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Objective: To investigate the incidence of COVID-19 viral RNA in the conjunctiva of
patients priorly confirmed to have COVID-19, using a conjunctival swab and to determine
swab sensitivity.

Methods: This cross-sectional study enrolled patients who tested positive for COVID-19
with PCR via nasopharyngeal swabs. Conjunctival swabs were collected for each patient and
subjected to RT-PCR assay. Demographic data and clinical history of patients were investi-
gated and analysed.

Results: In this study, 4.9% of the patients tested positive with conjunctival swabs for
COVID-19; 29.9%, 28.7%, 20.1%, and 12.2% of the patients had fever, shortness of breath,
cough, and red eye, respectively. Among all patients, 18.9% and 73.2% had a history of
traveling and contact with positive COVID-19 cases, respectively. There were significant
correlations between the conjunctival results and diabetes (P=0.049) and hypertension
(P=0.002). Traveling was a risk factor for positive conjunctival swab testing (P=0.016).
The sensitivity of the conjunctival swab was 4.8%.

Conclusion: Among all positive cases of COVID-19, a small percentage had positive
results when tested using a conjunctival swab. Conjunctival swabs have very low sensitivity
for the detection of COVID-19. However, tears could still be a mode of disease transmission,
especially from patients to eye care specialists.
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Introduction

In December 2019, China reported a pneumonia outbreak in Wuhan, a city with
more than 11 million people, where a local ophthalmologist reported preliminary
cases.! Over 55 million people have since been affected in over 210 countries, with
over 1.33 million fatalities. The disease represents a global challenge due to
limitations in therapeutic options and limited vaccine availability to date.’

Individuals infected with COVID-19 can release several respiratory droplets and
microscopic particles (bioaerosols) via breath, coughs, sneezes, or speech. These
droplets contact the host’s ocular and extra-ocular mucus membranes. The virus
particle gains entry into the body through interaction with an epithelial cell using its
SARS-CoV-2 spike (S) glycoprotein, which binds to the cell membrane protein
angiotensin-converting enzyme 2 (ACE2).>*

Fever, headache, cough, shortness of breath, diarrhoea, loss of smell and taste,
and malaise are the main symptoms of COVID-19 infection; however, asympto-
matic infections have increasingly been reported among populations screened for
the disease.’
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Ocular symptoms range from mild conjunctival injection
to acute anterior and posterior uveitis, retinitis, and optic
neuritis. The role of the ocular surface as a source of trans-
mission and retrograde transmission has been investigated in
several studies and remains an unresolved issue.®’

COVID-19 can be transferred through mucous mem-
branes, including the conjunctiva, according to Lu et al.
Many cases have been reported in which ophthalmologists
were discovered to be infected during normal diagnosis
and treatment.®

Given that the virus is present in patients’ body fluids,
tear fluid is a form of bodily fluid, and SARS-CoV=2 is
comparable to SARSCoV, it is possible that tear and con-
junctival transmission could occur.”

It is debatable whether the virus is present within tears.
Xia et al found the presence of COVID-19 within tear film
in only one patient with conjunctivitis among persons
infected with SARS-CoV-2, using real-time reverse tran-
scription-polymerase chain reaction (RT-PCR) assays.”
Seah et al, on the other hand, proposed a low risk of ocular
transmission because neither viral culture nor reverse tran-
scription were able to detect viral particles in their tested
samples.'’

Our study aimed to assess the presence of viral RNA
within the ocular surface in patients confirmed by phar-
yngeal swabs to be infected with COVID-19.

Materials and Methods
This study was conducted in collaboration between the
King Fahad Armed Forces Hospital and the Ministry of
Health in Jeddah, Saudi Arabia. This study was approved
by the Clinical Research Ethics Committee Institutional
Review Board (IRB, KACST, KSA, H-02-J-002) and was
carried out following the tenets of the Declaration of
Helsinki. Informed consent was obtained from all patients.
All patients who were confirmed to have a positive
COVID-19 pharyngeal swab and were placed in quaran-
tine in one of the allocated hotels in the period from
May 5, 2020 till June 11, 2020 and age were above 18
years were included in our study. Patient demographics
and clinical history were noted with respect to COVID-19
symptoms (shortness of breath (SOB), fever, and any other
atypical symptoms), the presence of positive contact with
a confirmed case, travel and medical history, and history of
red eye. The duration of symptoms before taking the swab
test was also confirmed as were patient age and sex.

The research team members collected all conjunctival
samples from positive cases confirmed by nasopharyngeal
swabs.

A well-trained medical doctor, ensuring proper infection
control and prevention measures collected each conjunctival
swab. The collection of samples started on May 5, 2020 and
ended on June 11, 2020. The swabs were collected from both
eyes in patients within 1-2 days from subjects who were newly
confirmed to be positive based on pharyngeal swabs to make
sure only included active viruses. Each conjunctival sample
was obtained using a sterile synthetic fibre swab (Flexible
Minitip Size Nylon Flocked Swab, Copan Diagnostics,
Mantua, Italy) into the inferior fornix without using anaesthe-
sia. A single swab was used to obtain a specimen from each
patient’s eyes. All precautions were taken to avoid sample
contamination and damage. Each swab was immersed in
a viral carriage medium (Universal Transport Media; Copan,
Italy) and kept at a low temperature before being tested for
SARS-CoV-2. RT-qPCR assays were performed at the mole-
cular biology laboratory of KFAFH with qualitative Gene-
Xpert Xpress SARS-CoV-2 (Cepheid, Sunnyvale, CA,
USA). The cycle threshold (Ct) was measured.

Statistical Analysis

Data were analysed using IBM SPSS Statistics for
Windows, version 25.0. (Armonk, NY: IBM Corp) and
Microsoft Excel (Microsoft Corporation, Redmond, WA,
USA). Qualitative data were presented as numbers and
percentages. The chi-square test (x2) was used to test the
relationship between variables. Quantitative data were pre-
sented as mean and standard deviation (mean + SD).
Statistical significance was set at p <0.05.

According to the conjunctival swab sensitivity, true-
positive cases (1) comprised 8 cases and 156 were false-
negative cases, and (2) the calculated sensitivity ((a/atb) x
100) was 4.8%. As there were no false-positive or true-
negative cases, the conjunctival swab’s specificity could not
be calculated.

Results

One hundred and seventy-one subjects have been recruited for
this study. Due to the highly agreement between both eyes,
only one eye (RT eye) randomly selected for further analysis.
The total swabs samples were valid for analysis were 164
subjects. The main age of the subjects was 34.76 +12.75
with range of (18-72) year’s and male subjects was more
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than female subjects. Our study found that only 4.9% of con-
junctival swabs were positive for COVID-19 (Figure 1).

Table 1 shows that patient mean age was 34.79 £ 12.78
years; 61% were male, and 14% were smokers. Around
29.9% had fever, 28.7% had SOB, 20.1% had cough,
12.2% had red eye, and 11.6% had headache. Patients
with diabetes mellitus (DM), hypertension (HT), or asthma
comprised 7.3%, 7.9%, and 3.7%, respectively. Among all
participants, 18.9% had travelled outside Saudi Arabia
before, and most of them (73.2%) had previous contact
with a positive COVID-19 case. The mean duration of
symptom appearance before naseo-pharyngeal swabbing
was 5.05 + 4.23 days.

The associations between conjunctival swab results and
other variables are shown in Table 2. There was
a significantly higher percentage of patients with DM
and HT who showed positive results for conjunctival
swabs compared with non-diabetic and non-hypertensive
patients (p<0.05). On the other hand, a non-significant
relationship was found between the other patient charac-
teristics of smoking, asthma, symptoms, traveling outside
Saudi Arabia, contact with positive COVID-19 cases, and
mean duration of symptom appearance before conjunctival
swab and swab results (p>0.05).

Figure 2 illustrates the percentage of patients who had
vomiting and those with history of travel (Figure 3) and
shows that a positive conjunctival swab was significantly
higher (p<0.05) in these individuals. On the other hand,
a non-significant relationship was observed between the

presence of red eye and conjunctival swab results (p>0.05)
(Figure 4).

Discussion

COVID-19 is a novel coronavirus that replicates in the
upper respiratory system, making it the primary port of
entry and site of infection.” It was reported that the
ocular surface could also act as an entry pathway for
COVID-19 and that ocular discharges could play a role
in the shedding of the virus.” Several reports have
suggested that the eyes can be affected at any stage of
the disease.!' ' A review article stated that positive
COVID-19 results in eye specimens were found with
a low incidence.'*

A study from China investigated the presence of
COVID-19 in the tears and conjunctival secretions of 30
patients with COVID-19. The study revealed that only two
samples of conjunctival secretions and tears were positive
for COVID-19, whereas the other samples were negative.
The authors suggested that COVID-19 might be detected
in conjunctival secretions and tears. However, its inci-
dence is low.”

Xia et al analyzed the conjunctival samples of 30
infected patients for SARSCoV-2 RNA, and one patient’s
conjunctival samples were positive for the virus 3 days
later.” Seah et al, on the other hand, found no evidence of
SARS-CoV-2 shedding in tears during the disease’s
course, implying a low risk of ocular transmission.'’

Conjunctival sampling, according to Chen et al may not

m Negative

M Positive (False negatives)
(True positive)

Figure | Percentage distribution of studied patients according to the results of conjunctival swab testing.
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Table | Percentage Distribution of Variables

Table 2 Association Between Swab Results and Other Variables

Abbreviations: SOB, shortness of breath; DM, diabetes mellitus; HT, hyperten-
sion; IBS, Irritable Bowel Syndrome

Variable No. (%) Variable Conjunctival Swabs Results | 2 p-value
Gender Positive Negative
Female 64 (39) No. (%) No. (%)
Male 100 (1) Age 43.88+ 1695 | 3509 + 1204 | 1.52 | 0.128
Smoking Gender
No 141(8¢) Female 23.) 62 (96.9) 069 | 0.44
Yes 23 (14 Male 6 (6) 94 (94.1)
Fever Smoking
No 115 (70.1) No 6 (4.3) 135 (95.7) 084 | 0359
Yes 49 (29.9) Yes 2 (87) 21 (91.3)
SOB Fever
No 17 (71.3) No 6 (5.2) 109 (94.8) 009 | 0757
Yes 47 (28.7) Yes 2 (4.1) 48 (96)
Cough SOB
No 131 (79.9) No 6 (5.1) 11 (94.9) 005 | 0814
Yes 33 (20.1) Yes 2 (43) 45 (95.7)
Red eye Cough
No 144 (87.8) No 5(3.8) 126 (96.2) 1.58 | 0.209
Yes 20 (12.2) Yes 309.1) 30 (90.9)
DM DM
Yes 12 (7.3) Yes 2 (16.7) 10 (83.3) 3.87 0.049
No 152 (92.7) No 6 (3.9) 146 (96.1)
HT HTN
Yes 13(7.9) Yes 3 (23.1) 10 (76.9) 10.07 | 0.002
No 151 (92.1) No 5(33) 146 (96.1)
Asthma Asthma
Yes 6 (37) Yes 0 (0.0) 6 (100) 031 | 0572
No 158 (96.3) No 8 (5.1) 150 (94.9)
Other symptoms Contact with
Anosmia 8 (4.9) positive COVID-
Dizziness | (06) II\? o 3 (6.8 41 (93.2 0.48 0.485
Headache 19 (11.6) Y° . (4‘2) | |5( 9'5; ' '
IBS 3(1.8) b “2) >8)
Malaise 12 (7.3) Duration of 6.88 + 6.46 4.96 + 4.09 0.51 0.604
Nausea I (0.6) symptoms
Sputum I (0.6) appearance prior
Vomiting | (0.6) to swabs taken
. Abbreviations: SOB, shortness of breath; DM, diabetes mellitus; HT, hypertension
Travelling
No 133 (81.1)
Yes 31 (18.9)
Contact with positive COVID-19 cases . . . . .
No P 44 (268) be effective for early diagnosis since the virus may not
Yes 120 (73.2) emerge in the conjunctiva at all.'"* However, Colavita et al,
as mentioned in our study, revealed a case of conjunctival
Duration of symptoms appearance prior to 5.05+ 4.23 . .
swabs taken swab positivity with concurrent nasopharyngeal swab

(NFs) negativity, implying a new potential for false-
negative patients.'’
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Figure 2 Relationship between symptoms among patients and results of conjunctival swab testing (N.B.: (1$2=22.41, p-value =0.004)).

A study from Egypt was conducted to evaluate the inci-
dence of COVID-19 in the tears and conjunctival secretions
of patients with confirmed COVID-19. The study reported
that COVID-19 was found in the secretions of 28.57% of the
patients, whereas the majority showed negative results.'®

—

c
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Positive conjunctival swab
B Travelled 12.9
M Did not travel 3

A study from India by Kumar et al'” was conducted for
the same purpose as the previous two studies by Xia et al
and Mahmoud et al.”'® The Indian study included 45
COVID-19 patients who underwent conjunctival swabs
for the RT-PCR assay. The study revealed that only

100
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|
10

Negative conjunctival swab
97.1

879

Figure 3 Relationship between previous travel and results of conjunctival swab testing (N.B.: (x2=5.3, p-value =0.021)).
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Figure 4 Relationship between presence of red eye and results of conjunctival swab testing (N.B.: (I+2=1.16, p-value =0.28)).

2.23% of 45 COVID-19 patients were positive for RT-PCR
COVID-19 from conjunctival swabs.'” Another study
enrolled 46 patients confirmed with COVID-19 through
the nasopharyngeal swab; only 8.2% of them were found
to be COVID-19 positive using conjunctival swabs.'®

We are unaware of any previous study conducted in
Saudi Arabia populations that has investigated the role of
conjunctival swabs in detecting COVID-19 cases; there-
fore, we conducted this study. In this study, only 4.9% of
the patients had positive COVID-19 results using conjunc-
tival swabs for RT-PCR assay, although all patients were
positive for COVID-19 as found by nasopharyngeal
swabs. The findings of this study were in agreement with
those of previous studies.”'¢ '8

Several demographics and clinical characteristics of
patients were investigated to assess whether any clinical
characteristics or patient history data could be associated
with the positive results obtained with a conjunctival
swab. Our study comprised more male participants than
females, and the majority of the patients were non-
smokers. A few patients experienced fever, SOB, cough,

and red eyes. However, none of these factors was signifi-
cantly associated with the conjunctival swab results.

Previous studies have found that patients’ ocular symp-
toms can be modest and self-healing, therefore many
COVID-19 patients may not bother to report them. As
a result, symptoms may appear in either the early or late
stages of the disease.'*'

In relation to chronic diseases, a very small percentage
of our sample had DM, HT, or asthma. Only DM and HT
were found to significantly affect conjunctival swab find-
ings. A history of travel was not common, whereas a large
percentage of patients reported contact with COVID-19
cases. However, those who reported recent traveling his-
tory (outside Saudi Arabia) were more likely to show
positive results through the conjunctival swab. Hence,
traveling from area with high-infected cases with
COVID-19 is a risk factor for a positive conjunctival
swab test results. That is why, in patients with recent travel
who report with acute conjunctivitis, COVID-19 should be
considered as one of the differential diagnosis as recom-

mended by previous studies.'**°
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Similarly, one of the previews study reported that
fever, cough, and conjunctivitis were prevalent among
a few patients with confirmed COVID-19. Either those
with positive COVID-19 conjunctival secretions were
with or without conjunctivitis; therefore, conjunctivitis
had no association with the conjunctival swab results.'®

Positive conjunctival swab samples were found in 3/
121 patients by Zhou et al two of whom did not exhibit
ocular symptoms."> SARSCoV-2 RNA was found in con-
junctival specimens of 2/27 COVID-19 patients without
conjunctivitis, according to Ye et al.>' Hu et al described
a 70-year-old COVID-19 patient who had a history of
common lacrimal duct obstruction in his left eye but no
conjunctivitis.**

Although many other studies have reported the inci-
dence of COVID-19 RNA in conjunctival swabs. In this
study, we investigated the sensitivity of such swabs and
found that the sensitivity was only 4.8%. In contrast, the
specificity could not be calculated owing to the findings
from the samples. This finding agrees with a meta-analysis
study that concludes very low sensitivity of conjunctival
swabs in comparison to pharyngeal one (Ulhaq and
Soraya, 0.2020).%

Generally, the significant rate finding of the COVID-19
RNA in the conjunctival swabs could be due to some
reasons as the low sensitivity of the test. Detecting the
virus from conjunctive due to viral load in the eye not
reach the minimum threshold to be detected as in positive
patients confirmed through nasopharyngeal swabs.'#** It
is possible the viruses appear for short period in the eye,
which may need specific and precise collection time.”'>

Telemedicine sorted some issues of patient manage-
ment but it is considers limited in eye care due to the
service nature. Even with considers reducing and limited
number of patients visiting eye care centres still there are
a lot of patients need face-to-face clinical care.”® Those
patients visiting eye care centres, if they are infected, can
release a bio-aerosol droplets when they are sneezing or
coughing or talking if they are not using masks. Safety of
the eye care provider is very important and that is con-
sidered implemented in full PPE. Eye care provider con-
siders to be more supposed to be infected with
coronaviruses due to close contact to the patients during
daily work activities and surgical procedures. Slit-lamp
breath shields, hand, hygiene, facial masks, reducing
patients talking when he is under examination, use of eye

protection and considers disinfected all the equipment

between the patients are very crucial in reduce corona
viruses transmissions.?’®

Even if our study was not supporting the presence of
corona viruses in the eye, it is still important to consider
patient visit to the eye care centres as the source of infec-
tion and disease spared.

Previous studies demonstrated the controversial data
concerning the different percentages of positive results
for SARS-CoV-2 in tear samples from COVID-19
patients. Most of these studies did not report/investigate
the use of eye drops by these patients. However, many
ophthalmic medications have antiviral action that could be
a confounding factor causing potential bias.

This study was limited by a small sample size and the
period between nasopharyngeal and conjunctival swab
sampling. Our results could have also been affected by
the sensitivity of the PCR test itself.

In conclusion, this study showed that the RNA of
COVID-19 could be present in tears with a low incidence.
The high correlation between DM and the positive presence
of the virus in conjunctival swabs suggested that patients
with DM are at risk of contracting COVID-19 infections in
comparison with other diseases. The conjunctival swab had
low sensitivity; nevertheless, COVID-19 was found in tears,
making them a possible media for transmission.
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