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Background: There is currently a lack of information regarding ocular tropism and the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). Globally, the cumulative number of coronavirus disease 2019 (COVID-19)
cases is increasing daily. Thus the potential for ocular transmission and manifestations of SARS-CoV-2 requires
more investigation.

Methods: A systematic search of electronic databases for ocular transmission and manifestations of SARS-
CoV-2 was performed. Pooled cross-sectional studies were used for conducting a meta-analysis to estimate the
prevalence of ocular transmission of SARS-CoV-2 to the respiratory system and ocular manifestations (associated
symptoms) of SARS-CoV-2.

Results: The highest prevalence of SARS-CoV-2-positive tears using reverse transcription polymerase chain reac-
tion was found to be 7.5%. However, the highest prevalence of ocular conjunctivitis associated with SARS-CoV-2
was 32%. Thus, SARS-CoV-2 can evidently infect the eye, as revealed in the conjunctival secretions of COVID-19
patients.

Conclusion: The available data reflect the influence of the ocular structure on SARS-CoV-2. The analysis showed
that ocular manifestation is an indication for SARS-CoV-2, particularly conjunctivitis. Moreover, there is no evi-
dence that the ocular structure can be an additional path of transmission for SARS-CoV-2, however, it warrants
further investigation.

Keywords: conjunctival swabs, conjunctivitis, coronavirus, COVID-19, nasopharyngeal swabs, ocular transmission, ocular manifesta-
tion, SARS-CoV-2, tears.

Introduction

An overview of the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) genome and the role of the
replication process in pathogenicity

Coronaviruses are a large family of hundreds of viruses known
to mainly affect the upper respiratory tract. They are spherical,
enveloped particles with single-stranded RNA associated with a
nucleoprotein within a capsid comprised of matrix proteins. They
are considered to have the largest genome (26.4-31.7 kb) among

all discovered viruses, with G + C contents ranging from 32%
to 43%. The viral genome contains several features, including a
unique N-terminal fragment found in the spike protein. Studies
have revealed that SARS-CoV-2 binds to angiotensin-converting
enzyme 2 (ACE2) to permit it to enter and infect the host cells.!?
It has been reported that there is >80% similarity between SARS-
CoV-2 and SARS-CoV at the genome level. The similarity be-
tween SARS-CoV and SARS-CoV-2 may be due to its mechanism of
binding to ACE2, which is present in various tissues, including
the conjunctiva. In 2004, during the SARS-CoV outbreak, it was
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revealed that the virus could be transmitted through tears or the
conjunctival sac.?® Since the SARS-CoV-2 outbreak, studies have
concentrated on transmission and manifestation of the virus
through the respiratory tract.*> The cornea and the conjunctiva
may facilitate transmission of SARS-CoV-2, as they contain ACE2.
In addition, the mucosa in the conjunctiva is linked to the respi-
ratory tract, which raises the question of potential transmission
through the eye, similar to SARS-CoV.

The ACE2 enzyme was detected on the human ocular sur-
face using both western blot and immunohistochemical assay
demonstrating staining of ACE2 in the conjunctiva, limbus and
corneq, especially in the epithelial layer.® However, the inner por-
tion is still an uninvestigated area. These findings suggest an eye
sensitivity to SARS-CoV-2 infection, raising concerns that the eye
may act as a portal for or/and carrier of the disease. It is there-
fore vital to gain a greater understanding of this disease that is
causing a significant burden globally.

COVID-19 presentation in the ocular system: what are
the implications?

SARS-CoV-2 is primarily considered a respiratory disease, al-
though its effect on other organs has been confirmed in sev-
eral studies.”® The development of anomalies in different struc-
tures due to SARS-CoV-2 substantiates the broad physiological
impact, which could be helpful as a diagnosis or/and prognosis
tool for numerous pathologies.'® To date, neurological manifes-
tations in patients with a positive expression of the disease have
been confirmed in several studies, the first one being reported
in Ching, where the outbreak started.'* These neurological man-
ifestations included confusion, agitation, altered consciousness
and acute cerebrovascular disease, among other indications of
peripheral nervous system changes such as taste, smell and vi-
sion impairment.!? In this sense, numerous studies have estab-
lished that common systemic diseases can affect the eye, includ-
ing endocrine disorders, tuberculosis, human immunodeficiency
syndrome and toxoplasmosis.!3-16

The ocular system is considered privileged at many levels, im-
munologically and anatomically. Its uniqueness is a consequence
of its physiology and its numerous transparent structures that are
nourished by avascular aqueous humour and protected from out-
side pathogens by the tear film. Despite expression of the virus in
tears, it has been suggested that the risk of ocular transmission
of SARS-CoV2 is low.!” However, the positive expression of SARS-
CoV-2 in tears and conjunctival secretions sheds light on the im-
portance of the eye in the pathogenesis of this disease.®

It should be noted that the ocular system does not exclusively
include the eye, but also the pathway from the optic nerve to the
occipital lobe, as some critical SARS-CoV-2 patients have demon-
strated anomalies observed through magnetic resonance imag-
ing and in post-mortem brain biopsies.®

Methodology

Inclusion criteria

The analysis inclusion criterion was COVID-19-infected patients
with ocular symptoms, to compare the results of diagnostic
ocular tissue (conjunctival swab/tears) and nasopharyngeal

swab or sputum samples in detecting SARS-CoV-2 using poly-
merase chain reaction (PCR).

Study selection

SARS-CoV-2 ocular transmission and manifestation clinical stud-
ies published in original articles, preprint articles, case reports and
letters were chosen for the meta-analysis conducted in this re-
view.

Research criteria

To evaluate the possibility of bias pertaining to ocular manifes-
tations and transmission, we critically assessed and evaluated
the study objectives and design, sample size, selection crite-
ria and outcomes measured for each study. As a first step, we
searched all possible literature reviews based on the PubMed,
Google Scholar and Web of Science search engines from Jan-
uary 2020 to August 2020 to ensure that there was no selection
bias, and consulted an ophthalmologist as well as epidemiologist
and statistician. The quality of each study was assessed using
published checklists and scales.?%-?! We used ‘COVID-19 ocular
manifestation’, ‘COVID-19 ocular transmission’, ‘COVID-19 ocu-
lar findings’ and ‘COVID-19 conjunctivitis’ as keywords to search
the literature. We selected 735 citations through the electronic
databases. Then the unrelated titles were removed. A screening
of abstracts was conducted for 139 citations. Full-text screening
was performed for 33 articles. Finally, 16 published papers, in-
cluding 8 original articles, 3 preprint articles, 3 case reports and 2
letters, fulfilled the inclusion criteria.

Analysis

We utilized the Cochrane Q-statistic to assess significant
between-study statistical heterogeneity and estimated I? to
quantify the magnitude of between-study heterogeneity.??
The Q-statistic provides a p-value indicating the presence of
heterogeneity and the I? statistic provides information on the
percentage of heterogeneity that exists. Moreover, to take into
account the publication bias, we conducted a systematic review
and meta-analysis to determine if any unpublished studies
were missing from the initial systematic review, since large,
statistically significant studies are more likely to be published,
whereas smaller studies with no statistical significance have a
lower chance of being published.?®* Hence, we tried to include
small as well as larger size studies.

Prevalence as well as its variance were computed for transmis-
sion and manifestation for each study. To assess the heterogene-
ity among studies, a meta-analysis was performed with a ran-
dom effects model, using a generalised linear mixed model and
the logit transformation (with continuity correction).?*%> Vari-
ance within and between studies was used to compute the vari-
ance of the final pooled prevalence. Heterogeneity was assessed
by the inconsistency index (I?) and the Q test.?® Statistical het-
erogeneity was assumed for p-values <0.05 (type 1 error) with
the Q test. To graphically visualise results, forest plots were used
for the prevalence in each study and the combined estimated
prevalence with their 95% confidence intervals (CIs). All statistical
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Figure 1. Forest plot showing the mean prevalence and 95% CIs of ocular transmission among confirmed COVID-19 patients.

analyses were performed with R software version 4.2.0 (R Foun-
dation for Statistical Computing, Vienna, Austria).

Ethical considerations

Almost all the selected studies obtained approval by their respec-
tive institutional ethics committee and all the participants were
provided a consent form. Only one letter and two case studies did
not state the ethical considerations.

Results

SARS-CoV-2 ocular transmission and manifestations were anal-
ysed independently. The purpose was to illustrate the possible
transmission and manifestations of SARS-CoV-2 through the oc-
ular conjunctival pathway.

Studies that collected and investigated laboratory conjuncti-
val swabs for ocular transmission are discussed in Table 1. Eight
studies with 451 patients were included in the SARS-CoV-2 ocu-
lar transmission analysis. The sampling technique to detect oc-
ular transmission was nasopharyngeal and conjunctival swabs,
which were then tested using reverse transcription polymerase
chain reaction (RT-PCR). In total, 13 (2.8%) patients had positive
tear results.

Studies that collected and investigated conjunctival swabs for
ocular manifestations are shown in Table 2. Ten studies included
1012 patients and 3 case reports had a total of 1015 patients. A
total of 21 (2%) patients of the 1012 patients had ocular mani-
festations consistent with conjunctivitis.

The forest plot is shown in Figure 1. The pooled prevalence
for transmission was 4%. The fixed and random effects for
transmission were the same, whereas the heterogeneity index
(I%) for transmission was 17%, indicating that the heterogene-
ity between the studies was low (p=0.43). The differences be-
tween the results can be explained by the different sample sizes,
the time of conjunctival swab collection, the severity of COVID-
19, the lack of a control group and the number of samples
collected.

Although the percentage of patients who tested positive for
COVID-19 by conjunctival swabs was relatively low, the risk of
transmission could not be eliminated. The American Academy of
Ophthalmology has added new infection prevention strategies to
the standard precautionary measures for ophthalmic testing, due

to the close proximity of eye care professionals and their patients’
faces.*!

The forest plot for manifestations is shown in Figure 2. The
pooled prevalence for manifestations was 7%. The fixed and ran-
dom effects were 7% and 6%, respectively. The heterogeneity
index in manifestation studies was 90%, giving the impression
that substantial heterogeneity was reported across studies. The
analysis determined strong heterogeneity between the results of
the presented studies with p=0.00. This result reaffirms that the
manifestation of conjunctivitis in COVID-19 patients cannot be
neglected.

From Tables 1 and 2, only the studies with positive nasopha-
ryngeal swab or conjunctival swab results were included in the
forest plot analysis in Figures 1 and 2. The studies with nega-
tive swabs for all the samples have no impact on the forest plot
results.

Discussion

Transmission

A Chinese ophthalmologist was the first to warn against SARS-
like pneumonia cases.*? He reported that he became infected af-
ter coming into contact with an asymptomatic SARS-CoV-2 glau-
coma patient. This was followed by another specialist who com-
plained of eye redness that then progressed to SARS-CoV-2.%3
He stated that he was using an N95 mask but did not wear
eye protection, which raised the question of the possibility of
SARS-CoV-2 transmission through the eye. There were previous
reports that SARS-CoV could spread through contact with the
eyes.**> Additionally, SARS-CoV-2 has been detected in the con-
junctival sac of confirmed patients with COVID-19, as shown in
Table 1.

Areport by Seah et al.” (study 3 in Tables 1 and 2) investigated
the possibility of transmission of SARS-CoV-2 via tears in 17 re-
cruited patients. The tear samples were collected within 2 weeks
of the onset of infection using the Schirmer test. The positive na-
sopharyngeal swab samples were compared with viral shedding
in tears during the course of SARS-CoV2. The results showed no
evidence that SARS-CoV-2 was shed in tears through the course of
the disease. The authors stated some limitations for the study, in-
cluding analysing the samples in different laboratories using two
different assays and using only tear samples rather than con-
junctival swabs. Furthermore, a study by Deng et al.?® (study 2 in
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Study Events Total Proportion 95%-Cl
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Figure 2. Forest plot showing the mean prevalence and 95% CIs of ocular manifestations among confirmed COVID-19 patients.

Table 1) recruited 114 patients with ordinary, severe and inten-
sive cases of SARS-CoV-2 at a hospital designated for receiving
only critical COVID-19 cases. The patients were mainly elderly
(67%; >60 y of age), 40% had chronic diseases and 18% had
contact with a diagnosed COVID-19 patient. However, no ocular
symptoms were observed. The conjunctival swabs collected and
the tests results showed no evidence of viral nucleic acids in the
conjunctival sac. According to Panoutsopoulos et al.,' the possi-
ble transmission of SARS-CoV-2 from the eye to the respiratory
system is through the link between the S protein and the hep-
aran sulphate chains of heparan sulphate proteoglycans on the
host cell. As a result, more binding occurs for the S protein to the
ACE?2 receptor of the host cell of the aqueous humour, followed by
endocytosis of the viral particles. Further investigation is needed
to determine the ACE2 distribution and activities on the ocular
surfaces.

Manifestations

Several studies have reported conjunctivitis as the most
common ocular manifestation presenting in COVID-19 pa-
tients.?7:31-34.36-40 Apparently conjunctivitis manifested either
concurrently with other SARS-CoV-2 clinical symptoms or even
earlier. This may suggest that ocular complications could be
one of the earliest signs of SARS-CoV-2 infection. For instance,
Zhou et al.?’ (study 1 in Table 1) determined that one patient
presented with conjunctivitis as the first symptom of the disease,
yet the conjunctival swab result was negative. Also, the case
presented by Colavita et al.?® (study 14 in Table 2) reported the
presence of bilateral conjunctivitis on admission day, which was
also confirmed with a positive ocular swab, 4 d earlier than the
presence of high fever. Furthermore, Cheema et al.> (study 15
in Table 2) reported keratoconjunctivitis as the initial symptom
presenting in the first COVID-19 patient in Canada. In contrast,
Chen et al.*% (study 16 in Table 2) reported a COVID-19 patient
with relatively late onset of a conjunctival congestion, on day 13
of illness confirmed by a positive conjunctival swab on day 14.
According to the current literature, conjunctivitis has not been
confirmed as an early symptom of SARS-CoV-2. However, since
conjunctivitis had an early onset in several cases, it is appropriate
to consider it as an early warning sign of SARS-CoV-2 infection,
warranting close and careful observation of the patient. It is

crucial to mention that other studies have reported the presence
of conjunctivitis in COVID-19 patients, regardless of the stage of
onset, including studies by Xia et al.?® (study 4 in Table 1) and Wu
et al.3? (study 7 in Table 1).

Also, it seems that positive ocular swabs are not always con-
sistent with the presence of conjunctivitis. As previously men-
tioned, Zhou et al.”’ (study 1 in Table 1) found one case with
early-onset conjunctivitis but a negative conjunctival swab of
SARS-CoV-2. Similarly, Valente et al.*® (study 12 in Table 2) re-
ported positive conjunctival swabs in three COVID-19 paediatric
patients, but only one of them developed conjunctivitis. When
swabs were repeated, the results were negative. Furthermore, the
discrepancies that exist in regard to the presence of conjunctivi-
tis can be interpreted according to COVID-19 case severity. Wu
et al.*? (study 7 in Table 1) determined that the disease in pa-
tients who developed ocular symptoms was moderate in four
patients, severe in two patients and critical in six patients. Ad-
ditionally, Chen et al.?? (study 9 in Table 1) reported that 68% of
those who experienced conjunctival congestion also had bilat-
eral lung complications. These studies provided preliminary evi-
dence that ocular complications, and in particular conjunctivitis,
might be associated with severe COVID-19 cases. Moreover, some
studies reported the presence of other ocular symptoms in con-
firmed COVID-19 patients. Chen et al.?? (study 9 in Table 1) re-
ported that most ocular symptoms associated with SARS-CoV-2
were dry eye (20.97%), blurred vision (12.73%) and foreign body
sensations (11.80%). Also, Ceran et al.** (study 10 in Table 2) re-
ported ocular manifestations in 21.5% of their study sample. Al-
though the most common ocular symptoms differed between
the two studies, they both reported similar symptoms such as
dry eye, blurred vision, photophobia and itchiness. It is important
for eye care providers to maintain close observation of the ocu-
lar symptoms of COVID-19 patients even after illness recovery. It
is crucial to gain knowledge on ocular integrity after SARS-CoV-2
infection.

Conclusions

More investigations on the activities of ACE2 in the ocular surface
are essential to identify its role in SARS-CoV-2 transmission from
the eye to the respiratory system. Moreover, conjunctival swabs
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Table 1. Ocular transmission associated with COVID-19 studies

Study Age (years), Sampling
no. Author Study title Country Design N mean=+SD technique Findings
1 Zhou et To investigate the China Retrospective 67 35.7+10.6 Nasopharyngeal A total of 3 (4%)
al.2’ possible transmission cohort and (1 case had
of SARS-CoV-2 through conjunctival positive PCR
aerosol contact with swabs, RT-PCR and 2 cases
the conjunctiva probable
positive)
2 Deng et To investigate the China Cross- 114 61.4+16.7 Nasopharyngeal No ocular
al.’® possible transmission sectional swabs and complications
of SARS-CoV-2 conjunctival or signs of
through the ocular swabs, RT-PCR ocular
conjunctival pathway transmissible
routes were
reported
3 Seah et To determine the Singapore Prospective 17 Median 37 Collected by Risk of COVID-19
al.l’ possibility of (range Schirmer test transmission
transmission through 20-75) strip and through tears
tears by assessing for analysed by is low
the presence of RT-PCR
SARS-CoV-2 with viral
isolation and
quantitative RT-PCR
analysis
4 Xia et al.?®  To assess the presence China Prospective 30 54.50+14.17 Sputum samples All patients
of novel coronavirus in and showed
tears and conjunctival conjunctival negative
secretions swabs, RT-PCR conjunctival
swabs but one
patient showed
positive results
5 Karimi et To assess the presence Iran Prospective 43 56+13 Nasopharyngeal 3 (7%) patients
al.30 of SARS-CoV-2 in the swabs and tear had positive
tears of patients with samples, tear RT-PCR
COVID-19 RT-PCR results
6 Sun et To identify whether China Cross- 102 57.63+£14.90 Nasopharyngeal 1 (1.39%) patient
al’t SARS-CoV-2 infected sectional swabs and showed
the ocular surface conjunctival positive RT-PCR
swabs, RT-PCR results
7 Wuetal??  Toinvestigate ocular China Retrospective 38 Median 68 (in-  Nasopharyngeal 2 (5.26%)
manifestations and terquartile swabs and patients had
viral prevalence in the range conjunctival positive RT-PCR
conjunctiva of 53-76) swabs, RT-PCR results
patients with
COVID-19
8 Atum et To identify SARS-CoV-2 Turkey Prospective 40 41.384+23.72 Nasopharyngeal, 3 (7.5%) patients
al4 RNA in conjunctival oropharyngeal had positive
swabs from patients and tear RT-PCR
with confirmed conjunctival results

are crucial rather than tears samples to detect the possibility of

SARS-CoV-2 infection

SARS-CoV-2 transmission.

It is clear from the studies referred to above that discrep-
ancies exists in regard to the presence of conjunctivitis, and
one reason could be the severity of the cases. However, con-
junctivitis is the most common ocular presentation in COVID-
19 patients. Additionally, viral shedding in conjunctival swabs
compared with nasopharyngeal swabs must be taken into con-

swabs, RT-PCR

sideration, as reported in several studies (studies 13 and 15
in Table 2). These findings suggest that the viral load in the
ocular secretions might be less than in the nasopharyngeal
areaq.

There is some evidence suggesting that ocular infections
might be related to inadequate hygiene and hand-eye touch-
ing.31:3% Several studies have recommended the importance
of wearing eye goggles or face shields to protect eyes from
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Table 2. Ocular manifestations associated with COVID-19 studies

Patients with positive

Age (years), RT-PCR, n

Study mean=+SD (%)/sampling

no. Author Study purpose Country Design N (range) technique Findings

9 Chenetal?®  Toinvestigate the China Cross- 534 Median 44 342 (64.4)/nasopha- A total of 25 (4.68%)
ocular sectional (range ryngeal presented with
manifestations 28.5-54.2) swabs conjunctival
and clinical congestion.
characteristics of A total of 3
COVID-19 patients (0.005%) had

conjunctival
congestion as the
initial symptom.
A total of 332
(62%) had
eye-hand contact
history

10 Ceranetal3*  To describe the Turkey Cross- 93 39.4421.9 92 (99)/nasopharyn- A total of 20 patients
ocular sectional geal swabs, 1 (21.5%) had at
manifestations (1.1)/endotracheal least one ocular
and investigate aspirate abnormality.
the association A total of 2
between ocular (0.02%) had ocular
involvement and manifestations
clinical consistent with
presentation and conjunctivitis
laboratory (hyperaemia,
outcomes in epiphora,
COVID-19 patients increased

secretion,
chemosis, follicular
conjunctivitis,
episcleritis)

3* Seahetal.l”  To determine the Singapore  Prospective 17 N/A 17 (100)/nasopha- None demonstrated
possibility of ryngeal swabs and ocular symptoms
transmission tear samples using
through tears by the Schirmer test
assessing for the
presence of
SARS-CoV-2 with
viral isolation and
quantitative
RT-PCR analysis

4* Xia et al.?? To assess the China Prospective 30 54.504+14.17 55 (91.6)/sputum One case (3%) had a
presence of novel samples (were positive
coronavirus in taken twice), 1 SARS-CoV-2 result
tears and (3)/tears and in the tears and
conjunctival conjunctival conjunctival
secretions of SARS- secretions swab secretions
CoV-2-infected samples. Notably,
patients that was the only

case presented
with conjunctivitis

7* Wu et al.32 To investigate ocular China Retrospective 38 Median 68 (in- 28 (73.7)/ A total of 12 cases
manifestations terquartile nasopharyngeal (32%) had ocular
and viral range swabs, 2 manifestations
prevalence in the 53-76) (5)/conjunctival consistent with
conjunctiva of swabs conjunctivitis
patients with
COVID-19

11 Mungmung-  To detect ocular Thailand  N/A 48 N/A N/A (direct None demonstrated

puntipantip manifestations in ophthalmoscopy ocular symptoms
and COVID-19 patients and corneal
Wiwanitki3? scraping for

suspected

conjunctivitis case)
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Table 2. Continued.

Patients with positive

Age (years), RT-PCR, n
Study mean=4SD (%)/sampling
no. Author Study purpose Country Design (range) technique Findings
1* Zhouetal.?”  Toinvestigate the China Retrospective 67 35.74+10.6 63 (94)/nasopharyn-  One case (0.14%) of
possible cohort geal conjunctivitis as
transmission of swabs the initial
2019-nCoV symptom
through aerosol
contact with the
conjunctiva
12 Valente et To evaluate ocular Italy Prospective 27 Range 1-216 20 (74)/nasopharyn- A total of 4 (15%)
al.3® manifestations observa- months geal swabs, 3 had ocular
prevalence in the tional case (11)/conjunctival manifestations
tears of children series study swabs consistent with
with COVID-19 viral conjunctivitis
6* Sun et al.3! To identify whether China Cross- 102 57.63+£14.90 72 (70.6)/nasopha- A total of 2 (0.019%)
SARS-CoV-2 sectional ryngeal swabs, 1 had ocular
infected the ocular (0.98)/conjunctival manifestations
surface swab consistent with
conjunctivitis.
However,
fragments of the
SARS-CoV-2 were
found in ocular
secretions in one
of these two
patients
13 Hong et al.?” To evaluate ocular China NA 56 48412.1 1 (1.7)/conjunctival A total of 15 (27%)
symptoms and swab had aggravated
ocular tropism of ocular symptoms,
SARS-CoV-2 in 2 of which had
patients with conjunctivitis. Only
COVID-19 one of these two
patients had a
positive
conjunctival swab
14 Colavita et To present the early  Italy Case report 1 65 Sputum sample and  Positive ocular swab
al.38 detection of ocular swab detected 3 d from
infectious SARS-CoV-2
SARS-CoV-2 in symptoms onset
ocular fluids from to 9 days (severe
a patient with the conjunctivitis)
first confirmed
case of COVID-19
in Italy
15 Cheema et To present a case of ~ Canada Case report 1 29 Nasopharyngeal Keratoconjunctivitis.
al.® COVID-19 disease swab and Weakly positive
with an initial conjunctival swab eye swab taken 4 d
medical after conjunctivitis
presentation of onset
keratoconjunctivi-
tis, the first such
reported case in
North America
16 Chenetal®  Toreportthe ocular  China Case report 1 30 Nasopharyngeal The conjunctival
characteristics and swab and swab was positive

the presence of
viral RNA of severe
SARS-CoV-2 in the
conjunctival swab
of a COVID-19
patient

conjunctival swab

*The same patients were analysed separately for transmission (Table1) and manifestations (Table 2).

for COVID-19 on
14 and 17 d after
onset
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potential infection, especially for healthcare workers who work
closely with infected patients.?’-31,35,37-39
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