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Purpose—To examine the public health implications of two recent outbreaks of atypical contact
lens-related infectious keratitis.
Design—A perspective based on the literature and authors’ experience.
Results—The contact lens-related fusarium and acanthamoeba keratitis outbreaks were both
detected by dramatic rises seen in tertiary care centers in Singapore and the US, respectively. Case
control studies in both outbreaks each were able to identify a strong association with the use of
different contact lens disinfection solutions. Their respective recalls resulted in a steep decline of
fusarium keratitis, but not of acanthamoeba keratitis. Early investigations into each solution
association implicate components not directly related to their primary disinfectant, but the true
pathogenesis remains unknown. However, the number of Acanthamoeba cases individually
attributed to each of almost all available disinfection systems exceeds previously understood total
US incidence, suggesting other risk factors. Current standards do not require demonstration of
anti-acanthamoebal activity. Yet, despite the inclusion of fusarium in mandatory testing for
solutions, current pre-market testing was not predictive of the outbreak.
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Conclusions—The two recent outbreaks of atypical contact-lens related keratitis have
reinforced the value of tertiary care eye care centers in detecting early rises in rare infections and
the power of adaptable, well-designed epidemiologic investigations. While fusarium keratitis has
significantly declined with the recall of Renu with Moistureloc, the persistence of Acanthamoeba
keratitis begs fundamental changes in contact lens hygiene practices, inclusion of acanthamoeba
as a test organism and contact lens disinfectant test regimens for all contact lens–related pathogens
which are verifiably reflective of end user contact lens wear complications.

Corresponding Author: Elmer Y. Tu, MD, Associate Professor of Clinical Ophthalmology, University of Illinois at Chicago, 1855
West Taylor Street, Rm 3.164, Chicago, Illinois 60612, etu@uic.edu.
Financial Disclosures(including none): Dr. Tu reports receiving honoraria of < $10,000 for speaking at the invitation of Alcon. Dr.
Joslin is supported by the National Eye Institute (NIH 15689).
Contributions to Authors in each of these areas: Contributions of Authors: Design of the study (ET, CJ); Analysis and Interpretation
(ET, CJ), Writing the Article; (ET, CJ); Critical Revision of the Article (ET,CJ); Final Approval (ET,CJ); Data Collection (ET, CJ);
Provision of Materials (ET, CJ); Literature Search (ET); Administrative/Technical Support (ET, CJ)
Statement about Conformity with Author Information: This research was approved by the Institutional Review Board of the University
of Illinois at Chicago
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Tu and Joslin

Page 2

NIH-PA Author Manuscript

Recent years have seen two significant outbreaks of contact lens related infection, each
associated with the use of a particular contact lens disinfection system.1–7 At a glance, these
outbreaks have marked similarities in their recognition and investigation which have
provided a greater understanding of the influence of these systems on contact lens-related
infectious keratitis. At the same time, they have revealed wide gaps in knowledge as to their
practical efficacy against infection. Ultimately, however, it is the striking differences which
characterize each individual outbreak that provides the most valuable information in their
current use and the future design of these systems.

Recognition and Investigation of the Contact lens-Related Fusarium
Outbreak
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These two respective outbreaks of contact lens-related infectious keratitis have been
previously well documented. Briefly, the outbreak of Fusarium keratitis was first described
in Asia, in particular Singapore, beginning in March of 2005 with concerns raised later that
year by Hong Kong health officials.1, 2 At that time, Khor et al. reported 68 eyes of 66
patients developing Fusarium keratitis in Singapore, 98% of which wore soft contact lenses.
All but 4 of the patients (93.9%) reported using any Renu-branded disinfection solution
(Bausch & Lomb) with a remarkably high percentage (63.6%) reporting the use of Renu
with Moistureloc, only recently introduced into worldwide use in late 2004.2 Scattered cases
were also reported in the United States during the same time frame after its introduction
there in 2005.8 A case-control study of 164 US cases by the Centers for Disease Control and
Prevention (CDC) found similarly that 154/164 cases (93.9%) were soft contact lens
wearers. Of the 116 patients reporting single solution use, 94 reported Renu with
MoistureLoc use (57%). In all, only 13% denied any use of Renu with MoistureLoc.9 Its use
was strongly associated (OR 13.3; 95% CI 3.1–119.5) with contact lens related Fusarium
keratitis. This resulted in a regional recall involving Singapore and Hong Kong of Renu with
MoistureLoc in February, 2006 followed by voluntary recalls in the US (April, 2006) and
globally (May 15th, 2006).

Recognition and Investigation of the Contact lens-Related Acanthamoeba
Outbreak
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Less than a year later at the American Academy of Ophthalmology meeting in November
2005, an increasing number of Acanthamoeba keratitis cases (19) identified over the prior
year at the Wills Eye Institute were reported. We identified a statistically significant increase
in cases at the University of Illinois Eye and Ear Infirmary dating back to June 2003 (RR
6.67; 95% CI 3.05 to 17.52), and published an exploratory analysis of the first 40 cases at
our institution presenting through November, 2005.3 In this, we identified a unique
geographic distribution of cases in which the population-based rate ratio was higher in
peripheral collar counties of Chicago (RR 3.59; 95% CI 1.44–8.39) inconsistent with
previously known risk factors.3 Consequently, we initiated a single-center case-control
study to investigate the outbreak origins, designing the study to allow for analysis of both
environmental and more common lens-related/hygiene risk factors. Through our ongoing
discussions with the Illinois Department of Public Health and the CDC, the CDC eventually
concluded from a survey of 10 U.S. ophthalmology centers conducted in early 2007 that an
increase in culture positive cases was evident beginning in 2004. In May, 2007, both an
interim analysis of our ongoing case control study, and an exploratory analysis by the CDC
using historical Fusarium keratitis study controls, identified the use of AMO Complete
Moisture Plus as a statistically significant risk factor for the development of contact lensrelated Acanthamoeba keratitis (OR 16.67; 95% CI 2.11 – 162.63), leading to an immediate
worldwide recall (May 29th, 2007).4, 10
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Case Ascertainment and Aggregation of Infectious Outbreaks
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The initial reports of Fusarium and Acanthamoeba keratitis were remarkably similar in that
both were first identified at tertiary care ophthalmology centers: Singapore National Eye
Center, in addition to the University of Illinois Eye and Ear Infirmary and the Wills Eye
Institute, respectively.2, 3, 7 The reasons are for this are both obvious and important, with
several factors driving these two diseases in particular towards tertiary care facilities and
ultimately driving outbreak identification. First, the standard treatment for each infection
involves medications not widely available. Although a commercial preparation of natamycin
5% is widely available for the treatment of fungal keratitis, the rate of clinical resistance for
Fusarium sp., specifically, is significant.11 Similarly, standard therapy for Acanthamoeba
keratitis either consists of commercial medications unavailable in the U.S. and/or
compounded biguanides. Second, the infections are known to masquerade as other either
infectious or non-infectious conditions, often requiring the expertise of clinicians and
microbiologic facilities familiar with their diagnosis. Third, these infections are often highly
symptomatic, with poor outcomes if not promptly and appropriately treated; 17% of the
University of Illinois Eye and Ear Infirmary Acanthamoeba keratitis patients and 34% of
U.S. Fusarium keratitis patients required corneal transplantation. 9, 12
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Finally, the rarity of each disease, prior to the outbreaks, facilitated more rapid recognition.
Although Fusarium keratitis is the most common filamentous fungal infection in noncontact lens users, it was previously uncommon with contact lens use.13, 14 And while
Acanthamoeba keratitis is primarily restricted to contact lens users, the previous annual U.S.
incidence estimates, based on the outbreak of the late 1980’s and roughly our pre-outbreak
experience, was ~2 cases per million contact lens users.3, 15 These infections have remained
rare even in the midst of the outbreaks. The annual Fusarium keratitis incidence in
Singapore was estimated at 2.4 cases per 10,000 contact lens wearers,2 and while no
comparable Acanthamoeba keratitis incidence rates have been calculated, our gross
estimates from the Chicago outbreak approach 20 annual cases per million contact lens
users. Hence, it is unlikely that a single ophthalmologist, or even cornea specialist, would be
able to acutely detect an outbreak; thus, the importance of tertiary care centers in large
metropolitan areas to provide case aggregation and the perspective of a more “populationbased” comparison of disease trends with time.
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Taken together, these four factors made possible a relatively complete case ascertainment at
the tertiary care facilities that led to the identification of each outbreak. Without a structured
surveillance system for contact lens-related keratitis, or any microbial keratitis, the absence
of any of the above characteristics would mask or significantly delay the detection of
outbreaks of 1) milder, more easily diagnosed disease; 2) diseases with widely available,
effective therapy; or, 3) diseases that are significantly more common than these. The
historical recognition that extended wear use of contact lenses was significantly associated
with bacterial infectious keratitis,16 for example, may have been delayed if efficacious
antibiotics were available in the community at the time, obviating the need for fortified
antibiotics compounded at specialty hospitals where case aggregation could occur. Looking
to the future, we likely will have no ability to identify a substantial outbreak of a more
common, fluoroquinolone-sensitive, contact lens-related microbial keratitis, due to the
successful nature of community-based empiric antibiotic treatment as well as the nonspecificity of the utilization patterns for these drugs which have a wide range of both nontherapeutic and non-corneal indications.
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Unique Epidemiology of the Individual Outbreaks
NIH-PA Author Manuscript

Despite these similarities, there are distinct differences in the epidemiology of each outbreak
that offer important lessons in their respective outbreak study design and implementation. In
a rare disease such as microbial keratitis, the case-control study design is preferred as it is
highly efficient; however, appropriate selection of controls is critical to maintain study
validity and prevent the introduction of systemic error, biasing results. Because of the rarity
of Fusarium keratitis among contact lens users, baseline incidence and historical risk factors
were generally unknown. However, a simple evaluation of the percentage of cases using the
recalled solution, as well as a comparison against market share, strongly implicated the role
of a single solution.2 As such, a case-control study designed to investigate contact lens
solutions, as well as the potential role of general lens-related keratitis risk factors including
lens hygiene, was launched.9 Controls were selected to allow for analysis of these factors:
controls were matched to the neighborhood of cases restricted to contact lens users over the
age of 17. Results identified the strong association of Renu with MoistureLoc with
Fusarium keratitis as well as the relatively smaller contribution of “topping off” or solution
reuse. This strong association contributed to a worldwide recall, with an immediate
reduction in Fusarium keratitis cases identified through both active and passive surveillance
techniques.17
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The independent investigations (CDC, the University of Illinois Eye and Ear Infirmary) of
the Acanthamoeba keratitis outbreak provide further insight.10, 18 Our initial publication
identified a unique geographic distribution of cases in Chicago, suggesting the need for a
case-control study design that allowed for analysis of factors that can vary by geography,
with solutions potentially less relevant in this outbreak.3 More reliable Acanthamoeba
keratitis incidence estimates further suggested a problem beyond just a single solution:
despite a potential signal, no single solution accounted for a strong majority of cases,
indicating as much as a five-fold increase in disease regardless of type of solution used
(arm-chair epidemiology: 2 vs. 20–30 annual cases in Chicago, 40% of cases without AMO
Complete MoisturePlus use, hence now 8–10 annual cases with all solutions, so up to a 5x
increase).10 Further, Acanthamoebae are found commonly in water and soil, but are
considered largely a waterborne pathogen in humans. While many forms of infectious
keratitis have been linked to temperature and climate, only Acanthamoeba keratitis has been
consistently linked to alterations in the quality of the domestic water supply.19–21 Because
our initial analysis identified a unique geographic distribution of cases, hypothesized as
related to the water supply, we selected a case-control study design in which controls were
clinic-based, matched on age and date of visit in order to be able to analyze the effect of
geography and the potential effects of water supply, which is inherently impossible when
controls are matched by neighborhood.10 To our benefit, our single-center study design not
only allowed for analysis of typical lens-related risk factors, but also restricted potential
confounding factors (i.e., Miami weather is more conducive in the winter than Chicago to
water-related activities that increase risk of infection).
In comparison, the CDC investigation closely mirrored the study design conducted for the
Fusarium keratitis outbreak.9, 18 The initial MMWR alert in May 2007, in which 46 culture
positive (39 soft contact lens wearers) Acanthamoeba cases were identified, was based on
control data collected during the Fusarium keratitis outbreak the year prior.4 The potential
pitfall is that solution market share changes with time and might not reflect contemporary
use, especially given the interim recall of Renu with MoistureLoc solution. Their subsequent
outbreak investigation that recruited new controls retained the same study design as the
Fusarium keratitis study, with the recruitment of controls that were neighborhood-matched
to identified cases.18
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Nevertheless, both independent studies confirmed the significant association of the use of
AMO Complete MoisturePlus with Acanthamoeba keratitis (OR 16.67; 95% CI 2.11 –
162.63).10, 18 Not surprising, given the high frequency of cases that reported use of
solutions other than the recalled solution, the number of Acanthamoeba keratitis cases in
Chicago and nationally has not returned to baseline, unlike the Fusarium keratitis outbreak
that occurred one year prior serving as a wonderful baseline comparison for the
Acanthamoeba keratitis outbreak.22 This indicates the contribution of other, yet unidentified
risk factors to the Acanthamoeba keratitis outbreak.

Proposed Pathogenesis of Contact-lens Related Atypical Keratitis
The role of the contact lens disinfection systems in each outbreak is still not fully
understood. It has been established that no evidence exists in either outbreak to support
solution contamination in sealed production lot testing.9, 18 PCR testing of unsealed solution
bottles is not supportive of lot contamination, because it lacks confirmation of the source as
well as the viability of the genetic material detected.23 Further, the diversity of fungal
isolates in the CDC study and of Acanthamoeba isolates in the Chicago study makes it
highly unlikely that a single source contamination occurred with either solution.9, 24
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Two theories have been proposed to explain the mechanism for an increase in Fusarium
keratitis with Renu with MoistureLoc use. In vitro studies indicated that the practice of
“topping off” (solution reuse) concentrates the solution residua in the contact lens case.25
The resultant film protects the fusarium from disinfection, allowing proliferation and
exposing the lens to a sufficient burden of pathogenic fungi. Another theory suggests
disinfection efficacy is degraded by high temperature storage, especially since the balance of
cases was sourced to a single production/ distribution channel.26 A lower, but significant
number of cases were also seen, however, in other geographic areas, including Europe.27, 28
Interestingly, compliance with contact lens hygiene is universally, repeatably poor even
among healthy controls9, 29 and cannot change at the population level to cause an outbreak,
yet contact lens-related Fusarium keratitis was rare prior to the introduction of Renu with
MoistureLoc to the market.9 The magnitude of the disease increase implied that potentially,
a specific solution property may have promoted and amplified the incidence of fusarium
infection not previously seen even in severely non-compliant patients, making it unlikely
that a lack of efficacy alone would be sufficient to cause this change. This would be most
consistent with the theory of “topping off” facilitated proliferation, but some combination of
other factors is also likely.
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The mechanism of action also remains unclear for the increase in Acanthamoeba keratitis
with AMO Complete MoisturePlus use. Speculation has revolved around the additional
“comfort” components added to the prior generation product (AMO Complete) to create
AMO Complete MoisturePlus and, in particular, propylene glycol and the amino acid
taurine, which, at sufficient concentrations, is well-known to microbiologists to induce
transformation of the organism into the highly disinfectant resistant cyst form.30, 31
Further, results of in vitro testing suggest a relative lack of efficacy of the base disinfectant
in AMO Complete MoisturePlus (polyhexamethyl biguanide (PHMB)) when compared to
other available systems varying somewhat with testing methodology.30, 32 Of note, the
CDC did not find any indication that a particular lens material was associated with disease,
which is important as the substantially new silicone hydrogel contact lens type was also
introduced during this time frame.18
The role of contact lens solutions should not be minimized, but it has become clear that
other, more global, risk factors likely underlie the most recent Acanthamoeba keratitis
outbreak. As previously mentioned, Acanthamoeba keratitis as compared to all contact types
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of lens-related infections has been more closely associated with water exposure such as hot
tub use,29 as well as contamination of municipal water.20 Because Acanthamoeba is not a
surveillance organism, the previous levels of Acanthamoeba in domestic water is not well
known, but interim results from the University of Illinois Eye and Ear Infirmary study have
shown that greater than 18% of all homes tested harbored Acanthamoeba (Joslin, CE, et al.
IOVS 2010;51:ARVO E-Abstract 1309), far higher than any prior study except one (30%)
which tested only taps of infected patients.21 The only other study performed in the U.S.
showed a 2.8% level in South Florida in a normal population.33 We have previously
hypothesized that changes in EPA regulations implemented nationally between 2002 – 2004
could potentially change the microbiologic configuration of the domestic water supply.3
Regardless, both the initial finding of the non-random distribution of cases in the peripheral
collar counties as well as the subsequent shifting distribution of Acanthamoeba keratitis
cases over time towards the city are consistent with a geographic risk factor which follows
the pattern of water distribution in the Chicago metropolitan area.3, 22
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None of the currently available multipurpose solutions have significant efficacy against
acanthamoebal cysts with current one-step hydrogen peroxide solutions demonstrating only
partial efficacy.30 This lack of in vitro activity is supported by the clinical observation that
the individual number of cases attributed to each separate multipurpose solution in our study
would, in itself, represent an increase over the previously estimated total outbreak incidence
of the late 1980’s, when tap water was incorrectly utilized in lens care. The increasing
number of cases that we have seen in our cohort with all soft lens solution systems, both
multipurpose and one-step hydrogen peroxide solutions, as well as in gas permeable rigid
lens users, which utilize different disinfection schemes, suggests that an increasing
environmental load is overwhelming the limited ability of existing systems to limit the
exposure of pathogenic Acanthamoeba organisms during contact lens wear.

The Role of Pre-market Testing of Contact Lens Disinfection Systems
A specific test regimen is mandated by the Federal Drug Administration for approval of
contact lens disinfection systems. Briefly, testing involves disinfection efficacy for five
organisms, Pseudomonas aeruginosa, Staphylococcus aureus, Serratia marcescens,
Candida albicans, and Fusarium solani. Standalone efficacy is determined by a >3 log
reduction of bacteria or > 1 log unit reduction of fungi in a test tube. A second regimen test
which includes a case, contact lens and organic soil may be required if the solution does not
pass the stand-alone test, but passes lower criteria for that test. These established standards
had not required testing against Acanthamoeba presumably because of the previously low
incidence of disease and controversy over appropriate testing methods.
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Existing testing methods for contact lens disinfection systems were, however, unable to
predict either of these outbreaks. As a new formulation, Renu with Moistureloc passed all
required tests and was highly efficacious against the Fusarium species specified. In the
hands of contact lens wearers, the majority of whom are variably non-compliant with lens
hygiene, a dramatic rise in Fusarium keratitis resulted, demonstrating that in vitro solution
efficacy results did not adequately reflect solution effectiveness, or its performance in the
“real world”. Further, small, changes seemingly unrelated to a solution’s main disinfectant
function may alter its risk for infection. For example, the formulation changes which did not
alter the solution’s base disinfectant may have been responsible for unforeseen changes in a
solution’s performance against Acanthamoeba organisms. These two outbreaks, which
highlighted gaps in existing efficacy testing, were the first steps towards establishing new
testing methods initiated at an FDA-hosted workshop in 2009. The implementation is
expected to include an expansion in the number of bacterial and fungal test organisms,
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addition of acanthamoebal strains and changes in testing methodology leading to new
disinfection systems.
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Even still, scant evidence supports a correlation of in vitro testing results and a reduction in
infectious keratitis primarily as these relationships have not been, and are difficult, to study.
As contact lens wear is the primary risk factor for Acanthamoeba keratitis and also more
general forms of bacterial keratitis, a carefully-designed system of post-market surveillance
that not only explores solution, lens, and lens hygiene factors, but also carefully explores the
contribution of environmental causes, would lead to earlier detection of subsequent
outbreaks and help to validate and refine pre-market testing. Further, it may be the only way
to detect a significant lack of effectiveness against bacterial organisms not included in the
testing panel.

Considerations for Current Contact Lens Wearers
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Various hygiene-related risk factors were evaluated in case-control studies of both
outbreaks. While the practice of solution reuse or “topping-off”, where used solutions are
incompletely discarded before refilling the contact lens storage case, was found to be
associated with a higher risk of Acanthamoeba keratitis on multivariate analysis in only the
CDC study,18 a role for this practice in the pathogenesis of both contact-lens related
Fusarium and Acanthamoeba keratitis has been suggested in multiple studies.9, 10 These
studies also suggest a number of other hygiene-related practices may have a role including a
lack of rubbing of contact lenses during the cleaning process, showering in contact lenses,
and using lenses beyond their replacement date.10, 34 These factors may have some clinical
utility, but it should be understood that the magnitude of their contributions are likely
substantially less than either the identified contact lens solution associations or yet to be
identified environmental associations for these outbreaks. As evidence, the recall of Renu
with Moistureloc, despite the widespread deficiencies in hygiene found in both cases and
controls, was successful in reducing the number of cases of Fusarium keratitis to near
baseline.9, 17
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However, if contact lens users are being exposed to a higher level of Acanthamoebae, the
options for control are few. Limiting organism exposure should reduce disease incidence.
Reducing the environmental load would be ideal, but Acanthamoebae are highly resistant to
chlorine-based disinfection and require filtration to exclude it from the water supply. Once
ensconced in the water supply, it is unclear whether this remains a modifiable risk factor
because of the difficulty in eradicating established biofilms from water distribution systems.
Daily disposable contact lens use would limit the potential contamination of contact lens
cases as well as minimize hygiene-related water exposure, but other sources of water
exposure would remain, including showering. Reusable contact lens users would require
contact lens solution systems that are effective against Acanthamoebae. Heat and two-step
hydrogen peroxide systems are highly effective against Acanthamoebae as well as most
other organisms, but are more complicated to use which may itself further lower
compliance.35 While systems are not expected to completely sterilize lenses, it is evident
that none of the current disinfection systems are sufficiently effective to limit Acanthamoeba
keratitis under current environmental conditions with existing hygiene standards.
Nevertheless, strict adherence to the guidelines of contact lens solution manufacturers which
include rubbing of lenses, changing cases at regular intervals, avoiding solution reuse and
limiting water exposure (e.g. Showering, hot tub use, swimming) are reasonable cautions to
reduce the risk of infection.
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Conclusions
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For many years, contact lens users enjoyed a period of stability with relatively low rates of
largely treatable bacterial keratitis and even lower rates of Acanthamoeba keratitis. The
outbreaks of 2006 and 2007 have been a harsh reminder of the unanticipated dangers of
contact lens use but have in turn provided us with valuable insights. They have demonstrated
the value of tertiary care centers in the early identification of outbreaks of rare keratitides,
but raise concerns regarding the future recognition of a similar surge of a more easily treated
bacterial keratitis. Both also demonstrate the power of epidemiologic studies in rapidly
identifying modifiable risk factors to avert disease, as well as illustrate the need to consider
historical risk factors, disease pathogenesis, and early outbreak characteristics in the design
of epidemiologic studies. Finally, small changes in the formulation of contact lens solutions
may have profound effects on real world effectiveness that may be nearly impossible to
account for in studies designed for pre-market testing. Current testing methods were
inadequate to predict these two outbreaks, and indicate the need not only for additional,
more comprehensive testing, but also methods, including post-market surveillance, to
evaluate the validity of these pre-market tests when applied to real consumer use.
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