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ABSTRACT 

Significance: Compliance with hygiene and replacement of contact lens storage cases is key to 

avoid contact lens contamination and anterior ocular surface complications. However, 

compliance levels with these accessories remain low, even in patients with awareness of the 

risk associated with non-compliance. 

Purpose: To determine level of compliance with common practices regarding contact lens (CL) 

storage case hygiene and replacement, type of information provided by practitioners and risk 

perception. 

Methods: An ad hoc self-reported survey was used to collect demographic and CL wear details, 

compliance with storage case care, type of received information and risk perception (in a 1-to-

5 scale). Inferential statistics explored the relationship of demographic details and type of 

received information with compliance and risk perception.  

Results: Non-daily disposable wearing participants returned 299 completed surveys, with a 

median age of 24 years (76.9% females). Monthly replacement silicone hydrogel CLs and 

multipurpose solutions were predominant. Self-reported compliance with storage case care 

was poor, with 19.1% of respondents never cleaning their cases, 68.6% exposing them to tap 

water, and 26.4% failing to replace them within 6 months of acquisition. Two-thirds of 

respondents received specific information on case maintenance, mainly in oral form. Perceived 

risk associated with poor-compliance practices was high (median values of 4 and 5), and 

increased with educational level (P= .02, regarding hand-washing; P= .03, regarding case 

hygiene), years of CL wear experience (P< .001, regarding hand-washing) and in those patients 

provided with specific information on CL case care (P= .01, regarding case replacement). 

Conclusions: Compliance with CL storage case hygiene and replacement was generally poor, 

although awareness of risk associated with non-compliance was high and influenced by factors 

related to demographic details, contact lens experience and patient-practitioner 



communication. Strategies must be explored to increase risk awareness through education as 

this may lead to better compliance practices.  

 

KEYWORDS: Compliance; Contact lens; Contact lens storage case; Microbial keratitis; Risk 

perception 

  



Contact lens wear is not exempt of complications and it is the responsibility of both patients 

and practitioners to curtail their incidence and severity of adverse events. One of the most 

severe and visual threatening complications of contact lens use is microbial keratitis, with a 

reported annualized incidence between 2 to 4 per 10000 wearers for daily wear of hydrogel 

lenses, of 19.5 to 25.4 per 10000 wearers for overnight wear of hydrogel and silicone hydrogel 

lenses, respectively, and of 7.7 per 10000 wearers (95% CI: 0.9—27.8) for overnight 

orthokeratology.1,2 Other relatively common ocular complications related to the microbial 

contamination of contact lenses are corneal inflammatory events.3,4  

Pathogens may follow different strategies and routes to reach the ocular surface. Poor hand 

hygiene and inadequate care, maintenance and replacement of contact lenses and their 

accessories may contribute to increase microbial bioburden.5 In particular, although research 

efforts are directed towards the development of safe and effective antimicrobial storage 

cases,6-8 case contamination remains a challenging aspect of contact lens wear. In effect, 

previous research has shown that microbial bioburden of patients with contact lens-related 

microbial keratitis is significantly higher than in control subjects,9 that the type of pathogens 

cultured from the cornea of these patients and from their storage cases is coincident,10-12 and 

that disease severity is associated with pathogen diversity isolated from storage cases.13  

Contact lens related microbial keratitis is often caused by Gram-negative bacteria of the 

Pseudomona and Serratia species, although approximately 10% of cultures recover fungi and 

Acanthamoeba as causative organisms,14-17 and Gram-positive pathogens have also been 

isolated.18 These are waterborne pathogens that have been found to contaminate contact lens 

storage cases of patients using tap water to clean and rinse them or who store them near 

bathroom sinks.19,20 Once contaminated, some of these pathogens may form biofilms in the 

storage cases, granting them resistance to antimicrobial agents and challenging the effectivity 

of contact lens disinfection procedures.7,21 



Reports on compliance with instructions about care and maintenance of contact lenses and 

their accessories reveal levels of non-compliance ranging from 40% to 91%, depending on 

factors such as study sample, modality of lens wear, care regime and other.22-25 Besides, it is 

not uncommon for those patients showing good compliance with their contact lens care, to 

claim unawareness of the correct procedures or even of the actual need to clean and replace 

their storage cases.24,26,27 These different behaviors regarding contact lens and storage case 

compliance support the relevance of fluent patient-practitioner communication and 

unambiguous patient education, which may be hindered by conflicting recommendations and 

guidelines about storage case care provided by manufacturers, health agencies and 

optometrists.28-30  

In view of the relevance of adequate contact lens storage case maintenance and replacement 

and of the evidence of pathogen tropism from contaminated hands and contact lens cases to 

the ocular surface, thus increasing the opportunity for infection, strategies to improve 

compliance with care of contact lens accessories need to be explored and implemented.31 It 

was the aim of the present study to further investigate patient attitudes towards storage case 

care, with particular attention to cleaning procedures, replacement frequency, habitual 

storage case emplacement, type of instructions received from practitioners and awareness of 

the risk associated with common non-compliant practices. 

 

MATERIAL AND METHODS 

This cross-sectional study employed a self-reported ad hoc survey (Appendix) developed with 

Google Forms (Google LLC, Mountain View, CA, US). Participation was voluntary, responses 

were anonymous and the survey did not collect any data that could identify respondents. 

Before entering the survey, participants were informed of the aims of the study and a contact 

email was provided should respondents require additional information. Respondents 



consented to participate by the action of submitting a complete questionnaire. This study was 

part of an ongoing investigation on contact lens compliance, was reviewed by an independent 

ethical review board (Universitat Politècnica de Catalunya) and conforms with the principles 

and applicable guidelines for the protection of human subjects in biomedical research.  

The survey was created in Spanish and was divided into 5 sections plus an additional final 

question asking participants to rate from 1 (bad) to 5 (excellent) their overall level of 

compliance with storage case care and replacement. The selection and configuration of the 

items of the survey were based on the clinical experience of the authors and published 

literature about storage case and contact lens care compliance. As the survey aimed at 

investigating compliance with regards to contact lens storage case, only completed surveys 

from non-daily disposable wearers owning a storage case were included in the analysis.  

The first section of the survey explored demographic details including age, sex and level of 

education. The second section inquired about the current type, use and replacement schedule 

of contact lenses, years of contact lens experience, type of care and maintenance product, and 

acquisition habits of contact lenses and maintenance products. Participants noting “daily 

disposable” as their replacement schedule were instructed to discontinue answering the 

survey and were excluded from the study. The third section explored habitual practices 

regarding storage case cleaning and drying, replacement, solution topping-off and storage case 

emplacement at home, amongst others. The fourth section investigated whether practitioners 

had provided respondents with oral and/or written information about storage case 

maintenance and, if written information was made available, whether participants had actually 

read this information at home. Finally, on section five participants were asked to identify the 

main consequence of poor compliance with storage case care and to rate from 1 (no risk) to 5 

(maximum risk) their perception of the risk associated with several habitual non-compliant 

practices. 



The survey contained a combination of dichotomous responses as well as multiple-response 

items and open answers. In addition, it was designed considering compulsory and non-

compulsory items to allow respondents to skip non-applicable questions. The survey could be 

completed in three to five minutes. 

The link to the online survey was distributed between March 15, 2021 and April 30, 2021 

through personal and social networks of the authors. A snowball sampling strategy was 

adopted in which respondents were instructed to recruit future subjects from among their 

circle of acquaintances by sharing with them the link to the survey. 

The IBM Statistical Package for the Social Sciences (SPSS) Statistics v.26 (IBM Corp. NY, US) was 

used for statistical analysis. First, all survey responses were manually examined to identify 

inconsistent or incomplete responses, which were reviewed and removed. Subsequently, 

according to their nature, responses were summarized in terms of frequency, mean and 

standard deviation (mean ± SD) or median and range. Non-parametric analysis was employed 

for inferential statistics and to explore possible associations amongst variables. A p-value of 

0.05 or less was considered to denote statistical significance. 

 

RESULTS 

Manual revision of the 319 received surveys revealed 20 incomplete, incoherent or dishonest 

responses, including 7 surveys submitted by daily-disposable wearers. These surveys were 

removed from the study, leaving 299 surveys for analysis. Median age of respondents of these 

surveys was 24 years (range from 18 to 65 years) and 230 (76.9%) of respondents were female. 

More than half of the respondents had an undergraduate (141; 47.2%) or superior level of 

education (40; 13.4%).  



Most participants were experienced contact lens users, with 92 (30.8%) of respondents having 

used their contact lenses for 5 to 10 years and 114 (38.1%) for more than 10 years. Hydrogel 

(73; 24.4%) and silicone hydrogel (206; 68.9%) were the most frequently reported contact lens 

types, with only 15 (5.0%) and 5 (1.7%) respondents using rigid corneal lenses and 

orthokeratology designs, respectively. The most common contact lens replacement schedule 

was monthly (234; 78.3%), followed by bi-weekly (24; 8.0%) and every six months (22; 7.4%). 

The survey did not include participants wearing daily disposable lenses, as compliant daily 

disposable lens wearers do not commonly own a storage case (or only for exceptional removal 

of the contact lenses during the day). Almost all respondents used their contact lenses daily 

(283; 94.6%), with a small percentage of participants reporting sporadic overnight wear or 

orthokeratology (16; 5.4%). The majority of participants employed multipurpose solutions as 

their care and maintenance option (286; 95.7%), followed by peroxide-based solutions (10; 

3.3%). Finally, 167 (55.9%) participants acquired their contact lenses at the same place they 

had first been fitted with contact lenses, 101 (33.8%) had changed practitioner, 20 (6.7%) 

bought them online and 11 (3.7%) did not have a stable method or place of acquisition of their 

contact lenses. Table 1 offers a summary of demographic data, as well as contact lens type, 

use and replacement, wearing experience and type of contact lens solutions reported by the 

participants.  

Table 2 presents a summary of the survey responses regarding storage case hygiene and 

replacement. Of note, 57 (19.1%) of respondents never cleaned their cases, while 77 (25.8%) 

and 98 (32.8%) cleaned them daily or weekly, respectively. Of those who cleaned their cases 

(242), most respondents used soap and tap water (94; 38.8%) or only water (72; 29.8%) to do 

so, 38 (15.7%) replaced the storage case cover without drying the case, 99 (40.9%) let their 

cases air dry without cover and face down and 66 (27.3%) used a tissue to dry them. In terms 

of replacement, 126 (42.1%) of respondents replaced their storage cases with each new bottle 

of solution, but 47 (15.7%), 17 (5.7%) and 15 (5.0%) replaced them “when they are broken”, 



after 6 months or more, and never, respectively. Most respondents changed the solution daily 

without topping-off (247; 82.6%), although 28 (9.4%) noted that they only replaced solution 

when they remembered and 5 (1.7%) never replace their solution. Topping-off solution was 

reported by 19 (6.4%) of respondents. When asked about whether they replaced the solution 

when contact lenses were kept in the case for several days, 129 (43.1%) of respondents noted 

that they never changed the solution, 93 (46.2%) changed it every one or two weeks and only 

19 (6.4%) changed it daily. Level of compliance with storage case care practices was similar 

irrespective of age, gender, level of education, years of contact lens experience, type of 

contact lens, replacement schedule and type of solution. 

Contact lens cases were stored in the bathroom, either over or near the sink (126; 42.1%) or 

inside a cabinet (79; 26.4%), and with less frequency in the bedroom (25; 8.4%) or carried in 

the handbag (49; 16.4%). 

According to the participants in the study, 209 (69.9%) of them had received specific 

instructions from their practitioners regarding storage case cleaning and replacement. Of 

these, 131 (62.7%) were only oral, 8 (3.8%) were only written and 70 (33.5%) were both oral 

and written instructions. However, of those users receiving written instructions (78), 47 

(60.3%) never read them later on at home. No statistically significant differences were found in 

any of the storage case maintenance practices between patients receiving specific information 

or not about this aspect of contact lens wear, or between those receiving oral only or oral plus 

written information. 

Upon requested to name a consequence of not following the instructions about storage case 

hygiene and replacement, 253 (84.6%) of the participants reported increased risk of infection, 

29 (9.7%) poor vision, 16 (5.4%) blindness and only 1 (0.3%) participant reported no risk. 

The results of the perceived risk (rated from 1 to 5, where 1 denoted no risk and 5 maximum 

risk) of three common non-compliant practices (not washing hands with soap and water; not 



cleaning storage case frequently; not replacing storage case frequently) are shown in Figure 1. 

Overall, participants evidenced awareness of the associated risk of these practices, with 

median values of 4 or 5. Women were found to associate a higher risk to unproper hand-

washing routines (χ2=14.145; P= .007) and to infrequent storage case cleaning (χ2=11.423; 

P=.02). Similarly, participants with higher education levels showed greater awareness of the 

risk associated to inadequate hand-washing (χ2=30.248; P= .02) and case hygiene (χ2=28.632; 

P= .03). Years of experience with contact lens wear increased awareness of the risk of 

improper hand-washing practices (χ2=36.528; P< .001) but not of storage case maintenance. 

Those patients who had received explicit information from their practitioners regarding 

storage case care awarded a higher risk to infrequent case replacement (χ2=12.628; P= .01), 

without significant differences between those receiving only oral or oral plus written 

information.  

Finally, a median of 4, ranging from 1 (bad) to 5 (excellent), was reported on the last question 

instructing participants to rate their overall level of compliance with contact lens storage case 

cleaning and replacement (also shown on Figure 1). Statistically significant differences were 

found amongst self-reported levels of compliance in almost all explored storage case cleaning 

and replacement practices (Kruskal-Wallis test, all P< .05, except for storage case drying and 

storage). To further explore this relationship, for each case storage and replacement practice, 

responses were labelled as either correct or incorrect. Statistically significant differences in 

self-reported levels of compliance were found between correct and incorrect responses in all 

instances (Mann-Whitney test, all P< .05), except for storage case drying, with participants 

following correct practices also reporting higher levels compliance. 

 

 

 



DISCUSSION 

A self-reported survey was used to explore several aspects related to compliance with hygiene 

and replacement of contact lens storage cases. An extensive review by Wu and co-workers 

documented that storage case contamination rates range between 18% and 85%.32 

Contaminated storage cases may be a fomite for ocular surface contamination, thus increasing 

the probability of opportunistic infection and vision loss.9-13    

The present findings revealed that compliance with storage case cleaning procedures was, in 

general, low. For instance, 19.1% of respondents reported never cleaning their cases and 

68.6% exposed them to tap water during their cleaning procedures. Similarly, only 40.9% of 

participants air-dried their cases without cover and face down, as recommended, although 

82.6% changed solution daily without topping-off, a common documented malpractice only 

reported by 6.4% of respondents. Besides, when contact lenses were not worn each day and 

left in their storage case, 43.1% of participants never replaced the solution, albeit package 

inserts of many solutions state a designated period of time that contact lenses can remain in 

the solution before being changed. These findings are in the line of those reported in previous 

studies, with variations in the prevalence of non-compliant practices probably accounting for 

differences in target population (Spain) and sample characteristics, study design, data 

collection, etc.8,30,33 

Compliance with storage case replacement was similarly low, with 26.4% of respondents 

failing to replace cases periodically (every 6 months or less). Previous research found that 

biofilms may develop in storage cases within hours or days of surface contamination, and that 

these biofilms may be resistant to common storage case cleaning routines.7,21,34 It is thus 

essential not only to clean storage cases daily, but also to replace them frequently, although 

currently published recommendations for case replacement frequency range from one to six 

months.28-30 This finding may reflect the large percentage of patients reporting lack of 



knowledge of proper storage case replacement evidenced by Rueff and co-workers, even 

amongst those with good compliance in other aspects of contact lens wear.24 Almost half of 

the respondents (42.1%) replaced their storage cases with each new bottle of solution, as 

recommended by Wilson and co-workers.35 Therefore, it must be assumed that the strategy of 

handing a free new storage case to all patients acquiring a bottle of solution may be worth 

exploring as an effective means to improve storage case replacement practices. Although most 

bottles of solutions already include within their package a new contact lens storage case, both 

manufacturers through appropriate labelling and practitioners through education may 

reinforce the need to actually replace the storage case.  

Most respondents kept their storage cases in their bathrooms, on or near the sinks (42.1%), or 

inside bathroom cabinets (26.4%), in agreement with previous research8. Acanthamoeba and 

other free-living amoeba have been documented to proliferate in water sources in kitchens 

and predominantly in bathrooms of both contact lens patients with Acanthamoeba keratitis 

and controls, suggesting that these water sources may serve as a microbial source for an 

eventual infection.11,12 Other authors found a significantly higher level of contamination when 

storage cases were stored in the bathroom than in the kitchen or bedroom.8 A large number of 

participants also reported carrying their storage cases with them inside handbags, trouser 

pockets or inside eyeglass cases, increasing the probability of external contamination and thus 

of hands-to-case cross-contamination.36 

Stapleton and co-workers described occasional overnight use of contact lenses, poor lens 

hygiene (failure to air dry storage cases), smoking, high socioeconomic class and replacement 

frequency less than 6 months as risk factors of moderate and severe microbial keratitis in daily 

contact lens wear, and concluded that 50% of cases of microbial keratitis in any contact lens 

wearing modality could be avoided with better storage case hygiene, and 27% with frequent 

replacement.14 Similarly, the American Academy of Optometry Microbial Keratitis Think Tank 



described storage case hygiene, contact with tap water and topping off as malpractices 

consistently associated with increased risk of microbial keratitis, adding a probable association 

of microbial keratitis with storage case replacement frequency.37   

Previous research failed to find a relationship between contact lens case contamination and 

total compliance scores, as determined through a validated questionnaire (the contact lens 

risk survey), noting different compliance patterns when considering contact lens care versus 

storage case care.8 The present findings failed to reveal any statistically significant association 

between compliance and demographic factors (age, gender, level of education), years of 

contact lens experience, type and replacement schedule of contact lenses or type of solution, 

some of which have been identified in the literature as predictive of overall contact lens-

related compliance.38 Interestingly, however, risk perception associated with common non-

compliant practices was higher in women, respondents with higher educational levels, and in 

long-term contact lens wearers. These results are an indication of a discrepancy between risk 

awareness and actual compliance, which has been previously described.27,39 It may be that 

perception of risk involves a different set of cognitive processes, which are more susceptible to 

education and experience, a type of rational inference as opposed to a more instinct-based 

behavior influenced by bias.   

Although Tilia and co-workers noted that patients were more likely to show good compliance if 

instructions were both in oral and written format,20 the present study did not find any 

statistically significant difference between those respondents receiving information only in 

verbal format versus those also provided with written information. It must be highlighted, 

however, that 60.3% of participants receiving written information failed to read it afterwards, 

a finding that may help explain the actual lack of effect of information on compliance. Risk 

perception, however, was found to increase in participants receiving specific instructions 

regarding storage case maintenance, also supporting the hypothesis that risk awareness could 



be more malleable than actual compliance practices. Practitioners may be encouraged to 

stress to their patients the need to read the information provided to them at home, and to 

implement frequent reminders to refresh this information. Visually attractive and well-

designed campaigns distributed through social networks may be a useful means of reaching 

and capturing the attention of the majority of the younger patients. In addition, it may prove 

useful for practitioners to employ mobile apps in which, via gamification and the awarding of 

kudos or achievements, young wearers are encouraged to comply with care and replacement 

practices of their contact lenses and accessories. These types of apps may also be employed to 

send notifications and periodic reminders, such as expiration dates of solutions, date of 

storage case replacement or follow-up appointments.  

It must be noted that participation in the study was voluntary, and a snowball sample strategy 

was employed to recruit participants, thus increasing the probability of selection bias. The 

demographic characteristics of the study sample, however, are not dissimilar to those reported 

for Spain by Morgan and co-workers in their 2019 International Contact Lens Prescription 

Survey,40 with differences probably resulting from the exclusion of daily disposable lens 

wearers from the present analysis. In addition, even if anonymity was implemented, 

respondents may still feel compelled to select the most socially accepted answer, and to 

downplay their bad habits. Besides, as the survey was conducted after COVID-19, hygiene 

perceptions may have been affected and not accurately reflect habitual pre-pandemic 

practices.41,42 Thus, the present findings need to be interpreted with caution. 

In conclusion, compliance with contact lens storage case hygiene and replacement was poor, 

with many patients using tap water to clean their cases and replacing them infrequently. 

However, perception of risk associated with some of these malpractices was high, and could 

be influenced by patient education and other factors. Strategies need to be explored through 

reinforced and periodic reminders and improved patient-practitioner communication to 



translate risk awareness to better compliant practices and increase contact lens safety and 

prevent serious ocular complications such as microbial keratitis.  

 

APPENDIX 

Ad hoc self-reported questionnaire employed in the present research, developed in Spanish 

with Google Forms (Google LLC, Mountain View, CA, US) 
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Table 1. Summary of sample demographics 

 

  

Age  Median 24 years; range 18 to 65 years 

 

Sex 76.9% female; 23.1% male 

 

Level of education Elementary 1.0% 

High School 28.5% 

Bachelor’s degree 47.2% 

Master’s degree 12.7% 

PhD 0.7% 

 

Contact lens wearing experience Less than 1 year 8.4% 

1 to 5 years 22.7% 

5 to 10 years 30.8% 

More than 10 years 38.1% 

 

Contact lens type Hydrogel 24.4% 

Silicone hydrogel 68.9% 

Rigid corneal lens 5.0% 

Orthokeratology 1.7% 

 

Contact lens replacement Monthly 78.3% 

Bi-weekly 8.0% 

Every six months 7.4% 

Every three months 4.3% 

Other 2.0% 

 



Contact lens use Daily 94.6% 

Flexible 3.7% 

Orthokeratology 1.7%  

 

Solution type Multipurpose solutions 95.7% 

Peroxide-based solutions 3.3% 

Other 1.0% 
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Table 2. Frequency of self-reported storage case hygiene and replacement practices (number 

and percentage are shown).  

 

When do you clean 

your case? (n=299) 

How do you clean your 

case?  

(n=242) 

How do you dry your 

case?  

(n=242) 

When do you replace 

your case? (n=299) 

        

Never 
57 

(19.1%) 

Soap and tap 

water 

94 

(38.8%) 

Cover without 

drying 

38 

(15.7%) 
Never 

15 

(5.0%) 

Daily 
77 

(25.8%) 
Only water 

72 

(29.8%) 

Air dry face 

down 

99 

(40.9%) 
Monthly 

34 

(11.4%) 

Weekly 
98 

(32.8%) 
Saline solution 

22 

(9.1%) 
Hand towel 

29 

(12.0%) 
1-3 months 

39 

(13.1%) 

Monthly 
56 

(18.6%) 

Multipurpose 

solution 

54 

(22.3%) 

Disposable 

tissue 

66 

(27.3%) 
3-6 months 

21 

(7.0%) 

When I see it 

is dirty 

11 

(3.7%) 
  

Refill solution 

without drying 
4 (1.6%) 

6 months or 

more 

17 

(5.7%) 

    Hair drier 6 (2.5%) 
With each 

new solution 

126 

(42.1%) 

      
When I see it 

is broken 

47 

(15.7%) 

 

   

 

  



23 
 

FIGURE LEGENDS 

Figure 1. Risk perception regarding several common non-compliant practices (1: no risk – 5: 

maximum risk) and self-reported overall level of compliance (1: bad compliance – 5: excellent 

compliance). 

 

 


