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A B S T R A C T   

Purpose: To evaluate the antiviral potential of five multipurpose disinfecting solutions against coronavirus 
(mouse hepatitis virus, a surrogate for SARS-CoV-2 human corona virus). 
Methods: Test solutions (Biotrue, renu Advanced [Bausch and Lomb], ACUVUE RevitaLens [Johnson and Johnson 
Vision], cleadew [Ophtecs corp.] or AOSept Plus [Alcon]) were mixed with the coronavirus mouse hepatitis virus 
at 104 plaque forming units (PFU)/mL as the final concentration and incubated at room temperature for the 
specified disinfection time. Surviving virus from each sample was then quantified by standard plaque forming 
unit assay and the reduction of PFU for each disinfectant was compared to the phosphate buffer saline (PBS) 
treated negative control. A regimen test was also conducted using Biotrue. 
Results: The three multipurpose disinfecting solutions Biotrue (containing PHMB and polyquaternium-1), renu 
Advanced (PHMB, polyquaternium-1 and alexidine) and ACUVUE RevitaLens (polyquaternium-1 and alexidine) 
did not kill the coronavirus at the manufacturers recommended disinfection time in the stand alone test. After 
treatment, the virus’s titer (3.8 ± 0.2 log10 for Biotrue, 3.7 ± 0.1 log10 for renu and 3.7 ± 0.2 log10 for Revi-
taLens) was similar to the negative control (3.7 ± 0.1 log10; p ≥ 0.996). AOSept Plus (hydrogen peroxide) and 
cleadew (povidone iodine) significantly (p < 0.001) reduced the numbers of coronaviruses to below the detection 
limit (i.e. killed 3.7 ± 0.1 log10 viruses compared to control). However, there was a significant reduction (p =
0.028) in numbers of coronaviruses attached to lenses when using the regimen test with Biotrue. 
Conclusions: This study shows that oxidative contact lens disinfecting solutions (i.e. those containing povidone- 
iodine or hydrogen peroxide) provide superior antiviral activity against a coronavirus surrogate of SARS-CoV-2, 
unless the full regimen test (rub, rinse, disinfect) is used.   

1. Introduction 

The coronavirus disease 2019 (COVID-19) is caused by a novel 
coronavirus (CoV) called Severe Acute Respiratory Syndrome 
Coronavirus-2 (SARS-CoV-2) [1]. Due to rapid spread around the world, 
the World Health Organization (WHO) declared COVID-19 a pandemic 
on 11th March 2020 [2]. 

During COVID-19 it has been proposed that one portal of entry of 
SARS-CoV-2 is the eye. Some reports have reported red or sore eyes a 
few days prior to symptoms of COVID-19 developing [3,4], although 
ocular signs are relatively unusual during the disease [5]. SARS-CoV-2 
RNA has been found in tears or ocular swabs in some, albeit usually a 
small minority of COVID-19 patients [6]. Studies have suggested that 
people wearing spectacles are at a lower risk of developing COVID-19 
than non-spectacle wearers [7,8], although appropriate case control or 

similar studies have not yet been reported. 
SARS-CoV-2 may enter eyes after a person’s hands have touched 

contaminated surfaces or via aerosols directly hitting the ocular surface. 
Hence, the worldwide emphasis on hand hygiene and avoidance of 
touching face, mouth and eye to contain the spread of the virus [1]. It 
has been assumed that CL wearers touch their eyes more than non- 
wearers as they need to insert and remove contact lenses, usually on a 
daily basis. Worldwide, the most common wear schedule for contact 
lenses remains daily wear [9], during which lenses are disinfected when 
not being worn. This disinfection provides an opportunity to kill any 
microbes, including coronavirus, that may be contaminating the lenses 
after wear and prior to re-wear. Contact lenses soaked in multipurpose 
disinfecting solutions can take up excipients and impart antibacterial 
activity [10,11]. 

According to the Centres for Disease Control and Prevention, 
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hydrogen peroxide-based systems are effective against the COVID-19 
(https://www.cdc.gov/contactlenses/care-systems.html), and a study 
has reported that a 0.5% solution of hydrogen peroxide, much less than 
the 3% used in contact lens disinfecting solutions, can cause a > 4 log10 
reduction in coronavirus infectivity within one minute [12,13]. How-
ever, hydrogen peroxide is neutralised prior to the lenses being worn 
and so there is likely to be no residual antimicrobial activity with these 
types of solutions. Povidone-iodine, at a concentration of 0.23%, caused 
a > 4 log10 reduction in coronavirus infectivity within fifteen seconds 
[12]. 

Whilst the disinfectants in often older versions of multipurpose dis-
infecting solutions such as benzalkonium chloride and chlorhexidine 
digluconate have been shown to have some activity against coronavi-
ruses [12] there appear to be no studies examining the efficacy of cur-
rent multipurpose disinfecting solutions. Therefore, the current study 
was designed to evaluate the anti-coronavirus potential of multipurpose 
disinfecting solutions in comparison with a hydrogen peroxide-based 
system against coronavirus. 

2. Materials and methods 

2.1. Cells and viruses 

Mouse hepatitis virus (MHV) ATCC/VR261 stock was prepared prior 
to testing by growing in A9 ATCC/CCL 1.4 cells in Dulbecco’s minimum 
essential medium (DMEM) containing 10% fetal bovine serum (FBS) and 
antibiotics (streptomycin sulphate and penicillin G). MHV titres were 
determined by plaque assay as described below. 

2.2. Disinfecting solutions 

Test solutions (Biotrue, renu Advanced [Bausch and Lomb, Roches-
ter, NY, USA], ACUVUETM RevitaLens [Johnson and Johnson Vision, 
Jacksonville, FL, USA], cleadew soft [Ophtecs corp., Kobe, Japan] or 
AOSept Plus [Alcon, Fort Worth, TX, USA]) were purchased from the 

manufacturers. The components of the disinfecting solutions are given 
in Table 1. 

2.3. Exposure of viruses to disinfectant solutions 

This used a modified stand alone assay from ISO 14729 “Ophthalmic 
Optics—Contact Lens Care Products—Microbiological Requirements 
and Test Methods for Products and Regimens for Hygienic Management 
of Contact Lenses”. Viruses, at 104 plaque forming units (PFU)/mL as the 
final concentration, were incubated with each disinfectant at ambient 
temperature for the specified disinfection time as recommended by each 
manufacturer (Table 1). 

The lenses cases supplied for use with AOSept were used and as this 
contains a platinum disk, the hydrogen peroxide was neutralised during 
the test. Cleadew was used according to the manufacturers instructions 
and during use the povidone-iodine tablet dissolves releasing the iodine 
initially and then ascorbic acid to neutralise the iodine. Following in-
cubation, Biotrue, renu Advance and ACUVUE RevitaLens were inacti-
vated by serially diluting samples in Dey Engley broth (Becton, 
Dickinson and Company, Macquarie Park, NSW, Australia). Then, the 
number of viral cells from each sample was quantified by plaque forming 
assay. Controls for the assay were viruses incubated for six hours in 
phosphate buffered saline (8 g/L NaCl, 0.2 g/L KCl, 2.16 g/L Na2HPO4, 
0.2 g/L KH2PO4, pH 7.4). 

2.4. Regimen testing 

Biotrue was selected for this assay and the assays was performed 
according to ISO 14729 with slight modifications, which were the sub-
stitution of virus for the bacteria and fungi in the original procedure and 
the use of a control of phosphate buffered saline and Biotrue with no rub 
and rinse. The virus (50 µL at 104 PFU/mL) was added on both sides of 
contact lenses (etafilcon A; Acuvue 2; Johnson and Johnson Vision, 
Jacksonville, FL, USA) and allowed to adhere to the lenses for 10 min. 
Thereafter, each side of lens was rubbed and rinsed with Biotrue disin-
fectant for 5 sec. Then, lenses were incubated with 2 mL of Biotrue for 4 
h at ambient temperature. Viruses were recovered from the lenses by 
vortexing in 2 mL of Dey Engley neutralising broth. Surviving viruses 
were then quantified by standard plaque forming unit assay. Lenses 
inoculated with virus but without rubbing and rinsing were treated in 
the same way and used as controls, as were lenses inoculated with virus, 
without rubbing and rinsing, but incubated for 4 h in phosphate buffered 
saline. 

2.5. Plaque assay 

For titration of infectious virus, A9 cells were seeded in 12-well tissue 
culture plates at 5–10 × 105 cells per well and allowed to adhere 
overnight at 37 ◦C in 5% CO2. After incubation, the culture medium was 
removed and cells were washed with 1X phosphate buffered saline. 
Thereafter, 100 µL of serially diluted (in Dey Engley neutralising broth) 
disinfecting solutions or the viruses removed from contact lenses after 
the regimen procedure were inoculated in each well and incubated for 1 
h at ambient temperature. After incubation, the cells were overlaid with 
1% agarose (Sigma-Aldrich, Castle Hill, NSW, Australia) and further 
incubated for 72 h. Following incubation, the cells were fixed with 4 % 
formaldehyde for 2–3 h. The number of viral PFU from each sample was 
quantified after staining cells with 1% crystal violet (Sigma-Aldrich). 
Reduction in PFU for each disinfectant compared to the negative control 
(PBS) was calculated [14]. 

2.6. Statistical analyses 

Statistical analyses were performed using GraphPad Prism 7.02 
software (GraphPad Software, La Jolla, CA, USA). The comparison on 
the activity of all the disinfectants compared to control was made using 

Table 1 
Components of the contact lens disinfecting solutions used in the current study.  

Disinfecting 
solution 
(Manufacturer; 
recommended 
disinfection time 
[hours]) 

Disinfectants Surfactants Other 

Biotrue (Bausch 
and Lomb; 4) 

Polyaminopropyl 
biguanide 
0.00013%; 
polyquaternium 
0.0001%. 

Sulfobetaine; 
poloxamine 

Hyaluronan, boric 
acid, sodium borate, 
edetate disodium 
and sodium chloride 

renu Advanced 
(Bausch and 
Lomb; 4) 

Polyaminopropyl 
biguanide 
0.00005%; 
polyquaternium 
0.00015%; 
alexidine 0.0002% 

Poloxamine; 
poloxamer 
181 

Diglycine, sodium 
citrate, boric acid, 
sodium borate, 
edetate disodium 
and sodium chloride 

ACUVUETM 

RevitaLens 
(Johnson and 
Johnson Vision; 
6) 

Alexidine 
dihydrochloride 
0.00016%; 
polyquaternium-1 
0.0003% 

Tetronic 904 Boric acid, sodium 
borate, edetate 
disodium and 
sodium chloride 

cleadew soft 
(Ophtecs; 4) 

Povidone–iodine 
(4.0 mg/tablet); 
hydrogen peroxide  

Ascorbic acid, 
proteolytic enzyme, 
sodium borate, 
boric acid and 
sodium chloride 

AOSept Plus 
(Alcon; 6) 

Hydrogen peroxide 
3% 

Poloxamer Polyoxyethylene, 
polyoxybutylene, 
phosphonic acid, 
sodium chloride and 
phosphate buffer  

M. Yasir et al.                                                                                                                                                                                                                                   

https://www.cdc.gov/contactlenses/care-systems.html


Contact Lens and Anterior Eye 45 (2022) 101513

3

one way ANOVA with Tukey’s test setting statistical significance at p <
0.05. For the data from regimen testing, Mann-Whitney U test was 
performed with significance also set at p < 0.05. 

3. Results 

3.1. Stand alone testing 

The three multipurpose disinfecting solutions Biotrue (containing 
PHMB and polyquaternium-1), renu Advanced (PHMB, polyquaternium- 
1 and alexidine) and ACUVUE RevitaLens (polyquaternium-1 and 
alexidine) were unable to reduce the number of PFU of the coronavirus 
at the manufacturers recommended disinfection time (p ≥ 0.996; Fig. 1). 
After treatment, the virus’s titre (3.8 ± 0.2 log10 p = 0.996 for Biotrue; 
3.7 ± 0.1 log10 p > 0.996 for renu Advance; 3.7 ± 0.2 log10 p > 0.996 for 
RevitaLens) was almost identical to the negative control (3.7 ± 0.1 
log10). However, those containing hydrogen peroxide (AOSept Plus) and 
povidone iodine (cleadew) were highly antiviral. At the manufacturer’s 
disinfection time, for both AOSept Plus (hydrogen peroxide) and clea-
dew (povidone iodine) the numbers of coronaviruses were reduced to 
below the detection limit (10 PFU/mL; p < 0.0001; Fig. 1). 

3.2. Regimen testing 

Table 2 shows the effects of the regimen test incorporating a rub and 
rinse step. 

Lenses that were rubbed and rinsed before being treated with Biotrue 
showed a significant reduction (P = 0.028) in the number of coronavi-
ruses that were able to form plaques compared to lenses incubated in 
Biotrue without rubbing and rinsing. Lenses that were incubated in 
Biotrue alone showed a small but significant (p = 0.029) 0.5log10 
reduction in viral numbers (Table 2). 

4. Discussion 

This research has shown that a SARS-CoV-2 coronavirus surrogate 
(MHV) is unaffected when added directly to multipurpose disinfecting 
solutions containing various mixtures and concentrations of the disin-
fectants polyaminopropyl biguanide, polyquaternium-1 and alexidine as 
well as various surfactants. However, contact lens disinfecting solutions 

containing 3% hydrogen peroxide or 4.0 mg povidone-iodine (final 
concentration 0.5 mg/mL [or 0.05%]) can reduce the numbers of plaque 
forming units of this virus to below the limit of detection (10 PFU). The 
regimen test was able to reduce the number of viruses adherent to eta-
filcon A contact lenses with Biotrue. 

MHV is recognised by the Therapeutic Goods Administration of 
Australia as an appropriate surrogate for SARS-CoV-2 for use to test the 
effectiveness of disinfectants (https://www.tga.gov.au/surrogate-virus 
es-use-disinfectant-efficacy-tests-justify-claims-against-covid-19). MHV 
and SARS-CoV-2, along with SARS and Middle Eastern Respiratory 
Syndrome virus (MERS), all belong to Group 2 coronaviruses [15] (also 
known as betacoronaviruses) as do other human coronaviruses such as 
OC43 and HKU1. On the other hand, human coronavirus 229E, also a 
recommended surrogate of SARS-CoV-2, and NL63 belong to Group 1 
coronaviruses [15] (also known as alphacoronaviruses). MHV has a 
mechanism of infection very similar to SARS-CoV-2 and produces severe 
acute respiratory disease in mice [16–19]. 

MHV is sensitive to some disinfecting agents. Seventy percent 
ethanol can reduce the PFU of MHV on stainless steel by 3.9 log10 within 
one minute, whereas 1:100 hypochlorite reduced the PFU by 0.62 log10 
in one minute [20]. Household disinfectants or antiseptics containing 
0.05% triclosan or 0.1% of the quaternary compound alkyl dimethyl 
benzyl ammonium saccharinate in combination with 79% of ethanol 
reduced the PFU of MHV by ≥ 3 log10 within 30 s [21]. Wipes containing 
n-alkyl [68% C12, 32% C14] dimethyl ethylbenzyl ammonium chloride 
(0.14%) and n-alkyl [60% C14, 30% C12, 5% C18] dimethyl benzyl 
ammonium chlorides (0.14%) reduced the number of PFU of either MHV 
or SARS-CoV-2 on face masks by ≥ 5 log10 after a single wipe and 5 min 

Fig. 1. Reduction in the number of plaque forming units of the coronavirus (mouse hepatitis virus) by various contact lens disinfecting solutions. **** represents p =
0.001 compared to negative control. 

Table 2 
The effect the regimen test on the numbers of coronavirus attached to etafilcon A 
contact lenses.  

Treatment of lenses Number of viruses 
(log10 PFU/lens) 

P-value (vs. lenses 
treated with Biotrue 
only) 

Lenses treated with Biotrue only 2.01 ± 0.05  
Regimen test – lenses rubbed, 

rinsed and treated with Biotrue 
≤1.00 ± 0.001a  0.028 

Lenses incubated in phosphate 
buffered saline only 

2.51 ± 0.02  0.029 

a, no PFU were detected in the rub, rinse and Biotrue treated samples. 
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drying [22]. Exposing the masks to ionised 3% hydrogen peroxide for 
15 min also reduced the viral loads on masks by a similar amount [22]. 
SARS-CoV-2 and MERS are sensitive to povidone-iodine at concentra-
tions of 7.5% (surgical scrub) [23,24] or 4% (hand wash) [24]. Hypo-
chlorous acid (0.01%) reduced the numbers of adenovirus type 19/64 on 
contact lenses by ≥ 3.5 log10 but could only reduce Herpes simplex-1 by 
≤ 0.6 log10 PFU [25]. 

The two disinfecting solutions that were active against MHV in the 
current study were both oxidising agents (hydrogen peroxide and 
iodine). Iodine can oxidise proteins, nucleotides and fatty acids [26] and 
hydrogen peroxide oxidises many cellular components including lipid 
membranes, nucleosides and proteins [27]. These multifaceted actions 
may be the reason iodine and hydrogen peroxide were superior to the 
quaternary ammonium compounds used in the other multipurpose dis-
infecting solutions. Quaternary ammonium compounds such as poly-
aminopropyl biguanide, polyquaternium and alexidine act primarily on 
microbial membranes [28]. The membranes of many microbes have an 
overall negative charge and this allows the positively charged quater-
nary ammonium compounds to bind and disrupt membrane function 
[28]. Coronaviruses are enveloped viruses, that is they possess a lipid 
bilayer that surrounds an inner protein capsid and this lipid bilayer is 
derived from the mammalian host cells. Mammalian cells asymmetri-
cally distribute their membrane lipids, with negatively charged lipids 
such as phosphatidylserine being almost exclusively found on the inner 
leaflet of the membrane [29,30]. Whilst the lipidome of the envelop of 
SARS-CoV-2 or MHV is not yet known, it is possible that the asymmetry 
of the lipids persist and this would make the interaction with the posi-
tively charged quaternary ammonium compounds unfavourable. Man-
ufacturers of multipurpose disinfecting solutions need to balance 
antimicrobial efficacy with mammalian cell toxicity [31]. This means 
that the concentration of quaternary ammonium disinfectants in contact 
lens multipurpose disinfecting solutions (0.00005 to 0.0003%) is sub-
stantially less than in other disinfectants (≥0.1%), and this may be 
another reason for the lack of efficacy of the quaternary ammonium 
disinfectants in the current study compared to other studies [22]. 

Multipurpose contact lens disinfecting solutions do not need to be 
active against viruses for them to pass tests, such as the International 
Organisation for Standardization test ISO 14729, that regulatory au-
thorities such as the Federal Drug Administration of the USA, Thera-
peutic Goods Administration of Australia or European Medicines Agency 
mandate. Although older versions of tests such as the U.S. Food and Drug 
Administration, “DRAFT testing guidelines for class III soft (hydrophilic) 
contact lens solutions,” FDA, Washington, D.C. (July 15, 1985) did 
include the need to test contact lens disinfectants against Herpes simplex 
type 1 virus [32,33]. Contact lens disinfecting solutions have been tested 
for their efficacy against viruses other than coronaviruses in the past. 
Often, these tests were spurred by other viral epidemics such as acquired 
immunodeficiency syndrome (AIDS) caused by the human immunode-
ficiency virus (HIV). [34]. ReNu Multipurpose (containing 0.00005% 
polyaminopropyl biguanide; Bausch and Lomb) was able to reduce the 
numbers of HIV on lenses only when a rubbing procedure was used [35]. 
MeniCare Soft Multipurpose Solution (containing 0.0001% poly-
aminopropyl biguanide; Menicon) reduced the infective numbers of 
Herpes simplex-1 by 1.4 log10 PFU and adenovirus by approximately 0.9 
log10 PFU but was unable to significantly reduce the PFU of poliovirus 
when used without a rub and rinse step [34]. However, when the rub 
and rinse regime was used, MeniCare Soft was able to reduce the 
numbers of Herpes simplex-1, adenovirus and poliovirus on lenses by ≥
4.5 log10. The need for a rub and rinse procedure (i.e. the ISO 14,729 
regimen test) to significantly reduce the numbers of viruses removed 
from lenses was confirmed in the current study. Whilst the current study 
only examined Biotrue with etafilcon A in this regimen test, it is likely 
that the same efficacy would be seen with other lenses and solutions as 
has been shown with bacteria, fungi and Acanthamoeba [36]. However, 
this should be tested in future studies. 

In conclusion, this study shows that oxidative contact lens 

disinfecting solutions (i.e. those containing povidone-iodine or 
hydrogen peroxide) provide superior antiviral activity against a coro-
navirus surrogate of SARS-CoV-2. However, the application of a rub and 
rinse procedure prior to disinfection for the manufacturers recom-
mended disinfection time could reduce the numbers of coronaviruses 
removed from lenses. Contact lens prescribers should reinforce the need 
to rub and rinse lenses with multipurpose disinfecting solutions, as this 
is likely to reduce the numbers of any coronaviruses on the lenses. 
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