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Abstract

Purpose of Review The ocular surface is a potential site of ocular involvement by SARS-CoV-2 infection. We performed a
review of the literature to understand the pathogenesis of SARS-CoV-2 disease manifestations on the ocular surface as well
as to elucidate emerging treatment patterns and practice changes during the COVID-19 pandemic.

Recent Findings The ocular manifestations of SARS-CoV-2 are likely limited to a mild and transient conjunctivitis. Other
manifestations have not been validated in larger cohorts. Ocular surface tissue should be considered potentially infectious
due to the presence of host receptors on surface tissues. The availability of donor tissue in lower-middle income countries has
been greatly impacted by the pandemic and would benefit from further investigation into transmissibility through donor tissue.
Summary Transmission of SARS-CoV-2 through the ocular surface has yet to be confirmed. The most common ocular
manifestation is a mild conjunctivitis. Ocular surface surgeons face specific challenges in the use of donor tissues and aero-
solizing procedures and have adapted practice patterns accordingly.
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Introduction ocular surface, with the major reported ocular findings being
conjunctivitis and ocular surface irritation.

Severe Acute Respiratory Syndrome Coronavirus-2 (SARS- There are several proposed mechanisms for ocular

CoV-2) is an enveloped, single plus-stranded RNA virus of
the family coronaviridae [1, 2e, 3, 4]. The virus is known to
infect the respiratory tract and can result in respiratory dis-
tress, systemic inflammatory responses, and in severe cases,
mortality. Like most coronaviruses, SARS-CoV-2 symptoms
are not restricted to the respiratory tract and there have been
many reports of widespread symptomatology, including ocu-
lar involvement. These reports have mainly focused on the
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involvement. Most widely accepted among the ophthal-
mological community is the theory that the ocular surface
represents a site of inoculation for this airborne virus via
inoculation of the conjunctiva by droplets. Other plausi-
ble mechanisms include migration of the virus from the
nasolacrimal duct, hematogenous infection of the lacrimal
gland, and/or inoculation of the regional mucosal immune
system in the nasal cavity [1, 2e, 3, 4]. Despite these pro-
posed mechanisms, transmission via the ocular route has
yet to be definitively established and evidence of expres-
sion of an essential host receptor, the angiotensin converting
enzyme 2 receptor (ACE2), by the ocular surface epithelium
is controversial.

Methods

We performed a review of the literature on SARS-CoV-2
and the ocular surface in order to understand the pathogen-
esis behind ocular surface pathology of SARS-CoV-2 as
well as emerging treatment patterns and clinical practice
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changes. Our review identified 1046 published reports
related to SARS-CoV-2 and the eye. Following title and
abstract screening, 67 papers underwent full text review, and
of those, 35 were deemed relevant to our review questions.
The ocular surface is perhaps the most critical structure in
understanding the pathophysiology of ocular involvement
of SARS-CoV-2. The effect of the virus on ocular surface
treatment guidelines and ophthalmology practice patterns
in our communities has been significant and will certainly
have an enduring impact.

Ocular Surface Pathology

There are two important questions regarding SARS-CoV-2
and the ocular surface. First, can an individual become
infected through ocular surface exposure to the virus, and
second, are the ocular secretions of an individual infected
with SARS-CoV-2 infectious to others? Anecdotal evidence
has suggested that the ocular surface may serve as a site
for infection [5, 6]. However, it remains unclear whether
SARS-CoV-2 transmission occurs via the ocular surface and
whether ocular secretions of infected individuals are infec-
tious to uninfected individuals.

Penetration of SARS-CoV-2 into the host cell requires
two distinct processes. First, the viral spike proteins, which
are synthesized in a precursor folded state, must undergo
proteolytic cleavage by the serine protease, transmembrane
serine protease 2 (TMPRSS?2) [4, 7, 8]. Once activated, the
spike glycoproteins may then interact with the ACE2 host
receptor, facilitating viral envelope/cell membrane fusion
and infection of the host cell [4, 7, 8].

While ACE2 mRNA is expressed in nearly all organs,
ACE2 protein expression in ocular tissues remains contro-
versial [2¢]. Immunohistochemical analysis of human eye
sections stained with anti-ACE2 antibody showed moder-
ate staining in superficial epithelial cells. Similarly, Western
blot data has shown expression of TMTPRSS2 protein in
corneal epithelial cells [8]. The strongest evidence to support
a potential conjunctival route of infection was performed by
Hui and colleagues [7]. The authors successfully infected
conjunctival mucosa in ex vivo organotypic cultures, sup-
porting the conjunctiva as a route of infection [7]. How-
ever, immunohistochemical staining was seen only in the
substantia propria. There was no staining in the conjuncti-
val epithelium, suggesting that the conjunctival epithelium
itself was resistant to infection. The staining observed in the
subepithelial substantia propria may represent replication in
vascular endothelial cells or other cells including resident
immune cells.

ACE2 expression alone is not enough to infer SARS-
CoV-2 transmissibility in ocular structures. In one report,
there was no evidence of SARS-CoV-2 replication using
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RT-PCR in seven independent donor samples.[9]. The
results were negative when using plaque assay but showed
positive replication of herpes simplex 1 (HSV-1) and
weak replication of Zika virus in corneal tissues [9]. It
is unlikely that the cornea supports infection of SARS-
CoV-2. The authors also found Type III interferon expres-
sion in corneal tissue and that blockade of Type III inter-
feron and its receptors enhances replication of Zika and
HSV-1 but not SARS-CoV-2, indicating that SARS-CoV-2
immunity in the cornea is likely mediated by another path-
way [9].

While ACE2 may be expressed on the ocular surface,
reports on whether the ocular secretions from an indi-
vidual infected with SARS-CoV-2 are infectious toward
uninfected individuals vary. The likelihood of virus in a
sample correlates closely with the amount of viral RNA in
the tissue [10]. In all the reports we identified, the amount
of SARS-CoV-2 RNA eluted from conjunctival swabs
and identified by RT-PCR was considerably lower than
from nasopharyngeal swabs [2e, 11-15]. While infection
through contact with ocular secretions is possible, it is
much less likely than being infected by respiratory secre-
tions, whether airborne or by direct contact. The propor-
tion of conjunctival swabs positive for SARS-CoV-2 RNA
by RT-PCR in patients with ocular symptoms ranged from
0 to 65% [2e, 11-15]. The true RT-PCR positivity of tears
in those with SARS-CoV-2 is likely closer to the lower
estimates reported in the literature, which in one report of
pooled sensitivity was around 1% [16e].

We found that ocular manifestations of SARS-CoV-2 are
uncommon and likely limited to a mild follicular conjunc-
tivitis. Many of the reports on ocular findings in patients
with COVID-19 used terms not specific to conjunctivitis,
including “congestion”[17] and “chemosis”[17], and were
limited to subjective assessments by internal medicine teams
viewed retrospectively in medical records. In one retro-
spective review, 12 of 38 hospitalized patients had “ocula-
manifestations” [18]. Of these, only three patients had con-
junctival hyperemia, which may suggest the diagnosis of
conjunctivitis, while the remaining had chemosis, which is
not uncommon in hospitalized patients who may experience
fluid overload or third spacing. Therefore, many reported
ocular manifestations likely represent non-infectious mani-
festations of systemic illness. There are single cases in the
literature of associations between SARS-CoV-2 and other
ocular manifestations including hemorrhagic conjunctivitis,
[19] epithelial keratitis, [20] and neuro-ophthalmic compli-
cations such as optic neuritis or cranial neuropathies [21].
However, these are limited to single case reports. Despite the
wide range of reported prevalence of ocular symptoms, we
suspect that the true prevalence is likely low, well less than
5% indicated by meta-analyses that included the aforemen-
tioned studies in their calculations [2e, 16e, 22e].
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Impact on Ocular Surface Treatment

The impact of SARS-CoV-2 extends beyond the emer-
gency room and intensive care units. Patients with known
SARS-CoV-2 have been shown to have RT-PCR positiv-
ity in a range of tissues, including the ocular surface as
discussed above.

Amniotic membrane is an essential tool in the ocu-
lar surface surgeon’s armamentarium and is essential in
the treatment of many severe ocular surface conditions.
Amnion is a donor tissue harvested from the amniotic
membrane of donor placentas. Similar to all donor tis-
sue, amnion has the potential to transmit infectious dis-
eases from the host to the donor and reports have shown
that viral RNA is present in amnion [23, 24]. However,
it remains unclear whether amniotic membrane prepara-
tions from infected donors can transmit SARS-CoV-2 via
the ocular surface and whether the viral envelope would
survive freeze—thaw or acid—alkali washes.

The United States Food and Drug Administration guid-
ance on tissue-based products continues to indicate that
there is insufficient evidence supporting transmission
through tissue transplantation [25]. Still, major eye banks
such as the Eye Bank Association of America (EBAA) and
the Global Alliance of Eye Bank Associations (GAEBA)
have recommended excluding donors recently infected
with SARS-CoV-2 [25-28].

Such conservative exclusion criteria are developed
based on the virus’s transmissibility, prevalence, and
effects [26]. However, with such a high rate of spread, the
avoidance of all donor tissue affected by SARS-CoV-2 may
be unfeasible.[28]. During the early pandemic, there was a
30% reduction in corneal donations in the USA [25]. This
gap was even greater in lower-middle income countries
(LMIC) as travel restrictions, an international shortage in
donor supply, and limited accessibility between countries
resulted in a severe decline in global corneal donor avail-
ability [25]. This shortage the development of innovative
alternatives to traditional keratoplasty, including artificial
corneas and corneal cell therapies, more critical [27].

Furthermore, donor tissue is usually double disin-
fected—first, with povidone iodine before removal, fol-
lowed by Polyvinylpyrrolidone solution prior to storage.
This method has been shown to inactivate 99.9% of viruses
within 60 s and would presumably inactivate any SARS-
CoV-2 viral activity as well [27].

Given the disproportionate impact of the donor short-
age on LMICs, costly innovations such as artificial cor-
neas may be of limited help. Global donor shortages and
delays due to regulatory testing may necessitate the need
for long-term corneal storage in countries that rely on
host countries as a tissue source. These long-term storage

techniques include glycerol preservation, lyophilization,
and gamma irradiation [29, 30]. Glycerol preservation is
the most adoptable technique, with reports of donor tis-
sue storage for up to 10 years with clarity similar to fresh
tissue [29, 30]. The major limitation to this technique is
that the corneal endothelium becomes unviable [30]. How-
ever, in urgent therapeutic cases in regions without access
to other donor tissue, long-term glycerol preservation
ensures that patients have access to tissue. In one paper,
the therapeutic success was 91% in glycerol preserved cor-
neas versus 87% in fresh tissue [29]. Glycerol itself has
both antimicrobial and anti-protease properties while the
resultant acellularity reduces antigenicity and thus limits
the need for post-operative immunotherapy with topical
corticosteroids [29].

The impact of SARS-CoV-2 is not limited to donor tis-
sues. Blood products, such as autologous serum tears, may
represent yet another source of infection. However, there
is limited evidence of re-infection in the case of autolo-
gous tears harvested during an infective period [31]. Use of
autologous tears pose no risk of transmission from another
individual [31].

Ophthalmology Practice Patterns

Prior to the start of the pandemic, ophthalmologists rarely, if
ever, used masks. Slit lamp shields, if in use, were small and
covered just the area between the mouth of the physician and
the patient. Since the start of the pandemic, mask mandates
necessitated modifications of examination techniques due
to the impact of masking on the ophthalmological exam,
including lens fogging, masks obstructing the view, and
patient comfort. Furthermore, many practices have adopted
larger shields between the physician and the patient. These
shields may be clumsy and represent yet another obstacle
for a thorough clinical examination. In one study by Ong
and colleagues, the authors examined the impact of masks
versus shields on large droplet aerosol transmission [32].
They found that slit-lamp shields mainly reduced the risk of
large-droplet transmission. However, there was still a risk of
infectious aerosols on the side of the shield facing the oph-
thalmologist, likely due to the minor leaks adjacent to the
oculars of the slit lamp [32]. Furthermore, slit lamp shields
had a lower efficacy against smaller aerosols and the shields
could actually act as fomites for contact transmission if not
properly disinfected between every patient. They confirmed
that regular face masks provided the most complete protec-
tion against both aerosol and droplet transmission [32]. In
addition, large slit-lamp shields were unlikely to add any
significant additional benefit to the patient or the provider if
masks were worn properly by both persons.
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While shields may not serve to add any additional benefit
during routine exams, they may serve a purpose in certain
aerosol generating procedures unique to the ocular surface,
such as refractive surgery. There are several reports on best
practices for refractive surgeons [33, 34]. These practices
involve horizontal and vertical protocols [34]. Horizontal
protection protocols, the protection of transmission between
staff and patients, included measures such as mandatory
masking, pretreatment surveys, distancing, and proper
ventilation [33, 34]. Vertical protection, the protection of
patients, pre-, intra-, and post-operatively, included gown-
ing patients to prevent fomite transmission, povidone-iodine
ocular surface cleanses preoperatively, and counseling about
the importance of eye hygiene during the post-operative
period.[33, 34]. Povidone-iodine is of particular interest due
to its virucidal properties and ability to inactivate SARS-
CoV-2 on the ocular surface.[35]. Ocular surfaces washes
performed 10 min preoperatively likely eliminate infectious
viruses on the surface providing enhanced protection to both
the patient and the provider [35]. Many surgeons agreed that
refractive surgery could be performed safely during the pan-
demic, as long as the appropriate personal protective equip-
ment and disinfection procedures are followed. However,
enhanced shielding may be necessary in certain high-risk
procedures. For example, microkeratome assisted flap crea-
tion is associated with greater aerosol dispersion compared
to femtosecond lased assisted flap creation and may require
additional shielding and physical distancing between the
patient and the provider [33].

In many hospitals around the world, elective corneal
procedures were canceled during the lockdown period,
with one tertiary center for ophthalmic care in the United
Kingdom reporting a 92% reduction in elective corneal
surgeries [36]. Strict risk stratification and identification
of emergency surgeries resulted in significant delays in the
treatment of progressive corneal pathology, such as kerato-
conus. In many institutions, vision preserving procedures
such as collagen crosslinking were postponed, resulting in
progression of disease. In one retrospective review of 46
eyes that had crosslinking withheld for an average period of
three months, 70% of eyes showed progression in accord-
ance with the ABCD criteria during the period of delay [37].
As hospitals and communities continue to re-open, a focus
should be made toward helping individuals receive the care
they need in a timely fashion in order to prevent undue pro-
gression of disease.

Conclusion
The impact of SARS-CoV-2 on the ocular surface is com-

plex. Transmissibility through ocular surface tissues is con-
troversial, and so far lacks confirmation. However, given
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the evidence for host receptors on the ocular surface, ocular
secretions of individuals with SARS-CoV-2 should still be
considered potentially infectious. Although rare, our review
found that there are ocular manifestations of SARS-CoV-2,
most commonly a mild and transient conjunctivitis.

Ocular surface surgeons face unique challenges related
to donor products, including corneal tissue, amnion, and
autologous serum tears. Donor corneal tissue represents
an area of significant concern given the disproportionate
impact on LMICs due to decreased host availability, trans-
portation limitations, and increased wait times. Long-term
storage techniques may serve as a potential temporary solu-
tion to tissue limitations and may represent a viable option
for recipient countries.

Refractive surgery techniques associated with increased
risk of aerosol generation may benefit from larger shields
and greater distancing between the patient and the provider.
Other ophthalmology infection control measures that were
adopted early in the pandemic, such as extensive slit-lamp
shields, may not provide any additional benefit to simple
mask-wearing. Given the recent change in mask mandates,
physicians may choose to consider continuing to mask
patients during the close-contact slit-lamp examination.

Ultimately, SARS-CoV-2 has had a significant impact on
ocular surface treatment and practices. The impact of the
COVID-19 pandemic on the availability of corneal donor
tissue in LMICs is particularly concerning, given that it may
extend far beyond the time bounds of the acute phase of this
public health crisis. Looking forward, ocular surface sur-
geons should use the lessons of this pandemic to continue to
advocate for solutions to address the disproportionate access
to donor tissue.
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