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Purpose: This study was designed to establish risk factors for the development of Acanthamoeba keratitis
(AK) for daily disposable (DD) contact lens (CL) users compared with daily wear (DW) reusable lens users and for
risks unique to DD users. This is important because, in many major economies, CL use is the principal cause of
microbial keratitis, of which AK accounts for approximately 50% of cases with sight loss. Determining these AK
risks informs practitioner advice and consumer behavior.

Design: Caseecontrol study.
Participants: Cases and controls were recruited from an Accident and Emergency Department serving

South-East England. Cases were new CL users with AK recruited retrospectively from January 2011 to February
2013 and prospectively thereafter until August 2014. Controls were recruited prospectively from February 2014 to
June 2015.

Methods: Analysis of a self-administered questionnaire.
Main Outcome Measures: Independent risk factors and population attributable risk percentage (PAR%) for

AK.
Results: A total of 83 AK cases and 122 controls were recruited; DD use was reported by 20 (24%) cases and

66 (54%) controls. In multivariable analyses adjusted for potential confounders, the odds of AK was higher for DW
reusable soft lenses (odds ratio [OR], 3.84; 95% confidence interval [CI], 1.75e8.43) and rigid lenses (OR, 4.56;
95% CI, 1.03e20.19) than for DD lenses. Within the DD-using subset, AK was associated with the following
modifiable risk factors: less frequent professional follow-up visits (OR, 10.12; 95% CI, 5.01e20.46); showering in
lenses (OR, 3.29, 95% CI, 1.17e9.23); lens reuse (OR, 5.41; 95% CI, 1.55e18.89); and overnight wear (OR, 3.93;
95% CI, 1.15e13.46). The PAR% estimated that 30% to 62% of cases could be prevented by switching from
reusable soft lens to DD lens use.

Conclusions: Acanthamoeba keratitis risks are increased > threefold in DW reusable lens users versus DD
lens use. Acanthamoeba keratitis risks for DD lens users can be minimized by adherence to safe use guidelines
(no reuse, overnight wear, or contamination by water). Safe CL use can be improved by increasing the promi-
nence of risk avoidance information from manufacturers and regulators. Because AK accounts for half of severe
keratitis in CL users, these measures can be expected to have public health
benefits. Ophthalmology 2023;130:48-55 ª 2022 by the American Academy of Ophthalmology

Supplemental material available at www.aaojournal.org.
This study was designed both to evaluate whether daily
disposable (DD) contact lens (CL) wear was protective for the
development of Acanthamoeba keratitis (AK) compared with
daily wear (DW) reusable lens use and to identify risk factors
forAKwithDD lens use.Acanthamoeba keratitis is important
in the context of sight loss in CL users because, although the
incidence is low at 0.31 to 0.48:10 000 (United Kingdom [H.
Jasmin, unpublished data, 2021, used with permission from
"Incidence of Acanthamoeba keratitis in the United Kingdom
in 2015: a prospective national survey"]) and The
Netherlands1 in 2015), half of these (0.16e0.24:10 000)
develop sight loss. Thus, AK accounts for a high proportion
of cases of sight loss in CL users, resulting in substantial
impacts on quality of life2,3 and disproportionally higher
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healthcare costs.4 This is a public health issue because CL
use is the leading cause of microbial keratitis (MK) in
patients with otherwise healthy eyes in high per capita
income countries where CL use is widespread,5 resulting in
an economic burden both to those affected and to the
healthcare system,6 and inexpensive health protection
measures against MK can be effective.7

The population penetrance of CL wear in these countries
varies at 13.9% (45 million) in the United States in 20168

and in 2020 was 9% (6.3 million) in the United Kingdom,
increasing to 25% to 30% in The Netherlands and
Sweden.9 A 2017 worldwide user estimate was
approximately 300 million.10 This is an important market
for manufacturers, valued at $8.69 billion in 2019,11 in
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which economic imperatives may have mitigated against the
promotion of preventive information relating to MK.
Microbial keratitis is the only sight-threatening complica-
tion of CL use, and despite the introduction of new lens
materials and DD lenses, the incidence has remained un-
changed at 2 to 4 per 10 000 over many decades,12 of whom
0.2 to 0.6 per 10 000 will have sight loss.13,14

The most widely used lens types are DD (single use) and
DW reusable soft (stored overnight and renewed after 2e4
weeks or longer), which together account for > 90% of all
lenses fitted.15 Daily disposable lenses have steadily
increased in popularity11 and now account for more than
half the lenses fitted in some countries (61% in the United
Kingdom).15 The widespread use of DD lenses is both
because of convenience and because data suggest that the
risk for severe MK with vision loss, including that caused
by Acanthamoeba, is probably reduced for DD compared
with reusable CL wear,12,16e18 although this has not been
confirmed for either predominantly bacterial12 or AK.19,20

Identifying modifiable risk factors for CL users is
important, particularly with regard to AK, for which, unlike
bacterial keratitis in CL users, 90% of cases are associated
with avoidable risks.21 Given this background to our study,
we expect our findings to be generalizable to other high per
capita income countries where CL use is widespread. This
analysis complements our previous publication on risk
factors for AK associated with reusable CL.22
Methods

Ethics approval was from the National Research Ethics Service
Committee London-Hampstead, REC Reference 13/LO/0032, and
the Moorfields Eye Hospital Research Governance Committee on
February 18, 2013. All research adhered to the tenets of the
Declaration of Helsinki. All participants provided informed consent.

Cases were DW reusable or DD lens users diagnosed with AK.
These included both self-referrals and secondary (general practi-
tioner and optometric) and tertiary (other ophthalmology centers)
referrals between January 2011 and August 2014. Cases diagnosed
before ethics approval was given in February 2013 were recruited
after diagnosis, following which cases were recruited prospectively
at the time of diagnosis. Inclusion criteria before January 2014were a
positive Acanthamoeba culture, histopathological confirmation of
trophozoites or cysts, culture-negative cases shown to have Acan-
thamoeba cysts on confocal microscopy, and those with a typical
clinical course and response to treatment.21 From January 2014,
Acanthamoeba DNA identification by polymerase chain reaction
was added to the diagnostic tests as an additional inclusion criterion.

Controls were DW reusable or DD CL users recruited between
February 2014 and June 2015 attending the Accident and Emergency
Department as new patients but with a disorder thought to be unrelated
to CL wear (listed in Table S1, available at www.aaojournal.org), for
which the diagnosis was derived from the hospital records.

Both cases and controls completed a 5-part (CL wear history,
disinfectant solution history, lens use environment, eye care, and
demographics) self-administered questionnaire with 48 multiple-
part questions. Case questionnaires included 15 additional ques-
tions, encompassing a section about events leading up to the
episode of keratitis and for which the data were not included in the
caseecontrol study analysis. The questionnaires were modified
from those used in a previous study.16 Cases and controls were
excluded if they had insufficient questionnaire data despite
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attempts to contact them to clarify or complete data, had not
used a CL during the previous 30 days, had a medical indication
for CL wear, or had any previous attendance at Moorfields. The
questionnaire data were entered into a database for analysis.

Analysis of the Association between AK and the
CL Type (DD versus DW Reusable)

The DW reusable lens cases are those already described in our
previous analysis of AK risks for reusable CL wearers in which the
hygiene scoring methodology (summarized in Table S2, available
at www.aaojournal.org) is described.22 The hygiene scores for
DD lens users were compared with those for reusable lens users
by allocating all the DD users who reused their lenses to the
highest score for poor hygiene; none of the other hygiene
parameters were relevant to DD users.

Analysis of Risk Factors for AK among DD Lens
Users

To explore risk factors for AK among DD users, a separate
caseecontrol analysis was performed restricted to the study
population subset who were DD users. Users of DD who reused
their lenses were categorized as DD users because this was
considered a behavioral issue (such as overnight wear) that
required assessment as a risk factor for DD lens use.

Statistical Analysis

The sample size calculation (including all DD and DW reusable
subjects) indicated a sample size of 86 AK cases and 111 controls
to detect a true odds ratio (OR) of 3.0 or more with 80% power,
alpha (2-sided) set at 0.05, specifying a control/case ratio of 1.3
assuming an exposure proportion of 10% in controls (larger pro-
portions requiring smaller sample sizes).

Analyses were performed using Stata software, version 17
(StataCorp LP). Variables with > 3 categories were grouped for
analysis. The descriptive and crude (unadjusted) analyses of the
characteristics of cases and controls and their association with risk
of AK were evaluated one at a time without adjustment for con-
founding. Logistic regression was used to estimate ORs as a
measure of association. The ORs are regarded as estimates of
relative risk throughout.

The main analysis used multivariable logistic modeling to
evaluate ORs for a variable of interest, with adjustment for effects
of potential confounders (covariates). Variables of interest were
chosen because they were associated with higher odds of having
AK in the unadjusted analysis (P < 0.05) or they had been found to
be potential risk factors or confounders in previous studies. Least
absolute shrinkage and selection operator (LASSO) inferential lo-
gistic models for binary outcome data were fitted via cross-fit
partialing out using plugins. The LASSO was our preferred
method for selection of covariates because, unlike stepwise pro-
cedures, it does not tend to produce biased estimates of regression
coefficients (away from zero), deals better with problems of
collinearity, and was appropriate for our datasets where the sample
sizes were modest and number of potential covariates relatively
large. These models were used for evaluation of adjusted ORs for
each exposure of interest, taking all other candidate variables as
potential confounders. Data on occupation were missing in > 10%
(9/86) of the DD lens users. Because this could be a considerable
source of bias, the variable was not included in the main LASSO
analyses as a covariate; however, subsequent inclusion of the
variable in the modeling process did not result in material change
of ORs for other variables of interest but did reduce precision of the
estimated ORs considerably (details not reported but available).
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Calculation of the population attributable risk percentage (PAR%)
for the potentially remediable AK risk factors was based on the OR
estimate and the proportion of cases exposed to the risk factor at issue.

Results

Recruitment

Eighty-three AK cases and 122 controls were recruited. Table S3
(available at www.aaojournal.org) shows the numbers of cases
recruited retrospectively (21) as opposed to prospectively (62)
and the differences in contemporaneity of recruitment for cases
and controls resulting in 81controls recruited after cases. Table 1
summarizes the numbers in the DD and reusable CL datasets.
Case recruitment was limited by researcher availability; only 1
case refused to participate, whereas a second was unsuitable
having no English language use. Control recruitment was limited
by researcher availability and the inclusion criteria requirements
and fell behind the recruitment of cases; further recruiter
resources were found to recruit the additional controls required
for the analysis resulting in an extension of the period of control
recruitment for 10 months beyond the recruitment of cases.

Analysis of the Association between AK and the
CL Type (DD versus DW Reusable)

Table S4a (available at www.aaojournal.org) shows the characteristics
of the cases and controls together with unadjusted ORs as crude
measures of association with risk of AK. Table 1 shows both
unadjusted and adjusted analyses, which are similar. Reusable soft
CLs were associated with higher odds of AK than DD CL, as were
the rigid lenses. The adjusted analysis includes the covariates
(potential confounders) in the LASSO model-building process,
which are listed in the footnote of Table 1. The adjusted ORs
indicated a significantly higher risk of AK for both reusable soft
(OR, 3.84; 95% confidence interval [CI], 1.75e8.43) and rigid CLs
(OR, 4.56; 95% CI, 1.03e20.19) than for DD lenses.

Analysis of Risk Factors for AK among DD Lens
Users

Table S4b (available at www.aaojournal.org) shows the
characteristics of the cases and controls together with unadjusted
ORs as crude measures of association with risk of AK. Variables
included in the multivariable LASSO modeling process are
marked by asterisks in Table S4b.

Multivariable Analysis (with Adjustment for
Confounding) Findings

Results of the multivariable analysis, with adjustment for the
confounding effects of covariates, for identified independent risk
factors are shown in Table 2 (Table S5 shows full analysis results,
available at www.aaojournal.org). Six independent risk factors
were identified by the adjusted analysis:

1. White British DD users had a higher risk (wfivefold) of AK
(OR, 5.07; 95% CI, 1.10e23.44, P ¼ 0.038).

2. Wearing DD lenses for longer periods (12e18 hours) was
protective for AK compared with shorter periods of wear (OR,
0.22; 95% CI, 0.06e0.88, P ¼ 0.032).

3. Having a CL check > 30 days before their attendance at the
hospital was associated with a 10-fold higher risk of developing
AK (OR, 10.12; CI, 5.01e20.46, P < 0.001).

4. Showering while wearing CLs was associated with an
approximately threefold increase in odds of having AK (OR, 3.29;
95% CI, 1.17e9.23; P ¼ 0.024).
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5. Reuse of CLs increased odds of AK by approximately
fivefold (OR, 5.41; 95% CI, 1.55e18.89; P ¼ 0.008).

6. Overnight CL wear was associated with an approximately
fourfold increase in odds of AK (OR, 3.93; 95% CI, 1.15e13.46;
P ¼ 0.030).

Population Attributable Risk Percentage
Calculations

The PAR% was calculated to estimate the proportion of AK cases
due to each of the risk factors. These are shown in Table 3 for the
remediable AK risks. These are substantial for most exposures but
with wide confidence limits: for reusable soft lenses versus DD
lenses, 51.7% (95% CI, 29.9e61.6); for rigid gas permeable lenses
versus DD lenses, 4.7% (95% CI, 0.2e5.7). Within the DD lens
user subset, the PAR% for a CL check > 30 days before was
85.4% (95% CI, 75.8e90.1); for showering in CL was 45.2%
(95% CI, 9.4e58.0); for CL reuse was 48.9% (95% CI,
21.3e56.8); and overnight CLwear was 26.1% (95%CI, 4.6e32.4).

Discussion

This study has identified DD lenses as protective for AK
compared with both reusable soft and rigid lenses with the
PAR%, suggesting that approximately 30% to 62% of AK
could be prevented by switching from reusable soft to DD
lens use. It has also identified 5 modifiable factors that
increased risk for AK in users of DD lens users: shorter
wearing time, not having a recent appointment with a CL
professional, showering while wearing lenses, and lens
reuse and overnight wear.

The use of DD in comparison with reusable DW lenses has
been shown to increase the risk of predominantly bacterial
keratitis 1.56-fold16 or not to reduce its incidence.14However,
both of these studies showed a reduction in severeMK for DD
users that was significant in univariate analysis16 probably
because of elimination of the lens case. Our findings for AK
show DW reusable lens users to have a 4.14-fold higher risk
than DD lens users after multivariable analysis, and this was
similar for both soft and rigid lens users. This reduction in AK
risk for DD users may also relate to the elimination of the lens
storage case, which commonly harbors Acanthamoeba spp.
and their bacterial food source.23 Contact lens solutions are
regulated for antibacterial efficacy but not for anti-
Acanthamoeba efficacy because of the absence of an agreed
test standard.24 This lack of regulation may be responsible
for the periodic outbreaks of AK due to disinfection
solution failures.18,22,25 Given that this study provides
evidence that DD use protects against AK and the
probability that it also protects against severe bacterial
keratitis, DD lens wear should be encouraged.

Wearing DD lenses for longer periods per day (12e18
hours) was protective for AK versus shorter periods. This
finding is mirrored by a study showing an increased risk of
corneal infiltrates in overnight wear lens users unable to adapt
to>21 days of wear26 and might relate to factors like dry eye
and microtrauma from insertion and removal difficulty in
subjects unable towear lenses comfortably for longer periods.

The association of AK with the frequency of DD CL
follow-up appointments is consistent with findings in other
studies showing that internet purchase14 or poor aftercare
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Table 1. Comparison of the Risks for the Development of AK in DD versus Reusable CL Wearers: Unadjusted and Adjusted Analyses

Exposure Variables
Controls,
n [ 122

AK Cases,
n [ 83 Unadjusted OR (95% CI) P Value Adjusted OR (95% CI) P Value

Type of CL
DD 66 20 Referent Referent
Reusable 56 63 3.71 (2.00e6.88) <0.001 4.14 (1.92e8.9) <0.001

Type of CL: Detailed
DD 66 20 Referent Referent
Reusable soft 51 58 3.75 (2.01e7.02) <0.001 3.84 (1.75e8.43) 0.001
Rigid gas permeable 5 5 3.30 (0.87e12.56) 0.080 4.56 (1.03e20.19) 0.046
Total 122 83

AK ¼ Acanthamoeba keratitis; CI ¼ confidence interval; CL ¼ contact lens; DD ¼ daily disposable; OR ¼ odds ratio.
The adjusted OR estimates are from least absolute shrinkage and selection operator (LASSO) inferential logistic models for the combined dataset of 205
patients. Statistically significant values <0.05 are in bold typeface. Covariates included in the LASSO model-building process were mean hygiene score
(described in Table S2, available at www.aaojournal.org); where CLs were purchased (from the internet via a CL website versus all optician-associated
purchases); handwashing before handling CL; showering with CL in; swimming/water activities with CL in; routine CL check-up periods; and ethnicity.

Carnt et al � Acanthamoeba Keratitis Risk for Different Lens Types
instruction and recall is associated with predominantly
bacterial MK,10,25 which are all surrogates for education on
risks of lens wear. The PAR% CI of 76% to 90% suggests
that improving education could have a substantial effect.

Exposure to contaminated water as a risk factor for AK
has been acknowledged since the first caseecontrol study,
with limited multivariable analysis, investigated the US
outbreak of AK in 1985 to 1986.27 Subsequent case reports
Table 2. Adjusted OR Estimates for Independent Risk Factors Associat
the Multivariable Analysis (Using LA

Exposure Variable
Controls,
n (%)

AK
n

Ethnicity
British White
Other
Unknown

31 (48.4)
33 (51.6)

2

16 (
3 (1

1

Hours of CL wear per day (median ¼ 12 hrs)
4e11 hrs
12e18 hrs

26 (39.4)
40 (60.6)

13 (
7 (3

Routine CL check
1e30 days ago
>1 mo ago
Unknown

13 (19.7)
53 (80.3)

0

1 (
18 (

1

Showering with CLs in
No
Yes/unsure

41 (62.1)
25 (37.9)

7 (
13 (

CL reuse
No
Yes
Unknown

53 (81.5)
12 (18.5)

1

8
12 (

0

Overnight CL wear
Never
Sometimes
Unknown

56 (88.9)
7 (11.1)

3

13
7 (3

0

AK ¼ Acanthamoeba keratitis; CI ¼ confidence interval; CL ¼ contact lens; LA
Statistically significant values <0.05 are in bold typeface. Table S4 (available
included in the LASSO model-building process, and Table S5 (available at ww
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both in CL users and after corneal trauma have associated
AK with contaminated sea, lake, swimming pool, and
domestic water.28e30 However, confirmation of these
probable risks for AK, using multivariable analysis, has only
been confirmed recently for reusable CL wearers with a 3.5-
fold increase in risk while wearing lenses in hot tubs and
swimming pools22 and, in our current study in DD lens
users, a 3.3-fold increased risk for showering in lenses
ed with the Development of AK in Daily Disposable CL Users from
SSO Inferential Logistic Models)

Cases,
(%) Adjusted OR 95% CI for OR P Value

84.2)
5.8)

5.07
Referent

1.10e23.44 0.038

65.0)
5.0)

Referent
0.22

0.06e0.88 0.032

5.3)
94.7)

Referent
10.12

5.01e20.46 <0.001

35.0)
65.0)

Referent
3.29

1.17e9.23 0.024

(40.0)
60.0)

Referent
5.41

1.55e18.89 0.008

(65.0)
5.0)

Referent
3.93

1.15e13.46 0.030

SSO ¼ least absolute shrinkage and selection operator; OR ¼ odds ratio.
at www.aaojournal.org) shows a list of covariates (potential confounders)
w.aaojournal.org) shows the full results of the adjusted analysis.
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Table 3. Population Attributable Risk Percent for the Comparison of DD with Reusable CLs in 205 CL Users and for the 4 Remediable
Independent Risk Factors with Adjusted ORs >1.00 in 86 DD Lens Users

Exposure Variable
Adjusted

OR P Value PAR%* 95% CI for PAR%

Type of CL
DD Referent
Reusable soft 3.84 0.001 51.7 29.9e61.6
Rigid gas permeable 4.56 0.046 4.7 0.2e5.7

For DD lens use
Routine CL check
1e30 days ago Referent
> 1 mo ago 10.12 <0.001 85.4 75.8e90.1

Showering when wearing CL
No Referent
Yes/unsure 3.29 0.024 45.2 9.4e58.0

CL reuse
No Referent
Yes 5.41 0.008 48.9 21.3e56.8

Overnight CL wear
Never Referent
Sometimes 3.93 0.030 26.1 4.6e32.4

CI ¼ confidence interval; CL ¼ contact lens; DD ¼ daily disposable; OR ¼ odds ratio; PAR% ¼ population attributable risk %.
*The PAR% calculation is based on OR estimate and the proportion of AK cases exposed to the risk factor.

Ophthalmology Volume 130, Number 1, January 2023
(PAR% CI, 9e58). Exposure to any water when using CL is
a risk for AK and should be avoided. By contrast, bacterial
keratitis due to swimming in lenses, although reported in
case series, has not been proven in large epidemiological
studies and is probably relatively uncommon.14,16

Swimming in lenses is widespread; it is prudent to advise
users that the least risk of AK while swimming is without
lenses and that the advice to use goggles over lenses31

and renew lenses immediately afterward may not be safe.
Reuse of DD lenses unsurprisingly increased the risk of

AK by 5.4-fold (PAR% CI, 21e57) and probably relates to
absent disinfection and the use of nonsterile liquid to
maintain lens hydration. Overnight CL wear is a well-
established risk factor for predominantly bacterial keratitis
in reusable soft and DD lenses; however, it has not been
associated with AK before this study. An unmodifiable risk
factor was White British ethnicity, associated with a fivefold
higher risk of AK, which may be related to cultural differ-
ences such as a greater risk-taking propensity.32

Limitations and Sources of Bias

Because of the comparative rarity of AK, the sample size for
this study limited the detection of ORs �threefold unless the
exposure of controls was high, as for the risk of AK in DD
versus reusable CLs, where the exposure of controls to
reusable lenses was 56 of 122 (46%), giving a lowest
detectable OR of 2.3-fold. The study was designed to
eliminate important sources of potential bias in the selection
of cases and controls with little or no subjectivity in ascer-
tainment. Using controls who were referred or self-referred
to the same hospital department might be a limitation
52
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because the cases can be expected to reduce bias arising
from differential referral or attendance patterns because
many factors determining attendance are common to both
cases and controls; this has held true in a previous and
similar study on MK in CL users where no substantive
difference in OR estimates were found when comparing
hospital with nonhospital controls, which led us to combine
these 2 groups.16 (Sources of Bias are described in the
Appendix, available at www.aaojournal.org, which shows
a detailed description of this rationale.)

There was a difference in the ethnicity of tertiary referral
cases with a higher proportion of these being White British.
This is a potential source of bias for the ethnicity findings. In
the Appendix Sources of Bias (available at
www.aaojournal.org), we have shown that the OR for
ethnic group in DD users remains substantial when
tertiary AK cases are excluded from the analysis but with
loss of power due to small numbers. As a result, we think
it probable that the excess risk in British White subjects is
present despite the imbalance in the referral pathway.

The disparity in the timing of enrollment of cases and
controls, as well as the fact that some cases but no controls
were enrolled retrospectively, could have introduced bias
through a variety of factors, although we are unaware of any
(e.g., weather, pandemics, and changes in the availability of
lenses and disinfection solutions) that would have intro-
duced excessive bias.

Regulatory Deficiencies

Contact lenses are designated class IIa (low to medium risk)
medical devices in the United Kingdom and European Union
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and class II in the United States (for DW lenses), requiring
manufacturers to include essential information on safe use
and risks. However, CL manufacturers in the United
Kingdom and European Union are currently using an
exception to this requirement, reasoning that CL users will
have received this information and training from the regulated
professional who dispenses their lenses. Now that lenses are
available to consumers on the internet without professional
involvement (20/85 in this study) in the United Kingdom and
European Union (but not in the United States), many users
may have no training or ongoing education in safe CL use. In
the United Kingdom and European Union, and for soft lenses
in the United States, information on lens safety and risk
avoidance recommendations is absent in lens packaging
where the “do’s and don’t’s” needed to reduce the risk of
keratitis might be reinforced at each purchase.

Instead, users are directed to access “Patient information/
instruction for use” guides on CL company websites or from
their practitioner; these provide variable information about
MK risks and risk avoidance. Contact lens companies have
adopted little of the effort that public health (UK National
Health Service and USA Centers for Disease Control,
among others) and professional organizations (British
Contact Lens Association) have put into campaigning
against the use of water with CL wear, apart from advising
against this in “Instruction for Use” guides on their websites
and in social media feeds.33 That education can reduce
keratitis risks has been discussed in relation to internet
purchase14 or deficient instruction in use,10,25 and a recent
study on the effect of “no water” stickers on CL cases has
shown that water exposure was reduced by this simple
measure that could be incorporated into all CL packaging,
including the capsules containing individual lenses.7 This
evidence should be used by CL manufacturers, or their
regulators, to include no water symbols on each lens
capsule and case, together with a statement on the
packaging, in the language used by the markets into
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which the lenses are sold, regarding keratitis avoidance
(the Appendix shows an example of a risks and
precautions statement and graphic, available at
www.aaojournal.org). Given that MK is the only sight-
threatening complication of lens wear, more accessible
and prominent information about MK risks and avoidance
should be mandatory.
Conclusions

This article adds new data confirming previously suspected
risk factors for AK in CL users and new avoidable risk
factors including showering and reuse of DD lenses together
with a threefold increased risk of AK in reusable lenses
compared with DD lenses. The PAR% calculations suggest
that avoiding the remediable risks can be expected to sub-
stantially reduce the number of AK cases. These results can
be expected to encourage more CL users to switch from
reusable CLs, with their associated storage and solution
risks, and to practice safer use of DD lenses (without reuse,
overnight wear, or contamination by water). Safe CL use
could be improved by the inclusion of clear risk avoidance
data on lens packaging by manufacturers and advice in
public swimming pools on water avoidance while using
lenses.
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Pictures & Perspectives
I
ris Heterochromia and Choroidal Hypopigmentation in Waardenburg Syndrome
A 10-year-old Black boy was referred for possible retinal hemorrhages. His visual acuity was 20/20 in both eyes. Examination revealed

complete iris heterochromia, with one blue iris and one brown iris (Fig A). Fundus examination demonstrated diffuse areas of choroidal
hypopigmentation (Fig B-C), notably also in the eye with normal iris pigment. OCT showed a loss of choroidal reflectivity in areas of
hypopigmentation (Fig D). The patient did not have a white forelock or hearing loss, but had facial features of telecanthus and a wide nasal
root, consistent with a diagnosis of Waardenburg syndrome (Magnified version of Fig A-D is available online at www.aaojournal.org).
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