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Abstract
Objectives Since there are few reports on the ocular involvement of coronavirus disease 2019 (COVID-19) patients, this
study aimed to assess the presence of severe acute respiratory syndrome Coronavirus-2 (SARS-CoV-2) in the tears of
patients with COVID-19.
Methods In this prospective case series, nasopharyngeal and tear sampling of 43 patients with severe COVID-19 were
performed. The quantitative reverse transcription polymerase chain reaction (RT-PCR) was conducted to detect SARS-CoV-
2. Ocular and systemic signs and symptoms were recorded from their medical history.
Results The mean age of patients was 56 ± 13 years. The average disease time from initiation of symptoms was 3.27 days,
range: 1–7 days. Forty-one patients (95.3%) had fever at the time of sampling. Only one patient had conjunctivitis.
Thirty (69.8%) nasopharyngeal and three (7%) tear samples were positive for SARS-CoV-2. The result of tear sample was
positive in the patient with conjunctivitis. All patients with positive tear RT-PCR results had positive nasopharyngeal
RT-PCR results.
Conclusions Ocular manifestation was rare in this series of severe COVID-19 patients, however, 7% of the patients had viral
RNA in their conjunctival secretions. Therefore, possibility of ocular transmission should be considered even in the absence
of ocular manifestations.

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a novel member of the betacoronavirus genus
which has caused the ongoing pandemic of coronavirus
disease 2019 (COVID-19). Fever and respiratory symp-
toms, including cough and shortness of breath have been
reported to be the most common manifestations of the
disease [1]. The signs and symptoms often manifest within
2 to 14 days following primary exposure [1]. SARS-CoV-2
is highly contagious and can be transmitted through

respiratory droplets and contact with infected persons or
fomites. Aerosol transmission has not been confiremd [2].

Some clinicians have expressed concerns about the
transmission of SARS-CoV-2 via tears and conjunctival
secretions of infected patients [3]. A genetic similarity of
greater than 80% have been reported between SARS-CoV
and SARS-CoV-2 [4]. During the SARS outbreak in 2004,
some studies reported the presence of SARS-CoV in the
tears of the patients [5]. Additionally, during the recent
outbreak of the coronavirus 2019, a large number of oph-
thalmologists have been reported to be infected [2]. Some
recent studies have evaluated the infectivity of tears of
COVID-19 patients [3]. In the present study we evaluated
the presence of SARS-CoV-2 in tears of patients diagnosed
with clinically confirmed COVID-19.

Materials and methods

In this prospective interventional case series, we included
patients with clinically confirmed COVID-19 patients who
were admitted to our hospital between March 28, 2020 and
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April 5, 2020. The study protocol was approved by insti-
tutional ethics committee and followed the Declaration of
Helsinki. A written informed consent was provided from
each patient or patient’s family.

The criteria for clinical diagnosis and admission of
COVID-19 patients (severe COVID-19) followed the Iran
National Guideline on Prevention and Control of COVID-
19: (1) highly suspicious radiological findings related
to COVID-19 (unilateral or bilateral multi-lobar infiltra-
tion of the lungs especially the peripheral zones and/or
ground glass appearance) as confirmed by a radiologist;
(2) pneumonia with a poor response to appropriate treat-
ment and an unpredicted progression; (3) respiratory rate
≥24 cycles/minute, oxygen saturation ≤90%, or heart rate
>125 beats/min.

Quantitative reverse transcription polymerase chain
reaction (RT-PCR) tests were performed on the first day of
admission for each patient. Sampling of both nasophar-
yngeal and conjunctival secretions was performed at the
same time for each patient with caution to avoid any cross
contamination. RT-PCR assay sampling of nasopharyngeal
secretions was performed according to the protocol estab-
lished by the World Health Organization (WHO). To collect
tear samples, we used disposable swabs. After opening the
eyelids, the swab was placed in the lower fornix for at least
10 s in each eye. No anesthesia was used during the pro-
cedure. All tear samples were collected by a single oph-
thalmologist (AA). All nasopharyngeal and tear specimens
were stored at 4 °C and were immediately sent to the same
laboratory for processing.

Results

A total of 43 patients (14 female and 29 male) were
enrolled. The mean age of the patients was 56 ± 13 years.
At the time of sampling, the average disease time from the
initiation of symptoms was 3.27 days, range 1–7 days. The
mean of body temperature was 38.33 °C. At the time of
sampling, 41 (95.3%), 38 (88.3%), and 30 (69.8%) patients
had fever, shortness of breath, and cough, respectively.
Other symptoms were myalgia, fatigue, and chills. Nine
patients (20.9%) were admitted to ICU because of respira-
tory failure needing ventilators. One patient had bilateral
conjunctivitis that was manifested by conjunctival conges-
tion and mucus discharge. In addition, one patient reported
bilateral foreign body sensation since 3 days before the
onset of systemic manifestations. Demographic and clinical
characteristics of the study patients are summarized in
Table 1.

Nasopharyngeal RT-PCR yielded positive results in 30
patients (69.8%). Both tear RT-PCR and nasopharyngeal
RT-PCR were positive for SARS-CoV-2 in 3 (7%) patients.

None of these three patients were admitted to ICU. Tear
RT-PCR was positive in the patient with conjunctivitis but
negative for the patient with ocular foreign body sensation.
Both tear RT-PCR and nasopharyngeal RT-PCR were
negative in 13 patients (30%). The results of RT-PCR tests
are summarized in Table 2.

Discussion

Although the evidence of coronavirus transmission via
ocular secretions has not been confirmed, in the present
study we found 3 patients with positive tear RT-PCR test
for SARS-CoV-2. The presence of SARS-CoV-2 in tears
can be due to direct inoculation, migration of the virus
from the respiratory tract through the nasolacrimal duct,
or infection of the lacrimal gland and consequent shed-
ding of the virus [6]. In addition, it has been postulated
that the affinity of SARS-CoV to angiotensin-converting-
enzyme-2 makes it possible for the virus to infect ocular
tissues [7, 8].

The first case of conjunctivitis related to COVID-19 was
reported by the Chinese pulmonary specialist. He claimed
that he was infected via ocular secretions [3]. During the
recent coronavirus pandemic, there have been both clinical

Table 1 Demographic and clinical characteristics of the study patients.

Parameter Value

Age (Mean ± SD) 56.6 ± 13.7

Sex

Male (%) 29 (67.5%)

Female (%) 14 (32.5%)

Disease time on the day of admission
(Range)

3.27 days (1 to 7 days)

Systemic signs and symptoms

Body temperature (Mean) 38.33 °C

Fever (%) 41 (95.3%)

Shortness of breath (%) 38 (88.3%)

Cough (%) 30 (69.8%)

Ocular findings

Conjunctivitis (%) 1 (2.3%)

Foreign body sensation (%) 1 (2.3%)

SD Standard deviation.

Table 2 Nasopharyngeal and tear reverse transcription polymerase
chain reaction tests results in clinically diagnosed COVID-19 patients.

Test Positive Negative Total

Nasopharyngeal RT-PCR 30 13 43

Tear RT-PCR 3 40 43

RT-PCR Reverse transcription polymerase chain reaction.
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and laboratory reports of ocular involvement (Table 3). In a
large study in China, conjunctival congestion was reported
in 9 out of 1099 patients with laboratory-confirmed disease
[9]. According to the studies in which tear sampling has
been performed, a total of 17 patients with COVID-19 have
had ocular manifestations including conjunctivitis, tearing,
and foreign body sensation.

In two case series that have evaluated the presence of
SARS-CoV-2 RNA in conjunctival secretions through RT-
PCR, no positive result has been reported. In a study in
Singapore, multiple tear samples were collected from 17
cases between day 3 to day 20 following the incidence of
the disease [10]. None of the 64 RT-PCR reports was
positive for SARS-CoV-2 RNA. Similarly, in another study
on 114 COVID-19 patients in China, all ocular samples
were negative for SARS-CoV-2 RNA. On the other hand,
there have been reports of positive RT-PCR results of
conjunctival swab samples. In a study by Xia et al., 30
COVID-19 patients were enrolled, and the tear sample of 1
patient yielded positive RT-PCR result [2]. In another study
on 67 patients, conjunctival swab samples from 1 patient
yielded positive RT-PCR result, and 2 other patients had
probable positive reports [11]. Sun et al. studied 72
COVID-19 cases and reported that SARS-CoV-2 was
detected in the conjunctival samples of only one patient
who was an emergency department nurse [12]. In another
case series of 38 COVID-19 patients, 12 patients were
reported to have ocular manifestations, but only two of them
had positive tear RT-PCR results [13].

Our study showed a slightly higher rate of positive tear
RT-PCR assay for SARS-CoV-2 than the previous studies.
This may be explained as follows. All of our patients were
admitted to the hospital and had positive findings on chest
computed tomography. We performed sampling on the first
day of admission when the viral load seems to be high, and
the sampling swabs were in contact with the tear for a
longer duration (10 s) than that reported previously. Racial
variation and differences may be important. Furthermore,
it may be related to the variety of the virus subtypes in
different regions.

In this study, RT-PCR of nasopharyngeal samples was
positive in 69.8% of clinically diagnosed COVID-19

patients. All 3 cases (7%) who were positive for tear
RT-PCR, were positive for nasopharyngeal RT-PCR as
well. There was no tear positive cases among the naso-
pharyngeal negative cases. This shows that the viral load
of nasopharynx is probably higher than that of tears. The
prevalence of ocular manifestations such as conjunctivitis
was low in our patients. One patient had bilateral con-
junctivitis, and another one had foreign body sensation.
Tear RT-PCR was positive for the patient with con-
junctivitis and was negative for patient with foreign
body sensation. Therefore, among the three patients with
positive tear RT-PCR test, only one patient had ocular
manifestations (conjunctivitis) and the other two patients
had no oculars signs or symptoms. This suggests that the
tears of patients with COVID-19 may be infective despite
the absence of ocular manifestations.

RT-PCR may have some limitations in detecting viral
infection of ocular samples. Small quantities of viral RNA
in conjunctival secretions in addition to a probable short
duration of viral shedding in tears may contribute to false-
negative reports in RT-PCR [14]. Difficulty in collecting
adequate amount of tear sample is another problem.
Moreover, the time of sampling in the course of the disease
may affect the test results.

Our study was limited due to the small sample size,
enrollment of the patients from a single medical center, and
one-time sampling from patients (only on the first day of
admission). Future multi-center studies with a large sample
size and multiple sampling of tears during the disease
course in each patient are recommended.

In conclusion, this study showed a higher rate of SARS-
CoV-2 virus shedding (7%) in tears of COVID-19 patients
than previous reports. The possibility of disease transmis-
sion through tears should be considered even in the absence
of ocular manifestations.

Summary

What was known before

● There are few reports on the ocular involvement of
coronavirus disease 2019 (COVID-19) patients.

Table 3 Summary of studies on conjunctival swab reverse transcription polymerase chain reaction results in COVID-19 patients.

Study Sample size Enrolled patients Ocular signs and symptoms SARS-CoV-2 detection in tear samples

Wu et al. [13] 38 Clinically confirmed patients 31.6% (12 of 38) 2 of 38 (5%)

Xia et al. [2] 30 Laboratory confirmed patients 3% (1 of 30) 1 of 30 (3%)

Seah et al. [10] 17 Laboratory confirmed patients 5% (1 of 17) 0 of 17 (0%)

Sun et al. [12] 72 Laboratory confirmed patients 2.7% (2 of 72) 1 of 72 (1.3%)

Deng et al. [14] 114 Clinically confirmed patients 0% (0 of 114) 0 of 114 (0%)

Zhou et al. [11] 67 Confirmed or suspected patients 1.4% (1 of 67) 4.4% (3 of 67)
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What this study adds

● Ocular manifestation was rare in severe COVID-19
patients, however, 7% of the patients had viral RNA in
their conjunctival secretions. Therefore, possibility of
ocular transmission should be considered even in the
absence of ocular manifestations.
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