
OBJECTIVE: This study looked at contact lens (CL) care instructions and patient compliance, 
compared them to key steps in lens care regimens, and correlated them to anticipated 
microorganism contamination to assess potential increased risk of infection. METHODS: 
Doctors and experienced lens wearers completed separate questionnaires to help us 
understand compliance to instructions about CL care. The study was conducted in three 
different types of practices (private, research based and commercial). The questionnaires 
focused on key steps in lens care regimens: hand washing, rub/rinse, changing solution 
after disinfection, disinfection time, and care of lens cases. The results were compared to 
potential microorganism exposure either from data in the literature or from additional studies 
completed as a part of this investigation. RESULTS: After the initial lens fitting/dispensing, 
practitioners provided minimum instructions to patients returning for follow up examinations. 
Less than 50% of patients perform all key steps. Hand washing is an important source of lens 
contamination, and combined with lens case care, provides key opportunities to improve 
instructions to minimize patient exposure to microorganisms. Even patients that are fully 
compliant with hygiene and lens care instructions are exposed to an average of 500-10,000 
microorganisms on lens insertion. Failure to change CL solutions after disinfection or “topping 
off” can reduce the kill of microorganisms by more than eighty percent in some solutions. 
Failure to rub/rinse does not appear to significantly contribute to increased exposure. Of the 
patients surveyed, more than 50% rinse their cases with tap water. Tap water is the most likely 
source of organisms that form a biofilm resistant to disinfection. Regardless of compliance 
from patients observed in this study, each lens insertion provides the key source of microbes. 
This everyday exposure to microorganisms suggests that we need to consider additional 
factors in assessing infection risk such as compromises of the corneal barrier integrity such as 
hypoxia, mechanical insult, chemical toxicity, etc. CONCLUSIONS: Microorganism exposure 
remains a risk to the CL wearer. Exposure of tap water to lens cases and lack of proper hygene 
during hand washing appears to be critical in the management of the levels pathogenic 
microorganisms. Given the levels of microbes introduced at each lens insertion, evaluation of 
other risk factors in the infection process beyond contamination must be assessed including 
compromise of the corneal barrier integrity and solution toxicity.

BACKGROUND
Historically, the rates of infections in actual studies with conventional hydrogel lenses have 
been reasonably stable at approximately 4 per 10,000 for daily wear and 20 per 10,000 for 
extended wear.1,2 More recently, it has been suggested that rates of microbial keratitis may be 
increasing in specific locales. Tan3 reported at Asia ARVO (March 2007) that the rate of culture 
positive cases of microbial keratitis in Singapore from all organisms had increased from 99 in 
1996 to 201 in 2006. Bacterial keratitis had increased during this period more than three times 
from 52 to127. Iyer and co-workers4 evaluated emerging trends in fungal keratitis and found 
that at their center (Univ. of Florida) the number of cases of fungal infections in patients using 
contact lenses rose from 8 during the period 1999 through 2001, to 16 in an eighteen month 
period during 2005-2006. Numerous studies5-7 have indicated that non-compliance with 
regimens may be one potential cause of infection rates among soft CL wearers. Historically, 
between 40 and 90% of patients are non-compliant with the care of their lenses.8 This study 
was designed to look at doctor instructions, patient compliance and the potential of exposure 
to pathogenic organism caused by non-compliance to instructions.

METHODS
Two questionnaires were developed to look at critical steps in CL care regimens. One 
questionnaire, aimed at the practitioner instructions to patients, focused on follow up 
instructions given to reinforce appropriate behaviors to patients returning for routine follow 
up examinations (Table 1). Key steps included hand washing, rub/rinse, reuse of solutions, and 
cleaning of cases. It also asked who provided the instructions and how much instruction these 
returning patients received. As a follow up, doctors were queried about written answers to gain 
additional insight as to their approach with returning patients. A total of six practitioners were 
selected and represented a (1) commercial setting such as malls, (2) independent stand alone 
practices and (3) practitioners primarily having research practices.

Table 1: Practitioner Questionnaire of Instruction to Contact Lens Patients Returning 
for Follow Up Visits

1 Do you provide instruction on lens care at each regular, annual or follow up visit of an experienced 
contact lens patient?

2 How long does this instruction take?

3 Who provides this instruction?

4 Does your patient know the lens brand you have given them?

5 Do you discuss hand washing at each visit?

6 Do you discuss the importance of rubbing at each visit?

7 Do you discuss the importance of rinsing at each visit?

8 Do you discuss the care of lens cases at each visit?

9 Do you discuss the importance of changing solution after each disinfection cycle?
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The second questionnaire (Table 2) was given to 75 CL patients returning for follow-up visits 
(25 from each practice type). This focused not only on whether patients carried out required 
steps but were their behaviors potentially introducing additional microorganism exposure. 
Most questions were multiple choice. Each question listed a series of anticipated options, but 
provided the opportunity for patients to elect a behavior not listed in the options. 

Table 2: Questionnaire for Contact Lens Patients Returning for a Contact Lens Follow up Visit

1 I have worn lenses for __(#)__ years

2 When did you last purchase or receive sample of your lens care product?  (days, wks., mos.)

3 I put on a new pair of lenses _(days, wks., mos.).

4 I wear my lenses __(#)____ days a week.

5 I take my lenses out _(daily, # of flex or continuous wear days).

6 I take care of my lenses in my _(where)_. 

7 I _(always to never)____ wash my hands before I insert my lenses.

8 I rinse my lenses _(always to never)_ before I insert my lenses.

9 After I wash my hands, _(Behaviors using tap water)_ insert my lenses.

10 I_(often to never)_ take my lenses out during the day and rinse them.

11 When I take my lenses out at the end of the day, I_(rub? rinse? Other?)_?

12 I usually soak my lenses for _(#)_ hours. 

13 I clean my lens case _(how often)_. 

14 When I clean my lens case I _(behaviors for use of tap water)_ 

15 I wear my lenses _(hours)_ a day on most days. 

16 My lens care practitioner or their assistants instruct me on lens care at every regular visit. 
(Agree to never) 

17 My practitioner or their assistant spends _(#)_minutes discussing lens care.

Finally, data from microbiological studies previously published in the literature were 
compared to the results of these patient behaviors. Where data was not available, additional 
microbiological evaluations were carried out to provide a comprehensive data base. This 
included an evaluation of the effect of non-compliance to hand washing and was carried 
out on ten participants. Participants were provided Acuvue 2 lenses in four milliliter of 
sterile phosphate buffered saline (PBS). Prior to handling lenses, participants were asked to 
sequentially to not wash hands or to wash hands and not dry them. Each removed the lenses 
from the lens case and rubbed the lens for five seconds and replaced the lens in the lens case 
with PBS. The lenses were removed from the lens case and evaluated by filtering any residual 
PBS using membrane filtration. The lenses were placed on a solidified agar bed of Trypticase 
Soy Agar (TSA). Molten TSA was used to coat and cast the lens. The lenses were incubated 
at 30-35º C for five to seven days, and the surviving organisms counted. One milliliter of the 
solution was removed from the lens case well and transferred to Dey Engley Broth (DEB, DIFCO, 
BD). Ten fold serial dilutions were prepared using DEB. Pour plates were prepared using TSA 
with 0.5% polysorbate 80 and 0.07% lecithin. Recovery plates were prepared in duplicate and 
incubated at 30-35º C for five to seven days. Surviving organisms were counted. The remaining 
PBS was removed from the lens case and molten TSA was added to the case. The case was 
incubated at 30-35º C for five to seven days and the case was reported as positive or negative 
to growth of microorganisms.

RESULTS
Practitioner Questionnaires
Three of the six practitioners in the survey admitted that they did not always re-instruct 
patients on lens care compliance issues at return visits. They decided which patients received 
follow up based on observation of the lenses, and general patient discussions such as 
maintaining the recommended care system or compliance to replacement schedule. Even with 
only some patients receiving re-instruction, the practitioner follow up, in general, lasted for 
one to three minutes. Key discussion points are shown in Figure 1.
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As a check of the perception of practitioners, patients in the second questionnaire were 
queried on the instruction they received. These results correlate well with the patient 
responses to similar questions. 

Patient Questionnaires
Seventy-five returning CL patients wearing soft contact lenses were included in the survey. 
All patients had worn lenses for at least 6 months and 53% had worn lenses for more than 
10 years. 75% of patients replace their lenses at least on a monthly replacement schedule, 
however, 25% of patients indicated that they replaced lenses only when they were 
uncomfortable, damaged or the patient “couldn’t see out of them.” 85% of patients are on a 
daily wear schedule.

Patients were very inconsistent in their overall hygiene before handling lenses. 35% of patients 
admitted to not washing their hands some or all of the time before inserting their lenses. An 
additional 42% of patients wash their hands but leave their hand moist with tap water after 
washing to aid in inserting their lenses. This becomes a concern when 34% of patients take 
their lenses out to rinse or clean during the lens wearing day and then re-insert their lenses 
without a disinfection cycle. See Figure 2.
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Patient Compliance to Hand Washing Before Lens Handling 
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To assess the impact of hand washing microbiological assessments were carried out to 
evaluate the potential exposure resulting from different hand washing scenarios. This data 
was combined with data previously reported by Mary Mowrey-Mckee and co-worker.9,10 These 
results are shown in Figure 3.
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Microorganisms on Lenses After Handling
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A surprising result was the low number of patients who keep their solution in their case after 
disinfection. Only 15% admitted to this behavior. This behavior can be important since long 
term storage of some lens materials can reduce the efficacy of the soak step. Results for four 
available multi-purpose products are shown in Figure 4.
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Cases continue to be a big concern. 33% of patients clean their cases less than every two weeks 
including 19% who indicate that they never clean their cases (Figure 5).
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I Clean My Case _____?_____
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57% of patients use tap water to clean cases and only about half allow the case to dry (Figure 6).
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When I Clean My Case I ____?____.

The cleaning and rinsing of lenses have been pointed out as potential sources of risk of 
microbial contamination. The results are shown in Figure 7.
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When I Take My Lenses Out I ____?___.

DISCUSSION
This study shows that the lens care instruction of patients returning to a practice commands 
little time during the follow up visit. Less than one to three minutes, as judged by patients and 
practitioners, is spent reinforcing lens care regimes and hygiene. If we find that compliance is a 
key factor in the observed fungal infections in 2005-2006, then we need to make reinforcement 
of patient instructions an important part of any follow up visit. This current survey of 
experienced patients continues to reveal that they do not follow the simple steps for contact 
lens care. In this study, more than sixty percent of patients were non-compliant with a step of 
the recommended care of their contact lenses or care of their lens cases.
Effectiveness during noncompliant care steps
Even with this level of non-compliance in steps in the lens care regimen, the level of efficacy 
from products currently in the marketplace reduces the level of organisms from the soak step 
alone to relatively low levels. The extreme testing reported by Rosenthal and co-workers,11,12 
measured the reduction of the bacterial microbial load using much higher inoculums. These 
data indicate more than the needed activity for adequate reduction of the actual exposure 
to microorganisms encountered during the removal of lenses from the eye. Mowrey-Mckee 
reported that lenses aseptically removed from the eye had very low levels9,10 indicating 
handling was the key point of introduction of microbes. Rosenthal11,12 reports that even with 
no rubbing the addition of one million organisms of three bacteria results in less than 180 
organisms for four different multi-purpose care systems tested. Given the average exposure 
of lenses after handling of 10,000 organisms even without hand washing, the resulting load 
after the disinfection is less than 2 organisms per lens. The results reported by Groemminger 
and Norton13 on Staph. aureus would predict a loading of less than 63 staph. organisms of 
environmental organisms after the disinfection step. Both of these predictions are well within 
the expected exposure for patients while reinserting the lenses of as much as approximately 
2000 microorganisms per lens.
Impact of lens removal during wear
Handling of lenses provides the key mode of inoculation of lenses. Only 50% of practitioners 
on the panel in this study discussed this behavior. This is a behavior largely ignored in 
addressing exposure to potential pathogenic organisms with out any disinfection process.

Effect of lens case maintenance
Critical to maintaining the effectiveness of the care system is the maintenance of the lens 
cases. The reports by numerous workers of finding significant level of contamination must 
be factored into any understanding of the exposure of patients to potentially pathogenic 
organisms. This study of patients reveals that more than 58% of patients use tap water in the 
care of their cases between disinfection cycles, and an additional nearly fifteen percent do 
not clean their cases. In this study, lenses placed back into PBS showed evidence of biofilm 
development. Vanhaecke14 reported that Pseudomonas cells can adhere to surfaces such as 
stainless steel in less than thirty seconds. Mittelman15 reported that Pseudomonas can form 
mature biofilms in several hours to several days depending on the system involved. Once 
formed, these biofilms become very resistant to disinfection. Sagripanti and Bonifacino16 
reported that these biofilms are on average 300 times more resistant to disinfection using 
potent disinfectants such as hypochlorite, formaldehyde and hydrogen peroxide than 
organisms in the solution. During the 1980’s it was found that the use of tap water led to 
higher levels of Acanthamoeba infections. The use of tap water was eliminated for use in 
dissolving either salt tablets or enzyme tablets. Today, the intrusion of tap water into the care 
regimes and lens case care is being observed with fifty-seven percent of patients using tap 
water during case maintenance. Although the labeling of current product suggest rinsing cases 
with solutions and air drying, many patients have been opting for use of tap water to clean 
their cases. Tap water intrusion into the lens care regimen must be considered as an important 
factor in increasing exposures to microorganisms. This becomes even more important if this 
increases the exposure to critical organisms such as Pseudomonas, Serratia or Acanthamoeba. 
While routine replacement of cases may reduce the amount of biofilm, its rapid formation 
does not eliminate it as a potential risk. Studies on biofilms indicate that while it is difficult 
to quantitate the levels in an environment, the process of sloughing may readily overwhelm 
any disinfection system. The improvement of our case cleaning procedures may be a critical 
consideration.

Beyond compliance
When we are wearing lenses in a daily wear regimen, we are routinely adding organisms 
each day to the eye from handling lenses regardless of the lens replacement schedule. 
The eye is routinely assaulted by microorganisms and is prepared to rapidly and effectively 
eliminate these insults. This has resulted historically in low levels of infection even with the 
potential addition of pathogenic organisms. Nothing in this study indicates that the level 
of non-compliance has changed. This would suggest that the process of infection includes 
mechanisms other than exposure to the levels of microorganisms from patient compliance 
to lens care hygiene and care regimen. We need to look more closely at the infective process. 
Given the low levels of compliance and the regular exposure today of patients to significant 
levels of organisms per lens on each insertion, we must look for other factors beyond 
compliance. Research has shown that the infective process requires a break in the corneal 
integrity. These results indicate that beyond compliance we must look at the ocular stress, as 
well as mechanical and chemical toxicity resulting from our care systems.

CONCLUSION
The exposure to microorganisms during care remains a risk in contact lens wear, and increasing 
compliance and reduction of exposure must be a key objective. A review of key steps indicate the 
primary source of exposure to microorganisms comes from our handling of lenses and, depending 
on the environment of care, may lead to exposure to large variety of pathogenic organisms.
Case care remains not only important, but critical in prevention of formation of biofilms. Use of 
tap water must be eliminated at all points during the lens care regime. The use of the current 
disinfecting solutions may be important in minimizing our exposures to microorganisms.
Even as we attempt to minimize exposures, we need to consider the infection process. Additional 
parameters such as mechanical irritation and chemical toxicity must be considered as important 
factors in the prevention of ocular infections during contact lens wear.
The message from this study to the practitioner is that re-instructing patients on proper care 
techniques cannot be ignored. Understanding the sources of ocular exposure during contact 
lens wear is critical to develop strategies to prevent infection. One to three minutes is likely 
not enough to re-instruct patients on care of their lenses. Even experienced patients with no 
observed clinical signs are usually non-compliant and potentially subjected to increased loads 
of microorganisms or subjected to formation of biofilms in their cases. In a recent Contact 
Lens Spectrum article B. Chou17 suggests teaching patients why proper lens wear and care is 
important.
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