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ARTICLE INFO ABSTRACT

Keywords: Purpose: To report a case of a patient presenting with unilateral keratouveitis associated with ocular hypertension
COVID-19 six weeks after being discharged from the hospital for COVID-19. Ocular specimens were obtained for testing.

Uveitis Observations: A 69-year-old African American woman developed poor vision while hospitalized for COVID-19 in
Ez;i;zuvems April but did not seek ophthalmic care until end of May. She had an edematous cornea, stromal keratitis, and
SARS-CoV-2 highly elevated intraocular pressure by June. After lack of response to oral valacyclovir, aqueous fluid and swabs
Coronavirus of her conjunctiva and limbal epithelium with corneal epithelium anterior to the limbus were sent for real-time

polymerase chain reaction (PCR) for herpes simplex virus, herpes zoster virus, and severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). Epithelium from the cornea and limbus was positive for SARS-CoV-2 by
PCR; specimens from the other two ocular sites were negative. All specimens were negative for herpes simplex
virus and varicella zoster virus. The patient refused further treatment despite intraocular pressure above 50 mm
Hg at last follow-up.

Conclusions and Importance: Although SARS-CoV-2 and severe acute respiratory syndrome coronavirus (SARS-
CoV) have been detected by PCR in the conjunctiva and tears of patients with acute respiratory infection,
presence in corneal tissue has not been described. In addition, no one has studied whether ocular tissues in
convalesced patients can harbor viral RNA. Here we describe unilateral keratouveitis in a convalesced patient
whose corneal epithelium/limbal tissue was positive for SARS-CoV-2 by PCR. Further investigation is required to
determine whether active viral replication or viral remnants account for this result.

1. Introduction

Although SARS-CoV and SARS-CoV-2, the coronaviruses causing
Severe Acute Respiratory Syndrome (SARS)] and coronavirus disease
2019 (COVID-19), respectively,”* have been detected by polymerase
chain reaction (PCR) in tears of infected patients, little is known about
possible ocular reservoirs in convalesced patients. In this case report,
diagnostic sampling was performed as part of clinical care. The Insti-
tutional Review Boards of Johns Hopkins Medicine ruled that approval
was not required.

1.1. Case report

In April 2020, a previously healthy 69-year-old African American
woman presented to a hospital with shortness of breath and was diag-
nosed with COVID-19 based on nasopharyngeal swabbing and

radiographic findings. During her two-week hospitalization, she expe-
rienced sudden left eye visual decline accompanied by redness, sharp
pains, and light sensitivity. She did not complain about her vision until
discharge at which time an outpatient ophthalmology appointment was
made. However, she was forced to self-quarantine for two weeks, then
postponed her appointment.

In late May, an ophthalmologist examined her. Visual acuity was 20/
30 in the right eye and hand motions in the left eye. Schiotz indentation
tonometry was 14 mm Hg in each eye. Left eye findings were significant
for anterior chamber cell, corneal edema, and cataract with no view of
the posterior segment. She was started on topical prednisolone acetate
1% every 2 hours but did not improve after 4 days and was told to seek a
second opinion.

In mid-June, an optometrist at the Wilmer Eye Institute saw the
patient. She had mild left eye discomfort. Visual acuities were un-
changed; rebound tonometry (iCare, Finland) was 14 and 44 mg Hg,
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right and left eyes, respectively. Topical steroid was decreased to 3 times
a day; brimonidine 0.2% twice a day was started.

Visual acuities were unchanged a day later with the ophthalmologist,
but the left eye was more comfortable. She denied a history of herpes
zoster. The left pupil displayed an afferent pupillary defect. Tonometry
was 16 and 22 mm Hg, right and left eyes. The left eye displayed 2+
bulbar conjunctival injection, 2+ anterior chamber cell, and marked
corneal edema with decreased corneal sensation and microcystic
epithelial involvement that prevented posterior segment visualization
(Fig. 1). The edema was associated with diffuse stromal keratitis.
Corneal sensation was decreased. Both chambers were deep. Predniso-
lone acetate 1% was increased to 6 times a day. Oral valacyclovir 1000
mg three times a day was initiated for possible herpes simplex or zoster
keratouveitis.

A week later, the left eye remained comfortable but showed no other
improvement. Intraocular pressure had risen to 44 mm Hg. The decision
was made to obtain ocular tissue sampling for analysis. A flocked swab
included with the viral transport medium was used to collect a super-
ficial specimen of the inferior forniceal conjunctiva as well as of the
limbal epithelium and corneal epithelium anterior to the limbus. These
ocular specimens and aqueous fluid were submitted for PCR testing. For
the swab of the corneal/limbal epithelium, an epithelial defect was
created in edematous cornea. The Centers for Disease Control and Pre-
vention (CDC) SARS-CoV-2 real-time PCR panel assay was used.®” This
assay’s oligonucleotide primers and probes target 2 regions of the
nucleocapsid (N) gene as well as detect the human RNase P gene (RP) for
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extraction and specimen quality evaluations.° Therefore, the assay was
performed in three separate reactions per specimen for each target (N1,
N2, and the internal control RP).° The swab of epithelium from the
limbus and cornea was positive for SARS-CoV-2 in the N1 and N2 target
regions of the nucleocapsid gene and the human RNase P gene (cycle
threshold values of 32.11, 31.69, and 28.45, respectively). The
conjunctival swab and aqueous fluid were negative. All samples were
negative for herpes simplex virus-type 1 or herpes zoster virus.

The patient was sent to the Glaucoma service where tonometry was
18 and 42 mm Hg. Gonioscopy of the right eye revealed a closed angle;
laser iridotomy was performed. Intraocular pressure decreased to 20
mm Hg in the left eye on 3 medications but rose to 51 mm 10 days later.
The patient refused any further treatment.

2. Discussion

To the best of our knowledge, this is the first report of SARS-CoV-2
RNA detection in the cornea. It also may be the first to show that the
corneal epithelium/limbus can be a reservoir of viral RNA in a patient
who has recovered from COVID-19. SARS-CoV and SARS-CoV-2 have
been found in tears of patients with active pulmonary disease and
conjunctivitis>® but have not been studied in eyes of convalesced pa-
tients. Although the patient’s presentation raised suspicion for kera-
touveitic glaucoma, to date coronavirus-associated uveitis has been
described only in cats,® ocular manifestations of which include
conjunctivitis, pyogranulomatous anterior uveitis, choroiditis with

Fig. 1. Biomicroscopic slit-lamp photograph of left eye showing diffuse corneal edema and keratic precipitates, anterior chamber inflammation, and cataract.
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retinal detachment, and retinal vasculitis.® The patient did not respond
to oral valacyclovir prescribed for presumed herpes simplex or varicella
zoster keratouveitis.

For the CDC PCR assay, the primer-probe mixes for N1 and N2 spe-
cifically detect SARS-CoV-2; the primer-probe mix for the human RNase
P gene (RP) serves as an internal control by detecting human nucleic
acid; and the fourth reagent is noninfectious positive control material.”
The cycle threshold is usually used as a qualitative measure of the target
region’s concentration; lower values represent qualitatively higher viral
RNA loads. A value less than 40 is clinically reported as PCR positive. All
values for the N1 and N2 regions of the nucleocapsid and for RP from
this patient’s corneal epithelium/limbal swab were positive for
SARS-CoV-2.

It is unclear whether this patient’s presentation and RT-PCR posi-
tivity represent viral replication (and therefore infectious virus) or a
post-COVID-19 inflammatory reaction due to remnant RNA. Presently
tissue banks are not testing tissue for SARS-CoV-2. A recent small study
did not detect SARS-CoV-2-RNA in post-mortem cornea, conjunctiva or
aqueous humor of decedents of COVID-19.® Even had the flocked swab
penetrated this patient’s Bowman’s membrane, (difficult to ascertain
given the amount of corneal edema), the specimen was mostly epithe-
lial. Epithelial positivity may not be an issue of concern for some in
terms of tissue banking, but donor epithelium can survive corneal
transplantation until it is eventually replaced by host epithelium.

Both ACE2 (the receptor for SARS-CoV-2) and TMPRSS2 (a cell
surface-associated protease that facilitates viral entry after the viral
spike protein binds to ACE2) are expressed in human corneal epithe-
lium, endothelium, and limbus.’ Investigators discovered that immu-
nohistochemical staining for ACE2 was especially prominent in the
superficial conjunctival and corneal epithelial surface of the limbus and
largely absent from the corneal stroma.’ The fact the conjunctival swab
sample was negative for SARS-CoV-2 by PCR and the corneal epithelium
specimen was positive in this patient argues against a nasopharyngeal
contaminant. We did not obtain nasopharyngeal testing during her
ophthalmologic visits; she had had no respiratory symptoms in the 2
months since hospital discharge for COVID-19. According to the CDC,
“persons with more severe to critical illness or severe immunocompro-
mise likely remain infectious no longer than 20 days after symptom
onset,”' although recovered patients “can continue to shed detectable
SARS-CoV-2 RNA in upper respiratory specimens for up to 3 months
after illness onset” (albeit at much lower concentrations).'® > There-
fore, nasopharyngeal swabbing when she presented to us might not have
been very informative. Moreover, given the low proportion (1-5%) of
PCR-positive conjunctival swabs from hospitalized COVID-19 pa-
tients,">* this patient’s negative conjunctival swab is not surprising.
The result of the negative aqueous PCR has unclear implications as the
diagnostic utility of PCR from intraocular fluids in uveitis has limita-
tions.'>'® Positivity may depend on timing of sampling with respect to
onset of signs and symptoms, etiology of the uveitis, and nature of the
inflammation (acute, subacute, or chronic).'>'® Therefore, positive PCR
results from intraocular fluids can confirm a final clinical diagnosis, but
negative results cannot exclude infectious disease.'”

The positive corneal epithelial/limbal epithelial result is curious as
neither corneal involvement by SARS-CoV-2 nor recovery of viral RNA
from the cornea has been reported. There was no justification to sample
the fellow (unaffected) eye for PCR for SARS-CoV-2.

Her findings resembled herpes simplex stromal keratitis, which may
occur as a progression from infectious epithelial keratitis, be the primary
manifestation of keratitis, or more typically, be a recurrent condition
and requires both antiviral and corticosteroid therapy. Based on CDC
information, reinfection by SARS-CoV-2 appears unlikely in the first 3
months after initial infection. Therefore, perhaps this patient’s kera-
touveitis represents a post-COVID-19 inflammatory reaction following
primary infection of the ocular externa. Despite evidence of tropism of
coronaviruses for portions of the central nervous system (namely, the
olfactory nerve for both SARS-CoV and SARS-CoV-2),'” SARS-CoV-2
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seems more similar to other common respiratory viral pathogens (e.g.,
influenza) than to pathogens with specific neurotropism (e.g., herpes
simplex).'® The patient described onset of eye pain and redness 4 weeks
before ophthalmic examination. Marked corneal edema, stromal kera-
titis, and anterior chamber reaction were present before tonometry
became elevated, making primary angle closure less likely than kera-
touveitic glaucoma.

Detection of SARS-CoV-2 RNA in ocular tissue may spur interest in
testing ocular specimens in cell culture lines and development of clinical
assays. Without a clinical assay for ocular samples, respiratory assays
must be used on a research-use only basis, as has been done in all testing
to date of conjunctiva and tears of patients with COVID-19.""
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