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Abstract

Purpose To evaluate the presence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in conjunctival secre-
tions from patients without ocular symptoms.

Methods Conjunctival swabs were prospectively collected from laboratory-confirmed Coronavirus disease 2019 (COVID-
19) patients without ocular symptoms for reverse transcription-polymerase chain reaction (RT-PCR) and viral culture.
Results A total of 158 conjunctival swabs were obtained from 49 laboratory-confirmed COVID-19 patients. The median
duration of illness when the first conjunctival swab was obtained was 10 days (range 2-27 days). Four conjunctival swabs
from four different patients (4/49, 8.2%) were positive for SARS-CoV-2 RNA by RT-PCR. The Ct values ranged from 32.7
to 37.7 (mean 35.4). Viral cultures were negative for all four RT-PCR-positive conjunctival swabs.

Conclusion Conjunctival secretions of a minority of COVID-19 patients without ocular symptoms may contain relatively
low levels of SARS-CoV-2 RNA, but their infectiousness remains undetermined. Appropriate infection control measures
should be implemented during ophthalmological assessment of COVID-19 patients to prevent potential nosocomial trans-

mission of SARS-CoV-2.
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Introduction

In December 2019, a cluster of respiratory illness of
unknown cause was reported in Wuhan, Hubei Province,
China [1]. The infectious agent, now named severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), was
identified to be a member of the genus Betacoronavirus and
subgenus Sarbecovirus [2]. It is phylogenetically closely
related to SARS-related coronaviruses in bats [3]. Within
6 months, SARS-CoV-2 has evolved into a global pandemic
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with more than 8 million laboratory-confirmed cases and
over 0.4 million deaths [4].

The clinical manifestations of SARS-CoV-2 infection, or
Coronavirus disease 2019 (COVID-19), range from asymp-
tomatic or subclinical infections, to acute viral pneumoni-
tis with respiratory failure and/or multi-organ dysfunction
[5-7]. Case reports and small retrospective cohorts of con-
junctivitis as a presenting feature of SARS-CoV-2 infection
emerged since the early phase of the pandemic. But the
prevalence of ocular symptoms was reported to be < 1% in
larger case series [5].

SARS-CoV-2 has been detected in different bodily flu-
ids, including respiratory secretions, blood, and feces [8, 9].
SARS-CoV-2 RNA has been detected by reverse transcrip-
tion-polymerase chain reaction (RT-PCR) in the conjunctival
secretions in a number of patients, and by viral culture in one
patient in Rome [10-21]. Conjunctival secretions may, there-
fore, be a potential source of transmission of SARS-CoV-2.
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However, the rate of asymptomatic shedding of SARS-
CoV-2 in conjunctival secretions remains unknown.

Objective

In the present study, we investigated the presence of SARS-
CoV-2 in conjunctival swabs of laboratory-confirmed
COVID-19 patients without ocular symptoms.

Study design
Subjects and clinical specimens

This multi-center prospective study was conducted at four
public hospitals in Hong Kong. Adult (> 18 years old)
patients confirmed with COVID-19 by RT-PCR of naso-
pharyngeal specimens and admitted to four regional hos-
pitals (Queen Mary Hospital, United Christian Hospital,
Pamela Youde Nethersole Hospital, and Ruttonjee Hospi-
tal) from February to March 2020 in Hong Kong Special
Administrative Region, China were recruited. This study
was approved by the Institutional Review Board of the Uni-
versity of Hong Kong/Hospital Authority. Written consents
were obtained from all recruited patients. Forty one of the
49 recruited patients were enrolled in an open-label, rand-
omized, phase-2 trial on triple combination of interferon
B-1b, lopinavir-ritonavir, and ribavirin for treatment of
patients hospitalized with COVID-19 [22], and the remain-
ing 8 patients were enrolled in a case series on returnees
from a cruise ship [23]. Conjunctival swabs were prospec-
tively collected from recruited patients during hospitali-
zation using transport swabs (Copan Italia, Brescia, Italy)
following standardized protocol for conjunctival sampling.
Informed consent was obtained from each patient before
each procedure. Adequate conjunctival tissue was obtained
by sweeping the lower fornix of each eye with the swab
for 3 times. The swabs were immediately placed into 2 mL
viral transport medium as described previously [24]. The
specimens were sent to the laboratory of the Department of
Microbiology in Queen Mary Hospital for testing.

Nucleic acid extraction

TNA extraction was performed using NucliSENS easyMAG
extraction system (BioMerieux, Marcy—l’Etoile, France)
according to manufacturer’s instructions and as previously
described [9, 25, 26]. Briefly, 250 uL of each conjunctival
swab was subjected to extraction with an elution volume of
55 pL. The extracts were stored at — 80 °C until use.
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SARS-CoV-2 RNA detection by real-time reverse
transcription-polymerase chain reaction (RT-PCR)
assay

SARS-CoV-2 RNA in the conjunctival swabs was detected
by RdRp/Hel RT-PCR assay using QuantiNova Probe RT-
PCR Kit (QIAGEN, Hilden, Germany) on LightCycler 480
I Real-Time PCR System (Roche, Basel, Switzerland) as
described previously [8]. Briefly, each 20 pL reaction mix-
ture contained 10 pL of 2 x QuantiNova Probe RT-PCR Mas-
ter Mix, 0.2 pL. of QN Probe RT-Mix, 1.6 uL of each 10 pM
forward and reverse primers, 0.4 pL of 10 pM probe, 1.2
uL of nuclease-free water and 5 uL of TNA as the template.
The thermal cycling condition was 45 °C for 10 min, 95 °C
for 5 min, followed by 45 cycles of 95 °C for 5 s and 55 °C
for 30 s.

Viral culture of conjunctival swabs

The conjunctival swabs were inoculated on VeroE6 cells.
The inoculated cells were monitored daily for cytopathic
effect by light microscopy for up to 7 days, and cells were
tested for nucleoprotein (NP) expression of SARS-CoV-2 by
immunofluorescence test [27].

Literature search and study selection

We performed literature search on PubMed using the key-
words “SARS-CoV-2", “COVID-19”, or “2019-nCoV”, and
“conjunctiva” or “conjunctivitis”. All peer-reviewed articles
in English between 1 December 2019 and 16 June 2020 were
screened. Original articles, editorials, commentaries, and
letters which identified patients with positive testing for
SARS-CoV-2 from conjunctival/ocular swabs or secretions,
either by RT-PCR or viral culture, with or without conjuncti-
val symptoms, were included. All articles were imported to
Endnote X9.3.2 (Thompson and Reuters, Philadelphia, PA,
USA), and duplicates were removed.

Results
Patient demographics and clinical characteristics

A total of 49 laboratory-confirmed COVID-19 patients
were included in the study. There were 17 males and 32
females. Fever was present in 21 patients (42.9%) at pres-
entation. Respiratory symptoms, including cough, dyspnea,
sore throat and/or rhinorrhea were present in 34 patients
(69.4%). Only one patient required intubation and admission
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to intensive care units (ICU). Ocular symptoms were absent
in all 49 patients throughout the course of illness. The clini-
cal details are summarized in Table 1.

SARS-CoV-2 shedding in conjunctival secretions

A total of 158 conjunctival swabs were obtained from these
49 patients (mean 3.2 swabs per patient). The median dura-
tion of illness when the first conjunctival swab was obtained
was 10 days (range 2-27). The duration of illness was cal-
culated from the day of symptom onset or day of first posi-
tive nasopharyngeal specimen in asymptomatic patients.
Four conjunctival swabs from four different patients (4/49,
8.2%) were positive for SARS-CoV-2 RNA by RT-PCR,
including one male and three females with a mean age of
47.3 years (range 28—63). The Ct values ranged from 32.7
to 37.7 (mean 35.4). The SARS-CoV-2-positive conjuncti-
val swabs were collected between three to twelve days after
symptom onset (mean 6.3 days). None of these four patients
had severe disease requiring mechanical intubation or admis-
sion to ICU. Concomitant nasopharyngeal specimens were
RT-PCR-positive for SARS-CoV-2 in two patients. Viral
cultures were negative for all four RT-PCR-positive con-
junctival swabs. The clinical details of these four patients
are listed in Table 2.

Evidence of conjunctival SARS-CoV-2 shedding
in the literature

Our literature search identified 70 articles on PubMed,
including 20 case reports/series which were included for
analysis. A total of 17 patients with conjunctival/ocular
swabs or secretions positive for SARS-CoV-2 RNA by RT-
PCR are reported (Table 3). The age ranged from 34 months

to 70 years. When their gender was reported, males and
females were approximately equally affected (6 males vs. 4
females). Among the six studies that reported the Ct values
of the SARS-CoV-2-positive conjunctival/ocular specimens,
the values ranged from 21.7 to 37.

As early as 22 January 2020, a Chinese doctor in the
national expert panel reported that he likely contracted
SARS-CoV-2 from conjunctival route during inspection in
Wuhan [28]. N95 respirator and protective gowns were worn
during the trip but the eyes were left unprotected. In retro-
spect, he reported unilateral conjunctivitis 2—-3 h before the
onset of fever and respiratory symptoms. However, no viro-
logical confirmation by RT-PCR or viral culture of ocular
specimens was described. Xia et al. first described SARS-
CoV-2 RT-PCR-positive conjunctival swabs in a patient with
conjunctivitis [10]. The first positive specimen was collected
3 days after disease onset. The patient had no fever or respir-
atory symptoms but SARS-CoV-2 RT-PCR of the patient’s
sputum was positive both on admission and on days of con-
junctival specimen collection. All 58 conjunctival swabs
from another 29 patients without conjunctival symptoms
in this report were negative, including nine patients with
severe SARS-CoV-2 infection. Except for the case reported
by Cheema et al. [12], most case reports of conjunctivitis
as a sole presenting sign of SARS-CoV-2 infection either
did not collect or failed to identify SARS-CoV-2 in ocular
specimens by RT-PCR.

In most of the reported cases, conjunctivitis was described
as a self-limiting condition. Topical ribavirin eye drops were
added to systemic antivirals for treatment in one patient with
bilateral acute conjunctivitis manifested on day 13 of illness,
with viral clearance from conjunctival swab on day 6 of topi-
cal ribavirin [13]. In a patient from Italy, prolonged shedding
of SARS-CoV-2 was detected in ocular swabs until day 27

Table 1 Demographic and

Value

.. . Parameter
clinical characteristics of
included patients (n=49) Age
Sex
Male
Female

Fever at presentation

Respiratory symptoms at presentation®

Baseline nasopharyngeal swab viral load (log, copies/mL)

Baseline lymphocyte count (Ref. interval 0.6-4.3 x 10° cells/L)
Baseline lactate dehydrogenase level (Ref. interval <248 U/L)
Duration of illness at first conjunctival specimen collection (median)

Antiviral treatment

Interferon B-1b, lopinavir/ritonavir, and ribavirin

Lopinavir/ritonavir and ribavirin
Lopinavir/ritonavir alone
Nil

57.1 (range 21-96) years

17 (34.7%)
32 (65.3%)

21 (42.9%)

34 (69.4%)

5.2 (3.9-6.7)

1.4 (1-1.7)

220.5 (167.8-280)
10 (range 2-27) days

12 (24.5%)
16 (32.7%)
15 (30.6%)
6 (12.2%)

“Respiratory symptoms include cough, dyspnoea, rhinorrhoea, and sore throat
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Table 2 Clinical details of patients with positive SARS-CoV-2 RT-PCR in conjunctival swabs

Patient 1 Patient 2 Patient 3 Patient 4
Gender F M F F
Age (years) 63 57 28 41
Fever on presentation No Yes Yes No
Respiratory symptoms® Yes Yes No No
Days of conjunctival specimen collection (bolded: day of 11, 12, 13 5,6,7,8,9, 10 3 2,4
positive conjunctival specimen collection)
Ct value 36.1 349 37.7 32.7
Concomitant nasopharyngeal specimen® Negative N/A Positive Positive
Baseline nasopharyngeal swab viral load (log,, copies/  5.82 8.29 6.66 5.11
mL)
Baseline lymphocyte count (Ref. interval 0.6-4.3x 10°  2.08 1.44 2.17 0.77
cells/L)
Baseline lactate dehydrogenase level (Ref. interval <248 167 191 143 148
U/L)
Need for oxygen support No No No No
Need for intensive care No No No No
Day of first negative nasopharyngeal specimen from 11 21 17 7

symptoms onset

Antiviral treatment

Lopinavir/ritonavir

Lopinavir/ritonavir ~ Lopinavir/ritonavir  Interferon p-1b,
lopinavit/ritona-

vir, and ribavirin

*Respiratory symptoms include cough, dyspnoea, rhinorrhoea, and sore throat

bCollected within 24 h of conjunctival swab collection

of illness despite apparent resolution of conjunctivitis and
undetectable viral load in nasal swabs [15], suggesting sus-
tained viral replication in the conjunctiva. This patient also
had the lowest Ct value from ocular swab (21.6) amongst
all reported cases and was the only one with positive viral
culture in VeroE6 cells. One of the patients in our study
(patient 1) had positive conjunctival swabs on day 12 of
illness, when her nasopharyngeal specimen had turned nega-
tive, which suggested that asymptomatic ocular shedding of
SARS-CoV-2 may persist beyond respiratory tract shedding.

Discussion

In this study, we prospectively investigated the presence
of SARS-CoV-2 shedding in conjunctival secretions of
COVID-19 patients without ocular symptoms. There have
been isolated case reports in the literature showing that
SARS-CoV-2 RNA can be detected by RT-PCR from the
conjunctival swabs of patients without ocular symptoms,
suggesting that asymptomatic viral shedding from conjunc-
tival secretions is possible [16, 18-20]. The prevalence of
ocular symptoms varied in different studies of SARS-CoV-2
infection. In a large case series comprising 1099 confirmed
COVID-19 cases in China, only 0.8% presented with con-
junctival congestion [5]. However, a later report showed that
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prodromal ocular symptoms were present in 11% of patients
and new onset or aggravated ocular symptoms, such as dry
eyes, eye soreness, and foreign body sensation, occurred in
27% of patients by retrospective questionnaires [29]. The
incidence rate was similar in another report from Hubei,
China, in which ~ 30% of patients had ocular symptoms and
16.7% of them had SARS-CoV-2 RT-PCR-positive conjunc-
tival swabs [14]. The predominant ocular symptoms among
the patients in this latter study were conjunctival hyperae-
mia, chemosis, epiphora, and increased secretions. These
findings suggested that the varying rates of ocular symptoms
among different studies might be partly due to the different
clinical criteria employed and background rate of nonspe-
cific ocular symptoms in the general population.

In our study, we identified SARS-CoV-2 RNA shedding
in the conjunctival secretions of 4 of 49 (8.2%) patients
without ocular symptoms. The apparently higher rate in
this study than in previous reports might be due to repeated
testing on several days for most recruited subjects (31 out of
49 [63.3%] of them had at least 2 conjunctival swabs taken),
which improved the detection of SARS-CoV-2 in specimens
with low viral load or intermittent shedding. The mean Ct
value of four patients with positive SARS-CoV-2 RT-PCR
results in our study was 35.4. Three of them had more than
2 conjunctival swabs taken (2 for patient 4, 3 for patient 1,
and 6 for patient 2), but only one of the conjunctival swabs
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Table 3 Characteristics of patients with positive ocular specimens for SARS-CoV-2 by molecular testing
Reference Sex/age Respiratory Ocular symp-  Specimen type Ct value Viral culture Concomitant Antiviral treat-
symptoms tom NP/OP/P ment
specimen Ct
value
Xiaetal [10] M/53 N/A Conjunctivitis ~ Conjunctival N/A Negative N/A Nil
swab
Zhang et al. F/29 Nil Bilateral con-  Conjunctival N/A N/A Positive Nil
[11] junctivitis swab
Cheema et al. F/29 Rhinorrhoea, Unilateral Conjunctival 37 N/A 23-25 Nil
[12] cough, nasal keratocon- swab
congestion junctivitis
Chenetal. [13] M/30 Sore throat Bilateral acute  Conjunctival 31 N/A 235 Ribavirin eye
follicular con-  swab drop + umifeno-
junctivitis vir, lopinavir/
ritonavir
Bilateral con-  21.7 Conjunctivitis Conjunctival N/A N/A Positive Nil
junctivitis swab
F/60 s Cough Chemosis Conjunctival N/A N/A Positive Nil
swab
Colavita et al. F/65 Cough, sore Positive Nil
[15] throat, coryza
Huetal. [16]  M/70 Cough, sputum  Nil Eye swab ~36 N/A Not detected Lopinavir/rito-
navir, nebulised
interferon, TCM
Khavandi et al. M/65 Dry cough, Follicular con-  Conjunctival N/A N/A Positive Hydroxychloro-
[17] dyspnoea junctivitis secretion quine
Karimi et al. N/A N/A Bilateral con-  Tears N/A N/A Positive Nil
[18] junctivitis
N/A N/A Nil Tears N/A N/A Positive Nil
N/A N/A Nil Tears N/A N/A Positive Nil
Valente et al. 180 months Present Mild conjunc-  Conjunctival N/A N/A Positive Nil
[19] tivitis swab
52 months  Nil Nil Conjunctival N/A N/A Positive Nil
swab
34 months  Present Nil Conjunctival N/A N/A Positive Nil
swab
Kumar et al. M/24 Nil Nil Conjunctival 33 N/A Positive Nil
[20] swab
Giiemes- N/A N/A Conjunctivitis ~ Conjunctival 25 N/A N/A N/A
Villahoz et al. swab

(21]

N/A not available, NP nasopharyngeal, OP oropharyngeal, P pharyngeal, TCM traditional Chinese medicine

of each patient was RT-PCR-positive. These results high-
lighted the importance to collect multiple specimens serially
to determine the true incidence of viral shedding in conjunc-
tival secretions.

It has been postulated that after direct inoculation of
infectious droplets, the conjunctiva may serve as a conduit
system for viral entry through drainage along the nasolac-
rimal duct into the nasopharyngeal space, but is protected
from direct viral invasion by the constant flushing of tear
film and antimicrobial peptides and immunoglobulins in
human tears [29]. Alternatively, the presence of low viral
RNA load in the conjunctiva compared with that in the

nasopharynx and in the absence of ocular symptoms might
suggest retrograde migration of virus through the nasolacri-
mal duct from nasopharynx or hematogenous spread to the
lacrimal gland. Obstruction of the nasolacrimal duct could
prolong viral shedding in conjunctival secretions, as shown
in a patient who had low SARS-CoV-2 RNA load in the eye
swab detectable for 2 weeks after nasopharyngeal specimen
turned negative while having no ocular symptoms all along
[16]. In addition to direct infection of the conjunctival epi-
thelium by SARS-CoV-2, ocular symptoms can also occur as
a part of the systemic immunologic reaction to viral sepsis,
since there seems to be an overall trend of higher prevalence
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of conjunctivitis in patients with more severe systemic mani-
festations [14]. Further studies are needed to elucidate the
dynamic interaction of anatomic, physiologic, and immuno-
logic factors on the conjunctival surface.

During the SARS epidemic in 2003, SARS-CoV RNA
detection by RT-PCR from tear specimens of patients with
probable SARS in the early phase of illness was reported in
Singapore. In one of these patients, tear specimens were the
only positive specimens used to confirm SARS [30]. Overall,
conjunctivitis appeared to be a rare manifestation of other
human—pathogenic coronavirus infections with the exception
of HCoV-NL63, in which conjunctivitis was observed in as
many as 17% of patients [31]. The report of conjunctivi-
tis in human infections by SARS-CoV-2, SARS-CoV, and
HCoV-NL-63 is consistent with the co-expression of the cell
entry receptor angiotensin converting enzyme 2 (ACE2) and
entry-associated protease transmembrane protease, serine 2
(TMPRSS?2) on superficial conjunctival cells [32]. A recent
study showed that SARS-CoV-2 is able to infect ex vivo cul-
tures of human conjunctiva with greater competence than
SARS-CoV [33]. In contrast to human—pathogenic corona-
viruses, feline coronavirus (FCoV) is abundantly present
in ocular tissues and secretions which represent an impor-
tant infective source. Apart from conjunctivitis, FCoV is
able to penetrate into deeper ocular compartments to cause
pyogranulomatous anterior uveitis, choroiditis with retinal
detachment and retinal vasculitis [34]. Non-human—patho-
genic coronaviruses are frequent causes of ocular disease
in other mammalian species, including mice, rats and pigs,
following intraocular or oronasal inoculation [35]. High
viral loads of Middle East respiratory syndrome coronavi-
rus (MERS-CoV) have also been found in the conjunctival
swabs of camels [36].

The finding of positive RT-PCR for SARS-CoV-2 from
conjunctival swabs has significant implications for infec-
tion control. Although viral culture was negative for all the
RT-PCR-positive specimens in our study, the possibility
of infectivity cannot be totally eliminated due to the limit
of detection by viral culture and small sample size. Nota-
bly, SARS-CoV-2 was isolated from the ocular swabs of a
symptomatic patient with high viral load in Italy [15]. Since
the start of the COVID-19 epidemic, ophthalmologists have
been frequently reported to be infected by SARS-CoV-2,
although it remains undetermined whether they acquired
the infection through infectious conjunctival secretions as
most of these cases occurred in confined space in which the
exposed ophthalmologists and infected patients were in close
proximity. Some of the routine examination procedures, e.g.,
noncontact tonometry, were potentially aerosol-generating.
In addition, our findings demonstrated lower viral RNA
loads in conjunctival swabs compared with nasopharyngeal
or sputum specimens. Thus, with appropriate use of per-
sonal protective equipment, such as proactive face shields
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and compliance with hand hygiene, nosocomial transmission
of SARS-CoV-2 during ophthalmology encounters should
be minimized [37, 38].

Our study had limitations. The timing of collection of
conjunctival swabs from recruited patients varied from 2
to 32 days after symptom onset, thus a definite timeline
of conjunctival viral shedding could not be established. A
total of 18 patients (36.7%) had only one conjunctival swab
collected and some of the patients had received antiviral
treatment at the time or before conjunctival specimen col-
lection, which might have led to an underestimated inci-
dence rate of conjunctival viral shedding of SARS-CoV-2.
In addition, the presence of SARS-CoV-2 in conjunctival
secretions during the incubation phase/presymptomatic
phase and after recovery cannot be determined here since
all specimens were collected after laboratory diagnosis of
COVID-19 during hospital stay, and no follow-up specimens
were collected after discharge. We demonstrated in our study
that patient with negative nasopharyngeal specimen can
also have SARS-CoV-2 detected from conjunctival swabs
(patient 1). However, further characterization of the relation-
ship between nasopharyngeal and conjunctival detection of
SARS-CoV-2 is not possible due to the small sample size
of the current study. Larger studies with predefined time
points and follow-up sampling are needed to further deline-
ate the dynamics of SARS-CoV-2 shedding in conjunctival
secretions. We reported the Ct values of the four positive
conjunctival swabs, which likely represent relatively lower
viral load in conjunctival secretions. For optimal statistical
comparison, obtaining the viral load is more ideal in future
studies.

In conclusion, in this prospective study, we demon-
strated that SARS-CoV-2 shedding in conjunctival secre-
tions occurred in 8.2% of ophthalmologically asympto-
matic COVID-19 patients. These findings highlighted the
importance of compliance with appropriate infection control
measures, especially hand hygiene after contact with con-
junctival secretions, during ophthalmological assessment of
confirmed COVID-19 patients.
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