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Abstract

Purpose To evaluate the presence of SARS-CoV-2
virus in tears of patients with COVID-19 in the early
symptomatic stages and to compare two different
sampling methods.

Materials and method In this cross-sectional study,
tears sampling was performed in COVID-19 patients
admitted within the first 7 days of symptom onset.
The samples were collected with both conjuncti-
val swabs and Schirmer strips. Each specimen was
analyzed via RT-PCR. The viral load was evaluated
in terms of the cycle threshold value. Ocular and
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systemic symptoms and comorbidities of the patients
were also recorded.

Results Forty patients were included. The average
time from the initiation of symptoms was 3.15 days.
Unilateral conjunctivitis has been observed in 5%
of patients and foreign body sensation in 7.5% of
patients. No viral RNA was detected in the tear sam-
ples of the patients with ocular findings. The positiv-
ity rate for SARS-CoV-2 in tears was 2.5% (n=1).
None of the samples collected by Schirmer test strips
yielded positive polymerase chain reaction result for
SARS-COV-2. The Ct value of the positive conjuncti-
val swab was 36.03 and the nasopharyngeal Ct value
of the same patient was 25.68.

Conclusion The SARS-CoV-2 viral shedding rate
has been determined as 2.5% in the tears of early
symptomatic stage COVID-19 patients. The viral load
of the tears was lower than the naso-oropharynx. The
conjunctival swab method is recommended in tear
collection to evaluate the presence of SARS-CoV-2
by RT-PCR analysis in low viral load tears.

Keywords COVID-19 - SARS-CoV-2 - Tears -
Viral load

Abbreviations

ACE Angiotensin-converting enzyme
CRP C reactive protein

COVID-19 Coronavirus disease 2019

LDH Lactate dehydrogenase

NP Naso-oropharyngeal
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RT-PCR Reverse transcription-polymerase
chain reaction

SARS-CoV-2 Severe acute respiratory syndrome
coronavirus 2

SPSS Statistical package for the social
sciences

vNAT Viral nucleic acid buffer tube

WHO The World Health Organization

Introduction

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is a novel, enveloped RNA viriis
and is a member of the beta-coronavirus family that
have caused coronavirus disease 2019 (COVID-
19) [1]. The pneumonia outbreak of COVID-19 has
first been identified in Wuhan, China and due to the
rapid spreading of cases, the World Health Organiza-
tion (WHO) declared a pandemic on 03/11/2020 [2,
3]. SARS-CoV-2 is a highly contagious virus that is
primarily transmitted through respiratory droplets
and contact with infected individuals [4]. Lu et al.
[5] reported that the disease can also be transmit-
ted through the conjunctiva. SARS-CoV-2 gains
entry into host cells through angiotensin-converting
enzyme 2 (ACE2) via potential host receptors [6].
Recent studies elaborated that human conjunctival
and corneal epithelium cells can also express ACE2
that provides a potential route for transocular entry
and a possibility for COVID-19 [7, 8].

Fever and respiratory symptoms have been
reported as the most common manifestations of the
disease [9]. According to a systematic review, 11.64%
of COVID-19 cases had some form of ocular symp-
toms [10] which could present itself as the first clini-
cal manifestation [5]. SARS-CoV-2 has been detected
in tear and conjunctival secretions both in the pres-
ence and absence of ocular symptoms, however, the
reported prevalence of viral RNA varied [11-15].
This variation may be due to the discrepancies in
sample collection timing, missing the period of virus
shedding, collection technique, and small sample
size. Ophthalmic evaluation involves direct contact
with the patient’s tear secretion and the potential for
conjunctival transmission of SARS-CoV-2 is worth
investigating, particularly for ophthalmologists.

In this study, we aimed to evaluate the presence of
viral RNA in the tear and conjunctival secretions of
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COVID-19 patients using reverse transcription-poly-
merase chain reaction (RT-PCR) in the early stages
of the disease and to compare two tear sampling
methods.

Materials and method

This prospective, cross-sectional study has been con-
ducted in the University of Health Sciences Fatih Sul-
tan Mehmet Training and Research Hospital between
June 12, 2020 and October 27, 2020. The tear secre-
tions of 40 patients clinically confirmed or suspected
cases of COVID-19 disease have been investigated
according to the definitions in the “COVID-19 Diag-
nosis and Treatment Guideline” published by the
Turkish Ministry of Health. The study protocol was
approved by the institutional ethics committee (date:
11.06.2020, Number: 44) and followed the Decla-
ration of Helsinki. Written informed consent was
obtained from all patients included in the study.

All of the laboratories confirmed patients had posi-
tive nasopharyngeal (NP) specimen of RT-PCR assay
conducted within the last 24 h presenting at least one
symptom of the disease (fever, cough or shortness of
breath, muscle/joint pain, tiredness, headache, loss
of sense of smell, and diarrhea). Clinically suspected
cases were evaluated according to these data; (a) the
presence of symptoms of COVID-19 disease (b) low
or normal white blood cell count, (c¢) low lymphocyte
count (d) high C-reactive protein (CRP), and/or lac-
tate dehydrogenase (LDH), and/or D-dimer levels (e)
computerized tomography lung imaging (unilateral
or bilateral multilobar infiltration of the lungs of the
peripheral zones and/or ground glass appearance).
Tear samples were taken from all patients on the
same day or within 24 h of collection of NP swabs.
The patient’s current temperature was recorded by the
time of tear collection.

The baseline demographic parameters such as age,
gender, the presence of comorbid diseases, the onset
of symptoms, laboratory parameters, and NP PCR
results were all recorded. The ocular findings were
assessed by an external eye examination with a pen-
light. Asymptomatic patients, patients with symptom
onset exceeding 7 days or that received treatment
previously and individuals under the age of 18 were
excluded from the study.
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The clinical streamline of the patient has been
classified as mild, moderate, or severe based on dis-
ease severity. The mild disease was defined as; cases
with positive laboratory-confirmed results and any
symptoms of COVID-19 disease (except dyspnea and
tachypnea), but no pneumonia on chest tomography.
The moderate disease was defined as; laboratory-
confirmed or suspected patients with any symptoms
of the disease, respiratory rate<30/minute, SpO2
level >90% in room air, and signs of mild to mod-
erate pneumonia on chest tomography as confirmed
by a radiologist. Severe disease was defined as; lab-
oratory-confirmed or suspected patients with any
of symptoms of the disease, tachypnea (>30/min),
Sp02 level <90% in room air, and bilateral diffuse
pneumonia on chest tomography confirmed by a radi-
ologist. All the patients were on the same systemic
treatment protocol for COVID -19.

Tear sample collection

Tear samples were collected using disposable swabs
and Schirmer paper strips by the same ophthalmolo-
gist on the posted days for COVID duty. No topical
anesthesia was used during this procedure. Schirmer
strips were folded and inserted into the lower lid of
the eyes bilaterally, and after 3 min, the strips were
removed and placed in a single viral nucleic acid
buffer tube (VNAT). After retracting the lower eyelid,
the inferior fornix was rubbed with a disposable nylon
swab for 10 s. The conjunctival swabs from both eyes
were placed in a single VNAT. To avoid cross-con-
tamination, gloves were changed after collecting each
sample and all the personal protective equipment was
changed before moving on to the other patient. Tear
specimens were stored at 4 °C and were immediately
delivered to the laboratory for processing.

RT: PCR protocol

All the samples were placed in a VNAT (Bioeksen,
Istanbul, Turkey) and delivered to the microbiol-
ogy laboratory with a transport box adjustable at
4 °C without any delay. The samples were stored
at—20 °C until processing. They were extracted with
the RINATM M14 automated nucleic acid extrac-
tion system in line with the manufacturer’s recom-
mendations. In the isolated samples, the presence of
SARS-CoV-2 was investigated with one-step reverse

transcription and real-time PCR with a commercial
kit (Bio-Speedy, Bioeksen, Turkey), the SARS-CoV-2
Double Gene RT-qPCR kit, which targets the SARS-
CoV-2 specific N and Orflab gene region. The results
were recorded as the number of threshold cycles 0.05
(Ct), the result was considered negative if Ct>38
and positive if Ct<38. The viral load was assessed in
terms of the Ct value.

Statistical analysis

Statistical analysis was performed using the IBM
SPSS Statistics 23 package (IBM SPSS, Turkey).
The Shapiro—Wilk test was utilized to examine nor-
mal distribution. The data were obtained in the forms
of mean, standard deviation, frequency, and percent-
age. The Kruskal-Wallis test was used for inter-group
comparisons of parameters not showing a normal
distribution. The Mann-Whitney U test was per-
formed for comparisons of parameters between two
groups not showing a normal distribution. A p-value
of <0.05 has been accepted as statistically significant.

Results

The gender distribution of the study population was
58% (n=23) female and 42% (n=17) were male.
The mean age of the subjects was 51.3+15.4 years
(female 52.96+14.07, male 49.05+17.25). The
average time from the initiation of symptoms was
3.15 days (1-6 days). All patients had at least one
clinical feature; cough (45%), myalgia (37.5%),
fatigue (35%), fever (30%), and dyspnea (27.5%) were
defined as the most common symptoms. Other less
frequent symptoms were diarrhea, sore throat, head-
ache, and joint pain. Foreign body sensation has been
observed in 7.5% (n=23) patients and unilateral con-
junctivitis in 5% (n=2) patients, manifested by con-
junctival congestion and mucus discharge at the time
of admission.

A majority of the cases had laboratory-confirmed
with COVID-19 diagnosis as 87.5% (n=35) and the
remaining 12.5% (n=5) were clinically suspected.
The clinical presentation of the COVID-19 disease
were mild in 25% (n=10), moderate in 50% (n=20)
and severe in 25% (n=10). One of the five patients
with negative NP results was in the moderate group
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and four were in the severe disease group. Fifty per-
cent (n=20) of the patients had at least one systemic
comorbid disease. The comorbidities were mainly
hypertension (27.5%), diabetes mellitus (22.5%), and
coronary artery disease (12.5%).

Mean Ct values for the mild, moderate, and
severe disease were 24.43+7.47, 24.20+3.86, and
28.20+2.28, respectively (n=32); Ct result was not
evaluated in three patients whose NP samples were
tested in a different laboratory. There was no statistically
significant difference between the groups (p=0.116).
The mean laboratory values of the patients were evalu-
ated according to the severity of the disease and we have
demonstrated that there is a negative correlation that was
significant between disease severity with lymphocyte
count and positive association with CRP and LDH val-
ues (p<0.05). Laboratory parameters and the Covid-19
severity scale of the patients are shown in Table 1.

All the patients with ocular findings had positive NP
samples (n=5) while their tear results were negative. The
positivity rate for SARS-CoV-2 in tears was 2.5% (n=1).
Of 40 patients, RT-PCR showed positive results in the
tears of one patient which was collected by conjunctival
swabs. None of the samples collected by Schirmer test
strips yielded positive polymerase chain reaction result
for SARS-COV-2. The Ct value of the positive conjuncti-
val swab was 36.03, and the naso-oropharyngeal Ct value
of the same patient was 25.68 (Table 2).

Discussion

The patient population of this study consisted of 40
mild, moderate, and severe confirmed or suspected
COVID-19 patients admitted to our hospital within
the first 7 days of symptom onset. Previous reports

Table 1 Laboratory parameters and the Covid-19 severity scale of the patients

COVID-19 severity scale

Mild Moderate Severe Total P?
Patients 10 20 10 40
Age (Mean + SD) 41.20+14.09 51.90+16.27 60.20+8.36 51.3+154 0.009
PCR positivity
Patients 10 19 6 35 -
% 100 95 60 87.5
Computerized tomography positivity
Patients 0 20 10 30 -
% 0 100 100 75
Cyclic threshold value
Patients 10 16° 6 32
Mean+SD 24.43+7.47 24.20+3.86 28.20+2.28 25.02+5.16 0.116
Body temperature (Mean + SD), °C 36.82+0.57 36.98+0.72 36.65+0.49 36.9+0.6 0.715
Oxygen Saturation (Mean +SD), % 97.70+0.82 97.2+1.19 92.40+2.31° 96.13+2.62 0.000
Laboratory findings
WBC Count (Mean + SD), 10*/ul 6.24+0.70 6.42+1.19 6.28+1.87 6.34+1.27 0.987
Lymphocyte Count (Mean + SD), 10*/ul 1.65+0.49 1.92+0.51 1.26+0.64 1.68+0.59 0.021
CRP (Mean + SD), mg/dl 0.50+0.50 3.92+5.42 8.44+4.50 4.20+5.21 0.000
D dimer (Mean + SD), ng/m1¢ - 180.43 +£474.94 330.05+484.18 230.30+475.07 0.202°
LDH (Mean=+SD), U/l 174.50+69.70 233.30+67.05 333.60+97.79 243.68 +94.2 0.001

#Kruskal-Wallis Test
Three patients cyclic threshold value could not be obtained

€All of the patients with severe disease had oxygen support

4D-dimer has only been studied in those with moderate to severe disease

*Mann-Whitney U Test
p<0.05 is considered statistically significant (bold reflected)
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have focused on hospitalized patients. In order not
to cause any selection bias, our cohort consisted of
patients who were outpatient or hospitalized pre-
sented with the least symptom duration. Our study
differs from the literature for having the patients in
the early symptomatic period. Although there is no
evidence yet of direct disease transmission through
the tears, the possibility of nosocomial COVID-19
transmission in routine ophthalmic practice is of great
concern.

In this study, 1 of 40 patients (2.5%) showed posi-
tive RT-PCR results in tears secretion collected by
conjunctival swab. We did not detect any positiv-
ity in any of the tear samples taken by the Schirmer
strips, including the patient with a positive conjuncti-
val swab result. According to previous research, viral
RNA detection rates in tear secretions have ranged
from O to 24% [11-15]. Seah et al. utilized Schirmer
strips to collect tear samples and performed consecu-
tive sampling in patients but were unable to detect
viral RNA in any of these samples. The majority of
samples were collected in the second and third week
of onset of symptoms and they did not classify the
severity of the disease [11]. In an Indian study, posi-
tivity was detected in only 1 of 45 subjects (2.23%)
similar to our study, however, this patient was from
the asymptomatic patient group [12]. In a study from
Wuhan 3 of 121 patients (2.4%) showed positive
tear secretions; 2 of them were classified as severe
or critical cases and another as mild to moderate
[13]. The conjunctival samples were obtained from
only one eye and the mean duration of disease was
15.0+8.8 days. In order not to decrease diagnostic
sensitivity with insufficient sample volume, we have
collected the samples bilaterally and transferred them
in a single vVNAT [16].

In a study from Iran, Karimi et al. reported that
tear samples with positive results were found in 3
of 30 (10%) patients. Their whole study population
(n=30) was composed of severe laboratory-con-
firmed COVID-19 subjects with an average symp-
tom duration of 3.27 (1-7 days) days [14]. Arora
et al. [15] reported the comparison of different tear
secretion collecting techniques on moderate (48%)
and severe (52%) COVID-19 patients. The positiv-
ity rate of this study was 24% (18 in 75 patients);
14.7% (n=11) positive samples in the conjunctival
swab group, and 9.3% (n=7) in the Schirmer strip
group with an average symptom duration of 5 days

(2-21 days). Zou et al. [17] reported that viral
load decreased approximately 10 days after symp-
tom onset. In our study, the average disease time
on the day of admission was 3.15 days (1-6 days).
To the best of our knowledge, this is the shortest
mean symptom onset period in the published liter-
ature. The positivity rate of our study was signifi-
cantly lower than the studies conducted in patients
with short symptom duration time and moderate to
severe disease activity [14, 15]

The prevalence of ocular manifestations was quite
low in our analysis: Foreign body sensation has been
observed in 7.5% (n=23) patients and unilateral con-
junctivitis in 5% (n=2) patients. A meta-analysis of
3064 patients by Aggarwal et al. revealed that 11.64%
(95% CI1 5.54-17.75) of COVID-19 patients had some
form of ocular symptoms; pain, foreign body sensa-
tion, conjunctival congestion, conjunctivitis, conjunc-
tival chemosis, and itching (31.25%, 15.37%, 13.95%,
10.89%, 7%, 4.44%, and 6.55%, respectively) [10].
Zhou et al. reported ocular manifestations in 8 of 121
patients (6.6%); itching (62.5%), redness (37.5%),
tearing (37.5%), discharge 25%), and foreign body
sensation (25%). They reported three patients with
positive tear sample results, only one patient showed
ocular symptoms [13]. Karimi et al. published an
article indicating that 2 of 43 patients showed ocular
manifestations in the form of conjunctivitis (2.3%)
and foreign body sensation (2.3%). They reported
three patients with positive tear sample results; one
patient with bilateral conjunctivitis and the other
two patients with no ocular signs or symptoms [14].
Arora et al. [15] reported positive tear results in 18
of 75 patients (24%), without any ocular signs or
symptoms. In our study, all patients with ocular find-
ings had positive NP results while tear results were
negative. There were no ocular manifestations in our
patient with positive tear results.

SARS-CoV-2 has a central nervous system tropism
and can cause multiple neurological manifestations
that are neuroinvasive, including the eyes. Referring
to experimental coronavirus retinopathy, Neri et al.
hypothesized that it is a biphasic disease in which a
direct viral insult underlies the infection and later pro-
gresses to a severe immune response leading to poten-
tially massive tissue damage, which is a possible trig-
ger for inflammation of both the retina and choroid.
However, none of our patients complained of visual
disturbances suggestive of uveitis or retinal pathology
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[18, 19]. Vaccination is another potential source of
ocular adverse events. Ocular findings occurring
shortly after inactivated COVID-19 vaccination have
been described [20]. The patients included in this
study were not vaccinated.

The viral load of SARS-CoV-2 may be an impor-
tant factor in determining both disease severity and
the likelihood of transmission [21, 22]. The mean Ct
value of the NP samples in our study was 25.02+5.16
(n=32); for the mild, moderate, and severe disease
were 24.43+7.47, 24.20+3.86, and 28.20+2.28,
respectively, and no statistically significant difference
between groups (p=0.116) existed. In a study that
Ct values of 875 Covid-19 patients were analyzed
according to the disease severity; the median Ct value
was 24 and a Ct value of <25 indicated high viral
load [23]. In addition to the low number of patients
with severe disease in our study, five of these patients
had negative NP PCR results. The Ct value of NP
PCR tests of three patients with moderate disease
severity could not be evaluated because they were
processed in a different laboratory. It was reported
that the viral load decreased during the second week
of the disease [17, 24]. According to the hypothesis
of the lacrimal duct as a viral conduit, we expected
to detect more positive tear samples in symptomatic
patients in the early stage of the disease, with high
viral load. We detected only one positive conjuncti-
val swab PCR test result in our patients. While the Ct
value of this positive conjunctival swab was 36.03,
the Ct value of the NP test performed the day before
for the same patient was 25.68. Sample type is known
to affect the Ct values and detected viral load [25].
According to our patient’s polymerase chain reac-
tion results, it could be claimed that the viral load
of the nasopharynx is higher than the tear load. Bul-
lard et al. reported that infectivity was significantly
reduced when RT-PCR Ct values were greater than
24 and for every 1 unit increase in Ct decreased the
risk of infectivity by 32% [26]. Patients with positive
tear RT-PCR have a relatively lower viral load, sug-
gesting a lower potential for transmission of infection
through tears. Pro-inflammatory cytokines in tears
may play a role in this discrepancy in viral load [27].

One of the objectives of this study was to com-
pare two different tear sampling methods. The swab
method has been used throughout the studies for
tear collection and evaluation of viral RNA [12-15].
In a study in Singapore, multiple tear samples were
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collected using Schirmer paper strips from 17 cases
between day 3 and 20 and none of the 64 RT-PCR
reports were positive for SARS-CoV-2 RNA [11]. It
was demonstrated that the viral load in the sample
collected by the Schirmer strip was lower and also
the ability to detect a sample with less viral load was
greater with the conjunctival swab alone [15]. In our
study, the viral load in the patients’ tears, which was
found to be lower than in the nasopharynx, could only
be determined in the tear sample taken by conjuncti-
val swab.

Positive nasopharyngeal RT-PCR detection of
SARS-CoV-2 generally confirms the diagnosis
COVID-19. However, false-negative RT-PCR from
upper respiratory tract specimens is well docu-
mented [28]. We included mainly patients with posi-
tive RT-PCR (87.5%), but also hospitalized patients
with suspected COVID -19 who had chest findings
typical of viral pneumonia CT despite negative RT-
PCR (12.5%). All patients with negative NP RT-PCR
showed negative RT-PCR in both Schirmer smears
and conjunctival swabs, which may explain the low
rate of SARs-CoV-2 viruses in tears in this study.

Limitations of the study

The main limitation of this study can be elaborated
as the small sample size, the inability to include the
asymptomatic patients as the study center was an
outbreak hospital, where symptomatic patients were
predominantly directed. One other limitation can
be stated as the failure to perform a direct slit-lamp
examination, and one-time sampling. Additionally,
since both gene regions were studied in the same
channel, it could not be determined to which gene
region the amplification curve belongs.

Conclusion

As a result, our findings reveal that the rate of SARS-
CoV-2 viral shedding in tears is low in the early
symptomatic stages of COVID-19. The viral load of
the tears is lower than in the naso-oropharynx. How-
ever, further studies are required to better understand
the mechanisms of the ocular transmission of SARS-
CoV-2. The conjunctival swab method should be the
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method of choice in tear collection to evaluate the
presence of SARS-CoV-2 by RT-PCR analysis in low
viral load tears.
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