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ABSTRACT
Background and objective: The fitting of orthokeratology (ortho-k) and multifocal soft contact lenses 
(SCL) is becoming increasingly popular worldwide for reducing the rate of myopia progression. However, 
overnight wear use of lenses and microbial contamination of contact lenses and storage vials has been shown 
to increase the risk of corneal inflammatory and infiltrative events (CIEs). Therefore, we conducted a pilot 
study to compare the rate, level, and type of microbial contamination of contact lenses and storage vials
when participants wear ortho-k and SCL in combination with a hydrogen-peroxide disinfecting system. 
Material and Methods: A prospective, single-centre, randomized, crossover study was conducted to evalu-
ate the rate and level of contact lens and storage vials contamination during the use of ortho-k and SCL 
along with a hydrogen-peroxide disinfecting solution over two 10 day wearing periods. Ocular signs and 
symptoms were assessed during lens wear at baseline and after each wearing period. In addition, contact 
lens and storage vials were collected, and the type and amount of microbial contamination were evaluated 
using viable culture and standard identification methods.
Results: Twenty-five adults were enrolled, and 21 completed the study. One (5%) ortho-k lens, five (24%) 
ortho-k storage vials, one (5%) SCL and one (5%) SCL storage vial were contaminated (P > 0.05), pre-
dominantly with Gram-positive bacteria. None of the participants had contamination with both ortho-k and 
SCL. No significant differences were found between the ocular signs, including conjunctival redness and 
roughness, or conjunctival or corneal staining (all P > 0.05), irrespective of using ortho-k or SCL. 
Conclusion: This study provides the first data that directly compares microbial contamination of ortho-
K versus SCL in patients using a hydrogen-peroxide disinfection system. However, the overall microbial 
contamination rate of contact lens storage vials was much lower (30%) than the previously reported study
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with ortho-k lens wear. The results support conducting a larger clinical trial designed to understand differ-
ences in microbial contamination with different lens materials and modalities.

Keywords: orthokeratology, soft contact lens, lens storage case, microbial contamination, overnight lens wear.

INTRODUCTION

Since the early 19th century, contact lenses 
have been used as an alternative to spectacles to 
correct refractive error, therapeutic treatment, or 
cosmesis. Globally, there are 140 million people 
who wear contact lenses.1  Of the 45+ million 
contact lens wearers in the United States,1 88% 
wear soft contact lenses (SCL) and approximately 
10–12% rigid lenses, including orthokeratology 
(ortho-k).1,2 Ortho-k lenses are reverse geometry 
corneal reshaping rigid contact lenses. They are 
becoming an increasingly popular, well-accepted 
myopia management option to reduce the rate of 
myopia progression.3–6 However, the use of lenses 
overnight causes an increased concern for contact 
lens induced corneal infection and microbial keratitis 
(MK), compared to daily lens wear.7–12 

Complications associated with SCL and ortho-
k lenses include corneal epithelial defects, corneal 
edema, and corneal infiltrative and infectious 
events, including MK.13,14 Whilst rare,15 MK is 
serious, potentially blinding corneal infection16,17 
and overnight contact lens wear is a significant risk 
factor.8,9,11,18 Contact lens acute red eye (CLARE) is, 
by definition, associated with closed eye lens wear 
(e.g., napping or sleeping in lenses).19,20 CLARE 
is most commonly observed during the first three 
months of extended wear, although it can occur at 
any time.21,22 Risk factors associated with CLARE 
include high water content soft lenses, a tight-fitting 
lens, and patients who suffer from respiratory tract 
infection.23 Contact lens-induced peripheral ulcer 
(CLPU) is another condition often associated with 
extended wear contact lens use, as Szczotka-Flynn 
et al (2013) reported.24 The incidence of CLPU was 
always higher with extended wear asymptomatic 
(extended wear vs. daily wear: up to 25% vs. up to 
20%) or symptomatic (extended wear vs. daily wear: 
up to 6% vs. up to 3%) contact lens wear compared 

to daily wear, even with the use of silicone hydrogel 
contact lenses.24

Multiple genera and species are associated with 
contact lens induced MK, including Pseudomonas 
aeruginosa,25–28 Staphylococcus aureus,27Acanthamoeba 
species,27–31 and fungi especially Fusarium spp. 
Aspergillus spp. and Candida spp. have also been 
isolated but at a much lower frequency than other 
bacteria.8,18,27,32 The causative microorganisms 
have been isolated from contact lenses and contact 
lens related accessories, particularly from lens 
storage vials and disinfecting solutions.11 Contact 
lens storage cases are the most commonly 
contaminated contact lens accessories33, and they are 
a risk factor for the development of contact lens 
induced MK.12

Microbial contamination of contact lenses and 
storage cases varies depending upon the types of lens 
materials, wearing modality, cleaning solution, and 
behavioural use factors.12,34–37 Hydrogen-peroxide 
solution has been shown to reduce the rates of MK 
and other corneal infiltrative events compared to 
multipurpose disinfecting solutions (MPDS).38 To 
date, no study has examined the type and amount of 
contamination in patients fitted with both ortho-k and 
SCLs. Therefore, this pilot study aimed to compare 
the level (total contamination) and rate (number of 
colony-forming units) of microbial contamination and 
the type of microorganisms recovered from contact 
lenses and lens storage cases for ortho-k and SCLs 
used with a hydrogen-peroxide disinfecting system 
as part of a larger crossover clinical trial.

METHODS

This study was a part of a more extensive prospective, 
randomized, crossover, single centre study conducted 
at the University of Houston College of Optometry. 
The preliminary study explored changes in higher 
order aberrations and peripheral refraction in myopic 
astigmats fitted with soft multifocal toric contact lenses
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and toric orthokeratology lenses.39 To date, one paper 
on the higher-order aberration outcomes has been 
published, and others are still in development.39 As 
a secondary outcome, microbial contamination was 
explored to determine the necessity of a larger trial. 
Twenty-five participants were enrolled, and microbial 
samples were available from 21 participants who 
completed all five study visits. A literature review was 
done for the microbial contamination of contact lens 
and lens storage cases/vials. Based on the previous 
literature, the range of soft lens contamination varied 
between 25% to 92%, and for the ortho-k and rigid gas 
permeable lenses, contamination varied between 1% to 
38%. We have considered the minimum level of lens/
lens storage case contamination for the sample size 
calculation.26,34,36–38,40–47 This sample was estimated 
at the 5% level of significance and with 80% power 
and assuming a 10% dropout rate to demonstrate the 
type and amount of contact lens and storage case 
contamination. Due to the crossover study design, 
each participant served as their own control, permit-
ting paired statistical testing to evaluate differences. 

Recruitment and entry criteria 
The study protocol was submitted for ethics ap-

proval by the University of Houston (UH) Institutional 
Review Board (IRB) and was approved and registered 
on ClinicalTrials.gov before enrolment of any partici-
pants (NCT #03728218). Potential participants were 
recruited from the patients, faculty, students, and staff 
of the University Eye Institute at the UH College of 
Optometry, as well as the surrounding community 
via verbal communication, print media (e.g., study 
flyers), telephone and electronic media (e.g., email, 
social media). Adult participants, 18 to 39 years of 
age, with normal ocular health and no contraindica-
tions to contact lens wear were recruited. Eligible 
participants had a vertexed corrected sphere power 
between plano to −5.00 diopters (D) and vertexed 
refractive cylinder power between −1.50 to −3.50 D 
in each eye. Participants had a best-corrected Snel-
len acuity of 6/7.5 or better in each eye and had no 
history of ocular pathology or surgery, active ocular 
infection, or clinically significant ocular inflamma-
tion. Participants must not have had any significant 
binocular vision abnormalities, worn gas permeable 

contact lenses for at least one month, nor be pregnant or 
nursing (by self-report).

Study devices
The commercially available and United States 

Food and Drug Administration (FDA) approved soft 
multifocal toric contact lenses (Proclear Multifocal 
Toric; CooperVision®, San Ramon, CA, USA) and 
toric periphery ortho-k (Paragon CRT® Dual Axis 
Contact Lenses; Paragon Vision Sciences, Gilbert, 
AZ, USA) contact lenses were used for this study. 
Lenses were ordered based on the manufacturer’s fitting 
guides and CLEAR CARE® (Alcon, Fort Worth, TX, 
USA) 3% hydrogen peroxide solution was provided 
for disinfecting and storage of both types of contact 
lenses. All participants were instructed to follow 
the manufacturer’s provided contact lens cleaning 
regimens, including avoiding water exposure to the 
contact lens or lens storage vial and not use any other 
solutions or eye drops during the study. SCLs were 
worn daily, and ortho-k lenses were worn overnight 
in a randomized order, each for 10 ± 2 days/nights 
and at least seven hours per day/night.

Study design
Each participant was seen for a total of five visits

over two months approximately. Visit 1 was a baseline 
evaluation, where both types of contact lens were ordered 
empirically. Visit 2 was a contact lens fitting of both lens 
types and randomization to the first lens. Visit 3 was 
an outcome visit for the first lens. Visit 4 occurred after 
a 14 ± 2-day washout period, where the participants 
were dispensed the second lens. Lastly, Visit 5 was an 
outcome visit for the second lens. All outcome visits 
were conducted between noon and 6 pm. Of importance 
to this arm of the study, an extra pair of contact lenses 
were made to dispense unworn lenses at Visit 4 since 
both lens types were applied for fit assessment at Visit 2.

Participants were responsible for wearing the as-
signed contact lenses for at least seven hours every day 
for SCL or every night48 for ortho-k lenses between 
study visits 2 - 3 and 4 - 5. In addition, participants were 
instructed to wear the SCL for at least two hours before 
coming to the outcome study visit. After 10 ± 2 days of 
each lens wear (Visits 3 and 5), study lenses and lens 
storage vials were collected and stored for microbial 
sample collection. Contact lenses were removed by the
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participant and placed in the lens vial either the morn-
ing before the visit (ortho-k) or at the visit (SCL). At 
the end of the 3rd and 5th visits, participants were also 
asked to complete a questionnaire regarding ocular 
comfort, subjective vision, and lens handling using the 
Ranked Symptoms Scale (RSS) survey.49 Slit lamp 
findings were assessed at every visit using the Cornea 
and Contact Lens Research Unit (CCLRU) grading 
scale to evaluate the type and extent of corneal 
staining.

Microbial sample collection and analysis
All procedures involving the microbial samples were

conducted within the microbiology laboratory, which 
has safety procedures to minimize infectious and other 
potential risks to personnel. On the study visit, partici-
pants placed their lenses in their storage vials with the 
disinfecting solution, as they usually would. To assess 
microbial contamination lenses and storage vials were 
sent to the microbiology laboratory within one hour of 
collection. A log-sheet was maintained of the collection 
and process time to ensure that all lenses remained in 
the hydrogen-peroxide solution for at least six hours.

After this normal disinfection cycle, the right and 
left contact lenses were transferred individually to 
vials filled with 2 mL sterile phosphate buffer saline 
(PBS; pH 7.4 NaCl 8 g 1−1, KCl 0.2 g 1−1, Na2HPO4 

1.15 g 1−1, KH2PO4 0.2 g 1−1) using sterile forceps. 
A sterile magnetic stirring bar was added to each 
vial and vortexed for 10 - 20 seconds, and then 400 
µL of the PBS was inoculated onto each of three 
chocolate blood agar plates (Thermo Fisher Scientific, 
Waltham, MA, USA) and one Sabouraud’s dextrose 
agar plate (Thermo Fisher Scientific, Waltham, MA, 
USA). The chocolate blood agar plates were 
incubated at 37ºC for 24, 48 hours, and 96 hours 
under aerobic, microaerophilic, and anaerobic 
conditions, respectively, and the Sab-ouraud’s 
dextrose agar plate was incubated at room 
temperature for one week for fungal recovery. A total 
colony count was assessed to determine the number 
of microbes on each plate. Preliminary identification 
involved examining colony morphology followed 
by microscopy and Gram staining (Remel™ Gram 
staining kit; Thermo Fisher Scientific, Waltham, MA, 
USA) for bacteria. Unique colonies were preserved at 
−80ºC for further identification of bacteria using 
biochemical techniques (Figure 1).36

The inside of the lens storage vials (well, basket 
and lid) were swabbed with a sterile cotton swab pre-
moistened with PBS, and then the swab was placed in 
2 mL of PBS and vortexed at 700 g for 10–20 seconds. 
The number of bacteria (CFUs) was calculated per 
millilitre of sample by dividing the number of colo-
nies by dilution. The rest of the bacterial and fungal 
culture procedures and identification methods were 
the same as mentioned for contact lenses.

STATISTICAL ANALYSIS

The number of viable organisms was recorded as 
colony-forming units (CFUs) per sample and converted 
into Log10 CFU/mL. Data analysis was performed 
using Microsoft Excel 2010 and Statistical Package for 
Social Science for Windows version 27.0 (SPSS, Inc, 
Chicago, IL, USA); significance was considered P < 
0.05. The Mann-Whitney U test was used to compare 
the percentage of Gram-positive and Gram-negative 
bacteria recovered from SCL and ortho-k lenses and 
storage vials. The RSS scores for contaminated and 
non-contaminated ortho-k and SCL lenses and storage 
vials were also compared using the Mann-Whitney 
U test. The subjective responses of the RSS scores 
and the proportion of the microbial contamination 
of contact lens and storage vials were analysed 
using the Fischer Exact test.

RESULTS

Twenty-five participants were enrolled, but one 
did not meet the study criteria for lens fitting at the 
baseline exam, one did not have an acceptable lens 
fit, and two withdrew due to other time commitments.

Figure 1. Representative images of bacterial recovery 
from chocolate agar plates from contaminated (left) 
soft contact lens and (right) ortho-k storage vials.
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A total of 21 participants (11 females and 10 males) 
with a mean age of 25 ± 5 years (range: 19 to 38 
years inclusive) completed the study (Table 1). All 
participants previously wore SCL. Participants wore 
the study contact lenses for an average of 7.5 ± 1 
hours per night (range: 7 to 9 hours) during ortho-k 
lens use and 8.2 ± 2 hours per day (range: 4.5 to 13 
hours) during SCL use.

Contact lens and storage case contamination
One (5%) ortho-k lens, five (24%) ortho-k storage

vials, one (5%) SCL and one (5%) SCL storage vials 
were contaminated (P > 0.05; Figure 2A). None of the

participants had contamination with both ortho-k and 
SCL lenses. Only one participant had both lens and 
storage vial contamination during the use of ortho-k 
lenses (P > 0.05; Figure 2B). Due to the small number 
of contaminated samples and small subject samples in 
this pilot study, the contact lens and storage vial con-
tamination was collapsed (e.g., if either the storage vial 
or lens was contaminated, the sample was considered 
positive for that lens type). Overall, 24% of the ortho-
k and 10% of the SCL samples were contaminated 
(Figure 2A). There was no correlation between gender 
and the rate of contamination (P > 0.05). 

Table 1. Demographic and baseline information (n = 21)

Sex
Male Female

10 11
Age (years) Mean ± SD 26.3 ± 4.6 25.0 ± 5.1

Ethnicity
Hispanic or Latino 1 4
Non-Hispanic 9 7

Race

White 3 4
African American 2 2
Asian 5 4
Pacific Islander 0 0
Other 0 1

Baseline information
All participants (21)

Range (min-max) Mean ± SD
Subjective Refraction Sphere (OD) -0.25 to -4.75 -2.87 ± 1.02
Subjective Refraction Cylinder (OD) -1.25 to -3.00 -2.09 ± 0.52
Subjective Refraction Sphere (OS) -0.00 to -4.75 -2.60 ± 1.35
Subjective Refraction Cylinder (OS) -1.25 to -3.00 -2.01± 0.49
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Figure 2. (A) percent of contaminated ortho-k and SCL lenses and storage cases; (B) percent of contami-
nated SCL and ortho-k lenses and storage vials; (C) the number of microbes recovered from ortho-k and 
SCL lenses and storage vials.
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There was no difference in the microbial types iso-
lated from SCL and ortho-k contact lenses and storage 
vials (P > 0.05). All contaminated contact lenses and 
storage vials were contaminated with Gram-positive 
bacteria, specifically coagulase-negative staphylococci 
(CNS). There was no recovery of Gram-negative 
bacteria from the lenses or storage vials. There was 
no difference in the number of CFUs cultured after 
ortho-k (mean 0.10, range: 0–0.66 Log10 CFUs) 
compared to SCL wear (mean 0.06, range: 0–1.00 
Log10 CFUs) (P > 0.05; Figure 2C).

Ocular signs and symptoms 
Ocular variables were measured for both eyes, but 

as there were no differences between the eyes upon 
statistical analysis, data for the left eye are reported. 
No significant differences were found between 
participants’ eyes using either ortho-k or SCLs for 
bulbar or palpebral conjunctival redness, palpebral 
redness, roughness, or conjunctival staining (P > 
0.05). Similarly, there was no significant difference in 
these outcomes concerning contamination of lenses 
and storage vials (P > 0.05). None of the participants 
developed any contact lens induced complications 
during the study period. 

Overall, there was no significant difference in dis-
comfort, vision, or lens handling symptoms between 
contaminated and non-contaminated lenses/storage 
vials (Figure 3). However, two of the participants 

who had contaminated SCL, or storage vials reported 
watering of the eyes and tiredness during lens wear, 
although this was not statistically significant (data 
not shown, P > 0.05).

DISCUSSION

The purpose of this study was to prospectively as-
sess the bioburden and efficacy of hydrogen-peroxide 
solution in disinfecting SCL, and ortho-k lenses and 
storage vials used by the same group of 
participants for the same period. In the current 
study, the overall rate of microbial contamination of 
contact lens storage lens vials was 30%, which is 
much lower than one previously reported study 
with ortho-k lens wear.50

The hydrogen-peroxide storage vials used in this 
study are barrel-shaped. Another study of ortho-k 
lenses and the combination of MPDS found a higher 
contamination rate in flat storage cases than barrel 
cases/vials.51 The ability to hold a greater volume of 
disinfecting solution could be the reason for lower 
contamination levels with these vials. The lower level 
of contact lens and storage case contamination could 
also be due to the hydrogen-peroxide disinfecting 
system.52 To date, most of the previous studies as-
sessed the rate and amount of microbial contamina-
tion of contact lenses or storage vials using MPDS. 
Microbial contamination of contact lens and lens 
storage cases varies depending upon the cleaning and 
disinfecting solution, the types of lens materials, and
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Figure 3. RSS survey scores for comfort, vision, and lens handling with (A) ortho-k and (B) SCL, separated 
based on contamination. The scoring scale is such that 0 is extremely satisfied with comfort, vision, and 
handling, and 10 is extremely unsatisfied.
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wear modality (Table 2).34–37 The performance of com-
mercially available disinfecting solutions have been 
compared, and CLEAR CARE® hydrogen-peroxide 
system was the most effective disinfectant in soft lens 
wear due to its higher disinfection activity and lower 
toxicity to ocular cells.53,54 Most of the in vivo studies 
were consistent with the notion that the lower level 
of microbial recovery during rigid lens wear is partly 
because of a low incidence of bacterial adherence on 
rigid lenses.55 The contact lens, lens storage case, and 
ocular surface may offer a suitable environment for 
the survival of bacteria. Due to its resistance to con-
tact lens care systems, P. aeruginosa can adhere and 
colonize lens materials during use and survive in lens 
storage cases.56 Interestingly, our study did not recover 
Gram-negative bacteria. The lack of Gram-negative 
bacteria and the overall reduced level of microbial 
contamination could be due to the antimicrobial 
efficacy of the hydrogen-peroxide system, which 
was also reported in previous studies.57,58 Although 
Gram-negative bacteria, including Pseudomonas, 
are commonly associated with microbial keratitis, 
Gram-positive bacteria have been isolated in contact 
lens related keratitis. Bourcier et al. showed that two-
thirds of the bacterial keratitis in contact lens wear 
was associated with Gram-positive bacterial species, 
including streptococci and staphylococci, particularly 
S. aureus.59

There was only one instance when both the contact 
lens and vial were found contaminated. This suggests 
that although lens storage cases may be contaminated, 
the contact lenses themselves may be sufficiently 
disinfected. However, future studies should consider 
the assessment of both contact lenses and lens storage 
cases to better understand the rates of contact lens 
compared to case contamination.

The most frequently isolated microbes in this 
study were CNS. The rate and level of microbial 
contamination with ortho-k use were higher than with 
SCL, though not statistically significant. Coagulase-
negative staphylococci are one of the most 
frequently isolated Gram-positive bacteria from 
conjunctival swab of healthy individuals, with low 
frequency of isolation of bacteria such as Propioni-
bacterium sp., Staphylococcus aureus, Micrococcus 

sp.60 Similarly, coagulase-negative staphylococci

were the most commonly isolated contaminant from 
lenses and lens storage cases/vials in the daily wear 
contact lens wearing population.36,38 Although rarely, 
coagulase-negative staphylococci have been associ-
ated with contact lens associated corneal infection. 
However, Stapleton et al. mentioned in a systematic 
literature review Coagulase-negative staphylococci 
was the second most commonly isolated microbe 
from contact lens induced MK.27 A previous study 
showed that the incidence of Gram-positive bacteria 
increases after eight hours of eye closure, whereas 
there were no increases in Gram-negative or fungal 
organisms.61 Multiple genera and species are asso-
ciated with contact lens induced MK and CIEs.8,18 

Causative microorganisms have been isolated from 
contact lenses and contact lens related accessories even 
in asymptomatic wearers (Table 2). The present study 
also suggests higher contamination of Gram-positive 
bacteria after overnight (closed eye) ortho-k lens wear.

Differences in contact lens material properties can 
cause different bacterial adhesion and deposition on 
lenses that may impact microbial contamination and 
isolation from lenses or lens cases. In the present 
study, we used the ortho-k lens material Paragon 
HDS 100 and omafilcon B soft hydrogel lenses. 
Soft hydrogel contact lenses deposit more protein 
compared to silicone hydrogel contact lenses, which 
deposit more lipid. Zhang et al. reported significant 
microbe variability between SCL and ortho-k lens 
wearing groups using operational taxonomic units.62 

Ortho-k lens wearers had an abundance of Bacillus, 
Tatumella, and Lactobacillus, while Elizabethkingia 
was abundant in SCL wearers and Delftia popula-
tions reduced in SCL wearers.62 Future studies should 
compare the microbial isolates from overnight wear 
of ortho-k lenses and silicone hydrogel contact lenses. 
Moreover, the advanced 16s rRNA bacterial identi-
fication technique should be used for more accurate 
results of bacterial identification.

Using a contact lens and storage case contamina-
tion rate of 24% with the population variance of 1000, 
a sample size of 34 would be required (5% level of 
significance with 80% power and 20% drop out rate) 
to significant differences in contamination between 
ortho-k and SCL lens wearers.
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This study also investigated the correlation between 
the contact lens and storage vial contamination and the 
subjective response of contact lens wearing comfort, 
vision, and handling issues.49 While no significant cor-
relation between microbial contamination was identified, 
some participants with contamination noted symptoms 
of watery and tired eyes. There was also no association 
between ocular signs and microbial contamination in 
this study. Szczotka-Flynn et al. previously reported 
a positive correlation [adjusted odds ratios (and 95% 
confidence intervals); 4.11 (1.17–14.46)] between mi-
crobial bioburden of soft silicone hydrogel contact lenses 
in continuous wearers and ocular discomfort, dryness, 
redness, and itchiness.63 The lack of positive correlation 
between microbial contamination and signs or symptoms 
in this study is potentially due to the small sample size 
and further supports the need for a larger study.

CONCLUSIONS

In summary, the current study identified differences in 
contamination rates and levels of contamination during 
10 days of SCL and ortho-k lens wear in participants 
using a hydrogen-peroxide solution. The overall rate of 
microbial contamination of contact lens storage vials 
was 30%, which is much lower than one previously 
reported study with ortho-k lens wear. Therefore, the 
use of the hydrogen-peroxide solution in ortho-k users 
and SCL users should be recommended to reduce  
contact lens contamination. Further research is 
needed to explore this finding and its associations 
with clinical signs and symptoms.
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