abnormalities in patients
affected with COVID-19 varied, ranging from 0% to
31.6%. All these 10 studies were derived from single hos-
pital-based clinic records. The possibility of selected sam-
ples cannot be ruled out in producing the large variation.
A meta-analysis showed a 5.5% (95% confidence inter-
val 1.6%-9.4%) pooled prevalence rate of conjunctivitis
or conjunctival congestion among COVID-19 patients.
Positive conjunctival swabs have been reported in patients
with and without conjunctivitis, including positive swabs
7 days after resolution of the conjunctivitis. Of concern to
ophthalmologists is the report that conjunctival swabs can
test positive for up to 11 days after nasopharyngeal swabs
have turned negative. Viral RNA has been reported in the
retina of deceased COVID-19 patients. These results dem-
onstrate that conjunctivitis or other ocular abnormalities
may be a presenting symptom of COVID-19 infection

and the eye can be a potential source of COVID-19 trans-
mission, even after nasopharyngeal swabs have turned
negative. These findings have implications to healthcare
providers, policy makers and the public regarding COVID-
19 management and prevention.

At the beginning of the COVID-19 outbreak, the disease
was thought to be transmitted through respiratory droplets
with direct contact. The main impact of this disecase was
thought to be on the respiratory system. The very first per-
son who alerted that there could be ocular involvement in
COVID-19 was a member of the expert task force who vis-
ited COVID-19 patients in Wuhan, China. Despite being
fully gowned with protective equipment including N95
mask, he was infected by the virus with the first symptom
being unilateral conjunctivitis, followed by development
of fever.>** Since then, “conjunctivitis” has been linked
to COVID-19. To date, observations from case reports and
cross-sectional studies originating from multiple countries
lend support to this suspicion. However, lack of a control
group from non COVID-19 individuals makes us difficult
to know if conjunctivitis presented more frequently in
COVID-19 patients.

Although the viral detection rate in conjunctival and
tear samples seems to be low (0% to 16.7% in patients
with conjunctivitis or other ocular abnormalities), the risk
of ocular transmission remains a possibility, especially
when considering the potential that negative conjuncti-
val swab test results may arise from missed window of
best sampling time and imperfect test sensitivity. Overall,
results of this review offer two implications for clinical
management of COVID-19. Firstly, conjunctivitis can be
the initial or the only symptom of COVID-19 infection.
This suggests that ophthalmologists and other healthcare
providers such as emergency room physicians and fam-
ily physicians should be on alert and practise appropri-
ate self-protection (including eye protection) during the
examination and treatment of new patients with ocular
complaints. Secondly, when dealing with patients with
diagnosed COVID-19 but without ocular complaints or
those patients with nasopharyngeal swabs having turned
negative, healthcare providers including ophthalmologists
should be mindful of the possibility of viral transmission
from the eye as positive conjunctival swabs have been
reported in COVID-19 patients without conjunctivitis,*->’
and even in patients 11 days after nasopharyngeal swabs
turned negative.** Recently, a report from Italy identified
for the first time that SARS-CoV-2 RNA was identified
in a pediatric patient with very mild ocular complaints.®
This Italian report not only reenforces the findings of this
review but emphasizes the above clinical implications
offered should be considered when dealing with adult and
pediatric patients.

In COVID-19 patients, the conjunctivitis rate and the
presence of other ocular abnormalities (0%-31.6%) seems
to be greater than the detection rate of SARS-CoV-2
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observed from conjunctival samples by means of labo-
ratory analysis (0%-16.7%). One possible explanation is
that conjunctivitis and other ocular abnormalities may be
caused by SARS-CoV-2 as well as by viruses, bacteria,
and factors other than SARS-CoV-2. For example, reports
have shown that COVID-19 patients in intensive care
units (ICU) treated with continuous positive airway pres-
sure (CPAP) are more likely to have ocular abnormalities
than those not treated with CPAP (52.5% versus 30.8%,
p<<0.01), due to air leaks from the CPAP mask.®® Such
CPAP treatment may result in dry eyes causing ocular dis-
comfort.3%% Therefore, if conjunctival swabs are SARS-
CoV-2 negative, ophthalmologists should look for other
potential factors that can cause ocular signs and symptoms
in COVID-19 patients, particularly in ICU patients.

Most of the current studies on ocular involvement in
COVID-19 are based on case reports/series and hospital-
based cross-sectional studies, which are considered level
4 evidence by the Oxford Centre for Evidence-based
Medicine.®” This is not ideal, however, given that we are
dealing with a novel disease with many unknown clinical
features, these early reports have contributed to advanc-
ing our knowledge on COVID-19’s clinical presentation
and transmission and have provided important information
to clinicians and decision-makers regarding the need for
appropriate eye protection. Other examples of level 4 evi-
dence contributing to improved disease understanding are
found in the AIDS and sickle cell disease literature.®7°

To date COVID-19 has been reported in over 200 coun-
tries.> Ophthalmologists from 25 countries have contrib-
uted to the global understanding of the pandemic. The
collective efforts of ophthalmologists demonstrate that
ocular manifestations in COVID-19 patients occur in dif-
ferent ethnic populations, such as China, Italy, France,
Canada, USA, Spain, Iran, and Malaysia.

Journal editors may play an important role encouraging
and discouraging COVID-19 publications in their jour-
nals.”! We do not know if the top five COVID-19 publi-
cation journals mainly reflect the journal editors’ choice.
However, 7/25 (28%) editorials in ophthalmology-focused
articles were from “Ophthalmology,” which ranks number
3 by journal in ophthalmology-focused publications.

This study has limitations. First, article citations were
not evaluated due to the short time period since COVID-19
identification and the lag between publications and cita-
tions. Second, the country of origin was assigned based on
the first author affiliation only. Although this methodology
has been widely used in previous publications,’'? this may
not accurately capture the country of all coauthors. Third,
only articles registered in LitCovid were included.

Study strengths include that all peer-reviewed publica-
tions in knowledge creation (e.g. case reports, post-mortem
exams, and patient surveys) and knowledge dissemination
(e.g. reviews and guidelines) were reviewed. The qual-
ity of the evidence on ocular issues in COVID-19 was
assessed using published evaluation tools before summary.

Conclusion

This systematic review of ophthalmology-focused pub-
lications on COVID-19 indicates that ophthalmologists/
researchers from 25 countries have published 215 articles
in 68 journals within 3 months of the WHO declaration of
the pandemic. These publications support the initial sus-
picion of ocular manifestation and possible transmission
in COVID-19 infections and serve to inform best clinical
practices. However, it is unknown if the frequency of con-
junctivitis in COVID-19 patients differs from that in non
COVID-19 individuals. Future population-based studies are
needed to overcome the drawback of selected patient sam-
ples from case reports and single hospital-based records.
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