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Abstract

While SARS-CoV-2 is a largely respiratory pathogen, it has been
reported that the ocular surface may present a significant oppor-
tunity for infection either via airborne droplets or by self-contam-
ination via touching an infected surface to the eye. In particular,
contaminated contact lenses present a potential vector for micro-
organism transmission. It is then crucial to demonstrate that con-
tact lens disinfection solutions are effective against the SARS-CoV-2
virus. Here, we applied the International Standards Organization
protocol 14729 to assess the antiviral activity of CLEAR CARE® and
CLEAR CARE® PLUS, hydrogen peroxide-based contact lens disinfec-
tion systems for use with soft contact lenses. Test samples were
inoculated with 5.75 log , TCID, /mL of SARS-CoV-2 and sampled
at time zero and then again after the stated disinfection time of 6
hours. Both CLEAR CARE® and CLEAR CARE® PLUS demonstrated
a 4.75 log reduction of the SARS-CoV-2 virus after 6 hours. No vi-
able virus was recovered following disinfection with CLEAR CARE®
and CLEAR CARE® PLUS. This data indicates the hydrogen peroxide-
based contact lens disinfection systems are extremely effective at
eliminating SARS-CoV-2, and these systems may provide patients
with an effective option for contact lens disinfection in the face of
this pandemic.
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Introduction

to the ACE2 receptor, or it may promote binding by allowing

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a novel coronavirus that emerged in 2019 and was
shortly thereafter declared a global pandemic [1]. The primary
mode of transmission of SARS-CoV-2 is via infectious airborne
respiratory droplets, and direct and indirect contact with na-
sal or oral mucosa [2]. However, the ocular surface has been
reported as a potential target for SARS-CoV-2 binding and
subsequent infection [3]. While reports have varied on how
SARS-CoV-2 may interact with the eye, studies indicate that
SARS-CoV-2 may cause ocular pathologies such as conjunctivitis
and retinopathy [4]. In particular, some patients report having
ocular or conjunctival symptoms before developing a fever or
respiratory symptoms, virion particles have been reported in
the tears [5]. Importantly, the ACE2 receptor, which SARS-CoV-2
binds to, is present in the conjunctiva, cornea, and limbus [5].
Following infection, patients demonstrate swollen endothelial
cells in choroidal vessels, fibrin microthombi, and apoptotic
changes of endothelial and inflammatory cells [6]. Therefore,
this virus may impact contact lens wearers as the virus may be
transported to the eye via contact lens where it can then bind

aerosolized viral particles to bind to the lens, and then the eye.
These potential binding opportunities presented by contami-
nated contact lenses would then be similar to the risk demon-
strated in contact lens-mediated bacterial and Acanthamoeba
keratitis cases [7].

Although few studies have reported the possibility of ocular
transmission of SARS-CoV-2, there has been no clear scientific
evidence of increased risk of contracting the COVID-19 disease
through contact lens use. The Centers for Disease Control and
Prevention reports that “hydrogen peroxide-based systems for
cleaning, disinfection, and storing contact lenses should be ef-
fective against the virus that causes COVID-19” [8]. However, to
our knowledge, this has yet to be demonstrated. Further, while
recent studies have indicated that specific eye drops may be ef-
fective against SARS-CoV-2, these studies indicate that extreme-
ly long time periods of up to 72 hours are required to achieve
only a one or two log reduction of viral load [9].

Considering the possibility of infection with SARS-CoV-2 via
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ocular tissue and secretions, contact lens hygiene should be
followed ensuring complete disinfection between contact lens
uses. Further, it is recommended that cleaning of ophthalmic
lenses and instruments used in contact lens practice occur in
order to minimize the transmission of SARS-CoV-2 [10]. A recent
review by Bhargava et al. points towards the need for further
research to determine which lens solution components will
fully disinfect against this highly infectious virus [11]. Previous
studies have demonstrated the antimicrobial efficacy of con-
temporary lens solutions containing H,0, [12]. However, there
is a paucity of data examining the antiviral activity of current-
ly-available contact lens solutions against SARS-CoV-2. While
some studies have investigated contact lens care solutions using
SARS-CoV-2 surrogate viruses [13], and others have investigated
contact lens care solutions with SARS-CoV-2 but only using RNA
[14], there is a need to examine SARS-CoV-2 using the robust
method of Vero cell plaque assay. Therefore, the objective of
the present study was to evaluate the antiviral activity of hydro-
gen peroxide-based contact lens disinfection products against
SARS-CoV-2 using an in vitro efficacy method.

Materials and Methods

All work with live SARS-CoV-2 was performed under Biosafe-
ty Level 3 containment, with a third-party contract research or-
ganization, while inactivated samples were manipulated using
Biosafety Level 2 protocols.

This study used the 2019 novel coronavirus isolate hCOV-19/
England/204820464/2020 (SARS-CoV-2) obtained from Biode-
fense and Emerging Infections Research Resources Repository
(BEI Resources, Manassas, Virginia). The virus was stored at ap-
proximately 65°C until use and multiplicity of infection (MOI)
was 0.01 TCIDSO/ceII. The Vero E6 cell line, VERO C1008 (African
green monkey kidney cells) from the working cell bank of BEI
Resources was maintained in Dulbecco’s Minimum Essential
Medium (DMEM) with 10% heat-inactivated fetal calf serum
and antibiotics.

CLEAR CARE® and CLEAR CARE® PLUS (Alcon®, Fort Worth,
Texas) products, which contain 3% w/v hydrogen peroxide with
a platinum disc neutralizer were used in the study. CLEAR CARE®
PLUS is the more recent version of CLEAR CARE® and is formu-
lated with an additional wetting agent to enhance lens surface
wettability. Test solutions were used without purification or di-
lution and were stored at room temperature until use.

A modified version of International Standards Organization
(ISO) protocol 14729 [15] was performed to assess the antiviral
activity of the inactivating agents against SARS-CoV-2. This test
method followed the published standard except for ISO 14729

only specifically details five bacterial or fungal species (and this
experiment was used for a viral one) and the recovery method
was subsequently appropriate for the organism — please see
below. Test samples of disinfection solutions were added to
the paired CLEAR CARE® AOCup Lens Case and then inoculated
aseptically with 5.75 log,, TCID, /mL SARS-CoV-2. Inoculum vol-
ume was maintained as 1% or less than the sample volume and
the dispensed samples were thoroughly mixed immediately
following inoculation to ensure complete dispersion. The lens
cases were tightened immediately and stored at 20-25°C. Af-
ter the stated disinfection time of 6 hours, 1mL aliquots from
inoculated test formulations were collected directly from the
lens cases.

Vero cell plaque assay is considered the gold standard of
quantifying infectious SARS-CoV-2, as each viral particle in a
well-mixed sample will create a distinct plaque, and Vero cells
have repeatedly been shown to be susceptible to lytic infec-
tion by coronavirus particles due to Vero cell ACE2 expression
[16,17]. All tests were performed in triplicate to ensure agree-
ment between measurements and low standard error. Median
tissue culture infectious dose (TCID, ) assay was performed for
the test samples, following inoculation onto confluent mono-
layer Vero E6 cells on 96-well plates. Vero cells in DMEM were
utilized to determine the titer of viable virus after a three-day
incubation.

Cytopathic effect was observed to indicate the presence
or absence of virus in order to quantify the amount of surviv-
ing virus. TCID, viral titers were calculated by the Reed and
Muench method [18]. Briefly, TCID50 calculation via the Reed
and Muench method is calculated by dividing the infection rate
(number of cumulative positive units) by the number of cumu-
lative positive units plus the number of cumulative negative
units. Log reductions were calculated using the initial starting
viral titer.

Results

CLEAR CARE® and CLEAR CARE® PLUS were inoculated with
5.75 log,, TCID, /mL SARS-CoV-2 in triplicate (Figure 1). Time
zero controls were conducted to quantify the SARS-CoV-2 virus
at initial inoculation. At six hours post inoculation, recovery of
SARS-CoV-2 indicated no surviving virus for CLEAR CARE® and
CLEAR CARE® PLUS in any replicate, demonstrated by a lack of
any cytopathic effect observed in the Vero cells (Figure 1A). As
such, the final log reduction for CLEAR CARE® and CLEAR CARE®
PLUS is at least 4.8log, or 99.998% reduction (Figure 1B). CLEAR
CARE® and CLEAR CARE® PLUS completely inactivated all viral
particles by the six-hour disinfection time point, indicating a ro-
bust antiviral efficacy of the hydrogen peroxide products.
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Figure 1: No viable virus was observed following disinfection with CLEAR CARE® and CLEAR CARE® PLUS. A) Quantification of surviving virus
following exposure to CLEAR CARE® and CLEAR CARE® PLUS for six hours. Data is represented as mean + SE. All three replicates from each
experiment demonstrated the same amount of detectable virus, giving a SE of zero. Time zero taken from DMEM control sample. B) Percent
reduction of SARS-CoV-2 after 6-hour disinfection via CLEAR CARE® and CLEAR CARE® PLUS. n=3/group.
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Discussion

SARS-CoV-2, the causative agent leading to COVID-19, has
produced over 600 million infections worldwide, and over 6.5
million deaths [19]. This virus is predominately a respiratory
virus, but has been shown to infect hosts via the eye [5]. As
contact lenses can be a transmission vector for microorganisms
[20], it is critical that contact lens disinfection systems demon-
strate the ability to disinfect against all potential ocular patho-
gens, including SARS-CoV-2.

CLEAR CARE® and CLEAR CARE® PLUS are hydrogen peroxide-
based contact lens disinfecting systems available to users of soft
contact lenses. These systems rely on a platinum neutralizing
disc to neutralize the hydrogen peroxide for eye safety. There-
fore, it is critical to test the disinfection efficacy of these sys-
tems using the real-world application of these solutions in the
provided AOCup with neutralizing disc. While high percentages
of hydrogen peroxide are effective against SARS-CoV-2, other
in vivo low-percentage hydrogen peroxide-based products, such
as mouthwash [21], have not consistently been shown to be ef-
fective against this virus. Here we show that both CLEAR CARE®
and CLEAR CARE® PLUS are highly effective against SARS-CoV-2,
producing a disinfection rate of at least 99.998%. This may be
due to the higher 3% weight by volume which is achievable be-
cause of the platinum neutralizing disc, and also may be due
to the 6-hour total disinfection time. These elements together
may allow the hydrogen peroxide element of these products to
disrupt the lipid layer of the virus, given then the SARS-CoV-2 vi-
rus is enveloped [22]. Further, as hydrogen peroxide is a strong
oxidizing agent, these products may prevent the virus from rep-
licating due to genomic damage [23].

While this study is the first that we are aware of involving the
SARS-CoV-2 virus with hydrogen peroxide-based disinfection
systems and Vero cell plague assay, our data is in alignment with
similar results reported by other groups [24]. For instance, Yasir
et al. recently demonstrated that this hydrogen peroxide-based
system was highly effective at disinfection against a SARS-CoV-2
viral surrogate, as it reduced the viral titer below the level of
detection [13]. They further demonstrated that when a multi-
purpose disinfecting solution which did not contain hydrogen
peroxide or povidone iodine was used in combination with the
directed rub and rinse protocol, a similarly high level of disinfec-
tion was achieved. These results have been likewise repeated
by Nogueira et al., demonstrating that SARS-CoV-2 surrogates
are susceptible to oxidative contact lens disinfection systems
[25], and by Nogueira et al. indicating that the rub and rinse
protocol in combination with phosphate buffered saline alone is
effective at minimizing the viral load [24]. Thus, it is reasonable
to conclude that either oxidative contact lens disinfection sys-
tems or the use of an appropriate rub and rinse protocol with a
multi-purpose disinfecting solution is an acceptable method for
eliminating SARS-CoV-2 from a contaminated contact lens [24].
It is important to note that the disinfection efficacy of these sys-
tems or protocols rely on patient compliance to the manufac-
turer directions listed on the products. Relatedly, these experi-
ments represent in vitro results and should be reproduced in
the clinical setting. Thus, an important outcome of these stud-
ies is the underscored need for the continued patient education
in the ocular health community.

Conclusion

In conclusion, this study provides conclusive evidence that
the CLEAR CARE® and CLEAR CARE® PLUS hydrogen peroxide-

based contact lens disinfection systems are highly effective at
eliminating SARS-CoV-2, as no detectable virus was seen follow-
ing manufacturer directions for use.
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