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Purpose: To investigate the prevalence of SARS-CoV-2-associated conjunctivitis among
patients presenting with conjunctivitis to ophthalmology clinics in the absence of respiratory
symptoms suggesting COVID-19 during the first year of the pandemic.

Patients and Methods: This prospective, observational, cross-sectional study enrolled
patients aged 18 years and older who presented with acute conjunctivitis between May 2020
and May 2021. After reviewing demographics, ocular and systemic symptoms, a slit lamp
examination was performed. Five samples were collected (conjunctival swab from each eye,
nasal swab from each nostril, and a nasopharyngeal swab) in separate tubes for a reverse
transcription-polymerase chain reaction test for SARS-CoV-2. Patients were called at 1 and 2
weeks to follow up on their ocular and systemic symptoms and collect information about
conjunctival adenovirus test results and COVID-19 test results if performed outside of the study.
Results: A total of 36 patients were enrolled. The most common ocular symptom was
redness (35/36, 97%), and 14 patients (39%) had symptoms in both eyes at the time of the
presentation. SARS-CoV-2 RNA was not detected in any samples collected during the study
visit (95% confidence interval [CI] from 0 to 0.08). None of the study participants were
diagnosed with COVID-19 following conjunctivitis during the 2-week follow-up period. We
found that 25 patients had a conjunctival adenovirus test done on the day of their study visit,
9 of which reported positive results.

Conclusion: Our data suggest that it may not be valuable to obtain routine testing of SARS-
CoV-2 in patients presenting with conjunctivitis in the absence of COVID-19.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a highly con-
tagious RNA virus causing a respiratory infectious disease called Coronavirus
Disease 2019 (COVID-19). COVID-19 is mainly transmitted from person to person
via respiratory droplets and typically presents with fever, cough, and shortness of
breath. Conjunctivitis has been reported as a rare finding of COVID-19, reported
between 0.8 and 32%; however, a meta-analysis concluded that the overall pre-
valence of conjunctivitis in patients with confirmed COVID-19 is about 1.1%."*
The possibility of direct conjunctival inoculation has been speculated as a source of
infection since there have been multiple confirmed cases of COVID-19 presenting
with conjunctivitis, and the presence of viral transcripts in ocular secretions of

patients with conjunctivitis.””
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Previous studies investigating the prevalence of SARS-
CoV-2 in ocular specimens included patients with confirmed
or suspected cases of COVID-19.>° A few case reports
showed the presence of SARS-CoV-2 RNA in otherwise
healthy patients presenting with follicular conjunctivitis, sug-
gesting that conjunctivitis could be the only presenting sign of
underlying infection.'™'! However, it is unclear how prevalent
SARS-CoV-2 associated conjunctivitis is among patients pre-
senting only with conjunctivitis to the ophthalmology clinics
without having any respiratory symptoms and whether extra
cautions are necessary for this patient group in ophthalmology
practices during the pandemic. Compounding the emerging
reports of the presence of viral transcripts at the ocular surface,
the initiation of the pandemic response (stay-at-home orders,
lockdowns) came a perceived increase in emergency room
visits for conjunctivitis within our clinics. While not quantified
here, this observation provided the impetus for subsequent
investigations. Therefore, we aimed to determine the preva-
lence of SARS-CoV-2 associated conjunctivitis among
patients presenting to the ophthalmology clinics with sus-
pected viral conjunctivitis. We also aimed to investigate
whether conjunctivitis could be an early sign of COVID-19.

Patients and Methods
Study Design and Participants

This prospective cross-sectional observational study was
approved by the Johns Hopkins University Institutional
Review Board and adhered to the tenets of the Declaration
of Helsinki. Patients aged 18 years or older presenting with
acute conjunctivitis to the Wilmer Eye Institute, Johns
Hopkins University, Baltimore, Maryland, were recruited
between May 2020 and May 2021. During the study period,
all patients were being screened for COVID-19 before being
accepted to the outpatient ophthalmology clinics. Patients with
respiratory symptoms suggesting COVID-19 were being
admitted to the emergency department and assessed after
a formal COVID-19 test. Therefore, they were not included
in this study. In addition, patients who presented with red-eye
symptoms due to other ocular pathologies such as glaucoma,
known chemical or environmental exposure, foreign body,
trauma, intraocular inflammation, or infection were excluded.

Study Procedures

After obtaining informed consent, adhering to the tenets of
the declaration of Helsinki, participants were administered
a standardized questionnaire reviewing their demo-
graphics, ocular and systemic health, and symptoms at

baseline. Slit-lamp examination and external photography
of eyes were performed to characterize and document
pathological changes. Five swabs were taken:
a conjunctival swab from each eye, a nasal swab from
each nostril, and a nasopharyngeal swab. A separate sterile
polyester swab with a plastic shaft was used for each swab
and immediately placed into separate sterile tubes contain-
ing an RNA stabilization solution (DNA/RNA Shield™,
Zymo Research Corporation, Irvine, CA). The conjuncti-
val swab was taken by putting a swab in the lower con-
junctival fornix without using topical anesthetic drops. For
the nasal swab, a swab was inserted about one inch into
the nostril until resistance was met at the turbinates. For
the nasopharyngeal swab, a swab was inserted through one
of the nostrils parallel to the palate until it contacted the
nasopharynx. The swabs were left in place for several
seconds to absorb secretions and slowly removed while
rotating them. Gloves were changed after collecting each
sample to avoid cross-contamination.

All patients were contacted via phone twice, at seven
and fourteen days after the initial visit, to review their
ocular and systemic symptoms and laboratory test results
such as conjunctival adenovirus test or COVID-19 test if it

was done outside of the study.

Specimen Testing and Laboratory
Methods

Specimens collected via conjunctival, nasal, and naso-
pharyngeal swabs were delivered to the extraction site
in DNA/RNA Shield (Zymo Research
Corporation, Irvine, CA) to protect the quality of viral

submerged

RNA while inactivating the virus. Samples were then
stored at —20°C until required. Polymerase Chain
Reaction (PCR) assays were utilized to test the speci-
mens as it was a widely accepted and effective technique
for this purpose.'? Viral RNA was extracted using the
Quick-RNA Viral Kit (Zymo Research Corporation,
Irvine, CA) according to the manufacturer’s instructions.
Complementary DNA (cDNA) synthesis and reverse
transcription (RT)-PCR were carried out using the
1-Step Quantitative Reverse Transcription PCR (Bio-
Rad Laboratories, Inc., Hercules, CA) according to the
manufacturer’s instructions on the Applied Biosystems
QuantStudio 3 Real-Time PCR System (Thermo Fisher
Scientific Inc., Waltham, MA). Extraction and quantifi-
cation were assayed using the United States Centers for
Disease Control and Prevention (CDC) recommended
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PCR probe set for 2019-nCoV_NI1, N2, and Human
RNase P. Extraction efficiency and copy number were
assayed against a randomly chosen duplicate sample
which had been spiked with 1pL of heat-inactivated
viral particles (BEI resources, NR-52286). Quantitative
synthetic RNA (BEI resources, NR-52350) was used to
derive the sensitivity for assaying viral load; samples
with a ¢T>32 (<1 viral genome in 400 pL sample)
were deemed negative. Human corneal epithelial RNA
extracted before 2019 was used as a negative, non-
infected control.

Statistical Analysis

Demographic and baseline characteristics were summar-
ized using descriptive analysis. Continuous variables
were reported as mean and standard deviation, and cate-
gorical/binary variables were reported as numbers and
percentages. The primary outcome variable was the pro-
portion of conjunctival samples that tested positive for
SARS-CoV-2. Secondary outcome variables included
proportions or nasal and nasopharyngeal tested positive
for SARS-CoV-2 and rate of development COVID-19 in
the study population. The Wilson score method was used
to calculate the 95% confidence interval (CI) for propor-
tions. STATA 16 was used for analysis (StataCorp LLC,
College Station, TX, USA).

Results

A total of 36 patients with conjunctivitis were enrolled in
the study. Table 1 displays the patient demographic and
clinical characteristics. The most common ocular symptom
was redness (35/36, 97%), and 14 patients (39%) had
symptoms in both eyes at the time of the presentation.
Seventeen patients (17/36, 47%) reported seasonal aller-
gies. Ten patients (10/36, 28%) reported being given
a topical antibiotic or a combination of antibiotic and
steroid eye drops prescribed by the referring physician.
Three patients (3/36, 8%) reported using anti-allergy eye
drops. None of these patients reported using these eye
drops on the day of the sample collection. Conjunctival
samples were collected from all 36 patients; however,
three patients declined to provide nasal and nasopharyn-
geal swabs, and 13 agreed to provide nasal samples but
declined nasopharyngeal swabs, ie, nasal samples were
collected in 33, and nasopharyngeal samples were col-
lected in 23 patients. SARS-CoV-2 RNA was not detected
in any of the samples collected during the study visit. The
95% confidence interval for the zero-occurrence rate of

Table I Demographics and Clinical Characteristics of Patients
Presented with Acute Conjunctivitis to Ophthalmology Clinics
Between May 2020 and May 2021

Variables Patients (n=36)
Age (years)
Mean (SD) 42.6 (17.0)
Range 18-85
Sex (male), n (%) 18 (50)
Ocular Symptoms, n (%)
Redness 35 (97)
Swelling 29 (81)
Tearing 28 (78)
Irritation 28 (78)
Crusting 23 (64)
Itching 21 (58)
Bilateral Symptoms, n (%) 14 (39)
Slit Lamp Findings, n (%)
Injection 34 (94)
Follicles 32 (89)
Eyelid edema 14 (39)
Punctate epithelial erosions 14 (39)
Chemosis 10 (28)
Tearing 7 (19)
Subconjunctival hemorrhage 2 (6)
SARS-CoV-2 RNA PCR, n (%)
Conjunctiva positive 0/36 (0)
Nasal positive 0/33 (0)
Nasopharyngeal positive 0/23 (0)
Adenovirus NAT Test, n (%) 25 (70)
Positive 9/25 (36)

Notes: Continuous variables were reported as mean and standard deviation (SD),
and categorical/binary variables were reported as numbers and percentages.
Abbreviations: SARS-CoV-2, Severe acute respiratory syndrome coronavirus 2;
RNA, ribonucleic acid; PCR, polymerase chain reaction; NAT, nucleic acid test.

viral RNA presence in conjunctival samples was estimated
between 0 and 0.08.

Out of the 36 patients, 25 responded to follow-up calls
after the baseline visit. Based on the collected data, the
mean (SD) duration of conjunctivitis symptoms was 15.1
(8.9) days. Twenty-five patients had a conjunctival adeno-
virus test done at the Johns Hopkins Microbiology
Laboratory on the same day of the study visit, 9 of
which were positive. Fourteen of the remaining 27 patients
(16 with negative adenovirus test and 11 without an ade-
novirus test) reported seasonal allergies (14/27, 52%),
while five of them had bilateral conjunctivitis (5/27,
18%). Five patients later developed systemic symptoms
that could be associated with COVID-19, including
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headache (n=2), cough (n=2), and muscle ache (n=1). Two
out of five symptomatic patients reported being tested for
COVID-19, both with negative test results. Two other
patients with no systemic symptoms reported having
COVID-19 testing for screening purposes with negative
test results during the follow-up period. None of the study
patients were diagnosed with COVID-19 during the two-
week follow-up period.

Discussion

This study was conducted to determine whether SARS-
CoV-2 was a causative agent of conjunctivitis in patients
with conjunctivitis presenting to the ophthalmology clinics
without having respiratory symptoms indicating COVID-
19 during the first year of the COVID-19 pandemic.
Between May 2020 and May 2021, we enrolled 36 patients
with conjunctivitis, and none of the patients tested positive
for SARS-CoV-2. To our knowledge, the prevalence of
SARS-CoV-2 associated conjunctivitis among conjunctivi-
tis cases presenting primarily to ophthalmology clinics
without having respiratory symptoms has not been pre-
viously reported. Our data suggested that the frequency of
SARS-CoV-2 infection among patients presenting with
conjunctivitis symptoms in the absence of COVID-19 is
possibly close to zero and unlikely to be more than 8%.
Furthermore, none of the study participants in our sample
were diagnosed with COVID-19 following conjunctivitis
during the 2-week follow-up period.

Conjunctivitis is the most commonly reported ocular
manifestation of COVID-19, with a prevalence ranging
between 0.8% and 32%."*'*"'° A few case reports indi-
cated that conjunctivitis could be the presenting sign or
the only sign of COVID-19;'%'"'¢ therefore, it was
recommended that ophthalmologists remain vigilant
when a patient presents with conjunctivitis during the
pandemic.'” However, clinical conjunctivitis may not
represent infection of the conjunctiva as it may be an
immune response in the setting of systemic disease. In
fact, some studies demonstrated that ocular samples from
patients with conjunctivitis and ongoing COVID-19 did
not always yield positive test results.® Viral RNA pre-
sence on the ocular surface was reported as between 0
and 29% in patients diagnosed with COVID-19 regard-
less of the presence of conjunctivitis.'®'*2° Studies sug-
gest that SARS-CoV-2 viral RNA is more likely to be
found in ocular secretions of COVID-19 patients who
had conjunctivitis symptoms, although it was also found

in patients with no ocular findings in a few cases.?' Even
though previous reports suggest that ophthalmologists
should suspect SARS-CoV-2 infection in any patient
presenting with acute conjunctivitis, to our best knowl-
edge, how commonly this occurs in patients presenting
with acute conjunctivitis has never been investigated.
Within our limited study population, we did not find
any patients with conjunctival samples positive for
SARS-CoV-2, suggesting that standard red-eye precau-
tions are sufficient in ophthalmology clinics during the
pandemic and routine testing for SARS-CoV-2 is not
valuable.

Acute conjunctivitis is estimated to affect 20 million
people per year in the United States.”® Viral conjunctivitis
is the most common reason for infectious conjunctivitis,
accounting for up to 80% of acute conjunctivitis cases.*
Among viral etiologies, adenovirus is the most common
causative agent, reported in 65% to 90% of viral conjunc-
tivitis cases.”* Other viruses causing acute follicular con-
junctivitis include herpes simplex virus (HSV) and
varicella zoster virus (VZV), which are not as contagious
as adenovirus. Enterovirus 70 and a variant of coxsack-
ievirus A24 were previously responsible for epidemic
hemorrhagic conjunctivitis cases.”>*® When it comes to
coronavirus species other than SARS-CoV-2, human cor-
onavirus NL63, SARS-CoV, and Middle East Respiratory
Syndrome (MERS)-related coronavirus, were previously
albeit  very
uncommonly.?’ In this study, we aimed to identify SARS-

reported to cause  conjunctivitis,
CoV-2 associated conjunctivitis cases; therefore, we did
not investigate other possible causes of conjunctivitis as
part of our study. However, some patients were tested for
adenovirus outside of the study (n=25), and we collected
their

Interestingly, only nine patients (9/25, 36%) tested positive

clinical information regarding test results.
for adenovirus. This was below the average reported by
literature if we assumed that all cases were due to an
infectious etiology. Some of the enrolled patients may
have had conjunctivitis due to non-infectious etiologies
such as allergic conjunctivitis or dry eye. Allergic con-
junctivitis is the most common non-infectious etiology.*®
In fact, 52% of patients with negative adenovirus tests
reported having seasonal allergies, and 18% had bilateral
cases. Additionally, during the COVID-19 era, several
publications suggested an increased incidence of dry eye
due to lockdown related environmental changes, including

increased use of screens,
29-31

mask use, and dietary

deficiencies.
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In our study cohort, 89% of patients presented with
acute follicular conjunctivitis, usually suggesting a viral
etiology. A majority of acute conjunctivitis patients usually
present to primary care and urgent care.’” Since we con-
ducted this study at a tertiary center, we postulated that the
timing of the swab may have played a role in the lower rates
of confirmed adenoviral conjunctivitis within our sample.
By the time conjunctival swabs were collected, patients
may have already been in the later stages of viral conjunc-
tivitis, and swabs may have yielded a negative result
because of this. Even though we avoided using preservative
containing topical anesthetic drops before collecting sam-
ples, some patients reported using topical eye drops in the
preceding days of the study visit. It is not clear whether
these eye drops had an antiviral activity which may have
been the reason for the zero-occurrence rate of SARS-CoV
-2 associated conjunctivitis.>* Additionally, the sensitivity
and specificity of RT-PCR for diagnosing SARS-CoV infec-
tion are 85-87% and 100%, respectively.!” Thus, there may
have been false-negative cases within our sample.

Is it important to know whether SARS-CoV-2 is
a common reason for conjunctivitis during the pandemic?
Treatment for conjunctivitis would not differ based on the
viral etiology since there is no FDA-approved treatment
for any viral conjunctivitis. However, it is crucial to iden-
tify the viral etiology to prevent its spread as both SARS-
CoV-2 and adenovirus are very contagious and can cause
respiratory disease. In a recent editorial on ocular surface
and COVID-19, eye protection was explicitly recom-
mended for health care workers and patients at risk, even
though there is a low risk of SARS-CoV-2 spreading
through tears.>* Currently, there is a lack of universally
agreed recommendations to protect health care workers,
specifically eye care providers, and allied ophthalmic per-
sonnel. Although ruling out common viral etiologies and
testing patients for SARS-CoV-2 in ocular samples were
recommended for early detection of subclinical COVID-19
cases to limit further spread,'” our data do not suggest that
precautions to prevent viral spread when viral conjuncti-
vitis is suspected should be different from what it was
before the COVID-19 pandemic. We also suggest that it
is probably not valuable to perform routine testing for
SARS-CoV-2 in every patient presenting only with
conjunctivitis.

The main limitation of our study was the small sample
size. Larger sample size may have yielded a more accurate
estimation of the prevalence of SARS-CoV-2 associated
conjunctivitis. There may have been a selection bias due to

conducting this study at a tertiary care institution and the
willingness of patients to seek treatment. Some of the cases
we enrolled in were referred by primary care providers or
urgent care centers after failed initial treatment. This may
have resulted in a lower positivity rate of confirmed cases, as
discussed above. In addition, the results would have been
influenced by location, strain, and local population preva-
lence. Our results should be interpreted considering the
first year of the pandemic when different strain(s) was
dominant compared to the subsequent year. Another limita-
tion was that we collected samples only at one-time point. It
is recommended to collect two samples two to three days
apart to rule out viral etiology.'” We may have had false-
negative test results due to the timeline of sample collection.
However, due to cthical reasons, we limited the number of
in-person study visits to reduce the risk of exposure of study
participants and protect others during the ongoing pandemic.
Lastly, a few participants did not agree to provide nasal or
nasopharyngeal swabs. Asymptomatic patients may test
positive for SARS-CoV-2 in nasal or nasopharyngeal sam-
ples while testing negative in ocular samples. Although only
three patients refused to provide neither nasal nor nasophar-
yngeal swabs, we may have missed relevant information.

Conclusion

Our study demonstrated that SARS-CoV-2 associated con-
junctivitis was uncommon in the absence of COVID-19
even during the peak of the pandemic. We suggest that
routine conjunctival testing is not valuable in patients with
acute conjunctivitis in the absence of respiratory symp-
toms suggesting COVID-19. A multicenter study with
a larger sample size would yield a more accurate estima-
tion of the prevalence of SARS-CoV-2 conjunctivitis.
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