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I Abstract
Introduction. SARS-CoV-2 (severe acute respiratory syndrome-coronavirus-2) is a coronavirus that causes COVID-19
(coronavirus disease 2019) with mild to severe respiratory illness. Itis a highly contagious disease transmitted through direct
or indirect contact with infected people or contaminated surfaces, mainly through respiratory droplets, but other routes
are being investigated.
Objective. Itis known that coronaviruses (CoVs) can cause a variety of ocular pathologies in animals, including conjunctivitis,
anterior uveitis, retinitis, and optic neuritis, many of which are severe. However, there is no evidence of the SARS-CoV-2
presence in the eye tissue of asymptomatic patients, even if the symptomatic incidence is low. This systematic review
presents updated literature on this issue.
Abbreviated description of the state of knowledge. COVID-19 has now spread throughout the continents and poses
a global threat to public health. The risk of rapidly overloading health care systems and causing substantial mortality
worldwide is real. On 11 March 2020, the World Health Organization (WHO) announced coronavirus as a global pandemic.
Several studies described a few cases with initial ocular symptoms followed by systemic symptoms of the disease.
Summary. Although the frequency of transmission of SARS-CoV-2 infection through the eye is low, ocular symptoms are
not uncommon in COVID-19. In some cases, eye symptoms may be the first signs of illness. This implies the need for hygienic
recommendations and use of personal protective equipment (PPE) for medical staff and other services to minimize COVID-19

infection of both health-care workers and patients. A triage for ophthalmic outpatient clinic is mandatory.
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INTRODUCTION

SARS-CoV-2 (severe acute respiratory syndrome-
coronavirus-2) is a coronavirus that causes COVID-19
(coronavirus disease 2019) with mild to severe respiratory
illness. Itis a highly contagious disease transmitted through
both direct and indirect contact with infected people or
contaminated surfaces, mainly through respiratory droplets,
but other routes are being investigated. Symptoms such as
fever, cough and shortness of breath can appear 2 - 14 days
after exposition. People with severe infections can develop
pneumonia and die from acute respiratory failure [1, 2]. On
11 March 2020, the World Health Organization (WHO)
announced the coronavirus as a global pandemic, covering
both rural and urban areas. The Covid-19 pandemic has
led to global restrictions in: inter-national travel, public
transport, trade in both agricultural and manufactured
goods, employment in every sector of the economy, social
and public life.

SARS-CoV-2 is one of seven coronavirus species which
are known to cause diseases in humans and is the largest
RNA virus. The viral particle contains single-stranded RNA
composed of approximately 30,000 nucleotides. Its diameter
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is aproximately 60-140 nm [3, 4]. The mutation rates of RNA
viruses are greater than DNA mutation rates. Currently,
two types of SARS-CoV-2 have been detected [5]. The L
form, likely more aggressive, is suspected to be a derived
variant of the ancestral S type [5, 6, 7]. The L form was
initially significantly more prevalent in Wuhan, China, than
other places [5]. SARS-CoV-2 like SARS-CoV (severe acute
respiratory syndrome coronavirus) and MERS-CoV (Middle
East respiratory syndrome coronavirus), belongs to the B-CoV
family and can cause fatal pneumonia. SARS-CoV-2 has a
lower disease severity, but higher transmission efficiency [8].
The characteristic of Covs is presented in Table 1.

OBJECTIVE

It is known that coronaviruses (CoVs) can cause a variety
of ocular pathologies in animals, including conjunctivitis,
anterior uveitis, retinitis, and optic neuritis, many of which are
severe [9]. However, there is no evidence of the SARS-CoV-2
incidence in the tears or conjunctival tissue of asymptomatic
patients. Even in those with confirmed disease the presence
of SARS-CoV-2 on the ocular surface is low [10, 11, 12].
Therefore, against common beliefs, the possible transmission
of SARS-CoV-2 by conjunctiva is controversial.

This systematic review presents updated literature on this
issue. A search was conducted of PubMed, Google Scholar,
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Table 1. Characteristics of Coronaviruses [8, 14]

Animal
Typeof  Yearof Incubation  Clinical ... Fatality Source
. . . Infectivity (natural
Cov isolation period features rate )
reservoir=
bats)
Flu-like
SARS- Pneumonia, .
- 0/
Cov 2003 2-14 days kidney High 9.6% cats
failure
Flu-like
MERS- 2012 2-14 days Pne}:monla, Low 34.5% dromedary
Cov kidney camel
failure
. 3.7%
SARS- 2019 2-14 days FIu—Ilke. Highest until 12 pangolin
Cov-2 Pneumonia March

and Scopus for papers related to ocular manifestation and
SARS-CoV-2/COVID-19, published up until 28 April 2020,
using appropriate keywords: “2019-nCov”, 2019 “novel
coronavirus”, COVID-19, corona virus disease-2019, SARS-
Cov-2 and “Ocular”, “Ophthalmic”, ophthal*, “conjunctiva*”,
conjunctivitis, eye, tears. Studies published in the English
language entire research or abstracts available in English)
were included from inception to 28 April 2020. Studies
reporting ocular manifestation of COVID-19 patients were
included. 12 studies were identified: observational and case
reports, case series, and any other types of study design which
reported ocular manifestation or its complication of SARS-
COV-2 infection. However, more articles discussing ocular
symptoms and SARS-Cov-2 transmission through tears or
conjunctival secretion are also available, based on studies
announced by other researchers and consider extensively
anti-infection measures.

DESCRIPTION OF THE STATE OF KNOWLEDGE

Arecentreportsuggeststhat SARS-CoV-2 could be transmitted
via asymptomatic infected individuals and carriers who never
develop symptoms of COVID-19, but nevertheless can be a
source of contagion [13, 14]. Transmission can occur during
the incubation period. Despite the suggestion that CoVs to
be transmited by aerosol contact with the conjunctiva in
patients with active disease, the frequency of conjunctivitis
in patients with COVID-19 reported to- date is low - <3% [10,
12, 15-18]. Furthermore, SARS-Cov-2 was also found in an
RT-PCR test in conjunctival samples in patients COVID-19
positive, but without symptoms of conjunctivitis [19, 20].
CoVs can also be transmitted by contact with a contaminated
surface and then touching the mouth, nose or eyes [7, 21, 22].
SARS-CoV-2 can remain on hard plastic surfaces for hours
or even days [23-26].

However, Sun et al concluded that the eye is rarely
involved in human CoVs infection and is not a preferred
portal for spreading the infection to the respiratory tract
[27]. On the other hand, the SARS-CoV-2 RNA has been
found in conjunctival scrape samples in a small number
of COVID-19-positive patients with conjunctivitis [10,
28]. Furthermore, the occurrence of conjunctivitis prior
to pneumonia in several infected patients may suggest the
potential ocular route of SARS-CoV-2 transmission [20, 28,
29, 30].

Theoretically, the ocular surface is an open micro-
environment, and the conjunctiva can be infected directly
by an aerosol droplet from an infected patient or secondary
to viral spread from the upper respiratory tract through
nasolacrimal duct or via haematogenous spread [9, 31].
Futhermore, the mucosa of the conjunctiva and upper
respiratory tract share the same entry receptor of SARS-CoV-2
on host cell membranes- angiotensin-converting enzyme 2
(ACE2) [20, 32, 33]. Expression of the ACE receptor has been
demonstrated in retinal pigment epithelium (RPE), choroid
and neural retina and sclera [34]. Immuno-histo- chemistry
(IHC) studies have shown localization of ACE and Ang-Ilin
the non-pigmented epithelium of the ciliary body, corneal
epithelium and endothelium, conjunctival epithelium and
trabecular meshwork lining. In the posterior segment, ACE
and Ang-II were found in retinal ganglion cells, some cells
in the inner nuclear layer and retinal photoreceptor cells,
endothelium lining of choroidal and retinal vessels [35].
ACE2 receptor was also located in the aqueous humour [36].
A recent study reported a novel route of SARS-CoV entry
to human host cells — through its interactions with CD147
[32]. The presence of CD147 in tears, the corneal epithelium
and endothelium, stromal keratocytes, conjunctiva and
retinal pigment epithelium has already been confirmed [37].
On the other hand, the tear film has antiviral properties
and would inactivate viruses, for example, by the protein
lactoferrin, which likely prohibits adenovirus entry into
corneal epithelial cells [38-40].

DISCUSSION

According to updated literature, up until 28 April 2020, red
eye and conjunctivitis were noted in 108 cases out of 1,882
COVID-19 positive patients (5.74%) (Tab. 2). Conjunctival
or tear sample RT-PCR assay for SARS-CoV-2 was positive
in 9 cases out of 999 reported, examined COVID-19 positive
or suspected patients (0.9%) (Tab. 2).

It may seem that SARS-CoV-2 is rarely detected in the
conjunctival sac. However, several conditions can implay
these results. Firstly, SARS-CoV-2 might not exist at all in
the conjunctival sac or tear fluid at the stage of disease when
the sample was taken. Secondly, the sensitivity of current
RT-PCR test for SARS-CoV-2 RNA is insufficient, generally
ranging from 50% - 60%, despite nasopharyngeal swab
being set as the gold standard for laboratory confirmation of
COVID-19 pneumonia [39]. Therefore, negative results may
be false negative, and the presence of the virus cannot be
ruled out. Finally, the virus may be present in the conjunctival
sac or tears only for a very short period of time. According
to Colavita et al., SARS-Cov-2 may present in tears and
conjunctival secretions only in the early phase of infection
[41]. Furthermore, it is possible that many false positive or
negative results, can be caused by sample contamination and
damage to genetic material [42].

Further studies are needed to determine whether the
SARS-CoV-2 virus has the potential to transmit from person-
to-person through the conjunctival route. Recording all
COVID-19 symptoms, including ocular symptoms, which
are sometimes very discreet and overlooked in the face
of more serious general complications, can be helpful in
this assessment. Performing tear or conjunctival tests in
all COVID-19 suspected patients during the pandemic era
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Table 2. Studies reporting conjunctival involvement in patients with SARS-CoV-2 Infection

. . . Relation to RT-PCRin
) Chronic medical Patients (n) . . ) . )
Author Type of study/site X Ocular manifestation systemic conjunctival
history (mean age)
symptoms samples
Hypertension n=165
DM n=81
CHD n=27
Guan etal. Hepatitis B=23 n=1099 positive
2020 China Cerebrovascular disease n=15 (m;d%an ape 47yrs) Conjunctivitis n=9 N.A. N.A.
n2) COPD =12 geary
Cancer n=10
Chronic renal disease n=8
Immunodeficiency n=2
Retrospective
Zhou et al, cohort n= 63 positive Conjunctivitis n=1 first n=3 positive
2020 study, N.A. n=4 suspected with negative conjunctival to COVID-19 without ocular
[20] Wuhan (mean age 35.7yrs) sac 2019 - nCoV test n=1 symptoms
China
Conjunctival congestion
= 0,
Irst/ 2nd 'n 25. (4.68%) .
hospital- Conjunctival secretion
= = 9
, hypertension (9.1%/17.0%) n=334 N=52(973%)
Cross- sectional study ) positive Foreign body sensation
Chenetal, (2 sites), respiratory system (mean age 40yrs — 1st n= 63 (11.80%) first
2020 ! disease (6.8%/7%) chronic 9e 2% . oo to COVID-19 N.A.
Wuhan . A hospital Eye pain n=22 (4.11%)
[16] . liver disease (5.3%) DM E - n=3
China X 50yrs — 2nd hospital) Blurred vision n=68
(3.4%/10,7%) cardiovascular/ .
. 16 cases on medical staff (12.73%)
cerebrovascular diseases - o
(5.9%) Tearing n=55 (10.3%)
! Itching n=53 (9.92%)
Dry eye=112 (20.97%)
Xuetal. Cr::dszriciifgi:;n_ PMn=3, n=14COVID-19 no positive
2020 Vi Hypertension n=4, n=16 suspected No ocular symptoms N.A. P
Shenyang . samples
[43] ! Hepatitis B n=1 (mean age 48yrs)
China
Zhang et al, Cross- sectional study, n=102 suspected . n=1 p'osmv'e' .
L . I with conjunctivitis
2020 Wuhan N.A. n=72 positive Conjunctivitis n=2 (2.78%) N.A. (in ocular
[47] China (mean age 57.63yrs) discharge)
Liang et al, Prospective case series, _ . . . n=1 positive
2020 Yichang N.A. \ Cpn’jzitive Comund'v:_lgonges“°n N.A. without
[9] China P = conjunctivitis
Cardiovascular and
Deng et al, Observation al study, cerebrovascular diseases n=114 no positive
2020 Wuhan n=46 (40%) NCP positive No ocular manifestation N.A. sa‘:n les
[48] China Endocrine system disease (mean age 61.4yrs) P
n=19 (17%)
seahetal, Prospective stud conjunctival injection + second to No positive tear
2020 P 4 NA. n=17 ) i COVID-19 P
Singapore chemosis n=1 samples
[9] n=1
Conjunctivitis
Wu et al. Case series study, n=38 suspected n=12 first to
2020 Yichang n=28 positive hyperaemia n=3, chemosis COVID-19 n=2
[30] China (mean age 65.8yrs) n=8, epiphora n=7, n=1
secretion n=7
Xia etal, inte}:\r/Z::ic)iic:a\iecase r;\l:CSF? Conjunctivitis n=1and tear
2020 ; NA. - ) NA. positive
[10] series study, positive n=1 with coniunctivitis
Zhejiang China (mean age 54.5yrs) )
Dai Case report, n=t
! f th fi
2020 (Pekin?!) N.A. .a member of the Conjunctival congestion rstto N.A.
. national expert panel on COVID-19
[49] Beijing, China .
pneumonia in Wuhan
Colavita et al. Letter, = Conjunctivitis presented =1
2020 Rome, N.A. _ at admission 1 day after N.A. .
65yr positive
[41] Italy symptom onset

NCP - Novel coronavirus pneumonia; DM - Diabetes mellitus; CHD — Coronary Heart Disease; COPD - Chronic Obstructive Pulmonary Disease; N.A. - not applicable.
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seems unlikely, but for those with a severe condition it may
be justified.

Liang et al. discovered that the viral load of conjunctival
sac secretion was directly proportional to the severity of
the disease [19]. Wu et al. noted an interesting relationship
between conjunctivitis and severity of COVID-19 and blood
parameters [43]. They reported that patients with ocular
symptoms were more likely to have higher white blood cell
and neutrophil counts, and higher levels of procalcitonin,
C-reactive protein, and lactate dehydrogenase than patients
without ocular symptoms. Their investigation suggests that
ocular abnormalities may occur among patients with more
severe systemic manifestations or abnormal findings in blood
tests. Finally, they suggest that ocular symptoms commonly
appear in patients with severe pneumonia [30]. Xu et al,,
however, did not confirm that hypothesis, but the severity
of disease in their patients was relatively moderate [43]. Seah
et al. concluded that transmission through tears, regardless
of the phase of infection, is low. However, they did not exam
conjunctival swab, only tear samples [9]. All tear samples
showed negative results, even when nasopharyngeal swab
samples were continually positive. In addition, Xia et al.
did not detect viral RNA in the tear fluid and conjunctival
secretions of the severe or common-type patients without
conjunctivitis [10].

Despite the low incidence of virus in tear and conjunctiva
samples, a risk of conjunctival tissue transmission cannot
be excluded. A drop of saliva from infected patients can
still cause infection of the medical staff by the conjunctival
tissue and the nasolacrimal duct. Ophthalmologists,
dentists, ENT specialists and anaesthesiologists are
at greater risk of infection during routine activities due
to close contact with an infected patient. Therefore,
non-pharmaceutical interventions (NPI), hygiene
recommendations and personal protective equipment (PPE),
including goggles, are essential.

The WHO has provided guidance on personal protective
equipment in infection prevention and control when
COVID-19 is suspected. Eye protection (goggles) or facial
protection (face mask) should be worn, and healthcare workers
are advised against touching any mucosal membranes (eyes,
nose or mouth) [44]. Likewise, national ophthalmological
societies, including the Polish Ophthalmological Society,
announced recommendation/ guidelines on how to deal
with an ophthalmic patient during the COVID-19 epidemic
[45]. Basically, there are three-pronged strategies: protecting
staff with appropriate PPE, preventing spread of the virus
from patients, and re-arrangement of workflow to minimise
exposure time and/or risk of cross-infections. In accordance
with the Polish Ophthalmological Society, available forms of
PPE include: disposable gowns, masks (surgical, FFP2, FFP3),
face shields, goggles and gloves. Regular disinfection of the
hands, slit lamp, and objects that have contact with patients
by using disinfectants (70% solution of ethyl alcohol, 0.1%
sodium hypochlorite, 5% bleaching agent, hospital antiseptic
viricidal agents) is recommended. Every piece of ophthalmic
equipment should be disinfected before and after contact
with every single patient (slit lamp, Goldmann applanation
tonometer, three-mirror lens).

It is suggested a three-stage path of taking precautions
during ophthalmic examination and performing ophthalmic
procedures.

First level includes:

a)reduction of routine visits and optional procedures
(excluding conditions with the risk of irreversible
impairment of vision); postponing planned ophthalmic
procedures; introduction of telemedicine consultancy
services and electronic prescriptions;

b)introduction of an epidemiological questionnaire - the
basic triage of patients:

1) contact with a person who has COVID-19 symptoms or
infected with SARS-CoV-2;

2)staying in areas with a high percentage of infections
during the last 14 days;

3) symptoms: body temperature > 38°C, cough, shortness
of breath;

c) cessation of procedures that produce aerosol, e.g. non-
contact tonometry (air puff), endoscopic tear duct
drainage, general anaesthesia; d) training for the medical
personnel on how to minimize the risk of infection in the
face of the pandemic.

Second level includes:

a) usage of slit-lamp barriers (breath shields), which decrease
the risk of SARS-CoV-2 transmission by the air from the
infectious patient;

b) frequent disinfections of hands and equipment in the
ophthalmologist’s room; ¢) measurements of body
temperature, reporting to the employer shortness of breath,
cough, fever, emesis, and diarrhoea.

Third level includes:

a) necessity to wear masks for medical staff and patients;

b) strict hand hygiene; c) usage of proper personal protective
equipment (PPE) by the medical staff; d) keeping a
minimum 1-metre distance between patients in the waiting
room [44].

Every patient reporting to the ophthalmic clinic/hospital
should have their body temperature measured and asked to
complete a short epidemiological questionnaire. In cases
where it is necessary to transfer a patient to an infectious
disease hospital, the nearest facilities can be found at the
following website: https://www.gov.pl/web/koronawirus/
lista-szpitali [44]. As for general ophthalmic outpatients,
PPE, including disposable caps, surgical mask and gown, is
highly recommended.

Hand washing, again, is extremely important as a method
for preventing the transmission of any pathogenic agent from
the fingers to the mucous membranes of the face. Patients
and medical personnel should avoid touching their face, eyes,
nose and mouth with unwashed hands. Clinicians dealing
with aerosol-generating procedures, such as endotracheal
intubation and diagnostic testing using bronchoscopy,
should additionally use airborne precautions, including
N95 respirators or equivalent face masks and face shields
or goggles for eye protection. Any urgent consultations
(penetrating ocular injury, acute glaucoma, and alkali
chemical injury, etc.) should be performed with appropriate
PPE, whereas non-urgent cross-specialty consultations for
in-patients should be referred to an outpatient setting after
discharge.

There is also no evidence to suggest that healthy people
wearing contact lenses (CL) should stop wearing CL because
of an increased risk of developing COVID-19 [50]. Wearing


https://www.gov.pl/web/koronawirus/lista-szpitali [44
https://www.gov.pl/web/koronawirus/lista-szpitali [44

Annals of Agricultural and Environmental Medicine 2020, Vol 27, No 2

169

Matgorzata Latalska, Jerzy Mackiewicz. The implication of ocular manifestation of COVID-19 for medical staff and patients - systematic review

prescription spectacles does not provide a proven protection
against SARS-CoV-2. Patients should avoid touching their
faces with unwashed hands and avoid wearing CL altogether
when they are unwell (particularly with any cold or flu-
like symptoms). Patients must be reminded of the need to
dispose of daily disposable lenses upon removal, the need for
appropriate disinfection with reusable lenses, including the
use of a rub-and rinse step where indicated, and appropriate
case cleaning and replacement [50].

CONCLUSIONS

Although the incidence of SARS-CoV-2 in tear fluid and
conjunctival tissue of patients with ocular symptoms and
positive RT-PCR test is low, the possibility of infection by
eye contact or tear fluid should be considered. The hygiene
regime for all people and additional PPE for medical staffare
mandatory. According to Wan et al., during the SARS-CoV
outbreaks, no ophthalmologist involved in the care of these
patients was infected, due to their standard use of PPE [46].
It is known, that during a pandemic, the majority of people
do not want to attend clinics and hospitals [46]. It seems
that interaction between doctors and patients through the
Internet and artificial intelligence will become more and
more important in the future. Preparations should be made
as soon as possible. It is crucial to learn as much as possible
during this pandemic to allow us to obtain the skills needed
to deal with eventual upcoming threats.
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