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Objective: To review the microbiologic profile, clinical course, treatment, and outcome in patients with
contact lens–associated microbial keratitis in the setting of a tertiary eye care center in a developing country in
the Tropics.

Design: Retrospective noncomparative case series selected from an ongoing prospective series.
Participants: Twenty-eight subjects examined in the contact lens clinic of L. V. Prasad Eye Institute,

Hyderabad, south India, between February 1991 and September 2000, who presented with corneal stromal
infiltrate on slit-lamp examination, were included in the study.

Intervention: All patients underwent standard diagnostic microbiologic evaluation and smear and culture–
guided topical antimicrobial therapy. Penetrating keratoplasty was performed in some patients.

Main Outcome Measures: Culture results and clinical response to antimicrobial therapy.
Results: Twenty eight (0.11%) of 23,889 contact lens–wearing patients presented with laboratory-proven

infectious keratitis; this constituted 0.56% of 4967 corneal ulcer patients seen during the same period. Most
(15/28) of the patients wore soft contact lenses on a daily basis. Rigid gas-permeable lenses were worn by six
patients, therapeutic bandage contact lenses by four, and Silsoft lenses by four. Laboratory results showed
bacterial infections in 25 patients (89.2%); Pseudomonas was the most common organism (13/25; 52%).
Acanthamoeba, herpes simplex virus, and Aspergillus niger were isolated in one case each. Laboratory-based
medical therapy led to the healing of ulcers in 24 (85.7%) of 28 patients, whereas 4 patients required penetrating
keratoplasty. Most of the organisms were sensitive to antibiotics.

Conclusions: Contact lens–associated microbial keratitis is rare in southern India. Soft contact lens wear is
the most common risk factor; Pseudomonas keratitis is the predominant causative agent. Fungal, viral, and
Acanthamoeba keratitis are rare. The offending bacteria are usually sensitive to antibiotics, and the treatment
outcome with medical therapy is good. Ophthalmology 2003;110:138–143 © 2003 by the American Academy of
Ophthalmology.

Introduction

The link between microbial keratitis and contact lens wear
is beyond question, and the relative risk is reported to be
highest among extended-wear soft contact lens users.1 Sev-
eral studies have reported an increased risk of infectious
keratitis with the use of soft contact lenses as a cosmetic
lens for myopia correction on an extended-wear basis.2–4

Most articles documenting contact lens–associated micro-
bial keratitis have originated in Europe and the United
States. Although there are many reports on microbial kera-
titis related to trauma and other causes from the Indian

subcontinent,5–8corneal infections during contact lens wear
rarely have been reported except for a few anecdotal re-
ports.9,10 An epidemiologic and etiologic analysis from
south India of consecutive cases of corneal ulcers seen over
3 months, and other reports from the Tropics,11–13have not
included any case of contact lens–related infection.

In the Western reports, the microbiologic profile of infec-
tious keratitis associated with the extended wear of cosmetic
soft contact lenses includes a large variety of microorganisms,
notably gram-negative organisms such asPseudomonas spp.,
Hemophilus spp., Moraxella spp., and so on.14 Therapeutic
soft contact lens wearers, conversely, develop corneal ulcers
most often caused by gram-positive bacteria, especially strep-
tococci, and uncommon organisms. Fungal keratitis is surpris-
ingly rare in both groups, although several studies have docu-
mented fungal contamination of hydrogel contact lenses.15,16

Reportedly, increased positive cultures that include fungus
have been seen in the soft contact lenses recovered from the
Indian population with asymptomatic contact lens wear (daily
and extended wear), compared with the Australian popula-
tion.17 However, no occurrence of microbial keratitis was
seen in first 13 months of a clinical trial involving extended
wear of disposable hydrogel lenses by Indian patients.18
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This study analyzes the incidence of contact lens–asso-
ciated microbial keratitis in patients seen in the contact lens
clinic of a tertiary eye care center in south India. The
microbiologic profile, clinical course, treatment, and out-
come of the patients are reported.

Materials and Methods

Of the 23,889 subjects seen in the contact lens clinic of L. V.
Prasad Eye Institute between February 1991 and September 2000,
28 cases (0.11%) of corneal ulceration were identified from infor-
mation collected prospectively on a corneal ulcer database. The
patients who met the criteria of having corneal stromal infiltrate on
slit-lamp examination and its microbiologic evaluation for sus-
pected microbial keratitis were included in this study.

Before clinical examination, a detailed history was obtained
relating to the type of contact lens worn, duration of wear, type of
cleaning and disinfecting solution used, and compliance to the
schedule. If available, the contact lenses and solution used by the
patient were obtained and sent to the microbiology laboratory for
processing. The contact lenses were aseptically removed in pa-
tients presenting with lenses on the cornea. The lenses were placed
in 2 ml of phosphate-buffered saline, pH 7.2, for transport to the
microbiology laboratory.

A slit-lamp biomicroscopic examination was conducted to
record the location and size of the corneal infiltrate and other
anterior segment details of the affected eye. Under topical anes-
thesia (4% lidocaine hydrochloride) and slit-lamp magnification,
corneal scrapings were obtained from the base and edge of the
ulcer by using a sterile surgical blade no. 15 on a Bard Parker
(Asian Surgical Co., Hyderabad, India) handle. The samples were
inoculated directly onto sheep blood agar, chocolate agar, nonnu-
trient agar, Sabouraud dextrose agar, potato dextrose agar, thio-
glycollate, and brain–heart infusion broth. The Sabouraud and
potato dextrose agar plates were incubated at 25° C to enhance
fungal growth, and the remainder were incubated at 37° C. Blood
agar plates were incubated under aerobic and anaerobic conditions;
chocolate agar was incubated with 5% carbon dioxide, and non-
nutrient agar was incubated with an added live Escherichia coli
suspension. Gram stain, Giemsa stain, and potassium hydroxide
with calcofluor white under fluorescence were included as part of
the standard protocol for microscopic evaluation of corneal
smears. Acid-fast stains (Ziehl–Neelsen and Kinyoun) were per-
formed when indicated. A culture was considered positive when
there was growth of the same organism on two or more media, or
confluent growth at the site of inoculation on one solid medium, or
growth in one medium with consistent direct microscopy findings,
or growth of the same organism on repeated corneal scrapings.

The contact lenses were vortexed in phosphate-buffered saline
for 1 minute, removed aseptically, and cultured with an agar
sandwich technique. A description of this technique is given in
detail elsewhere.16 The lenses were processed for bacteria, fungi,
and Acanthamoeba.

The treatment protocol of patients who were determined to
have bacterial keratitis on the basis of initial smear examination
was either (1) fortified cefazolin (5.0%) and gentamicin (1.4%)
every minute for 5 minutes and then every 30 minutes for the first
day, to be tapered according to clinical response; or (2) topical
ciprofloxacin (0.3%) every minute for 5 minutes and then every 30
minutes for the first day, to be tapered according to clinical
response. Fortified cefazolin and gentamicin were used if Strepto-
coccus pneumoniae was suspected by smear studies. Antibiotic
therapy was modified when necessary on the basis of culture and
antibiotic susceptibility reports. Specific therapy for fungal kera-

titis included one drop of natamycin suspension (5%) every 5
minutes for 30 minutes and then every 30 minutes, to be tapered
according to clinical response. Epithelium was debrided regularly
to increase drug penetration. Cases diagnosed with Acanthamoeba
infection were treated with topical eye drops of 0.02% polyhexa-
methylene biguanide every 30 minutes for 2 to 3 days, followed by
every hour for a week. The frequency was reduced to 3 or 4 hours
per day according to clinical response. Neosporin Burroughs Well-
come (India) Limited, Mumbai, India ointment was added at night.
Herpes simplex virus infection was treated with acyclovir eye
ointment, applied five times daily until the infection resolved. All
cases received cycloplegics (atropine sulfate) per standard proto-
col.

Most patients were treated as inpatients, except those with
small infiltrates who could come for outpatient follow-up regularly
and were compliant with medical therapy. The patients who had
gross thinning of the cornea (90%) or corneal perforation of �2
mm were treated by tissue adhesive (n-butyl cyanacrylate) appli-
cation along with bandage contact lenses. Patients who had large
perforations, those who did not respond to medical therapy, and
those whose condition worsened despite medical therapy were
subjected to therapeutic penetrating keratoplasty.

Results

Twenty-eight eyes of 28 patients were identified for the analysis.
The patients ranged in age from 1 to 53 years (mean, 22.3 � 2.6
years; median, 19 years). Twelve of these patients were men, and
16 were women. Their main complaints were pain, redness, wa-
tering, and decreased vision in the affected eye. The duration of
symptoms ranged from 1 day to 30 days.

Fifteen patients gave a history of wearing soft contact lenses
over a variable period. Table 1 outlines the clinical details, includ-
ing the type of lenses worn, of these patients. The clinical features
of patients who developed microbial keratitis after wear of rigid
gas-permeable lenses (n � 6), silicon elastomer lenses (n � 3), and
soft lenses on a therapeutic basis (n � 4) are described in Table 2.

Laboratory results showed bacterial infection in 25 patients
(89.2%) and 1 case each of fungal, viral (herpes simplex), and
Acanthamoeba infection. Table 3 outlines the culture and antibi-
otic susceptibility results of 25 bacterial isolates from 25 subjects.

The therapeutic strategies and outcomes in 28 subjects with
contact lens–associated microbial keratitis are summarized in Fig-
ure 1. The pretreatment and posttreatment visual acuities of all
patients are shown in Figure 2.

Discussion

The incidence of contact lens–associated microbial keratitis
is uncertain in India, and its related morbidity in the general
population of contact lens wearers is not known, although
the issue has been well examined in Europe (The Nether-
lands)19 and the United States.20 This study did not aim to
determine the annual incidence of microbial keratitis in the
Indian contact lens–wearing population; however, the de-
tection of 28 cases over 9 years 7 months in a contact
lens–wearing patient population of 23,889 indicates a low
incidence (approximately 1 in 10,000 per year). This low
incidence may be attributed to the limited number of people
wearing contact lenses.21 The popularity of contact lenses as
refractive error correction devices and their accessibility to
patients are relatively lower in India than in developed
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countries. In addition, the relatively high cost of the contact
lenses ensures that only those who can afford them (gener-
ally the more educated segment of the population) adopt this
mode of refractive error correction. This, in turn, is respon-
sible for reasonably good compliance and care of the lenses.

Most series on corneal ulcers reported from tropical
countries11–13 have highlighted the prevalence of trauma-
related fungal keratitis. Nearly 40% of culture-positive cor-
neal ulcers seen at our institute and at another center in
south India8 were of fungal etiology; therefore, it was sur-
prising to note that 89.2% of the contact lens–associated
microbial keratitis that we saw was of bacterial origin.
Pseudomonas species (especially Pseudomonas aerugi-
nosa) are reported the world over as the most common
organism associated with contact lens–related microbial
keratitis, and so was the case in this series (13/25; 52%). It

is interesting that despite the occurrence of fungal contam-
ination of lens cases, lens solutions,22 and even contact
lenses23 from this part of the world, contact lens–associated
fungal keratitis is rare. This phenomenon seems to be re-
lated to the impressive array of host defenses in the eye,
which fungi are less efficient to overcome. Conversely,
certain members of P. aeruginosa belonging to the cyto-
toxic group24 can invade the cornea without any breach in
the epithelium. Their toxin induces apoptosis of epithelial
cells and macrophages and facilitates invasion of the cornea.
A large amount of ExoT, which paralyzes cells and prevents
them from ingesting bacteria, is produced by these Pseudo-
monas species.25 In this series, there was only one patient
(no. 25) with fungal keratitis who developed focal infiltrate
in the cornea after 2 months of wearing rigid gas-permeable
lenses for keratoconus. The scraping from the infiltrate

Table 1. Clinical Features of 15 Patients with Soft Contact Lens–associated Microbial Keratitis

Patient
No. Age (yrs)/Gender Type of Lens

Duration
of Wear

Duration of
Symptoms

(days)
Visual Acuity
at Presentation

Size of
Infiltrate

(mm) Eye
Final

Visual

1 18/F DISP (DW) 6 mos 15 No PL 4.5 � 5.5 Right 20/20 parts
2 26/F DISP (DW) 10 yrs 1 20/20 Dotlike Right 20/20
3 29/F SCL (DW) 5 yrs 3 20/125 5.0 � 3.5 Left 20/60
4 18/F SCL (DW) 5 mos 4 20/100 2.0 � 2.0 Right 20/25 parts
5 29/M DISP (DW) NA 2 CFCF 4.3 � 4.1 Right 20/50
6 20/F SCL (DW) 2 mos 3 CF 50 cm 1.3 � 1.0 Left 20/30 parts
7 19/M COSM (DW) 1 mo 3 PL� PR� NA Right 20/30 parts
8 22/F DISP (DW) 3 mos 2 20/25 parts 0.3 � 0.3 Right 20/25
9 15/F DISP (DW) 2 mos 3 HM� 5.0 � 5.0 Right 20/25 parts

10 39/F SCL (DW) 14 yrs 30 CFCF NA Right CFCF
11 34/M SCL (DW) 6 mos 2 20/40 parts 1.3 � 1.0 Left 20/40
12 16/M SCL (DW) 1.5 yrs 12 PL� PR� 4.0 � 5.0 Right CF 1/2 m
13 20/M SCL (DW) 2.5 yrs 3 PL� PR� 7.5 � 8.0 Right PL� PR�
14 53/M EWSCL 4 mos 6 20/30 Dotlike Left 20/30
15 16/F SCL (DW) 6 mos 2 PL� NA Left 20/40

CFCF � counting finger close to face; COSM � cosmetic; DISP � disposable; DW � daily wear; EWSCL � extended-wear soft contact lens; F � female;
HM � hand movement; M � male; NA � not available; PL � perception of light; PR � projection of rays; SCL � soft contact lens.

Table 2. Clinical Features of 13 Patients with Rigid Gas Permeable, Therapeutic, and SilSoft Contact Lens–associated
Microbial Keratitis

Patient No. Age (yrs)/Gender
Type of

Lens
Duration
of Wear

Duration of
Symptoms

(days)
Visual Acuity of

Presentation

Size of
Infiltrate

(mm) Eye
Final Visual

Acuity

16 4/F Ther. CL 2.5 mos 2 NA 2.0 � 3.0 Right NA
17 51/M Ther. CL NA NA HMCF 3.0 � 4.5 Right HMCF
18 5/M Ther. CL 2 days NA NA NA Right 20/200
19 34/M Ther. CL 3 days NA HMCF 5.9 � 7.1 Right 20/50
20 39/F RGP 5 yrs 1 20/60 1.0 � 0.9 Right 20/40 parts
21 17/F RGP 1 yr 2 20/25 1.0 � 1.0 Right 20/25
22 19/M RGP 3 mos 1 20/30 1.0 � 1.0 Left 20/40
23 47/M RGP 2 yrs 6 CF 1/2 m NA Right 20/30
24 14/F RGP 4 mos 1 20/100 parts 1.0 � 1.0 Right 20/40
25 8/M RGP 2 mos NA 20/80 NA Right 20/50
26 1/F Silsoft 1 mo 1 NA 1.0 � 1.0 Right PL�
27 5/F Silsoft 6 mos 1 CF 1 m 2.3 � 3.0 Left 20/25 parts
28 8/F Silsoft 23 days 3 NA 2.0 � 1.0 Right NA

CF � counting finger; F � female; HMCF � hand movement close to face; M � male; NA � not available; PL � perception of light; RGP � rigid
gas–permeable; Ther. CL � therapeutic contact lens.
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yielded significant growth of Aspergillus niger. The lesion
responded well to antifungal therapy.

Contact lens wear did not seem to emerge as an impor-
tant risk factor for Acanthamoeba keratitis in our popula-
tion.26 The single patient (no. 10) with Acanthamoeba in-
fection of the cornea in this study was the only one with a
history of contact lens wear in a series of 146 cases of
Acanthamoeba keratitis diagnosed at this institute in the last
10 years (unpublished data). It remains a matter of debate

whether the low incidence of contact lens–associated Acan-
thamoeba keratitis is due to the lack of exposure of a large
population to contact lenses or to specific pathotypes of
Acanthamoeba species in certain geographical areas. Our
lone case had a history of wearing soft contact lenses for 14
years with an average wear time of 14 to 16 hours per day.
The corneal scraping from her affected eye, as well as the
contact lenses of both eyes, grew Acanthamoeba in culture.
Contact lenses were also contaminated with Candida tropi-

Table 3. Culture and Antibiotic Susceptibility Results of 25 Patients with Contact Lens–Associated Bacterial Keratitis

Serial No. Patient No. Name of Bacteria

Antibiotic Susceptibility

Gentamicin Ciprofloxacin Cefazolin

1 2 Alpha-hemolytic Streptococcus S S S
2 3 Staphylococcus species S S S
3 4 Pseudomonas aeruginosa S S R
4 5 P. aeruginosa S S R
5 6 P. aeruginosa S S R
6 7 P. aeruginosa S S R
7 8 P. aeruginosa S S R
8 9 P. aeruginosa S S R
9 11 Pseudomonas species S S R

10 12 Staphylococcus epidermidis S S S
11 13 P. aeruginosa I I R
12 14 Pseudomonas species S S R
13 15 P. aeruginosa S S R
14 16 Alpha-hemolytic Streptococcus S S S
15 17 Streptococcus pneumoniae S S S
16 18 Staphylococcus epidermidis R S S
17 19 Staphylococcus aureus S S S
18 20 P. aeruginosa S S R
19 21 P. aeruginosa S S R
20 22 Enterobacter species S S R
21 23 Staphylococcus epidermidis S R S
22 24 P. aeruginosa S S R
23 26 Streptococcus pneumoniae S I S
24 27 Corynebacterium species S S S
25 28 Staphylococcus epidermidis S S S

I � intermediate; R � resistant; S � sensitive.

Figure 1. Therapeutic strategy and outcome in 28 patients with contact lens–associated keratitis. PK � penetrating keratoplasty.
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calis and Klebsiella pneumoniae; however, these organisms
were not found in the corneal scrapings. Her corneal ulcer
healed in 3 months’ time with treatment with polyhexam-
ethylene biguanide PHMB and Neosporin.

One of our patients (no. 1) in this series clinically pre-
sented with bacterial keratitis but, upon microbiologic in-
vestigation, was confirmed to have atypical herpes simplex
keratitis. The details of this unusual case have been recently
published.27 The patient required penetrating keratoplasty
because of a large corneal infiltrate, which perforated.

The patient was prescribed oral acyclovir for prophylaxis
against recurrence in the graft, and the graft was clear 8
months after the surgery. Although difficult to establish, the
most probable risk factor for the development of herpes
simplex keratitis in this patient was contact lens wear.

Except for the six patients who wore rigid gas-permeable
lenses, the lens profile of our patients was mainly soft lenses
used on a daily-wear basis. The virtual nonavailability of
extended-wear lenses in the Indian market precluded a
larger number of patients with the extended mode of wear.
Most of our patients wore daily-wear soft contact lenses
(Table 1). Therapeutic soft contact lenses were prescribed
for persistent epithelial defect (patients 16, 18, and 19) and
aphakic bullous keratopathy (patient 17), and Silsoft lenses
(Bausch & Lomb, Rochester, NY) were prescribed for chil-
dren who required aphakic correction after pediatric cataract
surgery (patients 26, 27, and 28). It is interesting to note
that, in all patients who wore therapeutic lenses, including
Silsoft lenses, the causative agents were gram-positive bac-
teria (Table 3) that are often in normal conjunctival flora.

This finding confirms the observation of Kent et al,28 that
corneal ulcers in therapeutic contact lens wearers are most
often caused by gram-positive bacteria, especially strepto-
cocci. Gram-negative bacteria are rarely recovered from
these patients, although unusual opportunistic gram-nega-
tive bacteria, such as Achromobacter xylosoxidans, have
been reported.29 The extended presence of the lens in the
cornea apparently accounts for the opportunistic infection
by commensal microbes, and nonmanipulation of the lens
by the patient most probably ensures nonentry of sapro-
phytic organisms, such as Pseudomonas.

The incidence of contact lens–associated microbial ker-
atitis is obviously much higher in developed countries. A
literature survey30 showed approximately 500 culture-
proven cases by 1987. Wills Eye Hospital, Philadelphia,
Pennsylvania, reported that 44% of corneal ulcers seen
between 1988 and 1991 and 30% of corneal ulcers seen
between 1992 and 1995 were associated with contact lens-
es.31 It is interesting that geographical areas with a high
incidence of corneal ulcers (11.3/10,000 population)32

should have such a low incidence of contact lens–related
infections. During the study period, we saw 4967 corneal
ulcer patients (3894 with positive cultures), of whom only
28 (0.56%) were contact lens wearers. Except for three
patients, all patients with contact lens–related infection pre-
sented early to the clinic (Tables 1 and 2) and were evalu-
ated and treated promptly. Although most of the patients
(24/28; 85.7%) responded to medical treatment, 4 patients
required penetrating keratoplasty (Fig 1; patients 1, 7, 12,
and 13). The indications for penetrating keratoplasty in

Figure 2. Visual acuity before and after treatment of 24 patients with contact lens–associated microbial keratitis. CF � counting finger; HM � hand
movement; PL � perception of light; PR � projection of rays.
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three patients (nos. 1, 7, and 12) were either perforation of
the cornea or impending perforation.

It was heartening to find good visual recovery in our
patients, although some were left with substantial visual
loss (Fig 2). The antibiotic susceptibility profile of the
organisms encountered showed that all Pseudomonas iso-
lates (except no. 13) were sensitive to ciprofloxacin and
gentamicin (Table 3), the two commonly used drugs for the
treatment of gram-negative infections. Patient no. 13 re-
quired penetrating keratoplasty because of worsening of the
ulcer despite medical treatment. All gram-positive organ-
isms were sensitive to cefazolin.

In conclusion, according to a MEDLINE search, we
report one of the largest series of contact lens–associated
microbial keratitis ever reported from a tropical country.
The incidence reported here is lower than that in reports
from developed temperate regions of the world. Pseudomo-
nas species were the dominant causative agents, and soft
contact lenses emerged as the most common offending
lenses. Fungal, Acanthamoeba, and viral infections of the
cornea in contact lens wearers were rare. The organisms
isolated were usually susceptible to antibiotics, and the
ulcers healed satisfactorily with medical therapy.
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