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Importance: An observant Chinese doctor Li Wenliang became the first physician to alert the
world about COVID-19. Being an ophthalmologist himself, he has put the additional onus on us.
The fact that the ocular manifestation could be the first presenting feature of novel coronavirus
pneumonia should not be ignored and the possibility of spread of SARS-CoV-2 through the
ocular secretions cannot be ruled out. However, with breakthroughs still evolving about this
disease, the calls are now louder for closer examination on the pathogenesis of conjunctivitis
associated with it. Hence, we conducted a scoping review of all available literature till date to fill
in the “potential” gaps in currently available knowledge on ocular manifestations of SARS-CoV
-2 infection in an attempt to establish continuity in the “chain of information” from December
2019 till April 2020. We also summarize a possible hypothesis on much less understood and
highly debated topics on regard to the etiopathogenesis of ocular involvement in SARS-CoV-2
based on either presence or absence of ACE2 receptor in the ocular surface.

Methods: We conducted a scoping review search of published and unpublished SARS-CoV
-2-related English language articles from December 2019 till mid of April 2020 from the
online databases. The findings were summarized using text, tables, diagrams, and flowcharts.
Results: The commonest ocular manifestation in SARS-CoV-2 infection is follicular con-
junctivitis and has been the first manifestation of SARS-CoV-2 infection in 3 reported cases
till date. The ocular surface inoculated with the SARS-CoV-2 leads to the facilitation of the
virus to the respiratory system via the lacrimal passage. RT-PCR analysis of the ocular
secretions has shown the presence of the SARS-CoV-2 nucleotides indicating the possibility
of infection of ocular secretions. ACE2 receptors and its expression on the ocular mucosal
surface are linked behind the etiopathogenesis of conjunctivitis.

Conclusion: Conjunctivitis can be the presenting manifestation but may go unnoticed due to
its mild nature. The ocular surface could serve as the entry gateway for the virus and ocular
secretions could play a role in virus shed. The eye care personnel, as well as the general
people, need to be more vigilant and adopt protective eye measures.

Keywords: ACE2 receptor, conjunctiva, coronavirus, COVID-19 infection, ocular,
ophthalmic, 2019-nCOV, SARS-CoV-2

Introduction

The World Health Organization (WHO) initially used the term 2019 novel coronavirus
to refer to the coronavirus disease that affects the lower respiratory tract of patients
causing severe pneumonia in Wuhan, China in December 2019 and revised it officially
as COVID-19.' The virus has received the final reference name and is now also
commonly known as a severe acute respiratory syndrome coronavirus 2 (SARS-CoV
-2), which is due to its similarity with severe acute respiratory syndrome coronavirus
(SARS-CoV).*®

submit your manuscript

Dove

" in @

http:

Clinical Ophthalmology 2020:14 2807-2820 2807
© 2020 Kharel Sitaula et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at hltpx /www.dovepress.com/
BY Nc terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creati g/li by-nc/3.0/). By accessing

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, pmwded the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0001-8624-4433
http://orcid.org/0000-0002-0444-224X
http://orcid.org/0000-0002-8296-1715
http://orcid.org/0000-0002-1392-5972
mailto:anadikc@gmail.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Kharel Sitaula et al

Dove

COVID-19 outbreak turned to be pandemic hitting the
210 countries and its territories around the world and 2
international conveyances over the past 14 weeks till 17th
April 2020.” SARS-CoV-2 is capable of active replication
in the upper respiratory tissues, with continuous pharyn-
geal shedding of the virus. Though the respiratory system
is the primary site of insult, various reports have suggested
that the eyes can be affected in the early or late stage of the
disease process.® 10

Currently, our understanding of the possible ocular
involvement in SARS-CoV-2 infection is very limited
and gradually expanding. Nevertheless, the fact that the
ocular manifestation could be the first presenting feature of
the novel coronavirus pneumonia should not be neglected
by the general population, health professionals as well as
policymakers and teams.®'""'* There are recent reports
even on the nosocomial SARS-CoV-2 infection with con-
junctivitis in a nurse, suggesting eye as the potential route
of nosocomial transmission of the SARS-CoV-2.'°

Multiple respiratory droplets may be released when an
infected person coughs, sneezes or speaks. These respiratory
droplets contact host ocular mucus membranes. Upon contact
with an epithelial cell, the virus particle gains entry inside
using the SARS-CoV-2 spike (S) glycoprotein which binds to
the cell membrane protein angiotensin-converting enzyme 2
(ACE2). The S glycoprotein is composed of 2 subunits S1
and S2. The S2 subunit is shown to be highly conserved with
a fusion peptide, a transmembrane domain and a cytoplasmic
domain."?

Whether the eyes are one of the preliminary sites of
virus transmission from the environment to the lungs via
the lacrimal passage or the virus reaches the eyes in retro-
grade fashion through the airways passage via the lacrimal
system to eyes is still an issue to look upon. The presence
or absence of Angiotensin-Converting Enzyme (ACE) 2
receptors on the ocular surface is still a topic of debate.
The conjunctiva is directly exposed to the extraocular
pathogens, and the mucosa of the ocular surface and
upper respiratory tract is connected by nasolacrimal duct
and may share some common entry receptors for these
various respiratory viruses.'*

Given the rapid worldwide spread of the novel corona-
virus and its high impacts on morbidity and mortality on
the human health, the ophthalmic professionals have to
focus upon the research to understand the pathogenesis
of conjunctivitis in COVID-19 infection and to identify
its impact on the eyes and shedding of the virus via ocular
secretions. The

knowledge on the sensitivity and

specificity of RT-PCR in ocular secretion, the prevalence
of SARS-CoV-2 nucleotides in the eye, and the viral load
still needs full exploration.

To fulfill this gap of knowledge, we aimed to conduct
a scoping review to summarize and critically analyze all
the published scientific articles regarding the SARS- CoV-
2 virus and its infection in the eye till the mid of
April 2020. This review aims to provide the possible
hypothesis on the etiopathogenesis of the ocular involve-
ment, routes of entry of the virus in the eye, presence/
absence of ACE2 receptors in ocular surface, RT-PCR
analysis in ocular secretions, review of various articles
related with SARS-CoV-2 infections and brief preventive
and protective measures of SARS-CoV-2 infection in
ophthalmic practices to avoid the occupational hazard.

Methods

We planned a scoping review following the methodologi-
cal framework suggested by Arksey and O’Malley.'> The
following five stages were followed to conduct this scop-
ing review: i) identifying clear research objectives and
search strategies, ii) identifying relevant research articles,
iii) study selection of research articles, iv) charting and
extraction of data, and v) discussing, collating, summariz-
ing and reporting the results.

Literature Search Strategies

To achieve a comprehensive literature search (published
and unpublished articles) and reviews, we adopted
a strategy that involved searching the following online
databases: PubMed, Google scholar medRxiv, bioRxiv,
Medline, CNKI and WanFang Data (the two primary data-
bases for biomedical research in mainland China). Also,
some white papers published online by the National Health
Commission of the People’s Republic of China, Centre for
Disease Control (CDC) and the World Health Organization
were included in the analysis. We searched scientific pub-
lications from 1st January till the mid of April 2020. The
search terms were ‘SARS-CoV’, ‘SARS-CoV-2nCoV’,
2019 novel coronavirus’, “2019-nCoV”, ‘novel corona-
virus’, “Pneumonia”, ‘COVID-19’, “Ocular surface invol-
“RT-PCR” “ACE2
Receptor”. We included all the relevant scientific publica-

vement”, “Conjunctivitis”, and
tions written in English in the review (Prospective/retro-
spective studies, Case-series, Case report, Letter to the
editor). Around 1/3rd of these papers were at the press
(preprint version) and rest were published in high impact

peer-reviewed journals, including The New England

submit your manuscript

2808

Dove

Clinical Ophthalmology 2020:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Kharel Sitaula et al

Journal of Medicine, JAMA, and the Lancet. We checked
the bibliographies of these studies found through the data-
base searches to ensure they can be included in the scoping
exercise.

Data Extraction from the Included
Studies

The articles were scrutinized and selected by the common
consent of the authors after the evaluation of its informa-
tion regarding ocular involvement in SAR-CoV-2 infec-
tion. The data were summarized using text, tables,
diagrams, and flow charts.

This scoping review was approved by the local ethical
committee of Birat Eye Hospital and adhere to the
Declaration of Helsinki.

Results and Discussion
The ocular manifestations reported till now during SARS-
CoV-2 infection are conjunctivitis, including conjunctival
hyperemia, chemosis, foreign body sensation, increased
secretions, and epiphora.® Normal visual acuity, intact
corneal epithelium, quiescent anterior chamber, and no
tenderness or enlargement of the preauricular lymph
node has been mentioned along with the conjunctival
findings.'®

Epiphora and Conjunctival redness had been the first
manifestation of SARS-CoV-2 infection in 3 reported cases
till date which includes a member of National expert on
pneumonia during his visit to endemic areas of Wuhan and
an anesthesiologist contracting the virus from a known
patient of novel coronavirus pneumonia during intubation
in Italy; similarly, it was reported in a nurse working in the
emergency department of ophthalmology who presented
with viral conjunctivitis and watering as a first sign.'>'¢ All
reported subjects were fully gowned with personal protective
equipment but with no or dislocated protective eyewear.
These incidences of anesthesiologist and nurse are only
some of the proof of the nosocomial spread of SARS-CoV
2 in the eyes.*®*'#'*!¢ Dr Li Wenliang, the Chinese
ophthalmologist and the first whistleblower about this dis-
ease himself is assumed to get infected by SARS-CoV-2
from an asymptomatic glaucoma patient and died on
February 7, 2020."7 Similarly, Dr. Jay M Galst, a renowned
ophthalmologist lost his life on 12th April due to SARS-CoV
-2 infection. Both have put the additional onus on us ophthal-
mologists. The clinical presentation of conjunctivitis is
usually characterized by signs and symptoms of viral

conjunctivitis. It was recently reported that in a hospitalized
patient of COVID-19, who complained of ocular redness and
watering post 13 days of illness showed bilateral moderate
conjunctival injection along with watery discharge and infer-
ior palpebral conjunctival follicles which resembles signs of
acute viral conjunctivitis. His conjunctival swabs were also
tested positive for SARS-CoV-2 RNA. He was treated with
ribavirin eyedrops four times a day and showed symptomatic
and clinical resolution of conjunctivitis within 5 days.'®
Present understanding shows that SARS-CoV-2 conjunctivi-
tis has no specific manifestation, can be follicular, and can
present in one eye or both. In the early stage, it might appear
as common conjunctival hyperemia with fewer watery secre-
tions and akin to thin mucus. Occasionally conjunctival
hemorrhage in few is also mentioned.” The ocular symptoms
of the patients can be mild and self-healing such that many
COVID-19 patients might not bother to report it. So the
symptoms may be noted in the early or late phase of the
disease. However, correlations between conjunctivitis and
COVID-19 could also be confounded by co-correlation
with unobserved factors.” The presence of binding receptors
in the ocular surface, the binding affinity between the binding
receptors and SARS-CoV-2 virus, the viral tropism and viral
load all are responsible for the manifestations in the form of
conjunctivitis. It has also been proven that rhesus monkeys
can be infected with SARS-CoV-2 via the conjunctival route
viral load was comparatively high in the nasolacrimal system
and lesions in the lung were relatively mild and local when
the SARS-Co-2 entered via the conjunctival route.'?

However, at present, there has been no proven litera-
ture to support that the ocular surface abnormalities in
COVID-19 patients are related to primary eye infection
or secondary eye infection.

Hence, our knowledge and understanding about the
SARS-CoV-2 virus, modes of entry to the eye, hypothesis
on the interaction with the Renin-Angiotensin System
(RAS) system and ACE2 receptor and ocular pathogenesis
and RT PCR analysis from the ocular secretions have been
summarized below using text, tables, diagrams, and flow-
charts. We also tabulated 12 articles’ papers related to the
ocular manifestation of SARS-CoV-2 infection and com-
pared the ocular and laboratory findings with the past
SARS outbreak.

SARS-CoV-2 Virus Genomics
(CoV)
Coronavirinae, in the family Coronaviridae of the order

Coronaviruses belong to the subfamily

Nidovirales. There are four genera: Alphacoronavirus,

Clinical Ophthalmology 2020:14
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Figure | Flow chart classification and origin of coronaviruses.

Betacoronavirus, Gammacoronavirus, and
Deltacoronavirus. As far now only seven viruses of this
family including SARS-CoV-2 were reported to cause
human infection®' (Figure 1).

Coronaviruses are enveloped single-stranded positive-
sense RNA possessing the largest genome of RNA viruses
(26-32 KB bp in size) with varying G + C contents (32%
to 43%)." The genomes are polyadenylated at the 3’ end
and those are the largest genome among RNA virus.
Through genomic study, it is established that SARS-CoV
-2 and SARS-CoV share the same cell receptor in the
human while MERS-CoV uses dipeptidyl peptidase 4
(DPP4) as a gateway to enter into human cells.”* Over
two decades, the virus form Beta Coronovirinae has been
causing many epidemics and pandemic outbreak. These
viruses are believed to be zoonotically transmitted and
cause secondary transmission from human-to-human.
Previously known coronaviruses like Human Coronavirus
(HCoV) —229E, HCoV-NL63, HCoV-OC43, and HCoV-
HKU1 were known to cause mild self-limiting symptoms

until the identification of three more opportunistic strands

that can cause severe pneumonia named acute respiratory
syndrome (SARS)-CoV-1 in 2002, Middle Eastern respira-
tory syndrome (MERS)-CoV in 2012 and more recently
SARS-CoV-2 in December 2019 as shown in Table 1.

The morphology and the properties of the viral protein
of SARS-CoV-2 virus and its replication after binding with
the target ACE2 receptor of the target cell are depicted in
Figures 2 and 3.

Modes of Transmission of SARS-CoV-2
Through the Ocular Route

The exposed ocular surface can serve as a gateway to
acquiring respiratory viruses. After a detailed review of
the various manuscripts, we hypothesize the following
probable entry routes of the virus to the eye which is
shown in Table 2.

Besides the nasal mucosa, the SARS-CoV-2 virus may
have alternate assess to the lungs through the eyes where
they can manifest the ocular disease or further travel down
to the lungs over a week as shown in Figure 4.

Table | A Comparative Chart of SARS, MERS and SARS-CoV-2 Outbreak

Virus Year Incubation Time Community Attack Rate Hospitalization Globally Infected
(Days) (%) Rate Rate
SARS-CoV-1 | 2002-2004 2-7 3040 Most cases 8098
MERS 2012 6 4-13 Most cases 320
SARS-CoV-2 | 2019- 4-14 3040 Unknown Ongoing
Ongoing

Abbreviation: SARS, severe acute respiratory syndrome; MERS, Middle East respiratory syndrome; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Figure 2 Morphological structure of SARS-CoV-2 and steps of replication in the target human cell.
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Figure 3 Figure illustrating the virus binding to the target receptor (ACE-2) on the surface of the target cell with its spike proteins. The viral particle is then internalized by
endocytosis by the fusion of S protein of the viral envelope with cell membrane followed by the translation of the viral genomic RNA to produce a virus-specific RNA-
dependent RNA polymerase which transcribes a full-length complementary minus-strand RNA which then interacts within the cytoplasm of the cell with the viral
nucleocapsid protein to form helical nucleocapsids. These nucleocapsids bud in the compartment through the membranes of the rough endoplasmic reticulum (ER) and the
Golgi apparatus in areas that contain the viral glycoprotein (ERGIC). Mature virion synthesized are then transported in the vesicles to the cell periphery for the release upon

the cell lysis.

In the primary stage of the infection, the virus coming
into the contact with mucosal region of the eye could be
absorbed by the attachment of viral spike protein to the
host cell receptor present in the contact region forming
antigen receptor complex. This complex is proteolytically
processed by type 2 transmembrane protease (TMPRSS2)

leading to subsequent cleavage of ACE-2 receptor and
activation of viral spike protein thus facilitating the viral
entry.”>2* The virus may be partly absorbed through con-
junctiva or cornea via the nasolacrimal duct or directly
enter into the host cells of the upper respiratory tract. This
causes primary viremia. The virus replicated in the upper

Clinical Ophthalmology 2020:14
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Table 2 Possible Routes for SARS-CoV-2 Virus in the Eye

Serial Routes of Virus | Mechanism Remarks
Number | Entry Into the
Eye
| Droplets Respiratory droplets from infected person coughs/sneezes) —virus — Causes the local infection or directly
transmission inoculate into the exposed ocular mucosal surface enters the lacrimal passage — reach
] ] o upper & lower respiratory system
2 Aerosol High dose of contaminated aerosols — virus into enter the exposed
transmission ocular mucosal surface
3 Hand to eye Contamination of hand after touching virus contaminated surface/
contact object — direct touch the eyes — virus inoculated in the exposed
transmission ocular mucosal surface
4 Nosocomial Use of virus contaminated ophthalmic instruments during
transmission gonioscopy, tonometry, ocular imaging etc — virus inoculated in the
exposed ocular mucosal surface
5 Retrograde/ Nasopharynx, the primary site of viraemia — reflux of Reverse entry from the upper
Reflux nasopharyngeal secretion — virus enter to the lacrimal passage — respiratory tract to the eye
transmission enter ocular mucosal surface
6 Blood borne Virus and the released cytokines can — enter the blood circulation | Viraemia
— reach the ocular surface via ocular blood supply

respiratory system subsequently infects the adjacent cells
causing secondary viremia by similar mode of binding of
virus spike protein to ACE2 receptor in type 2 pneumo-
cytes in the lungs triggering a cascade of inflammation in
the lower respiratory systems consisting of nasopharynx
and trachea or reach gastro intestinal tract.**

Renin-Angiotensin System (RAS) and Angiotensin-
Converting Enzyme 2 Receptor — Do They Have

a Role in the Ocular Manifestation of SARS-CoV-2
Infection?

The efficacy of virus entry into host cells depends on three
points: the invasiveness of the virus, viral receptors on the
host cell membrane, and the immune status of the host.
The virus invades the host cell by binding to the
Angiotensin-Converting Enzyme 2 (ACE 2) receptor via
viral spike proteins. The type II transmembrane serine
protease (TMPRSS2) binds and cleaves the ACE-2
receptor.22

The renin-angiotensin system (RAS) plays an impor-
tant role in the regulation of blood pressure mainly via
fluid and electrolyte homeostasis.?

Besides this, RAS is also responsible for the tissue-
specific regulatory system and is accountable for long term
“adaptive” regional changes. These are also found in var-
ious glands of the body including intricate regulation of
homeostasis in the special sensory -the eye.”®

Although RAS is associated with various enzymes and
peptides, Angiotensin-converting enzyme 2 has gained
special interest recently. This has been studied well and
was found to be the “portal” of entry for the SARS-Co-V
virus during the outbreak of 2003-04.%

ACE 2 is mainly found in the smooth muscles of the
upper and lower respiratory tracts including the alveolar
wall. While many of the previous literature agree on the
presence and its distribution in certain tissues of the eye,
the growing debate of its presence in the conjunctiva has
become controversial.” And with this, the pathogenesis of
conjunctivitis in SARS-CoV-2 infection seems to be much
less understood.?’

If the virus were to inflict the cascade of inflamma-
tory reaction on the conjunctiva as per our understand-
ing of its pathogenesis in the respiratory system, one
would, without doubt, expect the presence of ACE2
receptors on the conjunctiva. Some reports also agree
to the fact that ACE2 receptors are present in the con-
junctiva and hence make the above theory more
convincing.”*> But after the reports from the Centre
for evidence-based medicine (CEBM) suggested that
conjunctiva is free of the ACE2 membrane protein, the
theory seems to dismantles itself.”® With reports now
suggesting that the virus merely get shed from tears, the

enigma only gets more difficult.'’**-!
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Figure 4 Modes of entry and pathogenesis of the SAR-CoV-2 infection.

The Hypothesis and Requirement of
Further Research to Understand the
Pathology

Based on the knowledge from various published articles,
we propose few hypotheses which can be validated in the

future which could justify many of the questions that

currently remain unanswered.''?>-1-32

If ACE2 Receptors are Present in the Conjunctiva

Hypothesis 1: Past studies during 2004 during the SARS
outbreak have found that the tears of SARS patients tested
positive for viral nucleic acid.**> So far, we know that the
chromosome of SARS-CoV-2 is 82% similar to that of
SARSCoV.** If the ACE2 receptor exists in conjunctival
mucosa, the interaction between the SARS-CoV-2 virus
and the conjunctiva can produce conjunctivitis with fea-
tures of hyperemia, chemosis, and watery secretion. But
the nature of inflammation of the conjunctiva could be
milder than the respiratory tract. Some reports have pre-
dicted the presence of the SARS-CoV-2 virus in conjunc-
tival samples as early as 2-3 days of systemic disease

Trachea, Bronchi

Bronchioles to alveoli

a-taBile

onset."*3! Though present, the positive expression of
ACE2 in the human ocular surface might be much less
than in human lung and kidney tissues."’

Thus, in short, if the ACE2 receptor exists in conjunc-
tival mucosa, the interaction between the SARS-CoV-2
virus and the conjunctiva can produce conjunctivitis with
features of hyperemia, chemosis, and watery secretion.

Hypothesis 2: It is known that even the swab from the
oropharynx, despite having ACE2 receptors is not a very
good site for collecting specimens for detecting the virus -
rather it’s the nasopharynx.”*> Contemplating, same could
hold true and the conjunctiva may not be a proper speci-
men to analyze for detection of the virus. The transmigra-
tion of the virus could make the virus an “intrinsic”
pathogen and hence may not be present on the conjuncti-
val surface or even in the tears. The squamous cells which
are shed from the conjunctiva or a conjunctival tissue may

harbor the virus and could be studied in much detail >>-?

If ACE2 Receptors are Absent in the Conjunctiva

Hypothesis 3: Even if ACE2 receptor may be absent in the
conjunctiva, the ocular surface may harbor the SARS-CoV
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-2 virus due to transmission of the virus to the eye through
the contaminated hand, finger or object from where the
tears can further aid in the transport of the virus from the
nasolacrimal duct into the airway passage, where ACE2
receptors are present and produce respiratory symptoms.

Thus in short, if we assume that conjunctival mucosa
lacks ACE2 receptors, these ACE2 receptors are also
found on the various cell lineages of the macrophages
and other immune cells including the eye. If such cells
are activated, the degranulation process which follows
with the release of inflammatory markers could produce
conjunctivitis-like symptoms which share the common
pathogenesis with allergic rhinitis and conjunctivitis.
Based wupon the literature published till mid of
April 2020, the hypotheses of entry of the virus into the
eyes of its interaction with the target tissue are summar-

ized in Figure 4.

Hypothesis 4: Even if we assume that conjunctival mucosa
lack ACE2 receptors, these ACE2 receptors are found on
the various cell lineages of the macrophages and other
immune cells- including the eye.*® If such cells are acti-
vated, the degranulation process which follows with the
release of inflammatory markers could produce conjuncti-
vitis like symptoms which share the common pathogenesis
with allergic rhinitis and conjuncitivitis.

These hypotheses of entry of the virus into the eyes, its
interaction with the target tissue are summarized in
Figure 5.

SAR-CoV-2 and Eye

We have analyzed and tabulated the 12 articles published
about the ocular involvement and outcome of ocular fluid
sampling in SARS- CoV-2 Outbreak from Dec 2019 till
mid of April 2020. We have compared their ocular and
laboratory findings with a SARS article published in 2003
(Table 3).

Univariate analysis by few authors has shown that the
patients with ocular symptoms were more likely to have
higher white blood cell, neutrophil counts, procalcitonin,
C-reactive protein, and lactate dehydrogenase than the
patients without ocular symptoms.® They also suggested
that ocular manifestations are more common amongst
COVID-19 patients with more severe pnuemonia.®

Besides conjunctivitis, other ocular surface abnormal-
ities like dry eyes, pterygium, corneal abrasions, and
ulcerations due to SARS-CoV-2 tropism are still an area
to explore in the future. The evaluation of retinal

involvement along with the impact of retinal and choroidal
circulation in COVID-19 cases with ocular involvement is
an arena to work upon.

The Outcome of PCR Assay in Ocular

Specimen

The conventional RT-PCR techniques using primer probes
targeting the envelope (E) gene for screening and amplifi-
cation targeting the RNA-dependent RNA polymerase
(RdRp) genes for the confirmation are considered as the
gold standard method for diagnosis of SARS-CoV-2 in
respiratory secretions and this may hold true for the ocular
samples from conjunctival secretion and tears.>>¢

There are reports mentioning the concentration of
SARS-CoV-2 nucleotide in the nasopharynx and throat to
be of 10°-10'° RNAs/Swab but the literature to document
the exact concentrations in the ocular secretions is
limited.*> Hence, the knowledge on the sensitivity and
specificity of RT-PCR in ocular secretion, the prevalence
of SARS-CoV-2 nucleotides in the eye and the viral load
still needs to be explored in the coming days.

The present understanding of the outcome of the RT-
PCR analysis in the ocular samples is mainly based on the
following-

Conjunctival specimen PCR analysis — One report has
mentioned low prevalence (5.2%; 95% CI, 0.617.8) of
SARS-CoV-2 nucleotides in conjunctival specimens of
patients with COVID-19 but many have reported negative
presc>,nce>.8‘28'30

Tear film PCR analysis — few reports have documented
the presence of SARS-CoV-2 in tear fluid while others
have not detected SARS-CoV-2 nucleotides in the tear
specimen.?®31-7
The reports of nil prevalence to an extremely low positive
rate of SARS-CoV-2 nucleotides in the tears and conjunc-
tival secretions from the COVID-19 patients need to be
analyzed cautiously. The inappropriate timing of ocular
sample collection (too early or too late of systemic dis-
ease), poor specimen site, faulty technique, unknown sen-
sitivity of current RT-PCR technique in ocular fluid, local
ocular immune system activation with a significant
increase in lactoferrin and secretory IgA levels in tears
could be some of the factors contributing to the low
positive rate of RT-PCR analysis of the ocular samples.

Since reports have suggested that conjunctivitis in
SARS-CoV-2 infection cases could be both early or late
presentation, we suggest that it would be better to perform
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the RT-PCR analysis of the ocular secretions in both early
and late stage of infection to minimize the chance of
missing the false negative report of RT-PCR results in
tears and conjunctival secretions. The lower of the viral
concentration and diverse genome fraction in the eye
compared to the tracheal aspirates could be one of the
contributing factor.'”

However, the study conducted among the rhesus mon-
key eyes showed that after direct inoculation of the SARS-
CoV-2 via ocular conjunctival inoculation; the viral load
was detectable in several nasolacrimal system associated-
tissues, especially in the conjunctiva, lacrimal gland, nasal
cavity and throat, which drew the outline of the anatomical
bridge between ocular and respiratory tissues.'® Thus,
lacrimal duct serving as a conduit to collect and drain
the SAR-CoV-2 from ocular to respiratory tract tissues
via inferior meatus.'’

Until proven via large-scale analysis, it is always better to
urge on the worst side and consider the ocular secretions as an
infectious and potential source for the spread of contamina-
tion. The infectivity of the tears and conjunctival secretion
from affected patients may have impacts not only in the daily

ophthalmic practice but also on the universal infection control
measures adopted by the general public and health-care pro-
fessionals as it may have the potential to catalyze the spread.™
Hence, a safe ophthalmic practice is needed for the ophthal-
mologists and their patients to protect themselves.'

Thus, the best option, for now, is the adoption and
improvisation of the precaution measures to break the
chain of the spread of theSARS-CoV-2 virus and infection
in the community and ophthalmic practices.*® Some of the
effective measures are shown in Figure 6.

Conclusion

The ocular surface mucosa could represent a target organ
and a “portal” of entry or transporter of SARS-CoV-2 to
infect the respiratory tract. The presence or absence of the
ACE2 receptors in the conjunctival tissue and nasolacrimal
passage is still debatable but may not even be required for
producing ocular manifestations. The possibility of lesser
affinity to the receptors to the eye compared to other organs
such as nose and airway passage could also mean an “unpre-
ferred” gateway for SARS-CoV-2. The ocular involvement
either as the first manifestation or late feature during SARS-
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Figure 6 Preventive and protective measures to avoid the entry of contaminated droplets and aerosols in the eyes.

CoV-2 infection should also not be under looked. Therefore,
it may be advisable to perform RT-PCR analysis of ocular
secretion in both the early and late phases.

At the same time, the infectivity of the ocular secre-
tions of the COVID-19 infection should not be ignored.
Due to close doctor-patient distance in ophthalmic prac-
tice, social distancing is virtually impossible with greater
apt for transmitting SARS-CoV-2 virus by droplets, aero-
sols, ocular secretions, and contaminated ocular instru-
ments. Thus, hand hygiene and personal protection are
recommended for health care workers to avoid hospital-
related viral transmission during ophthalmic practice.

Since there are newer reports of SARS-CoV-2infec-
tions coming with recurrence, it would be better to instruct
the patients are instructed to report early if they have any
ocular problem, however trivial for being a harbinger of
more severe disease.
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