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SARS-CoV-2 is a coronavirus with high infectivity and has caused dramatic pressure
on health systems all over the world. Appropriate personal protection for medical staffs
is critical. For ocular protection, there is ongoing hot debate and concern for potential
ocular transmission of SARS-CoV-2. Ocular manifestations and positive detection of viral
RNA in ocular samples were only reported in very small number of patients infected
with SARS-CoV-2. However, health care workers need to face patients more closely
and have higher risk of aerosol contamination. Thus, appropriate ocular protection for
medical workers is still recommended by organizations such as WHO and American
Academy of Ophthalmology. Although eye goggles provide excellent protection and are
mandatory for medical practitioners with high risk of exposure, they are not ideal for
common clinical practice, because they can disturb vision due to extensive formation
of water droplets and frequently cause moderate to severe discomfort after longtime
wearing, which have been reported to interfere with working status. For the majority
of medical workers who don’t deal with high risk patients, they are not advised to wear
goggles in daily practice. However, they also face the risk of infection due to the presence
of asymptomatic carriers. Especially in situations with high risk of ocular exposure, such
as close physical examination, eye surgery, dental clinics and surgery, ocular protection
may be needed. Griffithsin has been shown to directly bind to spike proteins and has
anti-viral activity against a broad spectrum of viruses, including coronavirus. Griffithsin
is found to inhibit the entry of SARS-CoV at relatively low concentration and is stable
and non-toxic. SARS-CoV-2 and SARS-CoV share the same entry receptors and their
spike proteins are similar in conformation. We hypothesize that contact lenses containing
nanoparticles loaded with griffithsin may provide sufficient ocular protection for medical
staffs without high risk of exposure during the outbreak period of SARS-CoV-2. If proven
effective, griffithsin-loaded contact lens can be considered as a supplementary ocular
protective equipment for medical workers who can tolerate well. The daily disposable
contact lens should be applied as needed and refrain from extended wearing in order to
reduce potential side effects.

Keywords: SARS-CoV-2, ocular protection, sustained releasing contact lens, personal protective equipment,
griffithsin
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INTRODUCTION

The Risk of Ocular Transmission of
SARS-CoV-2 in Health Care Workers

The novel coronavirus “SARS-CoV-2” is now causing global
pandemic and has claimed more than 800,000 lives until July,
2020. Although SARS-CoV-2 is principally a respiratory virus,
there is concern that the ocular surface may serve as potential
route of SARS-CoV-2 transmission.

The entry of SARS-CoV-2 into host cells relies on protein-
protein interaction of its spike protein (S protein) with host
surface receptors (ACE2 or CD147) (1, 2). The critical motif for
receptor recognition and binding is found in receptor binding
domain (RBD) of S protein. After binding, proteolytic cleavage
by membrane protease TMPRSS2 is needed to allow for fusion of
virus and cell membrane and subsequent entry, a process called
“protein priming”(3, 4). Therefore, ACE2/CD147 and TMPRSS2
are all essential for virus entry and transmission. Previous studies
have illuminated that ACE2, TMPRSS2, and CD147 were all
expressed on ocular surface, including cornea and conjunctiva
(5-7). Thus, theoretically the eye can serve as the entry route
for SARS-CoV-2, as this area is likely to be contaminated by
aerosol, droplets or direct touching (8). In addition, the ocular
surface is anatomically connected with the respiratory tract via
the nasolacrimal duct. The nasolacrimal duct drains tear in the
conjunctival sac continuously into the inferior nasal meatus and
is thought to play important roles in the spreading of ocular
virus into the respiratory system. Thus, the eye theoretically
possesses dual routes for virus spread: lacrimal drainage-based
spread and direct infection via ocular cell receptors (9). Although
currently no evidence of intraocular infection of SARS-CoV-
2 is available, some common beta coronaviruses can penetrate
inside and lead to retinitis and uveitis (10). Besides, the special
region of limbus also provide potential routes for the spread
of virus via blood circulation or trigeminal nerve branches
(11). In one animal study of SARS-CoV-2 on rhesus monkeys,
virus inoculated on conjunctival surfaces caused characteristic
interstitial pneumonia and was detected in a variety of organs
by autopsy (12). Thus, these evidence indicates ocular surface
has the structural and physiological foundation for SARS-CoV-
2 infection.

However, according to clinical data and RT-PCR tests of
ocular samples, ocular involvement and positive isolation

of viral RNA were only reported in a very small number
of patients infected with SARS-CoV-2 (Tables1, 2). The
manifestations were symptoms related to
conjunctivitis. The reported rates of patients with ocular
symptoms were 1.5%-31.6% in different studies (13-18).
Particularly to be noted were some medical staffs who
were not protected with goggles when they were exposed
to SARS-CoV-2 and became infected (13, 17). Zhang et al.
reported an emergency nurse infected with SARS-CoV-2
and tested positive in conjunctival swabs. The patient was
protected with N95 mask during the whole practice time but
found her goggle dislocated. Conjunctivitis was the initial
symptom, and the conjunctival sample was tested positive
on the second day and turned negative at day 9 (17). Xia
et al. also reported a patient presented with conjunctivitis and
watery secretions as initial symptoms and virus was detected
at the early phase of infection (16). A large cross sectional
study of 535 patients showed that ocular symptoms were
present in 5.05% of patients, and the average duration of
conjunctivitis was 5.9 days (14). According to a recent systematic
review which included 11 studies on the topic of ocular
involvement in SARS-CoV-2, 3 patients with conjunctivitis
had positive PCR test, 8 patients had positive tear-PCR in the
absence of conjunctivitis, and 14 patients with conjunctivitis
but were tested negative by RT-PCR (21). These clinical
results indicated that for the generally population, the link
between ocular involvement and SARS-CoV-2 infection is still
controversial. At least the ocular surface is not a major route for
SARS-CoV-2 transmission.

It has been well-recognized that the ocular surface possesses a
variety of mechanisms to protect from viral infection, which may
explain the low rate of ocular involvement and RNA detection.
Many mechanical activities, like tearing, blinking and barrier
function of eyelid and lashes may all prevent landing of virus-
containing droplets on ocular surface (22). In one experiment
on model man, particles of 0.6-5.0 um were emitted from a
jet set 20 cm from the nose. The amount of particles landing
on ocular surface was only 1/8 to 1/4 of those on lips, which
indicated ocular surface is an uncommon landing area for
droplets (8). In addition, the ocular surface possesses multiple
innate and acquired immune compounds and actions to defend
against viral infection, including lactoferrin, B-lysin, secretory
IgA, complement, interferons, etc.(23).

main ocular

TABLE 1 | Clinical reports of ocular involvement of SARS-CoV-2.

References Total number of patients Number of patients with Ocular symptoms as the Types of ocular manifestations
ocular symptoms initial presentation
Zhou et al. (13) 67 1 1 Conjunctival injection, watery secretion
Chen et al. (14) 535 27 4 Conjunctival injection
Wu et al. (15) 38 12 1 Conjunctival injection, chemosis, epiphora,
increased secretion
Xia et al. (16) 30 1 1 Conjunctival injection
Zhang et al. (17) 72 2 1 Conjunctival injection, epiphora
Xu et al. (18) 30 1 1 Eye itching
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TABLE 2 | Summary of reviewed articles for the detection of SARS-CoV-2 in tears or conjunctival secretions.

References Participants Demographic Positive Detection Ocular Detection phase Duration of positive
characteristics rate manifestations detection
Fang et al. (19) 32 F:M=1:1 15.6% None During admission time N.A.
Mean age=41
(34-54)
Zhou et al. (13) 67 F:M=1.68 1.5% positive 3.0% 1.5% During admission time N.A.
Mean age=36 suspected
(22-78)
Zhang et al. (17) 72 F:M=1.00 1.4% 2.8% Before and during Conjunctival swab turned
Mean age=59 admission time positive 1 day after
conjunctivitis, and became
negative at day 9
Xu et al. (18) 30 F:M=1.14 0% 3.3% During admission time N.A.
Mean age=48
Deng et al. (20) 114 F:M=0.84 0% 0% During admission time N.A.
Mean age=61
(10-88)
Xia et al. (16) 30 F:M=0.43 3.3% 3.3% During admission time Detected at day 2 and day 4
Mean age=55 after the onset of symptoms
(13-83)

Although ocular involvement is infrequent in patients
infected with SARS-CoV-2, there is evidence for higher risk
of ocular transmission for first-line medical workers and
the need for ocular protection during high risk procedures.
Many procedures such as tracheal intubation, dental surgery
and electrocautery generate high concentration of aerosols
which may contain the virus and increase the possibility of
ocular landing and transmission (24). For ophthalmological
surgeons at high risk of ocular transmission, lack of appropriate
personal protection results in reduced amount of surgical
interventions and potential delay of necessary operations
during SARS-CoV-2 outbreak (25). In one previously published
study during the outbreak of SARS-CoV, nurses caring for
intubated patients who didn’t use eye protection had 8
times higher infection rate than those wearing goggles (8
vs. 1%) (26). Thus, we think although ocular involvement
is not common in patients infected with SARS-CoV-2, but
still can serve as potential transmission route especially for
medical workers. The American Academy of Ophthalmology
has recognized the risk of ocular transmission in the beginning
and called for appropriate eye protection for ophthalmology
workers (27).

Griffithsin Can Block the Entry of

Coronavirus and Other Enveloped Viruses

Griffithsin is a small lectin consisting of 121 amino acids
and is derived from Griffithsia spp. (28). Grifithsin has been
found to be able to block the entry of a variety of enveloped
viruses, including HIV, MERS-CoV, SARS-CoV and HCV and
efficiently inhibit viral entry, because it has high affinity to
bind to multiple sites of glycoproteins on the virus envelope
(29-32). In the previous efficacy studies, griffithsin has been
tested either as prophylactic agents or therapeutic drugs against

viral infection and showed high potency (33). In an in vitro
study, griffithsin was found to prevent cell fusion and cell-to-
cell transmission of HIV at a concentration of <1 nM by binding
to its envelop protein gp120 (34). In mice models, intra-vaginal
application of gel containing 0.1% griffithsin prevented spread of
HSV-2 and significantly reduced disease scores (35). Griffithsin
is found to specifically bind to monosaccharides (mannose,
glucose, and N-acetylglucosamine) and oligosaccharide moieties
of glycoproteins of virus, thus can theoretically work on any
virus whose surface proteins are glycosylated, such as S protein
of coronavirus (32). In addition, one molecule of griffithsin
possesses three identical carbohydrate-binding domains (36).
On crystal structures, the three binding sites are located in an
equilateral triangle, and each possesses an aspartic acid residue
which makes extensive contact with saccharides (36). Thus
griffithsin is multivalent and can work at low concentration, and
the estimated ECsy value to block the activity of SARS-CoV
is 0.28-0.96 WM (36). On mice inoculated with lethal doses of
SARS-CoV, concomitant administration of 5 mg/kg intranasal
griffithsin improved survival rate to 100% and dramatically
reduced lung injury (32). Based on the the action of griffithsin
and previous studies, we can infer that this small peptide can
also block the entry of SARS-CoV-2, because the S protein of
SARS-CoV-2 and SARS-CoV are similar in conformation and
both glycosylated with high-mannose glycan (37-39). Moreover,
griffithsin is very stable and resistant to the degradation of
protease and detergent (40). In vitro and in vivo toxicology
studies demonstrate that griffithsin has no cytotoxicity (41).
In summary, griffithsin is a safe anti-viral agent and has been
shown to block the entry of a wide variety of coronavirus. It is
reasonable to hypothesize that griffithsin is a good candidate for
SARS-CoV-2 prevention, which has been suggested by several
researchers (42, 43).
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Sustained-Releasing Therapeutic Contact

Lenses

As the ocular surface is continuously exposed to the
environment, a prolonged eye protection is needed. Traditional
eye drops may not provide sufficient protection due to blinking
and drainage by nasolacrimal duct. It is estimated that drugs
administrated via eye drops only reside in tears for 1-3 min
and have very low bioavailability (44). Thus, sustained-releasing
therapeutic contact lenses containing griffithsin may be the
optimal option for the protection of ocular surfaces against
SARS-CoV-2. As griffithsin is a small protein, it can be entrapped
in nanoparticles which can enable sustained delivery. The
technique was first describe by Gulsen et al. who dispersed
drug-laden nanoparticles in hydroxyethyl methylacrylate
(HEMA) monomers before polymerization to make therapeutic
contact lenses (45). The contact lenses containing drug-laden
nanoparticles are able to release drugs for an extended period of
time, and show reasonably good tolerability, transparency and
permeability (46).

THE HYPOTHESIS

The ocular surface is a possible transmission route of SARS-
CoV-2, especially for medical staffs who work in close contact
with infected patients. Theoretically, griffithsin can bind to S
protein on virus envelop and inhibit the entry of SARS-CoV-2.
Contact lenses with nanoparticles releasing griffithsin may be a
way to protect the ocular surface from SARS-CoV-2 infection
and provide a supplementary protection method for health care
workers in daily practice.

DISCUSSION

The global pandemic of SARS-CoV-2 in 2020 has caused
tremendous pressure on the health systems of almost every
country in the world. Due to inappropriate protection and
shortage of medical supplies, many medical staffs got infected
(47). SARS-CoV-2 has relatively high infectivity and mainly
spreads via close contact and droplets. There is ongoing hot
debate on the potential role of ocular surface in the transmission
of SARS-CoV-2, and some clinical and laboratory findings
support that ocular involvement was observed in a minority
of patients. For medical workers with high risk of aerosol
exposure and close contact with patients, ocular surface may
be a potential and overlooked site of contamination. WHO
has alarmed medical stuffs to wear protective goggles during
the whole contact period with patients who were suspected or
confirmed to be infected (48).

However, for daily medical practice in ordinary clinics,
wearing eye goggles is not mandatory or always practical.
Although eye goggles seem to provide the best protection and not
harmful to ocular surface, they have several disadvantages. First
of all, goggles are generally uncomfortable to use, and very likely
to disturb vision due to extensive formation of water droplets.
Thus protective goggles are very inconvenient for doctors who
require precise vision, including ophthalmologists, dentists,

surgeons and so on. Besides, long-term use of eye goggles is
reported to disturb working status and may lead to increased
medical errors. In a recent survey conducted during SARS-CoV-
2 outbreak on 231 nurses in China, use of eye goggles caused
headache, skin pressure injury and dizziness in 79%, 66%, and
49% of nurses, respectively. 82.7% of nurses subjectively reported
that use of eye goggles negatively impacted their working status,
and events of medical errors were reported in 19.5% of nurses
wearing goggles (49). Third, foggy goggles may interfere with
vision and need frequent adjustment during use, which was
reported in 59.7% of nurses in China (49). The adjustment may
lead to increased risk of being infected. In addition, SARS-
CoV-2 infection due to dislocation of eye goggles has also been
reported in an emergency nurse (17). Due to long incubation
period and relatively high proportion of asymptomatic infection
of SARS-CoV-2, it is difficult to identify infected patients in
the beginning (50). So during the outbreak period, any medical
workers are at risk of being infected, because they may be likely
to contact closely with an asymptomatic patient in the outpatient
clinics or during physical examinations. For example, during the
slit lamp or direct fundoscopy examination, an ophthalmology
doctor need to directly face the patient at a distance of 3-10 cm.
There is also huge risk of aerosol exposure during processes such
as dental repair, open surgery, tracheal intubation and so on
(51, 52). A recent survey conducted in British ophthalmology
practitioners showed that they were very unconfident about no
ocular protection in the daily work and called for more eye
protection (53). Thus, it is necessary to provide adequate eye
protection for medical workers during the outbreak period, as
medical workers are at higher risk of aerosol exposure which can
potentially result in risk of ocular contamination.

Based on the broad spectrum antiviral activity of griffithsin,
we proposed a theoretical device of contact lenses with griffithsin
nanoparticles as a potential alternative personal protective
equipment against SARS-CoV-2. Although no previous data of
the antiviral efficacy of griffithsin on SARS-CoV-2 is available, we
made the hypothesis based on the efficacy study of griffithsin on
other common viruses, including MERS-CoV, SARS-CoV, HIV,
HCV, and so on (29-32). Griffithsin is continuously released
onto the ocular surface and can bind directly to the S protein of
coronavirus to block the entry of virus. The sustained releasing
system enables prolonged protection time. Besides, contact lens
doesn’t disturb vision and is relatively well-tolerated by regular
users. It can be served as voluntary choice for those who tolerate
well and need precise vision during clinical practice. Based on
current available results, ocular involvement is found in a small
number of patients confirmed to be infected by SARS-CoV-2. We
consider the ocular surface is likely to be a minor transmission
route, so contact lenses containing griffithsin may provide
sufficient protection for medical workers not directly facing high
risk patients. Besides, as griffithsin has anti-viral activity against
a broad spectrum of enveloped virus, this therapeutic contact
lenses can be further applied in a variety of situations which
require eye protection for medical practitioners. In addition,
Decker et al. proposed a low cost lab-scale production method
of griffithsin with engineered E. coli, which could generate more
than 20 tons of griffithsin per year at the cost of below 3,500$ (42).
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This would make the griffithsin-loaded contact lens affordable to
the medical systems.

Despite the potential benefit for griffithsin-loaded contact
lens to act against ocular transmission of SARS-CoV-2, special
attention should be paid to the safety concerns associated
with contact lens wear. Incidence of infectious keratitis,
Acanthamoeba and fungal infections related to contact lens use
is on the rise in recent years (54). According to a survey of
contact lens users in USA, nearly a third of them reported
previous contact lens-related red or painful eye requiring a
doctor’s visit (55). Thus, infection risk is a potential limitation
for our proposed protection method. However, several ways can
be taken to control the risk of bacterial keratitis. First of all,
griffithsin-loaded contact lens is basically designed for health care
workers, who generally have higher awareness of the importance
of hand hygiene before applying (56). Second, the contact lens
should be designed as daily disposable use to reduce infection
associated with overnight wear, long-term use and case pollution
(57, 58). As reported in a study in Australia, the rate of microbial
keratitis associated with daily disposable contact lens wear is
relatively low (1-2 per 10,000 wears per year) (59).

As therapeutic contact lens can only cover the corneal portion
of the eye, there is potential risk of uncovered part to be infected.
However, griffithsin can dissolve into tear film and spread over
the ocular surface. This will expand its protection area beyond
the covered part. Besides, as shown in previous studies, griffithsin
is a highly potent antiviral agent and is effective at very low
concentration, which indicates that griffithsin dissolved in tear
film may also have antiviral activity (34, 36). As for SARS-CoV-
2, no data of inhibition efficacy is currently available. Thus,
pharmacokinetic studies of tear concentration after application
of the therapeutic contact lens need to be compared with the
antiviral concentration of SARS-CoV-2 in order to decide the
longest protection time.

Another potential limitation of griffithsin-loaded contact lens
is its potential ocular toxicity associated with the medication.
Although lectin is commonly used in ocular formulation to
improve drug retention time, currently no ocular formulation
and safety profile of griffithsin on ocular tissues is available.
As indicated in the inhibition study of SARS-CoV, griffithsin
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