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Objective: To establish the absolute risk of contact lens (CL)-related microbial keratitis, the incidence of
vision loss and risk factors for disease.
Design: A prospective, 12-month, population-based surveillance study.
Participants: New cases of CL-related microbial keratitis presenting in Australia over a 12-month period
were identiﬁed through surveillance of all ophthalmic practitioners (numerator). Case detection was augmented
by records’ audits at major ophthalmic centers. The denominator (number of wearers of different CL types in the
community) was established using a national telephone survey of 35 914 individuals.
Testing: Cases and controls were interviewed by telephone to determine subject demographics and CL
wear history. Visual outcomes were determined 6 months after the initial event. Annualized incidence and
conﬁdence intervals (CI) were estimated for different severities of disease and multivariable analysis was used in
risk factor analysis.
Main Outcome Measures: Annualized incidence (with CI) of disease and vision loss by CL type and wear
modality and identiﬁcation of independent risk factors.
Results: We identiﬁed 285 eligible cases of CL-related microbial keratitis and 1798 controls. In daily wear
rigid gas-permeable CL wearers, the annualized incidence per 10 000 wearers was 1.2 (CI, 1.1–1.5); in daily wear
soft CL wearers 1.9 (CI, 1.8 –2.0); soft CL wearers (occasional overnight use) 2.2 (CI, 2.0 –2.5); daily disposable
CL wearers 2.0 (CI, 1.7–2.4); daily disposable CL wearers (occasional overnight use) 4.2 (CI, 3.1– 6.6); daily wear
silicone hydrogel CL wearers 11.9 (CI, 10.0 –14.6); silicone hydrogel CL wearers (occasional overnight use) 5.5
(CI, 4.5–7.2); overnight wear soft CL wearers 19.5 (CI, 14.6 –29.5) and in overnight wear of silicone hydrogel 25.4
(CI, 21.2–31.5). Loss of vision occurred in 0.6 per 10 000 wearers. Risk factors included overnight use, poor
storage case hygiene, smoking, Internet purchase of CLs, <6 months wear experience, and higher socioeco
nomic class.
Conclusions: Incidence estimates for soft CL use were similar to those previously reported. New lens types
have not reduced the incidence of disease. Overnight use of any CL is associated with a higher risk than daily
use.
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Microbial keratitis is a rare but severe complication of
contact lens (CL) wear, affecting approximately 5 per
10 000 wearers.1– 4 With a large number of CL wearers
worldwide, rare diseases with signiﬁcant morbidity have
considerable public health consequences. Surveillance stud
ies have been used to determine all new cases of disease in
populations for New England,1 Hong Kong,2 The Nether
lands,3 and Scotland.4 The denominators in these studies
have been estimates of the numbers of wearers in the
population derived from community-based telephone sur
veys. Observations concerning risk factors for the disease
have resulted from case control studies carried out in oph
thalmic casualty departments.5– 8
Before 2002, published studies were remarkably consis
tent in reports of the incidence of CL-related microbial
keratitis, with estimates in daily wear soft CL use at 2.7 to
4.1 per 10 000 wearers per year and in overnight CL use at
9.3 to 20.9 per 10 000 wearers per year.1– 4 Since the pub
lication of such studies, CL types and modes of wear have
© 2008 by the American Academy of Ophthalmology
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altered. Silicone hydrogel, a highly oxygen-permeable soft
CL material type, and daily disposable soft CLs have been
introduced. It has been hypothesized that new modalities
reduce the risk of disease; however, there are limited pop
ulation data available to support this.
Contact lens-induced corneal hypoxia may predispose
CL wearers to corneal infection because of compromised
corneal epithelial integrity,9 impaired wound healing,10 and
an increased susceptibility of corneal epithelial cells to
bacterial binding.11–13 All CL wear slows corneal epithelial
homeostasis by suppressing cell proliferation,14 impairing
cell migration,15 and reducing the rate of cell exfolia
tion.16 –18 These effects are reduced but not eliminated with
highly oxygen-permeable CLs14,19; however, the impact of
reduced hypoxia on microbial keratitis is unknown.
Poor CL hygiene6,20 –22 and microbial contamination of
the CL storage case23–25 are frequently implicated in mi
crobial keratitis. The use of daily disposable CLs (CLs worn
once and then discarded) avoids the requirement for regular
ISSN 0161-6420/08/$–see front matter
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augmented by retrospective in-patient and casualty (where avail
able) records and audits at major ophthalmic centers (n = 11).26
Optometrists (n = 3288) were similarly contacted at the start of
the study and active follow-up was carried out for therapeutically
licensed optometrists (n = 173) and members of regional CL
societies (n = 444; Table 1).
Informed consent from the case was obtained to allow subse
quent collection of clinical data. A telephone interview established
demographic and risk factor data. Where possible, interviews were
conducted 1 month after the date of the initial event, to limit recall
bias; however, delays occurred for cases identiﬁed by records
audit. Human research ethics approval was obtained from the
University of New South Wales Human Research Ethics Commit
tee and 63 regional area health services in Australia.

CL hygiene and the use of a CL storage case and, therefore,
may be expected to reduce the risk of CL-related microbial
keratitis.5
A prospective surveillance study established the incidence
of CL-related microbial keratitis in Australia. This study was
designed to complement a companion case-control study car
ried out in London, England, also reported in this issue. The
studies share disease deﬁnition, severity classiﬁcation,
and CL wearing schedules deﬁnition, and used the same
hygiene scoring systems so that results can be directly
compared.

Methods

Study Deﬁnitions and Eligibility/Severity
Adjudication

There were 2 parts to this study of the incidence of and risk factors
for CL-related microbial keratitis. The ﬁrst identiﬁed new cases of
microbial keratitis in Australia over a 12-month period (numera
tor), through a prospective survey of all ophthalmic practitioners in
Australia and records review of major ophthalmic centers. Cases
were interviewed by telephone to establish risk factor data. The
second part established the number of CL wearers in the commu
nity (denominator) via a telephone survey. The number of wearers
of different CL types was estimated and risk factor information
was established through a telephone interview.

The study deﬁnitions are common to the companion paper pub
lished in this issue27 and are summarized in Table 2 of the
companion paper (available online at http://aaojournal.org).
Cases. Cases were current CL wearers (those who had worn a
CL in the previous 4 weeks), aged between 15 and 64 years old and
using CLs for the correction of low refractive errors.
Disease Deﬁnition and Severity. Microbial keratitis was de
ﬁned by either a positive corneal culture or a corneal inﬁltrate and
overlying epithelial defect with :1 of the following: any part of
the lesion within the central 4 mm of the cornea, an anterior
chamber response, or pain. Cases were further stratiﬁed by severity
based on whether visual loss or surgical intervention had occurred
and the size and position of the lesion.27 Where grading was not
possible because of a lack of information, cases were apportioned
for estimation of incidence according to the known distribution of
eligible and ineligible cases. Vision loss was deﬁned as a loss of
>2 lines of best-corrected spectacle acuity compared with pre
event acuity (where available), fellow eye acuity (where avail
able), or compared with 20/20. Estimates were also made using a
best-corrected spectacle acuity of 6/12.

Case Ascertainment
Practicing ophthalmologists in Australia were identiﬁed through
the membership register of the Royal Australian and New Zealand
College of Ophthalmologists (Table 1). Practitioners were actively
surveyed by e-mail, telephone, fax, or mail at the end of each
2-month reporting period, irrespective of whether eligible cases
had been encountered.26
New cases of CL-related microbial keratitis between October 1,
2003, and September 30, 2004, were identiﬁed. Case detection was

Table 1. Proportion of Practitioners with Active Follow-up Who Responded at Least Once to the Survey

Primary source practicing ophthalmologists in
Australia
Australian Ophthalmologists

Not
Practicing

No
Contact*

n

62

33

661

23

173

43

Supplementary source therapeutically licensed
optometrists and optometrist who were
members of contact lens societies†
Therapeutically licensed optometrists

Refused

Schedule for Active
Follow-up

13 (2.0%) Email reminder +
2-mthly contact
nonresponders

Contact Lens Society Members

—

35

444

16

Total supplementary

—

58

617

59

E-mail reminder +
6-monthly
contact
nonresponders
E-mail reminder +
6-monthly
contact
nonresponders

Participation Rate
(>1 response)
[% with complete responses]

96.2% (636/661) [89.4% (591/661)]

75.1% (130/173)

92.8% (428/444)

90.4% (558/617)

*These names were on the lists of practitioners obtained from professional associations; however, a valid postal, telephone, fax, or -email contact could
not be established for these practitioners. Therefore, no contact was made during the study.
†
Total response rates for optometry with partial active follow-up was 17.9% in Australia.
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Contact Lens Wear Modality. Mode of wear was based on
wear schedule (daily or overnight wear). Daily wearers were those
who habitually removed their CLs for sleep. This was further
stratiﬁed as daily wear only or occasional overnight users who
used lenses primarily on a daily wear basis, but who reported
sporadic overnight use of �1 night per week. Overnight wearers
were those who habitually slept in their CLs (>1 night per week).
Contact Lens Hygiene Compliance. A composite hygiene
score, for each subject, was allocated using a weighted scoring
system for each of the 4 key areas of CL hygiene: cleaning and
disinfection or lens disposal (0 –20), storage case replacement
(0 – 4), storage case hygiene (0 – 8), and hand washing before
handling CL (0 – 8). Scores ranged from 0 for poor to 40 for
excellent hygiene.
Other Risk Factors. A wide range of potential risk factors
were evaluated, including CL solution type, use of other care or
in-eye care products, frequency of CL aftercare, time since last
aftercare, lens replacement or disposal frequency, lens age, pur
chase of CLs via mail order or Internet, CL wear history, indica
tion for CL wear, smoking, hygiene practice after swimming,
showering while wearing lenses, and prior history of CL-related
complications. Demographic data included age, gender, socioeco
nomic class, occupation, level of education, and ethnicity.

Data Analysis
Incidence rates were reported as annualized rate per 10 000 wear
ers for each of the CL wear groups for all presumed microbial
keratitis, severe disease, and vision loss.
Univariate analysis initially determined the signiﬁcance of all
possible risk factors using the chi-square and Fisher exact tests for
categorical risk factors and the t test for those measured on an
interval scale. Factors that were signiﬁcant at P<0.2 were consid
ered for multivariate testing using logistic regression. Multivariate
analysis ascertained risk factors in the development of any micro
bial keratitis for daily and overnight users separately. The method
of model building comprised initial backward stepwise removal,
starting with the most nonsigniﬁcant factor and continuing until all
variables in the model were signiﬁcant. Subsequently, each ex
cluded factor was put back into the model, to determine whether its
inclusion improved the model. A factor was retained in the ﬁnal
model if either there was a signiﬁcant improvement in chi-square
value, or if confounding occurred. Signiﬁcant interactions were
included in the model. Entry of a variable was dependent on the
analyzed sample comprising :50% of the available sample. Sta
tistical signiﬁcance was set at 5%. The strength of association for
signiﬁcant factors was summarized using odds ratios and conﬁ
dence intervals. The goodness of ﬁt of the ﬁnal model was assessed
using the Hosmer–Lemeshow test and discriminatory ability using
the area under the receiver operating characteristic curve.

Population Study
The number of CL wearers in the community was estimated using
a national telephone survey of individuals aged 15 to 64 years old
in randomly selected households derived from the electronic White
Pages and based on the population distribution in Australia.28 The
sample size (32 900 individuals) was estimated based on the likely
penetrance of the least common CL type (expected to be 0.13% of
the population wearing extended wear silicone hydrogel CL) and
for that penetrance to be determined with a precision of :0.04%
indicated that there were 1.75 individuals aged between 15 and 64
years per household; therefore, contact would be required with
18 800 households.
The sample was divided in half, with the ﬁrst phase surveyed
before the beginning of the study, and the second at its conclusion,
to avoid the potential for rapidly changing lens types in the
community to confound the results. Each study period lasted 4
months. First, households were sent a letter of introduction and up
to 4 (phase 1) and 8 (phase 2) attempts were made to make
telephone contact. The number of attempted contacts was increased
in phase 2 because single person and couple households in the age
range of interest were consistently not being reached in Phase 1. Four
attempts per household identiﬁed 1.97 individuals per household, but
8 attempts yielded 1.88 individuals per household, which was closer
to the national estimate for people aged between 15 and 64 years.
Based on the actual response rate and the penetrance of silicone
hydrogel extended wear, the sample size was adjusted after phase
1 was completed.
A structured questionnaire established the number of all indi
viduals and CL wearers in the household aged between 15 and 64
years. Demographic data were collected and CL wearers were
surveyed as described for the cases. Socio-economic status was
classiﬁed using the Socio-Economic Indexes for Areas based on
the 2001 Australian Census.29
On completion of the survey, a data quality audit was per
formed, with 10% of wearers recalled. Weighted K scores were
estimated as measures of agreement between initial and repeated
responses.

Results
Case Ascertainment and Severity Adjudication
The overall practitioner response rate was 96.2% (636/661 oph
thalmologists; Table 1), and the minimum response rate for any of
the 6 reporting periods was 89.4%.
Three hundred forty-four cases of presumed microbial keratitis
were reported. Of these, 16 cases were excluded because the onset
of disease was outside the surveillance period. A further 7 cases
were excluded because they did not meet the inclusion criteria; 5
were keratoconic, 1 aphakic, and 1 wore bandage CLs.
In 46 cases, there was insufﬁcient information to grade the
severity. For the purpose of the incidence analysis, these cases were
apportioned according to the distribution of eligible/noneligible cases
as per the remaining 275 cases. The reviewers graded the remaining
275 cases and 31 (11.3%) did not meet the diagnostic criteria for
CL-related microbial keratitis (predictive value positive, 88.7%). Of
these 31, 24 were cases of corneal inﬂammation or sterile/marginal
keratitis, 3 were adenoviral keratoconjunctivitis, 1 had herpes sim
plex keratitis, and 2 had ocular trauma without evidence of an
associated infection. Applying this eligible/noneligible case distri
bution to the 46 cases above gives 41 (89%) eligible cases from
this group.
Of the 244 eligible cases with sufﬁcient information to grade
severity, there were 34 (13.9%) that had visual acuity reduction of
:2 lines or required surgical intervention. A further 46 (18.9%)
were culture proven without a reduction in vision and 16 (6.6%)
were classiﬁed as severe keratitis without conﬁrmation of positive
culture or loss of visual acuity. There were 61 (25.0%) in the
moderate group and 87 (35.7%) were classiﬁed with mild disease.
A ﬁnal set of 285 eligible cases (244 plus 41) was used to
calculate the incidence rates for all presumed microbial keratitis.
Two subsets were identiﬁed, the ﬁrst composed of 184 cases,
which excluded those with mild disease and, second, 39 cases with
vision loss. These groups were used to calculate incidence rates for
severe disease and for severe disease with visual loss.
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Table 2. Penetrance of Contact Lens Wear

Phase

Sample

Contact Lens
Wearers

1
2
Combined

18 348
17 566
35 914

892
906
1798

Point
Estimate

Penetrance (%,
95% conﬁdence
interval)

650,565*
690,192†
681,424

4.86 (4.55–5.17)
5.16 (4.83–5.48)
5.01 (4.78–5.24)

Table 4. Crude Incidence Rates by Lens Type for All Presumed
Microbial Keratitis, “Severe” Keratitis and for Keratitis Causing
2 Lines of Vision Loss

Any Presumed
Microbial
Keratitis
(95% CI)

Lens Type
*Based on the census population estimate of 13 381 800.
†
Based on census population estimate of 13 568 400.

Population Study
The ﬁnal sample contacted was composed of 19 754 households
and 35 914 individuals interviewed by telephone, including 1798
CL wearers. The data quality was tested in an audit of 176 CL
wearers. For all items, the K scores were >0.8, indicating excellent
agreement between the ﬁrst and second responses.
The overall penetrance of CL wear in the population aged 15 to
64 years was 5.01% (95% conﬁdence interval [CI], 4.78 –5.24;
Table 2). The distribution of wearers by CL type is shown in
Table 3. The penetrance of certain CL types did alter during the
course of the study. Both the use of daily disposable CLs and daily
silicone hydrogel CLs increased signiﬁcantly in phase 2, with a
reduction in the use of daily wear soft CLs (P<0.001). The
estimate of penetrance for overnight wear silicone hydrogel CLs
was 0.27%, with a precision of :0.05%.

Daily wear RGP
Pure DW soft
Pure DW DD soft
Pure DW SH
Occ O/N soft
Occ O/N DD soft
Occ O/N SH
Overnight wear
soft*
Overnight wear SH
Any lens type

“Severe”
Microbial
Keratitis
(95% CI)

Microbial
Keratitis
With >2
Lines Vision
Loss
(95% CI)

1.2 (1.1–1.5)
1.2 (1.1–1.5)
1.9 (1.8–2.0)
1.1 (1.1–1.2)
2.0 (1.7–2.4)
0.5 (0.5–0.6)
11.9 (10.0–14.6) 8.0 (6.7–9.8)
2.2 (2.0–2.5)
1.8 (1.6–2.0)
4.2 (3.1–6.6)
2.4 (1.7–3.7)
5.5 (4.5–7.2)
5.3 (4.3–6.9)
19.5 (14.6–29.5) 13.3 (10.0–20.1)

0 (0.0–0.0)
0.4 (0.4–0.4)
0 (0.0–0.0)
1.1 (0.9–1.4)
0.2 (0.2–0.2)
0 (0.0–0.0)
1.6 (1.2–2.1)
4.0 (2.9–6.6)

25.4 (21.2–31.5) 16.9 (14.1–20.9)
4.2 (3.4–5.5)
2.7 (2.2–3.5)

2.8 (2.3–3.5)
0.6 (0.5–0.7)

CI = conﬁdence interval; DD = daily disposable; Occ O/N = occasional
overnight use; Overnight wear = regular overnight use; RGP = rigid gas
permeable; “Severe” microbial keratitis = all cases excluding mild; SH =
silicone hydrogel.
*Conventional soft contact lenses and planned replacement soft.

Incidence Rates

daily or occasional overnight use. Table 5 summarizes the signif
icant variables associated with increased risk of any microbial
keratitis.

The crude incidence rates are shown in Table 4. A ﬁnal visual
outcome of �6/12 occurred in 9.9% of wearers and a reduction of
vision of :2 lines occurred in 13.9% of wearers.

Discussion

Multivariate Analysis
The crude risk analysis demonstrated that the risk of microbial
keratitis was considerably higher in overnight wear compared with

This paper reports the largest prospective population-based
surveillance study of CL-related corneal infection and is the
ﬁrst study to describe the incidence and risks associated
with contemporary CL types. Contact lens–related corneal

Table 3. Cases and Controls by Lens Type

RGP
Daily wear
Overnight wear
Soft
DD
Occ O/N DD
Daily wear soft*
Occ O/N soft*
Overnight wear soft*
Silicone hydrogel
Daily wear SH
Occasional O/N SH
Overnight wear SH
Total

All Controls,
n (%)

All Cases,
n (%)

Cases of “Severe”
Microbial Keratitis,
n (%)

Cases with
Vision Loss,
n (%)

140 (7.8)
7 (0.4)

7 (2.5)
0 (0)

7 (3.8)
0 (0)

157 (8.7)
30 (1.7)
896 (49.9)
270 (15.0)
33 (1.8)

12 (4.2)
5 (1.8)
64 (22.5)
23 (8.1)
24 (8.4)

3 (1.6)
3 (1.6)
39 (21.2)
18 (9.8)
15 (8.2)

0 (0)
0 (0)
14 (35.9)
2 (5.1)
5 (12.8)

100 (5.6)
68 (3.8)
96 (5.4)
1798

44 (15.8)
14 (4.9)
92 (32.3)
285

30 (16.3)
14 (7.6)
55 (29.9)
184

4 (10.3)
4 (10.3)
10 (25.6)
39

0 (0)
0 (0)

DD = daily disposable; Occasional O/N = occasional overnight use; Overnight wear = regular overnight use; RGP =
rigid gas permeable; SH = silicone hydrogel.
*Conventional soft contact lenses and planned replacement soft.
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Table 5. Multivariate Analysis for All Presumed Microbial Keratitis in Daily and Overnight Wear
Daily Wear
Factors
Age (y)
Mid (25–54)
Young (15–24)
Old (55–64)
Gender
Female
Male
Lens material
Soft hydrogel
Daily disposable
Silicone hydrogel
RGP
Mode of wear
Strict daily wear
Occ O/N 1/month or less
Occ O/N at least 1/fortnight
Nights of continuous wear
<6
:6
Storage case hygiene
Excellent
Poor
Current smoker
No
Yes
Purchase of CL
Optometrist
Internet/mail order
Duration of current CL wear (mos)
>6
�6
Socioeconomic class (SEIFA IQR)
Low IQR 1–2
High IQR 3–4

Overnight Wear

P Value

Odds Ratio

95% CI

P Value

Odds Ratio

95% CI

0.86
0.66

1.00 (referent)
0.92
1.34

0.37–2.28
0.36–4.99

0.39
0.15

1.00 (referent)
1.72
3.78

0.50–5.85
0.62–23.19

0.38

1.00 (referent)
0.70

0.32–1.55

0.56

1.00 (referent)
1.34

0.49–3.67

0.50
0.06
0.21

1.00 (referent)
1.49
2.62
0.27

0.47–4.76
0.97–7.11
0.03–2.11

—
0.76
—

1.00 (referent)
—
1.24

0.31–4.97

0.79
0.01

1.00 (referent)
0.88
3.96

0.33–2.30
1.32–11.86

0.14

1.00 (referent)
6.66

0.54–82.33

0.02

1.00 (referent)
4.42

1.31–14.92

0.04

1.00 (referent)
2.76

1.08–7.10

0.001

1.00 (referent)
3.70

1.77–7.75

0.007

1.00 (referent)
2.96

1.34–6.57

0.03

1.00 (referent)
4.76

1.16–19.58

0.01

1.00 (referent)
2.66

1.23–5.76

CI = conﬁdence interval; CL = contact lens; Occ O/N wear = occasional overnight use; Overnight wear = regular overnight use; SEIFA IQR =
Socio-Economic Indexes for Areas interquartile range.
Daily wear model discrimination (area under receiver operating characteristic curve) 79.1%.
Overnight wear model discrimination (area under receiver operating characteristic curve) 73.9%.

infection remains rare, affecting 4.2 per 10 000 (95% CI,
3.4 –5.5) wearers in Australia per year. This incidence rate
is consistent with those previously reported from the United
States,1 Holland,3 Hong Kong,2 and Scotland.4
Permanent vision loss after corneal infection occurred in
11% to 13% of cases in studies previously reported.3,30 The
present study reports an annualized incidence in 0.6 per
10 000 wearers (13.9% of cases) who experienced a reduc
tion in best-corrected visual acuity of :2 lines. Using a ﬁnal
corrected acuity of 6/12, the rate of vision loss was 9.9%, or
0.4 per 10 000 wearers overall. The highest risk of visual
loss occurred with overnight CL use; however, there was no
difference in the annual rate of vision loss in soft (4.0 per
10 000) and silicone hydrogel (2.8 per 10 000) use. These
estimates are consistent with a recent report of vision loss in
overnight silicone hydrogel CL use of 3.6 per 10 000 wear
ers per year.31
Overnight use of CLs, irrespective of material type,
continues to be the main risk factor for corneal infection.

Overnight use hydrogel CLs had an absolute risk of 19.5
(95% CI, 14.6 –29.5) and silicone hydrogel CLs of 25.4
(95% CI, 21.2–31.5) per 10 000 wearers per year. These
risks are similar to those previously reported for overnight
use of hydrogel CLs1–3 and a recent report of overnight use
of silicone hydrogel CLs.7,31 There were no signiﬁcant
differences in risk between material types, similar to the
ﬁnding described by Dart et al.27 However, of note is the
longer continuous duration of overnight wear with silicone
hydrogel CL (up to 30 nights) compared with predomi
nantly 6 nights for hydrogel CLs.
The incidence of microbial keratitis associated with daily
wear hydrogel CLs is low, (1.9 –2.0 per 10 000 wearers per
year) and is lower than previous estimates of 2.7 to 6.4 per
10 000 wearers,1– 4,7 which may be expected, because daily
wear in this dataset excluded wearers using CLs on an occa
sional overnight basis. Wear of daily disposable CLs seems to
be associated with the lowest risk of severe microbial keratitis.
Eliminating the CL storage case may reduce the likelihood of
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lens contamination by Gram-negative bacteria, which is asso
ciated with more severe disease.32
Among daily wearers, the unadjusted incidence of dis
ease was higher with silicone hydrogel CLs than with other
daily wear CLs. After controlling for other risk factors, use
of silicone hydrogel CLs had a higher but not statistically
higher risk of infection than use of hydrogel CL (odds ratio,
2.6; 95% CI, 1.0 –7.1). It is possible that factors intrinsic to
the material properties of these CLs contribute to the dif
ferential risk of infection. However, characteristics of indi
viduals who are early adopters of newly introduced modal
ities may be important.33 Conceivably, the risk of microbial
keratitis measured with new products may be complicated
by the characteristics of the small number of people wearing
the latest technology. It might be reasonable to expect that
the early adopters of new technology are unique, possibly
owing to different demographics, socioeconomic status,
compliance, risk-taking behaviors, and lifestyles, or those
who may have been ﬁtted with new products after poor
success previously. This should be considered in interpre
tation of epidemiologic studies of CL-related microbial
keratitis that focus on the ﬁrst group of wearers to adopt
new products. Such confounding factors could not be ad
dressed with this study design.
Other risk factors in daily wear CL use included
sporadic overnight wear and poor storage case hygiene. A
strong association with aspects of CL hygiene has been
consistently reported.2,20 –22 A higher risk of microbial
keratitis among smokers has also been documented pre
viously.2,8,20 This is the ﬁrst study to consider the method
of CL supply. The higher risk associated with Internet/
mail order purchase of lenses is a new ﬁnding and this
increased risk may be related to CL care attitudes and
behaviors. The association between higher socioeco
nomic class and microbial keratitis in both daily and
overnight use was unexpected and remains unexplained.
Risk factors in overnight use of CLs included the
duration of current CL wear. A shorter duration of CL use
(<6 months) was associated with a higher risk of disease,
which may suggest some initial adaptive response to CL
wear. This is consistent with studies of recovery in CLinduced corneal epithelial thinning and exfoliation rate
over time.19 Similarly, bacterial binding to exfoliated
epithelial cells is reduced in wearers with longer duration
of wear.19 These ﬁndings would predict that wearers who
are able to persist with overnight use are less susceptible
survivors.
Limitations of the study include possible underreporting
and a reduced capture rate of cases. However, this would be
expected to affect all CL types or modalities equally. Also,
this might be mitigated by the extremely high response
rate (96.2%) among practitioners1–3 and by the records
audit of the major centers. Using 2 sources (surveillance
and audit) to detect cases in epidemiologic studies is
favored for increased accuracy.34 Efforts were made to
standardize data reporting and case report forms through
pilot testing.35
This study was designed to evaluate presumed microbial
keratitis only. There was some reporting of cases that did
not meet the eligibility criteria (11%). These were excluded
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from the analysis. The use of a clinical case deﬁnition has
previously been justiﬁed in epidemiologic studies1,3,6,21 and
sufﬁcient data were collected in the present study to allow
stratiﬁcation by disease severity.
There is the possibility that bias exists in case detection
for newly introduced CL types; however, data capture from
multiple sources (treating practitioner, CL wearer, and CL
practitioner) likely reduced this occurrence.
The companion study27 also reported in this issue has
mirrored the major results in this study. These include the
ﬁnding that silicone hydrogel overnight wear has similar
risks for microbial keratitis as planned replacement soft
overnight wear, and that the risk of developing severe
microbial keratitis, with sight loss, is greater for planned
replacement soft lenses than with daily disposable soft
lenses. A unexpected ﬁnding in both studies was that, for
the majority of microbial keratitis cases (moderate and
mild), there was either no difference between daily dispos
able and planned replacement soft lenses (Australian study)
or a greater risk (UK case control study).
The increased risk of microbial keratitis for daily dispos
able lenses and some brands of daily disposable lens dem
onstrated in the UK study, but not this study, may be due to
the reduced power of this study to demonstrate differences
(12 cases and 116 controls) compared with that of the UK
study (84 cases and 482 controls) among daily wear users of
daily disposable lenses.
There were differences between the studies for other risk
factors. The UK study showed that longer periods of daily
wear, poor hand hygiene, hypermetropia, younger age, and
male gender were risk factors, whereas this study showed
poor CL case hygiene, smoking, Internet supply of lenses,
and higher socioeconomic class to be risk factors. These
differences probably relate to differences in CL practice
between the 2 countries and differences in study power
owing to differences in market penetrance of the different
modalities.
These 2 new studies, taken together, represent the largest
prospective, well-designed, epidemiologic studies of this
problem and provide deﬁnitive data to help the CL user and
CL practitioner make informed choices about CL types and
wear schedules. They also provide the CL industry with
information that might be expected to lead to the develop
ment of safer lens types.
In summary, CL-related microbial keratitis remains an
issue of signiﬁcant public health importance. Although the
risk to the individual is low, the population affected by this
condition is young, healthy, and of working age, with a low
risk of infection in the absence of CL wear. Affected indi
viduals may experience vision loss, a period of hospital
admission, multiple outpatient visits, and signiﬁcant pain
and discomfort. This paper reports the ﬁrst prospective
surveillance study to establish risks with newly intro
duced CL modalities. Overnight wear remains the major risk
factor for developing microbial keratitis, irrespective of mate
rial type. Other risk factors include poor storage case hygiene,
smoking, method of CL purchase, and socioeconomic class.
Users of overnight wear CLs have an increased risk for devel
oping microbial keratitis during their early wear experience.
The risk of infection associated with CL use needs to be
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considered in the context of informed choice and risk– beneﬁt,
including the risks associated with refractive surgery and the
beneﬁts of the cosmetic, sporting, and other advantages of CL
wear.
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