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ABSTRACT

The recent emergence of the novel severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-
2) and its resultant human disease, COVID-19,
will likely have a significant impact on the
corneal tissue donor pool. Current recommen-
dations from the United States and global eye
bank associations call for the outright avoid-
ance of tissues from donors recently infected
with or exposed to COVID-19. This conservative
recommendation is currently appropriate given
the reported ocular sequelae, tear film viral
detectability, and transmissibility of COVID-19.
However, the rapidly increasing global

prevalence and mortality of COVID-19 threat-
ens the tenability of current tissue exclusion
guidelines, and may necessitate their relaxation
in the near future.
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BACKGROUND

The unprecedented global spread of the novel
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) and its resultant cardiopul-
monary disease, COVID-19, has radically altered
a multitude of global practices. As we seek the
appropriate adjustments to the practice of
ophthalmology, we will be constantly chal-
lenged to both confront the current disease
burden and shape its future curvature. In doing
so, we must incorporate a knowledge base that
is both as young and dynamic as the pandemic
itself. Additionally, we must be prepared to
serve the emergent needs of the population in
as safe a manner as possible. A significant issue
at present is the inevitable interaction of the
cornea donor pool with SARS-CoV-2. Even with
our currently limited testing capacity, the con-
firmed US and global case numbers are
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significant, and trending towards an unknown
peak [1]. The number of recent case contacts is
further expected to be significantly higher than
the total confirmed case number. The current
annual US all-cause mortality rate is approxi-
mately 867 per 100,000 [2]. In addition to
deaths directly caused by COVID-19, it is
expected that a significant number of individ-
uals dying from all other causes will be infected
by or exposed to COVID-19. It is therefore
probable that a sizable fraction of donated cor-
neas will soon meet a donation exclusion
parameter set out by a tissue banking governing
body (Table 1).

Current guidance from the Eye Bank Associ-
ation of America (EBAA) and the Global Alli-
ance of Eye Bank Associations (GAEBA) is

crafted in a prudently conservative manner that
largely excludes donors positive for, or in recent
close contact with, COVID-19 [3, 4]. These rec-
ommendations are congruent with U.S. Food
and Drug Administration (FDA) guidance on
human cell, tissue, and cellular or tissue-based
products (HCT/P), which call for careful con-
sideration of whether HCT/P donors have been
infected or in contact with COVID-19 within
the past 28 days. The FDA guidelines further
indicate that there is currently no evidence for
transmission of respiratory viruses in general
through tissue transplantation, implantation,
or infusion, and therefore do not recommend
tissue banking establishments use additional
laboratory screening for asymptomatic HCT/P
donors. [5].

Table 1 Current corneal donation parameters from selected governing bodies

Eye Bank Association of America (EBAA) [3] Global Alliance of Eye Bank Associations (GAEBA) [4]

-Tested positive for or diagnosed with COVID-19 within

the past 2 months

-Acute respiratory illness (fever[ 100.4 �F (38 �C) and at

least one severe common symptom of respiratory disease

with no other etiology that fully explains the clinical

presentation within the last 28 days

-Close contact with a person who has confirmed COVID-19

infection or with a person under investigation (PUI) (as

defined by the CDC) within the last 28 days

-Travel to or transit through a foreign country identified by

the CDC as a level 2 or 3 travel risk within the last 28 days

-ARDS [acute respiratory distress syndrome], pneumonia or

pulmonary computed tomography (CT) scanning showing

‘‘ground glass opacities’’ (regardless of whether another

organism is present) within the last 28 days

-Excluded from donation

-Less than 14 days since resolution of symptoms due to

confirmed coronavirus infection

-Awaiting test results for suspected coronavirus infection

-Less than 14 days from the first day of contact with an

individual with a confirmed or suspected infection

Discretionary donation

-Confirmed infection. If more than 14 days have passed

since resolution of symptoms

-If more than 14 days since the first day of contact with an

individual with a confirmed or suspected infection, and the

donor remained well, with no symptoms of coronavirus

infection

-If less than 14 days and the donor remained well, with no

symptoms of coronavirus infection—subject to individual

risk assessment

-Donors without respiratory symptoms who are not

suspected to have, and have not been tested for, COVID-

19 infection, and who were in intensive care units with

patients who had been tested for COVID-19 infection and

subsequently moved to isolation facilities following

confirmation of infection—subject to individual risk

assessment
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In the US alone in 2018, all-cause mortality
claimed the lives of approximately 2.8 million
residents [2]. Of these deaths, 168,569 were
determined eligible for corneal donation by the
EBAA, and 123,222 corneas were ultimately
recovered and banked for intended transplant.
Thus, even prior to the COVID-19 pandemic, an
already small proportion of potential donor
corneas make it to the donor pool after being
filtered through a series of stringent eligibility
criteria that include several viral contraindica-
tions [6].

At present, the EBAA excludes corneas from
donors affected by HIV types 1 and 2, hepatitis
B virus (HBV), hepatitis C virus (HCV) herpes
simplex virus (HSV), human T-cell lym-
photropic virus (HTLV)-1, HTLV-2, rabies, West
Nile, vaccinia, Zika, and Ebola virus disease
(EVD). Other communicable agents that may be
transmitted by ocular tissue and pose a risk to
recipients and tissue handlers or have insuffi-
cient evidence of risk are also excluded, espe-
cially if such agents possess the potential for a
high prevalence in the donor pool [7].

These exclusion criteria are based on an
approach that attempts to weigh the risks of a
virus’s transmissibility, prevalence, and recipi-
ent effects. Exclusion criteria are easily drawn
for viruses such as HSV, which is transmissible
through penetrating keratoplasty (PK), is
prevalent in the general population, and is a
known contributor to primary graft failure
(PGF) [8–10]. Although low in prevalence, rabies
virus bears a similar risk profile to HSV in that it
has known transmissibility through corneal
transplantation and a significant potential host
effect [11, 12]. Some viruses with no known
transmissibility through corneal donation, such
as HIV, HCV, and West Nile virus, are excluded
for their potentially devastating recipient effects
and transmissibility by non-ocular routes, even
in the absence of observed transmissibility
through corneal donation [8]. Additionally, for
HIV, corneal epithelial detection alone has been
sufficient to raise concern for corneal donation
[13], even in the absence of seroconversion in
corneal recipients from known HIV-positive
donors, and a known lack of transmissibility
through ocular tissues or tears [8, 14–17]. Con-
versely, donor cytomegalovirus (CMV)

infection does not preclude corneal donation,
even though CMV affects up to 60% of the US
population [18], can be transmitted through
corneal donation, presents low but unclear risks
for PGF [19, 20], and can be problematic for
immunosuppressed recipients [21, 22]. This is
likely due to a lack of significant recipient effect
in a vast majority of cases and ease of treatment
with antivirals [19]. Adenovirus affected indi-
viduals without keratitis are similarly not
excluded due to a lack of significant recipient
effect, despite its high prevalence and role in
keratoconjunctivitis in the general population.
Influenza virus, too, is not a current eye banking
exclusion parameter despite being a significant
cause of global morbidity and mortality. In the
2018–2019 flu season, 34,200 people died from
viral influenza in the US alone, generating
68,400 total corneas. [23]. Approximately 5.6
million corneas were generated by all-cause
mortality in the US in 2018, 123,122 (2.2%) of
which ultimately met EBAA eligibility and were
recovered for intended transplant. At a rate of
2.2%, an estimated 1500 corneas from influen-
za-deceased individuals were potentially recov-
ered for intended transplant in the US in 2018.
In reality, this number is likely lower due to
EBAA exclusion of deaths due to sepsis.
Although COVID-19 is a considerably more
significant pandemic than the current influenza
burden, influenza remains a valid example of a
deadly, primarily respiratory, virus that is cap-
able of causing conjunctivitis and is
detectable by conjunctival swabbing [24].
Despite the potential illness severity of
influenza, corneas generated by non-septic
influenza deaths are still considered suitable for
donation, and have not been shown to pose a
significant risk to corneal tissue recipients.

The exclusion of SARS-CoV-2-affected cor-
neas from the donor pool is appropriate at pre-
sent given its relatively high transmissibility,
possible conjunctival presence, and the possible
severity of resultant infection. However, while
the exclusion of individuals infected with or
exposed to COVID-19 from the donor pool may
be currently appropriate, the rate of spread of
this disease, in conjunction with its relatively
high mortality, may unfortunately preclude the
outright avoidance of this potentially vast
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donor pool moving forward. Moreover, while
tissue availability is currently sufficient in the
US, especially with reductions in non-essential
operative volume, the avoidance of COVID-19-
affected tissues could disproportionally affect
import-reliant countries that source tissues
from surplus nations [25].

It is therefore imperative that we characterize
the theoretical risks posed to recipients of cor-
neas from COVID-19-affected donors so that
informed decisions can guide practice in the
midst of this pandemic. In this article, we
attempt to frame a discussion about the theo-
retical risks of transplanting corneal tissue from
donors infected with or exposed to COVID-19,
by compiling lessons from prior global coron-
avirus outbreaks and describing what is cur-
rently known about the interaction of this
disease with ocular tissues. While relevant and
highly important, the additional risks posed to
tissue recovery personnel, eye bank staff, and
surgeons are outside of the scope of this article.
Furthermore, this article is based on previously
conducted studies and does not contain any
studies with human participants or animals
performed by any of the authors.

PRESENCE OF SARS-COV-2
IN THE TEAR FILM
AND CONJUNCTIVAL SECRETIONS

Studies indicating the potential for SARS-CoV-2
to affect the tear film, albeit with low frequency,
have produced concerning implications for
corneal tissue donation. Although COVID-19 is
far and away dominated by cardiopulmonary
symptomatology, there are preliminary reports
of coinciding ocular symptoms. A case series of
38 COVID-19-positive patients in Hubei Pro-
vince, China, showed that 12 of these patients
experienced symptoms of conjunctivitis during
hospitalization, which occurred predominantly
in patients with severe systemic disease. Eleven
of the 12 patients with ocular symptoms had
positive reverse-transcriptase polymerase chain
reaction (RT-PCR) evidence of virus in the
nasopharynx. Two of these 11 patients also had
conjunctival RT-PCR evidence of disease [26].
Importantly, conjunctival injection and

irritation could be secondary symptoms of the
ventilatory setups used for these patients, and
only one patient presented with conjunctivitis
as an initial sign. In another series of 30 con-
firmed COVID-19 pneumonia patients, Xia
et al. showed positive RT-PCR evidence of virus
in tear and conjunctival secretions in a patient
who also had active conjunctivitis. All other
samples collected from the remaining 29
patients were negative, and remained so on
repeat testing 2–3 days later [27]. More recently,
Jun and colleagues showed no viral presence by
RT-PCR in 64 tear film samples from 17 COVID-
19-positive patients—one of whom developed
conjunctival injection and chemosis during
hospitalization [28]. Additional, less rigorously
reported observational data in 114 patients
hospitalized with COVID-19 in China did not
yield a single detected instance of conjunctival
SARS-CoV-2 presence [29].

Prior experience with the 2003 outbreak of
the highly homologous severe acute respiratory
syndrome coronavirus (SARS-CoV) also showed
rare conjunctival detection. However, it indi-
cated that viral tear film detection may be time-
dependent and can occur in the absence of
conjunctivitis [30]. During this outbreak, Loon
et al. positively detected virus by RT-PCR in tear
samples from three out of eight patients with
serology-confirmed SARS and without con-
junctivitis. Notably, all three positive detections
occurred within 9 days of disease onset (mean:
4 ± 3.2 days). The five remaining serology-
confirmed cases did not show evidence of viral
matter in their tear films, but overall, were tes-
ted at a later time (mean 19.4 ± 11.2 days). It is
unclear whether the three initially positive
patients were tested for viral clearance from the
tear film at a later interval. Additional studies
from the 2003 SARS outbreak, however, showed
no detection of virus in either tears or con-
junctival samples from 17 patients with con-
firmed SARS [31]. Importantly, while these
negative series may indicate a truly low inci-
dence of viral presence in the tear film and
conjunctiva, RT-PCR has low sensitivity for viral
detection in such samples [32]. These series are
ultimately limited by their small sizes, and can
only inform us that (1) SARS-CoV-2 is likely
rarely present in the tear film and conjunctival
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secretions of COVID-19-positive patients, and
(2) based on prior experience, tear film viral
presence may be independent of signs of
conjunctivitis.

If a SARS-CoV-2 viral load can be detected in
the tear film and conjunctiva, three theoretical
mechanisms could be at play. First, viral parti-
cles contained in respiratory droplets could be
deposited onto and confined to the patient’s
tear film by their own respiration or that of a
nearby positive individual. In this case, the
ocular tissue itself would not be affected, and
corneal donation would not present significant
risks to the host. Second, viral particles could be
shed into the tear film by infected epithelial or
even deeper corneal stromal cells. If valid, this
would present a higher risk for ocular tissue
donation. Third, systemic infection could
manifest diffusely and be detectable in ocular
tissues, though this seems less likely given the
overall rarity of ocular detectability. The second
possibility of tear film detection based on an
underlying ocular cellular infection seems the
most plausible, given the seeming co-occur-
rence of tear film detectability and conjunc-
tivitis. Data suggesting the involvement of
deeper ocular structures are highly limited, but
it remains theoretically possible, given the cel-
lular entry mechanism of SARS-CoV-2 [33].
Regardless of the mechanism, the potential
presence of SARS-CoV-2 in the tear film and/or
conjunctiva has implications for transplant
recipients of COVID-19-affected corneas due to
the potential for ocular transmission.

OCULAR TRANSMISSIBILITY
AND IMPLICATIONS FOR CORNEA
DONATION

Many coronaviruses are capable of causing ful-
minant respiratory disease through ocular
mucosal entry and subsequent spread through
the nasolacrimal system [34]. This possibility
has been popularized by anecdotal evidence of a
healthcare worker contracting COVID-19 while
wearing otherwise full personal protective
equipment (PPE) without ocular protection, and
has raised concerns surrounding contact lens
use [35].

Interestingly, the possibility remains that
conjunctivitis and/or viral detection in the tear
film may require viral entry into the eye, which
may or may not be the predominant cause of
systemic infection. Preliminary and limited data
from intentional exposure of three rhesus
macaques to SARS-CoV-2 via an isolated ocular
conjunctival route versus an isolated intratra-
cheal route has shown varying infectious pat-
terns [33]. The two macaques that the authors
infected by an ocular-conjunctival route had
detectable viral loads in conjunctival swabs on
post-infection day 1 that could no longer be
detected on post-infection day 3. The single
macaque infected by an intratracheal route
never developed conjunctival detectability. All
monkeys experienced COVID-19 respiratory
disease. Interestingly, however, after the mon-
keys were euthanized and necropsied on post-
infection day 7, the monkeys infected by the
conjunctival route had a weakly detectable viral
load in the lacrimal gland, optic nerve, and
conjunctival tissues, and a strongly
detectable viral signal in upper respiratory and
pulmonary tissues. The intratracheally exposed
monkey had no detectable ocular viral load;
however, virus was strongly expressed in the
pulmonary and gastrointestinal systems.
Despite limitations in the sample size and spe-
cies of this study, it suggests that COVID-19-
positive patients infected by an ocular route
may have initial conjunctival detectability that
clears early in the course of infection, but may
additionally have viral particles within deeper
ocular tissue structures at later time points.
Corneal stromal tissue, however, was not iden-
tified as a location of viral detectability. What
remains to be determined is the risk that these
examples of ocular RNA detectability will play
in corneal donation. The nucleic acids of other
viruses, such as adenovirus and CMV, can be
detected in banked corneal tissues [36] without
a significant reactivation or infection risk in
immunocompetent recipients.

While the harboring of SARS-CoV-2 particles
within deeper ocular tissues remains speculative
and theoretical, it is important to consider the
mechanism by which this phenomenon could
occur, given its implications for corneal tissue
donation. Entry of SARS-CoV-2 into a host cell
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relies on the interaction between the viral
envelope spike (S) protein and the host cell
angiotensin-converting enzyme 2 (ACE2)
receptor [37]. This entry mechanism is homol-
ogous to that of the earlier SARS-CoV [38]. The
Middle East respiratory syndrome coronavirus
(MERS-CoV), by contrast, utilizes the dipeptidyl
peptidase 4 (DPP4) receptor to facilitate viral
entry [39]. The function of ACE2 is primarily to
convert angiotensin II generated by angio-
tensin-converting enzyme (ACE) to angiotensin
(1–7) [40]. As such, it more broadly functions as
part of the renin–angiotensin system (RAS) to
modulate vascular tone and systemic blood
pressure. In humans, ACE2 is strongly expressed
in the gastrointestinal tract, heart, kidneys, and
type II alveolar cells of the lungs, explaining the
predominant clinical effect of COVID-19 dis-
ease on these systems [41]. Nevertheless, the
presence of a locally acting ocular renin–an-
giotensin system is well described, and the
expression of ACE2 in a variety of ocular tissues
may yield a pathway by which SARS-CoV-2 is
harbored within these tissues, and may not
remain confined to the tear film.

Currently identified ocular localizations of
ACE2 include the aqueous humor [42], retina
[43], conjunctiva, and cornea [44]. Porcine
studies have also revealed ACE2 expression in
the ciliary body and vitreous [45]. Following the
first SARS outbreak, it was shown using in vitro
studies that the surface S protein of SARS-CoV
interacts, albeit weakly, with ACE2 on human
conjunctival epithelial cells, conjunctival
fibroblasts, and corneal epithelial cells [44].
Interaction of the S protein with corneal stro-
mal cells was not described. Overall, there is
currently no evidence that the SARS-CoV-2
virus infects deeper corneal tissues in patients
with COVID-19, and this possibility remains
merely theoretical based on animal and prior
in vitro studies.

CONCLUSIONS

Based on the current literature, COVID-19 is a
predominantly respiratory process that has
ocular manifestations limited to mild conjunc-
tivitis in a very small percentage of individuals.

The rare incidence of conjunctivitis and ocular
viral detectability leaves a large COVID-19-af-
fected donor pool without any evidence of
ocular involvement. While it is possible that
viral RNA can be detected in the conjunctival
tear film, and that the necessary viral cellular
integration machinery exists within donor tis-
sues, we currently lack sufficient evidence to
suggest that a sizable viral load presenting a
significant risk to donor recipients is harbored
within the corneal stroma. The suspected con-
finement of this virus to surface or near-surface
ocular structures also increases the theoretical
degree of sterilization provided by povidone-
iodine (PVD-I) applied to the corneal surface
after donor excision [46, 47]. However, we
remain aware that PVD-I does not accomplish
complete sterilization, and by no means elimi-
nates the possibility of viral retention within
ocular structures [36]. Furthermore, we recog-
nize that although only theoretical based on
current literature, infection of deeper cellular
layers of corneal donor tissue remains a possi-
bility, and warrants additional study. As such,
we understand and endorse the current EBAA
and GAEBA guidelines while tissue availability
and export capabilities remain. However, we
also envision a rapidly approaching reality
wherein the population penetrance of COVID-
19 becomes sufficiently high as to force our
hand in banking and utilizing tissues affected
by its reach, especially as more positive cases are
identified by improvements in testing capacity.
We feel that, overall, the risk of transmission
through corneal stromal tissue is low, and that
donors affected by COVID-19 may potentially
come to be treated in the same fashion as
individuals who succumb to non-septic termi-
nal respiratory complications of viral influenza.
Moreover, the likelihood that COVID-19-af-
fected donor tissues are already being utilized
due to false-negative tests, lags or lapses in
screening, and a prolonged asymptomatic dis-
ease latency in some individuals is high. It is
thus imperative going forward that we imple-
ment mechanisms to correlate COVID-19 status
in donors and recipients, look for evidence of
virus in corneal samples from deceased COVID-
19-positive individuals, and determine evi-
dence-based donation waiting periods as we

376 Ophthalmol Ther (2020) 9:371–379



come to understand the implications of viral
RNA detection for transmissibility.
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