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A B S T R A C T   

Purpose: To assess the influence of contemporary contact lens (CL) materials on human coronavirus attachment 
and the influence of a rub and rinse step to remove these viruses. 
Methods: The binding rates of HCoV-229E and HCoV-OC43 to eight soft CL materials and four rigid gas 
permeable materials were analyzed. The impact of a rub and rinse step to remove these viruses from all materials 
was examined. The efficacy of Biotrue (Bausch & Lomb), OPTI-FREE Puremoist (Alcon), Clear Care (Alcon) and 
cleadew (Ophtecs) to remove virus contamination from two representative soft lens materials (etafilcon A and 
lotrafilcon B) was also determined. 
Results: Approximately 102 to 103 infectious viral particles were recovered from each CL material. Although some 
materials were more prone to coronavirus adhesion, contamination of both viral types was reduced to below the 
limit of quantification (LQ) from all materials using a simple saline rinse step. Exposure to Clear Care and 
cleadew reduced the number of infectious viral particles from both etafilcon A and lotrafilcon B to below the LQ, 
while for Biotrue and OPTI-FREE Puremoist, infectious viral particles were reduced to below the LQ only when 
additional rub and rinse steps were included. 
Conclusion: Human coronavirus contamination can be easily removed from CL surfaces. Although CL care 
products containing hydrogen peroxide and povidone-iodine efficiently removed virus contamination from CL 
surfaces without the need for a rub and rinse step, a full regimen including rub and rinse steps is crucial when 
using CL care products based on non-oxidative systems.   

1. Introduction 

The on-going coronavirus disease 2019 (COVID-19) pandemic has 
raised global attention with respect to viral transmission and the 
importance of disinfection and viral load reduction. Even though ocular 
complications are not a common manifestation of coronavirus infections 
in humans [1–3], various studies have suggested that ocular exposure 
may represent a potential route of entry for SARS-CoV-2 [4–9]. There-
fore, considering that viruses can be transferred by physical contact by 
the hands and fingers [10–12], it has been suggested that wearers of 
contact lenses (CL) are more at risk of developing COVID-19 during lens 
application and removal [13]. 

Both rigid gas permeable (RGP) and soft CL (SCL) remain a major 
means of refractive correction, and it is estimated that 175 million 

people worldwide wear CL [14,15]. Since the development of the first 
SCL in the early 1960 s [16] and their commercialization in the early 
1970 s [17], this market has grown exponentially, and significant 
technological advancements have occurred. The original polyHEMA- 
based conventional hydrogel (CH) SCL materials were significantly 
more comfortable than RGP CLs and achieved rapid growth and market 
share. To increase oxygen transmissibility, silicone hydrogel (SH) ma-
terials were commercialized in the late 1990 s, and have become the 
dominant CL material used today [14]. Although SH CLs have the 
highest oxygen permeability, silicone-based materials are inherently 
hydrophobic and various strategies have been used to decrease this 
hydrophobicity, such as the use of different surface treatments or 
incorporation of a wetting agent [18]. Nowadays, there are broadly 
three generations of SCL materials and over 160 different brands are 
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available, including daily disposable (DD) and reusable options that are 
worn for various periods of time prior to their replacement [19]. 

Reusable CLs must be disinfected daily using an approved CL care 
product prior to reinsertion. To-date, little data exists concerning the 
ability of contemporary CL care products to inactivate viruses, particu-
larly coronavirus. A recent publication and a conference abstract, using 
coronaviruses as a model, both demonstrate that oxidative disinfection 
systems have significant virucidal activity, while non-oxidative systems 
have minimal ability to inactivate these viruses [20,21]. The majority of 
multipurpose systems (MPS) are licensed for use with a rub and rinse 
step prior to overnight disinfection. This rub and rinse step is highly 
effective at removing bacterial, fungal and amoebal bioburden from 
reusable CL [22–25]. However, data concerning the impact of a rub and 
rinse step to remove coronaviruses from CLs is scarce. Currently, only 
one published study has evaluated the efficacy of a rub and rinse 
regimen to reduce the numbers of murine coronaviruses attached to 
etafilcon A, a CH material, and this study only reported the results from 
one MPS [20]. Moreover, although differences in bacteria, fungi and 
Acanthamoeba adhesion among different soft CL materials have been 
reported [22,23,26–29], there is no data comparing the attachment of 
viruses to a wide variety of CL materials. 

In view of this lack of data and the potential conjunctival trans-
mission of SARS-CoV‑2 from CL materials, the main purpose of this 
study was to assess the influence of a variety of contemporary CL ma-
terials on human coronavirus attachment and the influence of a rub and 
rinse step to remove these viruses from the CL surfaces. Additionally, the 
efficacy of Biotrue (Bausch & Lomb), OPTI-FREE Puremoist (Alcon), 
Clear Care (Alcon) and cleadew (Ophtecs) to remove viral contamina-
tion from two representative soft lens materials (etafilcon A and lotra-
filcon B) was also determined. 

2. Materials and methods 

2.1. Contact lenses 

Eight unworn SCL materials and four RGP CL materials were 
included in this study (Table 1). Among the SCL materials, both SH and 
CH materials were examined. The RGP materials consisted of two base 
materials with and without a Tangible® Hydra-PEG® hydrophilic 
coating (Tangible Science, Redwood City, CA). The choice of materials 
was made to reflect a broad range of water contents, oxygen trans-
missibility, surface and bulk properties from contemporary contact lens 
materials. 

2.2. Virus and cell lines 

To-date, no accepted protocols to determine the binding of virus 
strains to CL materials exist. Thus, several preliminary experimental 

methods were examined to optimize this step. During the development 
of the methodologies used in this study, an insect virus vector (baculo-
virus vector) expressing a red fluorescent protein was used due to its 
ease of production, quantification, and experimentation with this vector 
(see Supplementary Material). Following this optimization step, using 
the established methodologies, two seasonal human coronaviruses, 
HCoV-229E and HCoV-OC43 (Risk Group 2 pathogens) were used as 
suitable surrogates for SARS-CoV-2 (Risk Group 3 pathogen). HCoV- 
229E is an alphacoronavirus, while HCoV-OC43 is a betacoronavirus 
(like SARS-CoV-2). Both HCoV-229E and HCoV-OC43 cause mild upper 
respiratory tract infections (the common cold), while SARS-CoV-2 cau-
ses severe lower respiratory tract infection. Although there are clear 
differences in the pathogenicity of these viruses, they are in the same 
virus family, have very similar structures and are human respiratory 
pathogens, making them ideal surrogates for SARS-CoV-2 [30–34]. 

HCoV-229E (ATCC VR-740) and HCoV-OC43 (ATCC VR-1558) were 
propagated in MRC-5 (human lung epithelial cell; ATCC CCL-171) and 
HCT-8 (human ileocecal adenocarcinoma cell; ATCC CCL-244) cells, 
respectively. MRC-5 cells were maintained in Eagle’s Minimum Essen-
tial Medium (EMEM) (Wisent BioProducts, Saint-Jean-Baptiste, QC, 
Canada) supplemented with 10% Fetal Bovine Serum (FBS), while HCT- 
8 cells were maintained in RPMI (Wisent BioProducts, Saint-Jean- 
Baptiste, QC, Canada) supplemented with 10% FBS. Both MRC-5 and 
HCT-8 cells were maintained in a 5% CO2 atmosphere at 37 ◦C and 100% 
humidity. 

2.3. End-Point dilution assay 

The end-point dilution assay was used to measure the viral load of 
HCoV-229E and HCoV-OC43 using MRC-5 and HCT-8 cells, respectively. 
It was conducted as per the Tissue Culture Infectious Dose 50 (TCID50) 
assay [35] and analyzed using the Most Probable Number calculator. 
The limit of quantification for all tested viruses was 7.8 MPN/mL. 

MRC-5 and HCT-8 cells were seeded into a 96 well plate at a density 
of 4.5 × 104 cells/mL and 6.7 × 104 cells/mL, respectively, using their 
appropriate medium containing 10% FBS. Plates were incubated at 
37 ◦C and 5% CO2 until cell monolayers reached 80–90% confluence, 
when their respective medium was replaced by fresh medium containing 
2% FBS. Serial 10-fold dilutions of samples were prepared in cell culture 
medium and added to 96 well plates seeded with cells (with each sample 
dilution being added in each row that contains 12 wells). The plates 
were incubated at 33 ◦C and 5% CO2 for 6 or 12 days for HCoV-229E and 
HCoV-OC43, respectively. The wells were examined using light micro-
scopy (Zeiss Axiovert 40C) and scored as infected or non-infected based 
on cytopathic effects (CPE). 

Table 1 
Contact lenses evaluated in this study.  

CL material Contact Lenses (trade name) Manufacturer USAN* Surface treatment Water content (%) 

Hydrogel Acuvue 2 Johnson&Johnson Etafilcon A No 58 
Proclear 1 Day CooperVision Omafilcon A No 62 

Silicone Hydrogel Acuvue Oasys Johnson&Johnson Senofilcon A Internal wetting agent 38 
Biofinity CooperVision Comfilcon A No 48 
Clariti 1 day CooperVision Somofilcon A WetLoc technology 56 
Air Optix Aqua Alcon Lotrafilcon B Plasma coating 33 
Dailies Total 1 Alcon Delefilcon A Water gradient technology 33 
PureVision 2 Bausch + Lomb Balafilcon A Plasma oxidation 36  

CL material Contact Lenses (trade name) Manufacturer USAN* 

Rigid Gas Permeable Optimum Infinite Blanchard Tisilfocon A  
Optimum Infinite with Hydra-PEG Blanchard Tisilfocon A  
Acuity 200 Blanchard Fluoroxyfocon A  
Acuity 200 with Hydra-PEG Blanchard Fluoroxyfocon A 

*USAN: United States Adopted Name. 
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2.4. Effect of rub and rinse on human coronavirus HCoV-229E and 
HCoV-OC43 

The human coronavirus binding rates to CL were tested in triplicate 
using three of each CL listed in Table 1. The day before each experiment, 
all CL were removed from their packaging and soaked in 4 mL of D-PBS 
overnight. 

Four sets of each CL material (each set composed of three lenses) 
were incubated individually in 4 mL of HCoV-229E or HCoV-OC43 
suspension (105 MPN/mL) for 6 h at room temperature to allow the 
virus to adhere to the CL surface. As a control, the virus suspension was 
incubated in the same condition, but with no CL. Thereafter, each set of 
CLs was submitted to a different treatment (Fig. 1). In the first condition, 
termed “no rub and rinse”, CLs were removed from the virus suspension 
and briefly soaked in 4 mL of D-PBS. In the second condition, termed 
“rinse”, each side of the CL was rinsed with 4 mL of D-PBS. No rub was 
performed. In the third condition, termed “rub and rinse”, each side of 
the CL was rinsed with 4 mL of D-PBS and rubbed in a circular motion 
(5x) using a nitrile-gloved 3D-printed “finger” of physiological pro-
portions. In the fourth and final condition, each side of the CL was rinsed 
with 4 mL of D-PBS, rubbed as described above and rinsed again with 4 
mL of D-PBS. After these treatments, CLs were individually transferred 
to a tube containing 1 mL of D-PBS, which was vigorously vortexed for 
30 s to dislodge any viral particle adhered to the CL surface. Then, in-
fectious viral particles were quantified by end-point dilution assay, as 
described in section 2.3. 

2.5. Efficacy of CL care products to remove HCoV-229E from CL surfaces 

Two representative CL materials were selected to test the relative 
efficacy of four CL care products on HCoV-229E removal. Etafilcon A 
and lotrafilcon A were selected because the first one is a conventional 
hydrogel with a negative charge and the second one is a silicone 
hydrogel with a neutral charge. These experiments were performed in 
triplicate using three CL of each material tested. CLs were removed from 
their blister packs and soaked in D-PBS overnight. CLs were individually 
soaked in 4 mL of HCoV-229E suspension (105 MPN/mL) and incubated 
for 6 h at room temperature. After the incubation period, each CL was 
disinfected using two contemporary, commercial CL care products based 
on non-oxidative disinfecting systems (Biotrue and OPTI-FREE Pure-
moist) and two based on oxidative disinfecting systems (Clear Care and 
cleadew). These solutions were chosen based upon their broad variety of 
disinfecting agents and wide commercial usage. In the first set of CLs, the 
CL care products were used as recommended by the manufacturers 
(including rub and rinse steps) and incubated for the appropriate 

disinfection time (Table 2). Moreover, the CL case supplied with Clear 
Care and the tablets supplied with cleadew were used according to the 

Fig. 1. Protocols used to test the impact of rub and rinse steps on coronaviruses removal from CL surfaces. Experiments were performed in triplicate.  

Table 2 
Contact lens care products included in this study.  

Contact lens 
care product 

Manufacturer Disinfectant agents Regimen 
recommended by 
manufacturer 

Biotrue Bausch & 
Lomb, 
Rochester, NY 

Polyaminopropyl 
biguanide 0.00013% 
and polyquaternium 
0.0001% 

1- Place at least 3 
drops of Biotrue on 
each side of CL and 
rub for 20 s 
2- Rinse each side 
of CL for 5 s 
3- Place the CL in 
the case with fresh 
Biotrue and soak 
for at least 4 hrs. 

OPTI-FREE 
Puremoist 

Alcon, 
Fort Worth, TX 

Polyquad 
(Polyquaternium-1) 
0.001% and Aldox 
(Myristamidopropyl 
Dimethylamine) 

1- Wet each side of 
the CL with OPTI- 
FREE and rub the 
lens for 20 s 
2- Rinse each side 
for 10 s 
3- Fill the case with 
fresh OPTI-FREE 
and store the lens 
at least 6 hrs or 
overnight. 

Clear Care Alcon, 
Fort Worth, TX 

3% hydrogen peroxide 1- Put CL into the 
special Clear Care 
case and rinse with 
Clear Care solution 
for at least 5 s 
2- Fill the case to 
the line with fresh 
Clear Care solution 
and disinfect 6 hrs 
or overnight before 
use. 

cleadew Ophtecs, 
Kobe, Japan 

0.05% Povidone-iodine 1- Add a tablet of 
cleadew into the 
case and fill with 
cleadew solution 
2- Soak the CL at 
least 4 hrs 
3- Rinse the CLs 
with cleadew 
before wearing 
them.  
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manufacturer’s instructions, to ensure appropriate neutralization 
occurred in the appropriate case. In the second set of CLs, rub and rinse 
steps were not included. After the incubation period with HCoV-229E, 
CLs were incubated with 4 mL of Biotrue or OPTI-FREE Puremoist for 
4 and 6 hrs at room temperature, respectively. Then, CLs were indi-
vidually vortexed in 1 mL of D-PBS and infectious viral particles were 
determined as described in section 2.3. 

2.6. Statistical analysis 

Statistical analysis was conducted using GraphPad Prism v 9.2.0. 
Infectious virus particles are expressed as mean and standard deviation. 
The difference in mean infectious virus particles between test conditions 
was tested using unpaired t-test or one-way ANOVA with Tukey’s post- 
hoc multiple comparisons test. The values of infectious virus particles 
below the limit of quantification were assigned a ‘0′. A p-value of 0.05 or 
below was considered statistically significant. 

3. Results 

3.1. Effect of rub and rinse on human coronavirus HCoV-229E and 
HcoV-OC43 

For both HCoV-229E and HCoV-OC43, approximately 102 to 103 

infectious viral particles were recovered from each CL after “no rub or 
rinse” treatment. As observed in Fig. 2, HCoV-229E exhibited higher 
adherence to the CL than HCoV-OC43. 

For HCoV-229E, the number of infectious virus particles recovered 
from fluoroxyfocon A with Hydra-PEG was significantly lower than 
those recovered from all other CL materials (all p values < 0.01). No 
statistically significant difference in the number of infectious virus 
particles recovered from CL surfaces was observed between all other 
tested CL materials after “no rub or rinse” treatment (all p values >
0.05). 

For HCoV-OC43, after “no rub or rinse” treatment, the number of 
infectious virus particles recovered from etafilcon A was significantly 
higher than those recovered from other SCL, including omafilcon A, 
comfilcon A, somofilcon A, lotrafilcon B, and delefilcon A (all p values <
0.01), as well as from various RGP materials, including fluoroxyfocon A 
(p < 0.01), fluoroxyfocon A with Hydra-PEG (p < 0.01) and tisilfocon A 
with Hydra-PEG (p = 0.02). The number of infectious virus particles 
recovered from senofilcon A was also significantly higher than those 
recovered from comfilcon A (p = 0.01), lotrafilcon B (p < 0.01), 

delefilcon A (p < 0.01) and fluoroxyfocon A (p = 0.04). 
No detectable virus was recovered when CLs were submitted to 

“rinse”, “rinse twice” and “rub and rinse” treatments, indicating that the 
virus titre was reduced to below the limit of quantification. 

3.2. Efficacy of CL care products to remove HCoV-229E and HCoV-OC43 
from SCL surface 

Given that a simple rinse step alone removed both virus types from 
all materials, only two representative soft lens materials (one CH and 
one SH) underwent exposure to the care systems to determine their 
ability to remove the bound virus particles. The CL care products based 
on an oxidative disinfection system (Clear Care and cleadew) were able 
to reduce the number of infectious viral particles that adhered to both 
etafilcon A (CH) and lotrafilcon B (SH) to below the limit of quantifi-
cation. However, the non-oxidative disinfection systems (Biotrue and 
OPTI-FREE Puremoist) were able to reduce the number of infectious 
viral particles for both etafilcon A and lotrafilcon B to below the limit of 
quantification only when additional rub and rinse steps were included 
(Fig. 3). Averages of 1.12 × 102 (SD = 3.36 × 101) and 8.03 × 101 (SD =
1.84 × 101) infectious viral particles/lens were recovered from lotra-
filcon B when CLs were incubated in Biotrue and OPTI-FREE (p = 0.30), 
respectively, without rubbing and rinsing. Similarly, 1.68 × 102 (SD =
8.23 × 101) and 9.45 × 101 (SD = 1.81 × 101) infectious viral particles/ 
lens were recovered from etafilcon A when CLs were incubated in Bio-
true and OPTI-FREE (p = 0.29), respectively, without rubbing and 
rinsing. 

4. Discussion 

Prior to experimentation with HCoV-229E and HCoV-OC43, it was 
important to develop an appropriate methodology that ensured the 
lenses would bind the viral particles, as no published, standard methods 
for this exist. Moreover, important factors that could influence the virus 
attachment, such as incubation time and volume of incubation solution 
were analyzed. It was also important to determine an appropriate rub/ 
rinse methodology to remove the viral particles that were bound to the 
lenses and also determine if the vortex step efficiently recovered virus 
attached from CLs. For the development of methodologies, a surrogate 
with the lowest risk level is preferred. In this study, a modified insect 
virus genetically engineered to carry a gene for a fluorescent protein was 
chosen for development activities. The insect virus in question is part of 
the group of enveloped viruses known as baculoviruses. They can infect 

Fig. 2. Infectious viral particles/lens recovered from CLs after “no rub or rinse” treatment. Left panel: HCoV-229E. Right panel: HCoV-OC43. Averages and standard 
deviations were calculated using results of triplicate samples (3CL). As a control, virus suspension was incubated in the same conditions for each experiment, but with 
no CL. The titre of control was 8.79 × 104 (±2.27 × 104) MPN/mL and 8.72 x104 MPN/mL (±2.50 × 104) for HCoV-229E and HCoV-OC43, respectively. LQ: limit of 
quantification. 
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a limited number of closely related insect species and are not capable of 
replicating within mammalian cells, therefore, they are considered Risk 
Group 1. Moreover, they can be amplified to high concentration (around 
108 MPN/mL) and be easily identified through the expression of a 
fluorescent protein. These points made them an ideal virus for the initial 
development methods. Therefore, various experimental conditions 
using baculovirus and selected types of CLs were analyzed, which are 
described in the Supplementary Material section. The results indicated 
that both CH (etafilcon A) and SH (delefilcon A) were similarly prone to 
baculovirus adhesion and an extended incubation period did not 
enhance the number of infectious viral particles recovered from the CL 
material (Supplementary Material – Fig. S1). Moreover, comparable 
numbers of infectious viral particles were recovered from the CL sur-
faces even when different volumes of virus suspension were used 
(Supplementary Material – Fig. S2). Additionally, virus was effectively 
recovered through vortexing the CLs in D-PBS (Supplementary Material 
– Fig. S4 and Table S1). After completion of these preliminary experi-
ments, the developed methodology was then used to evaluate the 
attachment of both HCoV-229E and HCoV-OC43 to 12 different CL 
materials, including both soft and RGP materials, and to investigate the 
impact of a rub and rinse step on viral removal from CL surfaces. 

After incubation of CLs with baculovirus and either HCoV-229E or 
HCoV-OC43, approximately 104 to 105 (Supplementary Material – 
Fig. S4) and 102 to 103 (Fig. 2) infectious viral particles, respectively, 
were recovered from each CL submitted to “no rub or rinse” treatment. 
The “no rub or rinse” treatment assesses the amount of virus that is 
associated with the lens as a result of incubating it in a virus containing 
solution. The difference in the quantity associated with the lenses can be 
explained by the initial titre of the virus solutions. The baculovirus 
suspension (107 MPN/mL) was two orders of magnitude higher than the 
human coronaviruses suspensions (105 MPN/mL). As mentioned previ-
ously, baculovirus is easily amplified to high concentrations, and all 
experiments were performed using the highest titre amplified for each 
virus. Therefore, the number of viruses attached to the CLs surface is 
almost certainly related to the initial concentration of the virus sus-
pension the materials were exposed to. 

Regarding the CL materials tested, the number of infectious virus 
particles recovered from all 12 materials after “no rub or rinse” treat-
ment was relatively consistent for both HCoV-229E and HCoV-OC43. 
Although CH and SH were similarly prone to HCoV-229E adhesion, 
this virus showed a significantly lower affinity for fluoroxyfocon A with 
Hydra-PEG, one of the RGP materials studied. Moreover, HCoV-OC43 
showed a significantly higher affinity for etafilcon A (CH) compared 
with omafilcon A (also a CH), and various SH (comfilcon A, somofilcon 
A, lotrafilcon B, and delefilcon A) and RGP materials (fluoroxyfocon A, 
fluoroxyfocon A with Hydra-PEG and tisilfocon A with Hydra-PEG). 
Additionally, HCoV-OC43 showed a significantly higher affinity for 
senofilcon A than other SH (comfilcon A, lotrafilcon B, delefilcon A) and 
RGP materials (fluoroxyfocon A). Some studies have shown that the 
magnitude of microorganisms’ adhesion to CLs varies according to the 
lens material under test. Adhesion of bacteria and Acanthamoeba to 
unworn CH has been shown to be significantly lower when compared to 
adhesion to SH lenses [22,26–29]. Moreover, differences in microor-
ganisms’ adhesion among different SH have also been reported. Acan-
thamoeba and bacteria exhibited a significantly greater affinity for 
lotrafilcon A and B compared with galyfilcon A lenses [22,36]. Bacteria, 
fungi and Acanthamoeba exhibited greater attachment to lotrafilcon B 
than senofilcon A lenses [23]. Consequently, contamination with the test 
organisms were more easily reduced from the surface of galyfilcon A and 
senofilcon A than from lotrafilcon B [22,23]. 

However, in this study, although some materials were more prone to 
coronaviruses adhesion, viral contamination was easily removed from 
all the CL materials tested. For baculovirus, a simple rinse step with D- 
PBS significantly reduced the number of infectious viral particles 
attached to both etafilcon A (CH) and delefilcon A (SH), while a com-
bined rub and rinse step was needed to eliminate viral particles to below 
the limit of quantification. However, for human coronaviruses, a single 
rinse step with D-PBS reduced viral particles to below the limit of 
quantification for all tested CLs materials, including CH, SH and RGP. 
This difference among the tested viruses could be due to the titre of the 
virus suspension: as the concentration of virus increases, more disin-
fection steps are needed to reduce the CL contamination. Moreover, 

Fig. 3. Infectious viral particles/lens recovered from 
etafilcon A and lotrafilcon B after disinfection with 
Biotrue and OPTI-FREE Puremoist with no rub and 
rinse steps. Averages and standard deviations were 
calculated using results of triplicate samples (3CL). 
Biotrue and OPTI-FREE Puremoist were able to reduce 
the number of infectious viral particles to below the 
limit of quantification only when rub and rinse steps 
were performed for both etafilcon A and lotrafilcon B. 
As a control, virus suspension was incubated in the 
same conditions, but with no CL. The titre of control 
was 9.27 × 104 (±4.88 × 103) MPN/mL. LQ: limit of 
quantification.   
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these results indicate that viruses bind loosely to the CL materials and, 
when rubbed or rinsed with D-PBS, the viruses can be easily removed or 
detached. 

As contaminations with both HCoV-229E and HCoV-OC43 were 
similarly reduced on all 12 tested CLs surfaces using a simple rinse 
regimen with D-PBS, only two CL materials (one CH and one SH) were 
selected to test the efficacy of the four CL care products on HCoV-229E 
removal. Those products based on an oxidative disinfection system, 
Clear Care and cleadew, were able to reduce the number of infectious 
viral particles adherent to both etafilcon A (CH) and lotrafilcon A (SH) to 
below the limit of quantification. These results are in accordance with a 
previous study from our group, in which oxidative CL disinfection sys-
tems showed significant virucidal activity against both HCoV-229E and 
HCoV-OC43 [21]. 

Although non-oxidative disinfection systems did not exhibit signifi-
cant efficacy against viruses in previous standalone assays [20,21,37], 
some studies have demonstrated the impact of a rub and rinse step in 
significantly reducing the numbers of bound viral particles. In this study, 
Biotrue and OPTI-FREE were able to reduce the number of infectious 
viral particles adhered to etafilcon A (CH) and lotrafilcon A (SH) to 
below the limit of quantification when the lenses were rubbed and 
rinsed as recommended by the manufacturers. Yasir and collaborators 
also demonstrated the ability of Biotrue to reduce the number of murine 
coronaviruses adhered to etafilcon A when a rub and rinse regimen was 
used [20]. Similar results were obtained in previous studies when vi-
ruses other than coronaviruses were evaluated. MeniCare Soft Multi-
purpose Solution, that contains 0.0001% polyaminopropyl biguanide 
(the same as Biotrue), efficiently reduced the number of herpes simplex 
virus (type 1), adenovirus (type 8) and poliovirus adherent to CLs only 
when a rub and rinse regimen was used [37]. ReNu Multipurpose 
(Bausch and Lomb), that contains 0.00005% polyaminopropyl bigua-
nide, was able to reduce the numbers of HIV on CL when a rubbing only 
procedure was performed [38]. Moreover, several studies have 
demonstrated that “rub and rinse” before disinfection is the most 
effective regimen to reduce microbial contaminations from CLs, 
including bacteria, fungi and Acanthamoeba [22–25]. Rosenthal and 
collaborators clearly demonstrated a direct correlation between the 
number of steps in the cleaning regimen of non-oxidative systems and 
their increased disinfecting efficacy [25]. 

In this context, when CLs were directly incubated with non-oxidative 
disinfection systems without previous rinsing and rubbing, viruses were 
still recovered from contaminated CL [20,37]. In this study, infectious 
viral particles were recovered without the addition of a rub and rinse 
treatment. This is a serious concern, since non-compliance with CL care 
disinfection regimens remains a persistent clinical problem. Non- 
compliance in CL wear are historically cited in the literature, reaching 
levels even higher than 90%, including overwear of lenses, poor hy-
giene, and inadequate cleaning regimes [39–44]. Studies have shown 
that 40 to 75% of CL wearers fail to rub and rinse their lenses when using 
CL care products based on non-oxidative disinfection systems 
[42,45,46]. Dumbleton and colleagues have shown that CL wearers who 
did not rub and rinse their lenses have a higher rate of self-reported CL 
related problems than those who regularly carried out these procedures 
[46]. Moreover, Butcko and collaborators have reported the importance 
of rubbing and rinsing lenses to reduce the risk of microbial keratitis 
[47]. 

In addition, it is important to consider that certain CL care products, 
mainly those based on non-oxidative disinfection systems, can change 
the properties of the lenses, such as surface roughness [48] and hydro-
phobicity [49], which could potentially influence virus removal. 
Therefore, examination of other CL care products not tested in this study 
is warranted. 

5. Conclusion 

The results of this study have demonstrated that various CH, SH and 

RGP CL materials were similarly prone to human coronavirus adhesion, 
which can be easily removed from CL surfaces when rubbed or rinsed 
with only saline. This study also demonstrated the importance of 
following the disinfection regimens of CL care products to remove in-
fectious coronaviruses from CL surfaces that can potentially lead to 
human infections. The efficacy of CL care products based on non- 
oxidative disinfection systems against the viruses examined can be 
improved by ensuring that a rub and rinse step is used prior to overnight 
disinfection. 
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