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ABSTRACT

ARTICLE HISTORY

The recently identified novel coronavirus (CoV), the severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2), causes the coronavirus disease 2019 (COVID-19). While published data about other highly
infectious human COVs [that is, the severe acute respiratory syndrome coronavirus (SARS-CoV) and the
Middle East respiratory syndrome coronavirus (MERS-CoV)] provide helpful information about the infec-
tivity of SARS-CoV-2, there is limited understanding surrounding knowledge of ocular manifestation of the
virus. This paper reviews published data which reveal the presence of SARS-CoV-2 RNA in tears and
conjunctival scrappings of some COVID-19 patients by real-time-polymerase chain reaction assay,
although the detection rate is low compared to samples from respiratory sites. Nevertheless, the ocular
complications from SARS-CoV-2 infection are uncommon. The evidence partly supports the eye as a portal
of entry for SARS-CoV-2 to infect respiratory cells or viral shedding from respiratory cells via the
nasolacrimal duct unto the ocular surface. The possibility of ocular secretions as source for SARS-CoV-2
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to spread externally has substantial public health implications

Background

In December 2019, a new coronavirus (CoV) was found to be
responsible for an outbreak of pneumonia cases of unknown
etiology in clusters in Wuhan, Hubei Province, China." The
novel virus, referred to as severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), is an enveloped, positive-sense,
single-stranded RNA virus belonging to the beta-coronaviruses
genus of the Coronaviridae family that has been isolated from
a broad range of vertebrates, including humans.” The last three
recently determined human CoVs, that is, SARS-CoV, MERS-
CoV, and SARS-CoV-2 have been recognized as highly infec-
tious zoonotic viruses in humans.” Human coronaviruses
(HCoV) are generally known to cause mild transient and
resolving upper respiratory tract and enteric infections,” but
SARS-CoV-2 causes a severe respiratory disease known as
COVID-19. In extreme cases, death occurs due to gradual
respiratory failure as a result of alveolar damage.>®

Although the genome sequence of SARS-CoV-2 is not distinct
from SARS-CoV-1 and MERS, its infection rate indicates it is
highly transmissible and has a significant fatality rate (the case
fatality rate for SARS-CoV-1 was 10% and 34% for MERS) espe-
cially in the elderly and individuals with comorbidities such as
cardiovascular diseases, diabetes, and chronic respiratory disease.”
SARS-CoV-2 infected patients develop respiratory illness, with the
early symptoms of pyrexia (fever) (in 88% of cases) during their
illness course, but only 45% are febrile on early presentation, dry

cough (68%), fatigue (38%), and shortness of breath (19%). Other
less specific extra-pulmonary symptoms include diarrhea, head-
ache, nausea, vomiting, or even present with asymptomatic
infection.” Complications in severe cases include pneumonia,
renal failure, cardiomyopathy, and encephalopathy.®

Currently, several investigations have extensively discussed
the transmission of SARS-CoV-2.>' While it is widely
accepted that the virus is transmitted primarily via person-to-
person interaction through respiratory droplets produced
when an infected person coughs or sneezes or direct contact
with virus-contaminated surfaces (fomites),'! alternative
modes of transmission are still being investigated. The ocular
mucosa surface (cornea and conjunctiva) is easily exposed to
infectious droplets during close contact with infected patients
or contaminated hands. Due to the anatomical linkage between
the mucosa of the ocular surface and the upper respiratory tract
via the nasolacrimal duct, which also shares the same entry
receptors with some respiratory viruses, the eye is postulated to
be an important portal of entry for SARS-CoV-2.

There have been many case reports in which frontline med-
ical personnel were found to be infected through routine care of
COVID-19 patients. Indeed, the early information about the
outbreak of the virus was first reported by an Ophthalmologist,
Li Wenliang, in an eye clinic, who later died of the disease."”
Furthermore, Dr. Guang fa Wang, a member of the national
expert panel on pneumonia, reported that he was infected by
SARS-CoV-2 during the inspection in Wuhan, through
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unprotected eye exposure.13 Since then, several reports suggest
the virus can cause mild follicular conjunctivitis otherwise
indistinguishable from other viral causes, and possibly be
transmitted by aerosol contact with the conjunctiva.’>'*"
CoVs are known to be capable of causing a wide spectrum of
ocular complications from anterior segment pathologies like
conjunctivitis and anterior uveitis to sight-threatening condi-
tions including retinitis, optic neuritis, choroiditis with retinal
detachment and retinal vasculitis,” justifying the current inqui-
sition about the ocular involvement of SARS-CoV-2.

Previous studies show that the genetic make-up of SARS-
CoV-2 is similar to that of SARS-CoV-1 which caused
a pandemic in 2002.'®'” Published data indicated that SARS-
CoV-1 nucleic acid can be found in tears of SARS patients and
reported that the disease can be transmitted through direct or
indirect contact with the mucous membranes in the eyes,
including the conjunctiva.'*'®> Considering that the SARS-
CoV-2 is present in some body fluids of patients, the specula-
tion about the risk of tear and conjunctival transmission is
scientifically justified. Therefore, several current research
have focused on investigating whether COVID-19 eye symp-
toms are produced as a result of ocular inoculation of the virus
or is induced during viral shedding via the nasolacrimal duct.

Similar to SARS-CoV-1, SARS-CoV-2 gains entry into host
cells through recognizing and binding to its potential host recep-
tor, angiotensin-converting enzyme 2 (ACE2) which is distributed
among various cell types and tissues, including the conjunctiva.'®”
*% Although there is no direct evidence that SARS-CoV-1 replica-
tion resulted in conjunctivitis, SARS-CoV-2 transmission through
the eye has been suspected because of the similarities in the
genome and pathologic characteristics of COVs.

In response to the existing controversy concerning ophthal-
mologic involvement of SARS-CoV-2, substantial research has
focused on understanding the ocular manifestation of the dis-
ease. This review presents published evidence which may indi-
cate ocular involvement in the transmission of the virus or viral
shedding in patients with COVID-19, ocular symptoms of SAR-
CoV-2, mechanisms of human CoV’s eye infection as well as the
role of eye protection in the transmission of SAR-CoV-2.

Ocular Tropism and Viral Transmission

Viruses represent the most common cause of acute respiratory
illness. Four of the identified human CoV's (that is, HCoV-229E,
HCoV-NL63, HCoV-0OC43, and HCoV- HKU1) have low infec-
tivity and primarily infect the upper respiratory tract with mild
respiratory symptoms (common cold). On the other hand, the
other three human CoVs (that is, SARS-CoV, MERS-CoV, and
SARS-CoV 2) are zoonotic and highly infectious. They predo-
minantly cause severe lower respiratory tract infection which
could rapidly progress to pneumonia.»'® Common features of
human CoVs illnesses include high transmissibility leading to
global distribution, mucosal establishment of infection, and sev-
eral overlying symptoms®' (Figure 1). However, the number of
SARS-CoV-2 infected patients is several hundred times that of
SARS-CoV patients in total, implying 2019-nCoV is more trans-
missible than SARS-CoV-1 and MERS-CoV."®

At present, the transmission route of the novel coronavirus
is still being studied. Like other SARS viruses, many

researchers now believe that it is mainly spread by inhalation
of virus-containing aerosols expelled by infected individuals
through coughing, sneezing or by indirect contact with virus-
contaminated surfaces. For patients with the disease, the virus
RNA has been detected in samples taken from the respiratory
tract 1-2 days before the onset of symptoms and it persisted for
up to 8 days in mild cases, and for longer periods in more
severe cases, peaking after the first week of infection.”” The
detection of the infectious virus particles in body specimen
indicates shedding. Viral shedding occurs when a virus repli-
cates inside a host cell and is released into extracellular envir-
onment, at which stage it may be contagious. Recently,
prolonged shedding of SARS-CoV-2 have been detected in
stool samples from infected persons by real-time reverse-
transcriptase-polymerase-chain-reaction (RT-PCR) assay,
and have also been isolated from the mucous membranes of
the gastrointestinal tract in a few cases, raising the possibility of
transmission through the fecal-oral route*»** Detection of viral
genome in a particular sample does not necessary mean infec-
tivity, unless the infectious virus RNA have been isolated and
cultured. Viral load, which measure of the number of viral
particles in a sample can however be a potentially useful mar-
ker for assessing disease severity and prognosis. A recent inves-
tigation found that viral loads in severe cases were up to 60
times higher than in mild cases. In terms of viral load profile,
SARS-CoV-2 is reported to peaks at around the time of symp-
tom show up”®. Older age has also been associated with higher
viral loads, but viral loads in symptomatic children of all ages
are comparable to adults. The high viral load close to symptom
onset also suggests that SARS-CoV-2 can spread during the
incubation period by asymptomatic transmission.***>>®
A recent study found that the mean incubation period for
SARS-CoV-2 was 5 to 7 days (range 2-14 days).**” The long
period it takes for symptoms of COVID-19 to manifest along
with the ability to transmit infection during this incubation
period show how contagious SARS-CoV-2 can potentially be.
Additionally, local spread can be traced back to direct or
indirect contact with infected patients’ bodily fluids such as
saliva, feces, urine, and tears.”” With regards to the eye, RT-
PCR assay found fragments of the SAR-CoV-2 RNA in tear and
conjunctival specimen of COVID-19 infested patients.*
Whereas antimicrobial factors and the epithelia of the human
mucosa surface act as additional mucosal barriers to prevent the
entry of viruses when exposed to infectious aerosols and con-
taminated hands, HCoV are capable of causing ocular compli-
cations in infected individuals and establishing a respiratory
infection following ocular exposure.’’ Some respiratory viruses
such as human adenovirus (species D) and avian influenza virus
(H7) have been demonstrated to cause highly infectious con-
junctivitis or keratoconjunctivitis.*' Besides, the binding recep-
tor for SARS-CoV-1, SARS-CoV-2 to gain entry into host cells,
angiotensin-converting enzyme 2 (ACE2) is distributed among
the conjunctiva, making the eye a preferred site of entry for the
CoV.182% Moreover, since COVID-19 is an unfolding pan-
demic, scholars are still trying to understand better the possible
mode of ocular transmission. Figure 1 illustrates a possible
replication, transmission routes, and systemic complications of
SARS-CoV-2. Since the current available evidence indicates that
COVID-19 is transmitted from person-to-person through
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Figure 1. Replication, possible transmission routes, and systemic complications of Covid-19.

several different routes mainly via respiratory aerosols, it suffices
to say that certain environments may provide transmission
risks. COVID-19 transmission will be particularly effective in
crowded, confined indoor spaces such as workplaces including
factories, churches, restaurants, bars, markets, shopping centers,
school dormitories, transport vehicles, or events occurring
indoor such as, parties, and political rallies.*

Ocular Infection of SARS-CoV-2

Since the outbreak of COVID-19 in December 2019, several
published studies and anecdotal evidence suggest that SARS-
CoV-2 can cause conjunctivitis.>”*>*> While some evidence
confirms the presence of SARS-CoV-2 RNA fragments in the
tears and conjunctival swabs of patients with the early form of
the disease, shedding of the viral RNA has also been speculated
in patients with severe COVID-19 disease®®*” (Table 1). In
spite of these, the ocular involvement of COVID-19 is uncer-
tain, and concerted efforts are underway to understand the
ocular manifestations of SARS-CoV-2.

Ocular involvement of HCoV had previously been reported
to be associated with conjunctivitis in humans,*’ by success-
fully identifying SARS-CoV nucleic acid in tears of patients."
Additionally, retinal disorders, such as retinal vasculitis,*" ret-
inal degeneration,”” and blood-retinal barrier breakdown,*
had been demonstrated in experimental animal models of
coronavirus infection. As we know now, the chromosome

of SARS-CoV-2 was found to be 79.5-82% similar to that of
SARS-CoV-1."""7** This suggests that SARS-CoV-2 may show
similar ocular pathogenesis as other strains of SARS-CoV. The
report of ocular involvement of COVID-19 is not surprising
considering the tropism of CoV virus to the eye. However,
legitimate questions remain about how the virus ends up in
ocular secretions. Could it be a result of direct inoculation at
the time of infection into permissive conjunctival epithelial
cells, either by a fomite or aerosol, or could it be the result of
shedding from a nasolacrimal gland infected hematogenous?
Researchers have tried to answer these questions by examining
the dynamics of the infectious SARS-CoV-2 genomic frag-
ments in ocular secretions and its ocular manifestation permis-
sibility. So far, ocular involvement of SARS-CoV-2 has been
reported in many cases as an early sign of infection®**** or
appearing as a complication for severe COVID-19 disease.”>”
The implications of these studies point to two possibilities.
First, SARS-CoV-2 may directly inoculate the conjunctiva by
aerosol or contaminated fomites and second, an induction of
ocular symptoms by viral shedding through infested lacrimal
gland from upper respiratory cells. The shedding hypothesis is
supported by previous reports that showed that people could
contract the infectious SARS virus from individuals who had
no fever and minor or no signs of infection.*> During the
outbreak of SARS in 2003, unprotected eyes were associated
with an increased risk of transmission of the disease.*” It is
believed that during systemic shedding, the nasolacrimal
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system can act as a channel for viruses to travel from the upper
respiratory tract to the eye. Hence, ocular tissues and fluid such
as the tears may represent a potential source of SARS-CoV-2
infection. However, in a recent prospective study to assess
potential viral shedding and infectivity of tears in SARS-CoV
-2 patients, it was revealed that neither viral isolation nor
quantitative assay by RT-PCR detected the virus in tears, with
only one patient out of 17 patients showing ocular symptoms.>”
The study followed the course of the disease by collecting 64
tear samples from the 17 COVID-19 patients, between Day 3
and Day 20 from initial symptoms.”” A similar investigation®”
that assessed the presence of the novel SARS-CoV-2 in both the
tears and conjunctival secretion of COVID-19 infected patients
provided little evidence of viral shedding in these ocular tis-
sues. In a sample of 30 severe COVID-19 patients in China,
only 1 (3.3%) of the patients developed conjunctivitis during
the illness. Unlike the previous study,” patients used in this
study consisted of 21 (70%) mild-moderate and 9 (30%) severe
novel coronavirus pneumonia (NCP) cases. RT-PCR analysis
detected no viral RNA in the tear fluid and conjunctival secre-
tions in the mild-moderate (common-type patients) or severe
COVID-19 patients without conjunctivitis. Only the patient
who had conjunctivitis had SARS-CoV-2 RNA in ocular secre-
tions. It is important to note that, in this same study,38 RT-PCR
analysis of 55 out of 60 (91.7%) sputum samples yielded posi-
tive for viral RNA fragments compared to only one patient who
had SARS-CoV-2 RNA in the ocular secretions. In another
report by Zhang et al.>* in a single-center cross-sectional
investigation at Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology, among 102
patients with a clinical diagnosis of COVID-19, they did not
isolate SARS-CoV-2 RNA in ocular surface secretions by RT-
PCR assay. Among 72 (70.6%) SARS-CoV-2 patients con-
firmed by laboratory diagnosis with RT-PCR, only 2 patients
(2.78%) developed conjunctivitis. Of that number, only one of
the two with conjunctivitis had SARS-CoV-2 RNA detected in
tears.”

While these studies indicate that the tears and conjunctiva
are not a common means or sites for SARS-CoV-2 infection in
humans, these studies had small sample sizes.

The challenge of prospective observations of larger sample
sizes, hampered by late development of symptoms*> which
make sampling during early infection difficult was overcome
by few prospective studies. In a recent study that utilized
a much larger sample size, researchers documented “conjunc-
tival congestion” in only 9 out of 1,099 (0.8%) patients hospi-
talized with laboratory-confirmed COVID-19 patients from 30
hospitals across China. None of the patients was documented
to have seen ophthalmologists, even though the presence of the
SARS-CoV-2 RNA in ocular tears were not checked.” More
recently Zhou et al.>® in a similar retrospective study investi-
gated the possible transmission of SARS-CoV-2 RNA through
aerosol contact with conjunctiva in a cohort of patients. The
researchers enrolled 67 cases of confirmed or suspected cases of
NCP. Nasopharyngeal and conjunctival swabs were collected
for RT-PCR assay to detect viral RNA. Among all the cases, 63
(94%) were identified as laboratory-confirmed NCP and the
remaining four were suspected NCP. Conjunctival swab sam-
ples from one NCP patient yielded positive for viral RNA and
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two NCP patients yielded probable positive PCR results. None
of the three patients had ocular symptoms. The only one NCP
patient who developed conjunctivitis as the first symptom was
negative for conjunctival viral RNA. Conjunctival swab sam-
ples from the four suspected cases of NCP were negative.

On the other hand, there is some evidence that suggests
a relatively high prevalence (5.2%) of SARS-CoV-2 RNA frag-
ments in conjunctival swabs in severe COVID-19 patients. Wu
et al,”® in a retrospective case series investigated the ocular
manifestations and viral prevalence in the conjunctiva and
revealed that about a third 12 (31.6%) of 38 clinically con-
firmed hospitalized cases of COVID-19 in Hubei Province,
China, had ocular abnormalities, consistent with conjunctivi-
tis. The authors characterized the most common clinical signs
of presentation as hyperemia, epiphora, chemosis and/or secre-
tions. Findings of blood tests, nasopharyngeal and conjunctival
swabs from RT-PCR analysis for the same patients indicated
that only two patients (5.2%) were positive for conjunctival as
well as nasopharyngeal swabs for SARS-CoV-2 RNA. Among
the two patients, one had signs of conjunctival hyperemia and
the other with chemosis and epiphora. Concurrent nasophar-
yngeal swabs showed that 28 patients (73.7%) were positive for
SARS-CoV-2.% It is suggested that, the relatively greater num-
ber of COVID-19 patients who developed ocular abnormalities
in this study indicates that, ocular complications are prominent
among patients with more severe systemic manifestations or
abnormal findings on blood tests. However, accounting for
conjunctivitis in patients with pneumonia could have been
exaggerated as “chemosis” which the authors characterized as
conjunctivitis in critically ill patients. It could as well likely
represent cellular infiltration or fluid overload, not
conjunctivitis.”®

All recent studies taken together, they demonstrate that the
highly infectious human SAR-CoV-2 are rarely detected by
RT-PCR, and difficult to be isolated by virus culture in tears
and conjunctival secretions from COVID-19 patients. Against
the backdrop of reports in 2003 that body fluids that might
contain SARS-CoV (World Health Organization, 2004) it is
hard to assess the infectivity of tears and conjunctival secre-
tions and their roles in virus spread of the virus.

The evidence yields to a number of interpretations. First, it
demonstrates that nasopharyngeal swabs contain significantly
higher SARS-CoV-2 concentration than swabs from the ocular
mucosal surface. Drosten et al. found that tracheal aspirates
yielded significantly higher SARS-CoV concentration, com-
pared with the nasopharyngeal swab and sputum
specimens.*® This suggests that the viral load and genome
fraction differ in different sites. Secondly, the extremely low
prevalence of SARS-CoV-2 RNA in tears and conjunctival
secretions in confirmed COVID-19 patients does not support
viral shedding from infested nasolacrimal system unto the
mucosa of the ocular surface (conjunctiva and cornea) but
rather suggests that for patients who developed conjunctivitis,
the virus was involved in viral transmission to pulmonary sites.
This perhaps explains why infectious particles are often
detected in the early phase of COVID-19 patients with
conjunctivitis.>>***® In considering that the ocular mucosa
surface is an openly lubricated microenvironment, and the
virus may transport to the inferior meatus of the nose rapidly,
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SARS-CoV-2 concentration in ocular secretions is likely to be
very low. Hence, it is reasonable to think that viral RNA
fragments may be present in tears only for a short incubation
period or during the early phase of the disease.

Furthermore, the detection of the virus may also be limited
by antimicrobial factors such as lactoferrin and secretory IgA,
and force from tear rinsing which constantly eliminates patho-
gens on the ocular surface into the nasal cavity through the
nasolacrimal duct. Lactoferrin is known to inhibit the binding
of SARS-CoV to its entry receptor, angiotensin-converting
enzyme 2, by preventing the attachment of SARS-CoV to
heparan sulfate proteoglycans (HSPGs).*” Secretory IgA helps
to kill both bacteria and viruses.*’

In addition to lower viral load, the lower positive rate of
SARS-CoV-2 RNA findings in COVID-19 ocular tissues
may be indicative of sampling time lag and inefficient
diagnostic methods. In studies conducted, evidence indi-
cates tear and conjunctival samples were collected in the
early phase of illness or the later phase during
hospitalization.””*?***4*%% As the average incubation per-
iod for SARS-CoV-2 was found to be 5 to 7 days,” the
sampling time and delay in testing may influence the viral
load present in the sample. There are also reports that
suspected patients often had repeated tests of nasopharyn-
geal swabs before the positive result confirmed SARS-CoV
-2 infection.’® The rather lower positive rate for the pre-
sence of SARS-CoV-2 RNA in ocular secretions makes
using RT-PCR assay for diagnosis a challenge. Therefore,
improvements in the sensitivity of other molecular diagnos-
tic tests need to be taken into account in the future.>

Collectively, while these studies indicate that ocular com-
plications of SARS-CoV-2 infection are not a frequent mani-
festation of coronavirus infections in humans, the ocular
exposure to the virus may represent a meaningful route of
entry into the body for this virus.

Clinical Ocular Presentation of SARS-CoV-2

According to published data, the clinical course of SARS-CoV
-2 ocular infections shows no specific pattern of presentation
and varies between patients (Table 2). It can affect one or both

Table 2. Ocular Manifestations of COVID —19 and management.

eyes.””>**The time that it takes for symptoms to develop in the
eyes is also not clear, even though many cases reported it
occurred in the early phase of infection® and nonspecific
signs developed later in the clinical course.’® In a confirmed
COVID-19 patient in Shenzhen, China, who developed bilat-
eral conjunctivitis after 13 days of onset of systemic symptoms,
RT-PCR assay detected the presence of viral RNA in the con-
junctival specimen on the same day (cycle threshold (Ct) value:
31 compared to nasopharyngeal (Ct value: 23.52) and sputum
(Ct value: 25) specimens). The conjunctival swab specimens
remained positive for SARS-CoV-2 on DAYS 14 and 17. SARS-
CoV-2 viral loads decreased (Ct values increased) gradually
with resolution. On day 19, the RT-PCR result was negative for
SARS-CoV-2 for conjunctival swab specimens.” The result
showed a trend toward decreasing levels of viral RNA (Ct
values increases with the course of the disease), and suggested
that viral loads in conjunctival specimens gradually decrease
over time with less potential for transmissibility accompanied
by improvement of the ocular symptoms.”

In the early stage of the disease, ophthalmic examination
showed bilateral moderate conjunctival injection (redness),
watery discharge (tearing), inferior palpebral conjunctival
follicles, tender palpable preauricular lymph nodes, swollen
lids and foreign body sensation without blurred vision.”?’
Substantial ocular congestion/chemosis is reported to be
associated with severe cases of COVID-19, perhaps aided
by systemic infiltration of cellular cells associated with
increased secretion of interstitial tissues during severe
cases of the disease.”> The clinical ocular diagnosis of
COVID-19 is consistent with acute follicular conjunctivitis,
with conjunctival hyperemia and minor discharges.”** Like
other SARS-CoV ocular infections, the secretions are
watery and akin to thin mucus, with occasionally small
spots (patches) of conjunctival hemorrhages in some
cases. Ocular symptoms of COVID-19 are mild and tend
to be self-healing, although patients may benefit from treat-
ment with ribavirin eye-drops.” No posterior segment eye
involvement in COVID-19 has been reported yet but pre-
vious corona virus infections have involved retinal disor-
ders such as retinal vasculitis,*’ retinal degeneration*” and
blood-retinal barrier breakdown.*’

Presence of

virus in con-
Time of ocular junctival
Country  Demographics involvement Ocular symptoms Ocular signs Management Resolution swabs
Canada®®* ® 29 year old ® Monocular Red eye ® VA:20/20 ® Treatment: ® positive
woman ® Photophobia ® 1-2+ injection Valacyclovir 500mp
® Sore and swollen eyelid ® 3+ follicles PO tid and moxi-
® Mucous discharge in ® pseudodendrite at floxacin 1 drop qid
right eye inferior temporal
® OQcular signs cornea
® 3 small subepithe-
lial infiltrates
China’ ® 30yearold ® Ocular symp- ® Symptomsincludedtear- ® Follicle, moderate ® Administered ® Symptoms ® Positive
adult male toms began ing, redness and foreign redness and pre- Umifenovir resolved after
on day 13 after body sensation, Signs auricular ® Patient placed on 7 days under
symptoms included: lymphadenopathy. topical antiviral treatment

ribavirim on day 14




Possible Mechanism of Ocular Transmission of COVID-
19 Virus

There are several anatomical and immune properties which
permit the eye to serve as both a potential site of virus replica-
tion as well as a gateway for the transfer of virus to respiratory
sites to establish infection. The dichotomy between the possi-
bility of ocular transmission or viral shedding, however, may
be explained from the anatomic and pathogenesis standpoints.
From the anatomic point, the linkage between the ocular and
respiratory tract tissues, primarily through the nasolacrimal
duct has been implicated®' (See Figure 1). Once at the ocular
surface mucosa, it can be transported through the lacrimal duct
which collects tear fluid from the ocular surface and transferred
to the inferior meatus of the nose. The lacrimal system drai-
nage could then facilitate the drainage of the virus to respira-
tory tract tissues in a replication-independent manner.>*’
Though the virus-containing fluid can be absorbed by the
conjunctiva, sclera, or cornea, the majority of fluid exchange
is between the nasopharyngeal space, through absorption by
the epithelial lining of the lacrimal duct.'>*’

The anatomical linkage of the ocular mucosal immune
system (composed of the lacrimal glands and ocular surface;
including the tear film, conjunctiva, and corneal epithelium)
with nasopharyngeal space supports the immunological inter-
dependence between ocular and respiratory tract tissues.***’
However, despite the ocular mucosal surface being protected
from infectious organisms by an array of antimicrobial factors
(lactoferrin, lysozyme, immunoglobulin A (IgA), and cationic
peptides) present in the tear film and blink shear forces which
together limit access to the corneal epithelium,”” CoV genomic
fractions have been detected in the tear fluid of symptomatic
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and asymptomatic patients.”’ Perhaps, entrapment of micro-
organisms in secreted mucins and ocular surface defects
increase the likelihood of colonization by infectious agents,
underscoring the potential for ocular involvement following
an outbreak of SAR-CoV-2 infection. Viral conjunctivitis, as
characterized by conjunctival congestion and aqueous secre-
tion, is subsequent to the pathology mediated by the immune
responses and toxic effectors produced by the infectious agent.

One possibility for the variation in the clinical presentation
of SARS-CoV-2 could lie in the genetic makeup of patients and
could differentiate people who get mild cases from those who
die. Already, there are cases of COVID-19 that are asympto-
matic and being elderly or having an underlying condition
does not always determine the course of the disease®*® From
the pathogenic viewpoint, the structure and distribution of
host cellular epithelial cell glycoproteins in the human respira-
tory tract and ocular tissues which serve as terminal receptor
sites for viruses may govern virus tropism to the ocular surface.
The effectiveness of transmission of the virus into host tissues
is modulated by the invasiveness of the virus, viral-host recep-
tor membrane interaction, and immune mediators of the
host.”**” MERS-CoV and most a-CoVs have been identified
to utilize dipeptidyl peptidase 4 and aminopeptidase N as an
entry receptor of their host cells, respectively.**>°

The cellular entry receptor utilized by HCoV-NL63, SARS-
CoV and 2019-nCoV is Angiotensin-Converting Enzyme 2
(ACE-2)*" (Figure 2).

ACE2 is a type I transmembrane metallocarboxypeptidase
with homology to ACE, a cell surface protein enzyme that
attaches to epithelial cells of the conjunctiva and
cornea'**'ACE-2 is also expressed in the respiratory tract,
heart, kidney, and gastrointestinal tract, but it is much less

Spike Envelope
protein (S) - Membrane protein(E)
‘4‘.‘..'-:*1 po- ‘-(’*(,/protein(M)
PRECC T i A e .
4 %
P\—“ ".6‘; '.i': I~ . " ‘ « ™

Cell membrane

Transmembrane

ACE-2 receptor

Figure 2. ACE-2 is the host cell receptor responsible for facilitating infection by SARS-CoV-2. The viruses first docked and bound to host cell membrane by its receptors to
gain entry into host cells by the interaction between spike protein on the viral surface and on host cell membranes. It then bound spike protein to its entry receptor,
ACE2, on the host cell surface for attachment before recruitment of antibody mediators follows.
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expressed in the human conjunctival and corneal epithelial
cells compared to lung alveolar epithelial cells, enterocytes of
the small intestine and the proximal tubular cells of the
kidney.'* Tissues that harbor SARS-CoV are known to infect
cells via ACE2 receptors.*” Consequently, one possibility for
the differences in systemic and ocular symptoms of SARS-CoV
-2 is variation in the ACE2 gene. Variations in the ACE2 gene
that alter the receptor could make it easier or harder for the
virus to get into host functional receptor cells mediated by
ACE2.>? In addition to genetic variants of the ACE2 receptor,
the location of ACE2, on cardiac and pulmonary tissue likely
contributes to the severity of COVID-19. It is thought that the
binding ability of ACE2 protein on conjunctival epithelial cells
to HCoV spike protein is much lower than respiratory cells.”
On the other hand, the basic mechanism to think of is how
the body’s immune system responds to viruses in the first place.
The innate response of the body’s immunity cells is a very
reactive inflammatory mediator to the invading viruses that
can vary in response. Differences in the human leukocyte
antigen genes, which influence the immune system’s response
to viruses, affect the disease presentation and severity. For
instance, individuals with type A blood have been shown to
have a higher risk of contracting the new SARS-CoV-2 than
those with type O do.*® Indeed, there is evidence to support
immune mediators as treatment with steroids, an immune
system suppressant, seems to offer benefit in some
patients.'>*>>! More studies on patients with ocular symptoms
are required to definitively prove the role of ACE2 present on
corneal and conjunctival cells in SARS-CoV-2 infection. The
continued identification of the cellular receptors utilized by
coronaviruses will allow for a greater understanding of the
transmission of SARS-CoV-2 in ocular tissues. Collectively, it
appears that the presence of the same permissive receptors on
adjacent pulmonary and ocular tissues contribute to the trop-
ism of a virus to ocular tissues, but does not restrict respiratory
viruses from using the eye as a portal of entry to gain passage to
extraocular tissues to establish a productive infection.

Eye Protection

With the spread of COVID-19, many healthcare professionals
have many concerns and fears regarding the possibility of
contracting the disease through ocular secretions. Some are
contemplating closing their clinics or limiting their practice
urgent cases, the possibility of converting operating rooms into
ICU if needed, and the possibility of participating to manage
patients with acute respiratory distress with its grave responsi-
bility. With regards to eye, current understanding of the ocular
complications of COVID-19, including the full clinical course
of manifestations is determined by the dynamic changes of
SARS-CoV-2 detection in conjunctival and tear swab samples.
RT-PCR identification of the virus RNA in ocular secretions of
COVID-19 patients with symptoms has not been successful
compared to respiratory specimens.” However, the low abun-
dance of the virus in tear and conjunctival secretions does not
eliminate the risk of transmission through ocular tissue but
rather presents safety issues.

Asymptomatic SARS-CoV-2 patients have no obvious fever
or respiratory manifestations, and even mild cases of the dis-
ease do not show obvious symptoms in the early stages of the
disease.'>'>'**® During clinical diagnosis and treatment, par-
ticularly at the outpatient clinic, it is inherently difficult to
quickly screen patients with early-stage disease or carriers of
the virus. Li Wenliang, the whistleblower ophthalmologist who
sounded the initial alarms on the coronavirus, believed he was
infected by an asymptomatic glaucoma patient.'” The sum of
these reports points to asymptomatic transmission as
a significant cause for concern. According to recent reports,
a large number of ophthalmologists involved in the diagnosis
and treatment of eye disease daily accidentally acquired
COVID-19 suspected to be related to contact with tears or
conjunctival secretions of patients.'>"> As already indicated,
reports suggest that viral loads in conjunctival specimens gra-
dually decrease over time accompanied by improvement of the
ocular symptoms, but the potential for transmissibility remains
unclear.” Direct contact with the ocular surface and mucosal
membrane during routine ophthalmic examination may have
risk of infection. Most commonly used ophthalmic instru-
ments require close contact with patients. The doctor-patient
distance during examination is usually less than 1 m, where the
possibility of droplet transmission is high if there is no proper
protection. Since the primary route of infection for SAR-CoV
-2 is by aerosol and fomites in the local environment, there is
also the possibility of a temporary exposure of ophthalmic
instruments in a virus contaminated environment. Van
Doremalen and his colleagues”’ identified viable SARS-CoV-2
in aerosols up to 3 hours post-aerosolization. They also found
that the infectious virus could survive up to 24 hours on card-
board, up to 4 hours on copper, and up to 2 to 3 days on plastic
and stainless steel.'' The CDC also detected SARS-CoV-2 RNA
on various surfaces within cabins of passengers in a cruise ship
who tested positive for COVID-19 up to 17 days after they
disembarked the ship.>* A more recent report using RT-PCR
found SARS-CoV-2 in the hospital rooms of COVID-19
patients.’® Though these reports do not implicate direct infec-
tion, general disinfection using alcohol wipes may be ineffec-
tive due to continues exposure. For eye care personnel such as
ophthalmologists and optometrists who come into contact
with patients at a close-range during clinical examination,
there is a need to balance the risk of infection with continuing
care for patients in this unique time of COVID-19. Aerosol and
saliva of infected patients may still cause infection through
conjunctival tissue. There is a report of an anesthesiologist
who developed ocular symptoms after performing intubation
anesthesia for a patient, followed by fever and cough.*’ The
patient was diagnosed with NCP, however during the anesthe-
sia, the anesthesiologist wore only an ordinary surgical mask,
hats, and gloves, and did not wear goggles, protective clothing,
or other protective devices. Five surgeons who operated on the
NCP patient were also infected with SARS-COV-2, but none of
them developed any ocular complications.*®

Several eye infection prevention and control measures have
been suggested to avert the spread of COVID-19 through ocular
transmission. Personal eye protection, thus, wearing face shields
or goggles is necessary protective measures to prevent temporary



aerosol contact with the conjunctiva.”” A triage system must be set
up at outpatients units to identify patients with fever, respiratory
symptoms, and ocular manifestations such as epiphora and acute
conjunctivitis in order to minimize SAR-CoV-2 cross-infections.
Micro-aerosol generating procedures, such as noncontact tono-
metry and where applicable, operations under general anesthesia
has to be done under aseptic conditions. Nasal endoscopy which
may provoke sneezing and cause generation of droplets must be
evaluated. Additionally, infection control training must be pro-
vided to all clinical staff. These include the need for environmental
control to reduce droplet transmission of COVID-19 such as the
installation of protective shields on slit lamps, frequent disinfec-
tion of equipment, and provision of eye protection to staff. Lastly,
universal hygiene such as the washing of hands under running
water and use of hand sanitizers are to be promoted.” The find-
ings of clinical observations serve notice that all eye care personnel
just like other medical personnel should take stringent precau-
tions to protect their eyes when coming into contact with
COVID-19 patients. As conjunctivitis is a common eye condition,
an ophthalmologists or optometrist may be the first professionals
to evaluate a patient with COVID-19. Adherence to ocular pro-
tective measures can serve to cut off transmission channels and
prevent cross-infection in support of public health and safety.

Future Studies

At present, findings from studies suggest the ocular infectivity of
SARS-CoV-2 is low. Further definitive investigations into the
mechanism of SARS-CoV-2 -host receptor cell interactions are
required to evaluate the role of this novel coronaviruses in the
eyes.”” SARS-CoV-2 has been known to infect cells via ACE2
receptors. However, future mechanistic studies are required to
definitively prove the presence of ACE2 on ocular surface mucosa.
Furthermore, studies to gain more understanding of the ocular
complications of COVID-19, especially regarding ocular trans-
missibility or viral shedding and the pathogenesis of ocular disease
has to be conducted. The COVID-19 pandemic is ongoing, mak-
ing a balance between patient care and research difficult. Most
prospectively controlled studies have used a small cohort of
patients. Negative viral RNA results from samples taken from
the ocular surface could be influenced by the sampling amount
and time, as viral conjunctivitis is self-healing. Therefore, further
large-sample and more comprehensive studies involving patients
with early ocular symptoms should be considered to understand
the progression of the disease. Conjunctival, cornea, and tear
samples should be collected as early as possible when ocular
symptoms develop in suspected cases. Also, detailed ocular exam-
inations should be performed to examine SARS-CoV-2 infectivity
of intraocular tissues in patients who develop ocular complica-
tions to allow for a better understanding of the permissiveness of
non-respiratory tissues. Finally, future studies should consider
investigating factors underlying the relationship between sputum
and serum viral loads and viral shedding into ocular secretions, as
well as the effect of the presence of antimicrobial agents on the eye
and pharmacological agents such as antiviral treatment on detec-
tion of the virus on the ocular surface.
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CONCLUSION

Findings from published investigations about the ocular com-
plications of SAR-CoV-2 have been inconclusive. While pre-
vious reports show potential shedding of an infectious virus
such as SARS-CoV-1 in tears, the detection rate was low."”
Studies reviewed show a low prevalence of SARS-CoV-2
nucleotide fragments in conjunctival and tear specimens of
patients with COVID-19, consistent with previous studies on
SARS-CoV-1"° The results suggest SARS-CoV-2 may be
detected in ocular secretions in COVID-19 patients with con-
junctivitis, but not in patients without conjunctivitis. Common
characteristics of COVID-19 cases with ocular complications
were occupational exposure and the occurrence of conjuncti-
vitis in the early stage. The existing evidence demonstrates that
the eye may not be a common route for transmission of the
virus and there is relatively low likelihood of the infectious
virus shedding in the eyes of COVID-19 patients. The possibi-
lity of viral shedding may only be likely in patients with more
severe COVID-19 as pronounced complications frequently
occurred in these patients.

There is an inevitable possibility of many false positive and
false negative results, which are often caused by sampling time
lag, contamination, and damage to genetic material. However,
the RT-PCR employed in SARS-CoV-2 identification is an
effective technique for detecting viral RNA, due to its high
sensitivity and specificity. Like other highly contagious respira-
tory viruses, respiratory droplets are considered as the main
route of SARS-CoV-2 transmission. Nevertheless, considering
that the eye is directly exposed to infectious droplets and fomites
during close contact with infected individuals and contaminated
hands, and the mucosa of the ocular surface and upper respira-
tory tract being connected by the nasolacrimal duct and share
certain entry receptors for some respiratory viruses, the eye as
a possible transmission route should be taken into account
owing to the rapid transmission of the virus. The risk of ocular
nosocomial infection of SARS-CoV-2 and as a potential route of
transmission should further be examined and scientific protec-
tion should not completely be eliminated.
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