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Abstract
Purpose To investigate the clinical presentation, isolated or-
ganism, treatment, and morbidity of contact lens–associated
microbial keratitis needing hospitalization.
Methods This retrospective study included all consecutive
patients with contact lens–associated microbial keratitis hos-
pitalized in the Rotterdam Eye Hospital from January 1, 2005,
to December 31, 2009. All data regarding epidemiological
characteristics, clinical presentation, isolated organism, and
treatment were collected from medical records.
Results There were 109 cases (108 patients) of contact lens–
associated microbial keratitis hospitalized during the study
period. Mean age was 33.3±15.4 (SD) years. Pseudomonas
aeruginosa was the most frequently isolated microorganism
(68.8 %), with minor resistance to gentamicin (2.7 %) and
ofloxacin (1.3 %). At time of presentation, best corrected
visual acuity (BCVA) was very poor, with the largest propor-
tion of patients (65.1 %) seeing worse than 0.05 Snellen. After
intensive treatment, the visual outcome improved consider-
ably, with the largest proportion (67.0 %) achieving a BCVA≥
0.7 Snellen. Low BCVA at admission was significantly asso-
ciated with a worse final BCVA. A total of 22 patients
(20.2 %) required corneal transplantation (three emergency
cases). Larger size of stromal infiltrate was significantly asso-
ciated with the need for corneal transplantation.

Conclusion Microbial keratitis is a serious complication of
contact lens wear, with approximately one out of five hospi-
talized cases requiring corneal transplantation. Ofloxacin, or a
combination of gentamicin and cephazolin, still appear to be
excellent first-choice therapies in the Netherlands, as little
resistance has developed to these antibiotics.
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Prognosis

Introduction

Microbial keratitis (MK) is the most severe and the only sight-
threatening complication of contact lens (CL) wear [1]. Af-
fected individuals can experience significant pain and discom-
fort and may require hospitalization with intensive treatment
and even keratoplasty in severe cases. Visual outcome is
frequently permanently impaired.

The estimated annual incidence of MK per 10,000 contact
lens wearers, depending on lens type and wearing schedule,
ranges between 1.2 (95 % CI, 1.1-1.5) for daily wear rigid gas
permeable (RGP) lenses and 25.4 (95 % CI, 14.6-29.5) for
extended wear of silicone hydrogel lenses [2]. Themost recent
estimation of incidence of MK in the Netherlands among CL-
wearers dates from 1999, reporting an annualized incidence
per 10,000 wearers between 1.1 (95 % CI, 0.6-1.7) for daily
wear RGP lenses and 20.0 (95 % CI, 10.3-35.0) for extended
wear of disposable SCL (soft contact lenses) [3].

With an estimated 1.9 million contact lens wearers in the
Netherlands [4], this implies a huge burden, both medically
and financially [5]. The economic consequences are
compounded by the fact that CL-associated MK typically
affects healthy people of working age.

Severe cases are mostly due to gram-negative bacteria
[6–8]. In most cases, Pseudomonas aeruginosa appears to
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be the primary pathogen. Determination of the prevalence of
microorganisms is essential so that the correct empiric antibi-
otic treatment may be initiated as soon as possible.

Whether a CL-wearer develops MK is multifactorial. Soft
lens type [3,9] and especially overnight use [2,9,10] are the
most important risk factors. Further, it has been hypothesized
that lens wearers are more susceptible to MK than non-
wearers because lenses cause cornea epithelial lesions,
allowing bacteria to adhere [11,12]. In addition, induced cor-
neal hypoxia [13], reduced corneal epithelial cell turnover,
ocular surface compartmentalization and tear film stagnation
due to contact lens wear are possible additional factors in the
pathogenesis of MK [9].

Despite the many recent cohort studies that have evaluated
MK in contact lens wearers [9,14–17], only one large study
focussed primarily on hospitalized patients [7]. It is for this
reason, and because a similar study has not yet been per-
formed in the Netherlands, that we decided to conduct a
retrospective study. We studied epidemiological characteris-
tics, clinical features, microbiologically isolated organisms
and their resistance to gentamicin, cephazolin, and ofloxacin,
treatment, and visual outcome of patients with CL-relatedMK
requiring hospitalization during a 5-year period. In addition,
clinical characteristics possibly prognostic for a low best
corrected visual acuity (BCVA) and for need of corneal trans-
plantation were analysed.

Material and methods

Study population

We retrospectively analysed the clinical records of all patients
with CL-related MK admitted to the Rotterdam Eye Hospital
(REH), a tertiary ophthalmology referral center, from January
1, 2005, to December 31, 2009. These files were traced using
registration ICD-9 codes (37000–37007, 37040–37059,
37090, 37120–37124, 371900, 0068), and each was manually
reviewed to ascertain whether or not it involved a hospitalized
CL-related MK.

Microbial keratitis was defined as a focal loss of corneal
epithelium with underlying stromal infiltration, clinically di-
agnosed as MK and receiving antibiotic treatment for pre-
sumed MK [3,18]. REH criteria for hospital admission are
MK with a central localization or MK with a peripheral
localization combined with a stromal infiltrate exceeding a
diameter of 3 mm in the greatest dimension of the lesion.

Patients with therapeutic, rather than refractive, contact
lenses, a history of keratoplasty, presumed herpes simplex
keratitis or those with comorbidity, e.g., rheumatoid arthritis
or trichiasis, were excluded. A total of 109 cases (108 patients)
were identified who fit the inclusion criteria.

Data collection

The data listed in Table 1 were identified for all subjects. We
conducted a survey by mail and telephone (for the non-mail
responders) among the patients to retrieve missing epidemio-
logical data.

Microbiology

Corneal scrapings were obtained by ophthalmologists using a
sterile cotton swab. In addition, samples were taken from the
contact lens box or the contact lens itself, when available.
Collected specimens were routinely inoculated on 5 % sheep
blood agar, chocolate agar and, finally, the swap was placed in
thioglycollate broth. Cultures were examined after overnight
incubation and again after 24 hours. Sabouraud dextrose agar

Table 1 Data collection

Collected data Description

Age Years

Gender Male or female

Type of contact lens SCL or RGP

Duration of contact lens use Years

Contact lens wearing
schedule

Daily, nightly or extended (day and night)

Replacement frequency Daily disposable (used once for daily wear
and then disposed of) or conventional
(used for one week or longer and then
disposed)

Incidental risk factors Swimming, sauna, corneal trauma,
occasional overnight wear, visit abroad

Duration of symptoms at
presentation

Days

Therapy commenced
before presentation

Medication

Duration of hospital
admission

Days

BCVA at admission Snellen (when BCVAwas not documented,
visual acuity using pinhole was used
instead)

Corneal localization Peripheral or central (central was defined as
lesions located within the pupillary area,
approximately the central 4-mm-diameter
zone of the cornea)

Size of stromal infiltrate mm (along greatest dimension)

Presence of hypopyon Yes or no

Isolated microorganism Organism

Additional therapy Surgery or need of RGP

BCVA at last follow-up Snellen (when BCVAwas not documented,
visual acuity using pinhole was used
instead)

RGP rigid gas permeable contact lens, SCL soft contact lens; BCVA best
corrected visual acuity.
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plate or a Page plate seeded with Escherichia coli were used
when yeasts or fungi, or acanthamoeba infection, respectively,
was suspected. These cultures were incubated for, respective-
ly, six weeks and seven days. Further microbiological analy-
ses were performed according to standard microbiological
procedures. Additionally, PCR-testing was routinely carried
out for herpes simplex virus, varicella-zoster virus, adenovirus
and Chlamydia trachomatis .

Treatment

The primary treatment for MK patients hospitalized in the
Rotterdam Eye Hospital is atropine 1 % t.i.d., plus cephazolin
5 % drops and fortified gentamicin drops hourly, day and
night, for the first 48 hours. Tetracycline drops and oral
doxycycline were administered in cases of significant
loss of corneal stroma. The antimicrobial treatment is
subject to modification, as guided by clinical response,
clinical likelihood for a specific causative agent and
sensitivity results based on microbial analysis. When
the causative microorganism was identified and the lesion
responded adequately to the antimicrobial therapy, topical
steroids were introduced.

Data analysis

Categorical data were examined using chi-square analysis. All
tests were two-tailed and a 5 % significance level was used. A
mixed model analysis was used to determine the factors that
predicted a worse final BCVA and need of corneal
transplantation. Factors analysed in this study were pres-
ence of hypopyon, localisation (central or peripheral),
duration of symptoms, BCVA at admission and size of
stromal infiltrate.

For statistical analysis, Snellen BCVA was converted into
logarithm of the minimal angle of resolution (LogMar) for the
purpose of statistical analysis. In the text, means are followed
by the standard deviation.

Results

Epidemiological characteristics

A total of 109 CL-related MKwere admitted at the Rotterdam
Eye Hospital between January 1, 2005, and December 31,
2009 (patient characteristics, Table 2). The average age of
patients was 33.3 years (SD 15.4), ranging between 12 and
72 years (age distribution, Fig. 1) with a predominance of
females (57.8 %). Mean CL-wearing experience was 9 years
(SD 9.7), including nine inexperienced users with
6 months or less wearing experience. During the successive

years of the 5-year study period, 30, 17, 20, 25 and 17 patients
were hospitalized annually. Seasonal distribution peaked sig-
nificantly during the summer season with 37 patients (p <
0.05, compared with 27 patients expected). This peak was
still present after exclusion of 12 patients who reported
visits abroad. A total of 15 patients reported wearing
daily-wear CL while sleeping. Other possible risk fac-
tors that may have predisposed for the development of MK
swimming while wearing CL (n=5), recent corneal trauma
(n=6) and sauna visit (n=1).

Microbiology

Cultures were taken from corneal scrapings (all cases), contact
lenses (36.7 %) and contact lens boxes (14.7 %). Routine
microbial analysis resulted in 86 positive samples (78.9 %).

Table 2 Lens type and wearing pattern

Lens type and wearing pattern
Replacement frequency

N Male/
female

Age in years, mean
± SD (range)

RGP* 12 2/10

Daily wear RGP 10 1/9 38.6±16.6 (16–68)

Night wear RGP 2 1/1 42.5±5.0 (39–46)

SCL 97 44/53

Daily wear SCL 96 43/53 32.6±15.4 (12–72)

Daily disposable 16 7/9 38.8±18.8 (13–63)

Conventional 71 32/39 31.1±15.0 (12–72)

Unknown 9 5/4

Extended wear SCL 1 1/0 28

Total 109 46/63 33.3±15.6 (12–72)

N number; sd standard deviation.
* In the Netherlands, the estimated ratio RGP:SCL is approximately 35%
: 65 % [4].

Fig. 1 Age distribution among included patients (men/women)
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Table 3 Origin of positive
samples

In some cases, identical causative
organisms were found in cornea
and contact lens, or cornea and
lens box. Sporadically, the origin
of the microbial sample could not
be retraced.

Organism Cornea Contact
lens

Lens
box

Cornea &
Contact
lens

Cornea
& Lens
box

Unknown

Gram-negative bacteria

Pseudomonas aeruginosa 48 13 1 4 1 8

Stenotrophomonas maltophilia - 6 2 - - -

Serratia spp. 1 7 5 - - 2

Klebsiella spp. 1 3 1 - - -

Citrobacter spp. 1 - 1 - - -

Aeromonas hydrophilia - - 1 - - -

Enterobacter cloacae - 1 - - - 1

Achromobacter xylosoxidans - 2 - - - 1

Chryseobacterium meningosepticum - - 1 - - -

Alcaligenes xylosoxidans - 1 - - - -

Delftia acidovorans - 1 1 - - -

Proteus mirabilis - - 1 - - -

Unspecified, Gram-neg 2 - - - - -

Gram-positive bacteria

Bacilus - 1 1 - - -

Unspecified, Gram-pos 2 - - - - 2

Amoebae

Acanthamoeba 3 - - - - -

Fungi

Aspergillus fumigatus 1

Candida parapsilosis 1

Table 4 Microbial isolates and
resistance to ofloxacin, gentami-
cin and cephazolin of contact
lens-related microbial keratitis
(n=109)

*1 Cases without culture results
were excluded.

Isolated organism Number of isolates
(number polymicrobial)

Resistance (%)*1

Ofloxacin Gentamicin Cephazolin

Gram-negative bacteria

Pseudomonas aeruginosa 75 (27) 1.3 % 2.7 % 99.3 %

Stenotrophomonas maltophilia 8 (8) 0 % 42.9 % 100 %

Serratia spp. 15 (15) 10.0 % 0 % 90.0 %

Klebsiella spp. 4 (3) 0 % 0 % 0 %

Chlamydia trachomatis 0

Unspecified, Gram-neg 2 (1)

Gram-neg., others 14 (14)

Gram-positive bacteria 7 (4)

Bacillus 3 0 % 67.7 % 0 %

Unspecified, Gram-pos. 4

Virus

Herpes simplex 1 (1)

Adeno 1 (1)

Total 132 (31)

Negative culture 23
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Causative microorganism and the origin of the samples are listed
in Table 3. Mixed infections are reported in 31 cases, most
frequently serratia (n=15) and stenotrophomonas maltophilia
(n=8). Table 4 summarizes microbial isolates, the number of
mixed infections (polymicrobial) and the sensitivity results for
ofloxacine, gentamicin and cephazolin.

Clinical features

At time of presentation, BCVAwas very poor, with the largest
portion (65.1 %) worse than 0.05 Snellen. The interval between
the appearance of subjective symptoms and presentation at the
hospital ranged from 1 to 44 days (mean 4.6±SD 5.4). Excluding
patients with prior treatment elsewhere, this interval ranged from
1 to 7 days (mean 2.6±SD 1.3). Clinical features at admission
and antimicrobial therapy at time of admission are documented
in Table 5. Duration of hospital stay ranged from 1 to 20 days
(4.9±SD 3.0).

Treatment

Upon hospital admission, almost all patients (n=106; 97.2 %)
were initially treated according to REH protocol, as described in
‘Material and methods’. The three remaining patients had been
previously treated with antibiotics elsewhere for several weeks
prior to referral to the Rotterdam Eye Hospital, so adjusted
therapy based on clinical response was started.

A total of 22 eyes (20.2 %) required corneal transplantation,
consisting of 17 perforating keratoplasties, 3 deep anterior lamel-
lar keratoplasties and 2 anterior lamellar corneal transplants.
Three perforating keratoplastieswere conducted in an emergency
setting because of corneal perforation (all scrapings positive for
Pseudomonas aeruginosa). There were 19 keratoplasties that
were were scheduled because of substantial loss of visual acuity
due to scarring. No cases in our study required evisceration or
enucleation.

Mixed model analysis revealed that the size of stromal infil-
trate was an independent predictor for need of cornea transplan-
tation (p <0.01, t =4.685). Neither the presence of hypopyon,
lesion localisation (central or peripheral), duration of symptoms
nor BCVA at admission reached statistical significance (p >0.05
for all comparisons).

A total of 47 patients (43.1 %) required RGP in order to
achieve optimal vision, while 33 patients (30.3%) did not require
additional therapy (RGP or surgery).

Visual outcome

The mean final visual acuity after treatment was 0.7 Snellen,
ranging from 0.1 to 1.0. Figure 2 visualizes the BCVA at pre-
sentation with BCVA after treatment. After treatment, the largest
proportion (67.0 %) achieved BCVA better than or equal to 0.7
Snellen. TheBCVA after treatment for the 109 patients improved
in all cases (mean 7.4±3.5 Snellen lines) compared to BCVA at
presentation.At last follow-up, only 1 patient had aBCVAof less
than 0.1 Snellen.

Mixed model analysis revealed that worse BCVA at admis-
sion was an independent predictor of worse final BCVA (p <
0.01; t =2.862). Presence of hypopyon, localisation (central of
peripheral), duration of symptoms and size of stromal infiltrate
did not reach statistical significance.

Discussion

This is the first report of contact lens–related MK in the Nether-
lands that included only hospitalized patients. Similar studies
have been carried out in Belgium, Greece and Sweden
[7,8,19]. However, in other countries (like the United States)
ophthalmic care has become even more of an outpatient endeav-
our and the hospitalized cases in this study would probably be
treated in an outpatient setting. By selecting only hospitalized
patients, this study focuses only on the most severe cases, al-
though on a case-by-case basis; the social factors of each patient
and general health status might also have played a role in the
decision whether that patient was treated on inpatient or outpa-
tient basis.

MK was defined using a clinical case definition and not a
microbiological definition because failure to culture an organism
does not exclude a microbial cause. Confirmation of microbial
origin by microbial analysis was found in 86 cases (78.9 %) but
false-positive and false-negative cultures impose difficulties in
interpretation. The percentage of positive cultures found in our
study (78.9 %) is relatively high [7,8,19]. Other potential limita-
tions of the present study are its retrospective design, overlooked
cases and lack of follow-up. The Rotterdam Eye Hospital is a
specialised referral hospital, so many patients had received anti-
biotic treatment prior to referral, which might have introduced a
selection bias towards more severe and more therapy-resistant

Table 5 Clinical features at admission and antimicrobial therapy prior to
admission

Clinical features at presentation Mean ± sd (range)

Duration of symptoms before admission in days 4.6±5.4 (1 – 44)

Size of stromal infiltrate in mm 3.7±2.0 (0.9 – 10)

Central (n =83) 4.1±2.2 (0.9 – 10)

Peripheral (n =26) 2.8±1.1 (1.5 – 6)

BCVA (Snellen) 0.02 (LP+− 0.8)

N (%)

Presence of hypopyon 64 (58.7 %)

Antimicrobial treatment prior to admission

Ofloxacin/ Gentamicin/ Tobramycin 36 (33.0 %)

Chlooramphenicol/Fucidic acid 26 (23.8 %)

LP light perception.
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MK. However, referrals are sometimes made on a practical basis
(e.g., access to hospitalization facilities) as well.

Despite innovations in contact lens material, such as silicone
hydrogel lenses, the incidence of CL-related MK has not de-
creased in recent years, according to prospective epidemiological
studies [2,20]. Predisposing factors have been studied extensive-
ly. Among others, soft lens type and overnight use are considered
themajor risk factors [2,3,9,10]. It has been hypothesized that the
risk of corneal infection increases with soft lens type because of
induced corneal hypoxia. This effect is even more pronounced
when the eyes are closed, and the combination with reduced
nightly tear exchange increases the risk further.

A prospective study from Morgan and colleagues [21] sup-
ports this hypothesis by showing that risk of severe MK de-
creased five times with the more oxygen-permeable silicone
hydrogel lenses as compared with regular hydrogel lenses when
worn on an extended wear basis. However, a recent prospective
case–control study from Dart and colleagues [9] found no sig-
nificant effect of silicone hydrogel lenses on the risk of microbial
keratitis. This study concluded that factors other than corneal
hypoxia play a more significant role. Other possible risk factors
include lens brand [9], poor storage case hygiene [2], tobacco use
[9,22], internet purchase [2], older age [9], male gender [9,21],
late winter months [21], lower socioeconomic class [23], higher
socioeconomic class [2] and less than 6 months of wearing
experience [2].

In this study, seasonal distribution peaked in summer. The
weather of the Netherlands is characterized by amaritime climate
with a yearly average temperature of 10º C. July and August are
the warmest (mean temperature of 17.5º C) and wettest months.
Climatic conditions are known to affect disease severity in
contact lens-related MK [24]. Severe cases are more likely to
occur in warmer and humid conditions. Other possible explana-
tions for the increased incidence are more frequent swimming
during summer, unintended sleeping while wearing the contact
lenses during travelling, and visits abroad to tropical regions
during the holiday period. However, when excluding patients
with reported visits abroad, the summer peak is still eminent.

Some isolated microorganisms are solely cultured from con-
tact lenses or storage cases and not found in corneal isolates
(Table 3). Interpretation of these results is difficult because 10 %
of contact lenses harbor gram-negative and highly pathogenic
species, even in asymptomatic cases [25]. Moreover, the inci-
dence of bacterial contamination in lens cases is more than 50 %
in asymptomatic subjects [25]. Thus, because of its low speci-
ficity, it may be concluded that contact lens or storage case
cultures are primarily helpful in causative diagnosis when the
corneal scraping is culture negative.

Several studies have shown emerging resistance to second-
generation fluorquinolones, like ofloxacin, mainly among Staph-
ylococcus species [26–27] especially in populations with high
levels of antibiotic use for both human and veterinary medicine.

Fig. 2 BCVA at admission
compared with BCVA after
therapy

Table 6 Summary of studies
Author Number of persons Number of keratoplasties Mean final BCVA Range

(percentage) Snellen equivalent

Saeed et al. 2009 37 3 (5 %) 0.8 0.1–1.2

Verhelst et al. 2006 107 16 (15 %) 0.6 0.1–1.0

Nilsson et al. 1994 92 3 (3 %) 0.8 0–1.2

Current study 109 22 (20 %) 0.7 0.1–1.0
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In the current study, resistance to ofloxacinwas found in only one
case, inwhich Serratia specieswere determined to be the primary
causative agent.

Our findings demonstrate that the use of ofloxacin, or a
combination of gentamicin and cephazolin, as initial therapy,
is highly effective against the majority of the cultured micro-
organisms. Possibly even lower resistance can be obtained by
using vancomycin combined with ceftazidime or ciprofloxa-
cin, as documented by Saeed and colleagues [6] and Fong and
colleagues [28].

Our study demonstrates that relatively good visual acuity
can be achieved after intensive antibiotic treatment followed
by RGP use or cornea transplantation, in indicated cases. The
final BCVA after treatment (mean 0.7 Snellen; range 0.1-1.0)
is in accordance with previous studies that investigated con-
tact lens-related MK needing hospital admission (Table 6).
The proportion of patients undergoing keratoplasty in our
study is higher (Table 6). However, different criteria for hos-
pitalization and different length of follow-up imposes difficul-
ties in comparing these studies adequately. The reported
BCVA at last follow-up is probably an underestimation of
the final BCVA because improvement after the study period
is likely because some patients were referred back to their
primary ophthalmologist after hospital admission (7 patients)
or did not show up at their last appointment (13 patients).

Conclusion

Our study underlines that MK is a serious complication of
contact lens wear, with approximately one out of five hospital
admissions leading to corneal transplantation. Social and eco-
nomic consequences of this pathology are significant, consid-
ering this condition often occurs in working-age people
(70.4 % aged between 20 and 65 years). At time of presenta-
tion BCVA is very poor, with the BCVA of the largest pro-
portion (65.1 %) worse than 0.05 Snellen. However, intensive
treatment can considerably improve the final BCVA, with the
largest proportion (67.0 %) achieving a visual acuity 0.7
Snellen or better. Ofloxacin or a combination of gentamicin
and cephazolin still appear to be an excellent first choice of
therapy in the Netherlands, with low levels of antimicrobial
resistance.
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