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INTRODUCTION

Fungal keratitis is a potentially blinding ocular disease. The
incidence of fungal keratitis varies widely throughout the
world. A report from India showed that nearly 50% of all
corneal ulcers were caused by fungi.1 This high prevalence
of fungal pathogens in south India is significantly greater
than that found in similar studies in Nepal (17%),2

Bangladesh (36%)3 and south Florida (35%).4 Several large
studies on fungal keratitis have been published from North
and South America, Africa and the Indian subcontinent.4–12

However, there is a paucity of data on the spectrum of fungal
keratitis in patients from Australia. This study reviewed a
series of patients with keratitis who had fungal growth on
culture at the Corneal Clinic, Royal Victorian Eye and Ear
Hospital, Melbourne (Victoria). We present the clinical
characteristics, laboratory investigations, treatments and
outcomes of these patients.

METHODS

A retrospective chart review of all patients who had a posi-
tive fungal culture from corneal scrapings and diagnosis of
fungal keratitis presenting from July 1996 to May 2004 to
the Royal Victorian Eye and Ear Hospital was performed.
The hospital’s ethics committee approved the study. The
Corneal Clinic follows a standard protocol for the initial
microbiological investigation of all patients with keratitis.
On presentation, corneal specimens from scrapings were
submitted for staining with Gram’s and Blankophor and cul-
tures on blood agar, chocolate agar, Sabouraud’s dextrose
agar and thioglycolate broth. Patients with negative cultures
from initial specimens who had a progression of corneal
infection underwent repeat cultures and/or biopsies, some-
times with the use of special stains and culture media as
indicated. A swab for Herpes simplex DNA detection by
polymerase chain reaction was also taken in all cases.
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18 months. Ocular trauma (37.1%), chronic steroid use
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patients, penetrating keratoplasty was required in 9 (25.7%)
patients and evisceration was performed in 2 (5.7%)
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common fungal isolate accounting for more than one-third
of all organisms followed by Aspergillus fumigatus (six
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All of the corneal specimens were submitted to the Micro-
biology Department, St Vincent’s Hospital (Melbourne).
The Sabouraud’s agar was kept at ambient temperature and
the other media were incubated at 37°C. The fungal cultures
were followed for 4 weeks before a negative result was
declared and the slopes were discarded.

Treatment followed a standard protocol with natamycin
as the standard topical treatment for filamentous fungal
keratitis. Topical amphotericin 0.15% was used as initial
treatment for the treatment of yeast infections. Systemic
antifungal drugs were used in large ulcers threatening scleral
invasion or when extension into the anterior chamber was
suspected.

Medical records of the patients who had a positive fungal
culture were reviewed for the following features: age, sex,
medications used topically and systemically before or after
the onset of fungal keratitis, predisposing risk factors and
associated conditions, clinical features, medical and surgical
managements, duration of hospitalization, results of micro-
biology examinations and follow up of patients for outcomes
until the most recent evaluation at the Corneal clinic.

Patients who had a positive fungal culture and were
treated for fungal keratitis were regarded as ‘typical’ and
grouped in the ‘typical’ group. If the patient was not treated
for fungal keratitis in spite of a positive fungal culture these
were regarded as ‘not typical’. These patients were grouped
separately in the ‘not typical’ group.

All statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS) for Windows (Ver-
sion 12.0, SPSS Inc., Chicago, IL, USA). The t-tests were
used to test for significant differences between the propor-
tion of filamentous and yeast groups, with a P-value <0.05
considered significant.

RESULTS

A total of 56 patients with keratitis were identified in whom
fungus had been found on microbiological examination of
corneal scrapings. Thirty-five of these patients were treated
for fungal keratitis and were regarded as being ‘typical’ and
were used for main description and analysis. Fourteen of the
total of 56 patients (37.5%) were regarded as being ‘not

typical’ in spite of a positive fungal culture. The ‘not typical’
group was not considered as having fungal keratitis clinically.
These were treated with empirical fortified intensive antibi-
otics and showed satisfactory clinical improvement and
resolution without antifungal treatment. Seven of the 56
patients were excluded from this analysis because of inade-
quate records. Over this period we saw approximately 92
patients per year treated for bacterial keratitis giving an
overall proportion of about 5% treated for fungal keratitis.

Those treated for ‘typical’ fungal keratitis included 35 eyes
of 35 patients. The age of the patients ranged from 8 to
87 years (mean 55 years) (Table 1). Of these 20 were men
(57%). The age of the patients in the ‘not typical’ group
ranged from 17 to 79 years (mean 38 years). Occupation of
the patients in the ‘typical’ group was recorded in only eight
of 35 patients. Of the eight patients, four had occupations
associated with fungal keratitis: a farmer infected with Fusar-
ium sp.; a second farmer infected with Scedosporium prolificans;
a fruit picker infected with Gloesporium fructigenum (found on
leaves); a gardener infected with Arthrographis kalrae. The
other four with known occupations were two students and
two retired people.

At the time of presentation the average duration of symp-
toms was 13 days in the ‘typical’ group and 4 days in the ‘not
typical’ group. Most patients in the ‘typical’ group had
already received some ocular treatment that had been started
by the referring doctor; however, only three patients in the
‘not typical’ group received prior medications (Table 2). In
the ‘typical’ group topical antibiotics were being used by
69% and topical steroid therapy by 60%. One patient in the
‘typical’ group had received topical anaesthetic drops from a
general practitioner for contact lens-related discomfort. All
patients in both groups had ocular risk factors with 10
patients in the ‘typical’ group having more than one risk
factor (Table 3).

Filamentous fungal infection in the ‘typical’ group
was strongly associated with vegetative matter/trauma
(P < 0.001) whereas yeast infection was associated with aller-
gic eye disease (P < 0.001). In the ‘not typical’ group, five
(36%) patients had a contact lens-associated infection and
another six (43%) had a history of ocular injury (Table 3). In
the ‘typical’ group, associated systemic risk factors were seen

Table 1. Age distribution

Age group
(years)

Typical Not typical

Total
n (%)

Filamentous
n (%)

Yeast
n (%)

P-value Total
n (%)

Filamentous
n (%)

Yeast
n (%)

P-value

<20 1 (3) 1 (5) 0 (0) 0.91 (NS) 3 (21) 1 (13) 2 (33) 0.44 (NS)
21–40 7 (20) 3 (14) 4 (29) 7 (50) 5 (63) 2 (33)
41–60 16 (46) 13 (62) 3 (21) 1 (7) 1 (13) 0 (0)
61–80 6 (17) 2 (10) 4 (29) 3 (21) 1 (13) 2 (33)
>80 5 (14) 2 (10) 3 (21) 0 (0) 0 (0) 0 (0)
Total 35 (100) 21 (100) 14 (100) 14 (100) 8 (100) 6 (100)

NS, not significant.
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in 16 (46%) patients, whereas only one (7%) systemic risk
factor was seen in the ‘non-typical ‘group (Table 4).

The size of the ulcer in the ‘typical’ group was less than
2 mm at presentation in 23 (66%) cases and 11 (79%) cases
in the ‘not typical’ group. In the ‘typical’ group, perforations
were seen in a total of nine (26%) cases (Table 5). Associated
scleritis was seen in two cases and both were infected with
filamentous fungi. Five patients had a hypopyon on presen-

tation and one developed a hypopyon during the course of
infection (total of six patients, 17%). Twenty-nine (83%)
patients in the ‘typical’ group were hospitalized and six
(17%) were treated as outpatients. Mean duration of hospi-
talization was 10 days (median 12 days, range 1–40 days).
Mean duration of antifungal treatment was 30 days. In the
‘not typical’ group four (29%) patients were hospitalized, 10
(72%) were treated as outpatients and mean duration of

Table 2. Patient medications at presentation

Medication Typical Not typical

Total
n (%)

Filamentous
n (%)

Yeast
n (%)

P-value Total
n (%)

Filamentous
n (%)

Yeast
n (%)

P-value

Topical steroids 21 (60) 12 (57) 9 (65) 0.63 1 (7) 0 (0) 1 (17) 0.27
Topical antibiotics 24 (69) 14 (67) 10 (71) 0.80 2 (14) 1 (13) 1 (17) 0.84
Topical Zovirax 5 (14) 3 (14) 2 (14) 1.00
Topical antiglaucoma 3 (9) 0 (0) 3 (21) 0.05
Topical anaesthetic drops† 1 (3) 1 (5) 0 (0) 0.29
Oral prednisolone and/or immunosuppressants 3 (9) 1 (5) 2 (14) 0.39
No medications 4 (11) 2 (10) 2 (14) 0.73 11 (79) 7 (88) 4 (67) 0.35

†Alcaine for contact lens-induced irritation by general practitioner.

Table 3. Ocular risk factors

Medication Typical Not typical

Total
n (%)

Filamentous
n (%)

Yeast
n (%)

P-value Total
n (%)

Filamentous
n (%)

Yeast
n (%)

P-value

Foreign body/vegetative matter/trauma 13 (37) 12 (57) 1 (7) <0.001 6 (43) 4 (50) 2 (33) 0.52
Chronic steroid use 11 (31) 5 (24) 6 (43) 0.240
Poor ocular surface including lid margin disease,

lagophthalmos, exposure and persistent
epithelial defect

9 (26) 4 (19) 5 (36) 0.270

Allergic eye disease 5 (14) 0 (0) 5 (36) <0.001
Grafts 5 (14) 1 (5) 4 (29) 0.060 1 (17) 0 (0) 1 (7) 0.27
Contact lens use 4 (11) 2 (10) 2 (14) 0.730 5 (36) 3 (38) 2 (33) 0.85
Chronic or recurrent herpetic keratitis 3 (9) 2 (10) 1 (7) 0.740 1 (7) 1 (13) 0 (0) 0.28
Herpes zoster ophthalmicus 2 (6) 1 (5) 1 (7) 0.790
Subconjunctival concretions 1 (3) 1 (5) 0 (0) 0.290
Bullous keratopathy 0 (0) 0 (0) 0 (0) 1 (7) 0 (0) 1 (17) 0.27

Table 4. Systemic risk factors

Medication Typical Not typical

Total
n (%)

Filamentous
n (%)

Yeast
n (%)

P-value Total
n (%)

Filamentous
n (%)

Yeast
n (%)

P-value

Eczema, hay fever, asthma 4 (11) 0 (0) 4 (29) 0.017
Dementia, nursing support 2 (6) 0 (0) 2 (14) 0.140
Diabetes mellitus 2 (6) 2 (10) 0 (0) 0.120
Acoustic neuroma and NF with 5th and 7th n palsy 2 (6) 1 (5) 1 (7) 0.820
Stevens Johnson syndrome 1 (3) 0 (0) 1 (7) 0.320 1 (7) 1 (7) 0 (0) 0.44
Severe pancytopenia following hydroxyurea

chemotherapy
1 (3) 0 (0) 1 (7) 0.320

Rheumatoid arthritis 1 (3) 0 (0) 1 (7) 0.320
Others (Paget’s disease [F], pustular psoriasis [Y], 

history of systemic fungal infection [F])
3 (9) 2 (10) 1 (7) 0.680

F, filamentous; NF, neurofibromatosis; Y, yeast.
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hospitalization was 3 days (median 3 days, range 1–5 days).
No significant differences (P = 0.21) were found between the
two groups for the mean duration of hospitalization.

Treatment (typical group)

Natamycin 5% was the most commonly used agent as mono-
therapy followed by amphotericin B 0.15% (Table 6).
Twenty patients (57%) received a single topical antifungal
agent, 14 patients (40%) received a combination of topical
and/or systemic antifungals and one patient was not treated
with any antifungals because the eye was eviscerated soon
after presentation. Oral fluconazole (200–400 mg, daily) was
the most common oral antifungal medication. Two patients
received oral voriconazole (200 mg, twice a day) and one of
them received voriconazole 1% drops topically constituted
form the intravenous formulation. Topical antifungals were
administered hourly day and night for 48 h followed by
every hour by day and 4 hourly by night for 48 h. Drops

were then tapered at the discretion of the treating clinician
based on clinical response.

Of the nine patients who had a perforation, two were
eviscerated, five were initially glued (once or twice) and later
grafted and two were grafted without attempting a gluing
procedure (Table 7). The indications for penetrating kerato-
plasty included corneal perforation (seven cases) and failure
of medical management (two cases). No surgical manage-
ment was seen in the ‘not typical’ group.

After a mean follow up of 18 months (range, 13 days−
97 months), 18 eyes (51%) had a best-corrected visual acuity
(BCVA) better or equal to 6/18 (Table 8). Twelve eyes (34%)
had a BCVA of less than 6/60 and five eyes (14%) had a
BCVA ranging between 6/60 and 6/24. Of the nine eyes that
were grafted, a final BCVA of better than 6/60 was achieved
in three cases only.

Initial microscopy of the corneal scrapings in the ‘typical’
group revealed a fungal element in 22 patients (63%). Gram’s
stain was positive in 18 patients (51% fil/yeast) and

Table 5. Clinical features

Medication Typical Not typical

Total
n (%)

Filamentous
n (%)

Yeast
n (%)

P-value Total
n (%)

Filamentous
n (%)

Yeast
n (%)

P-value

Size of ulcer at presentation (mm)
<2 23 (66) 14 (67) 9 (65) 0.920 11 (79) 7 (88) 4 (67) 0.35
2–5 10 (29) 7 (33) 3 (21) 0.420 3 (21) 1 (13) 2 (33) 0.37
>5 2 (6) 0 (0) 2 (14) 0.140

Perforations
On presentation 3 (9) 0 (0) 3 (21) 0.056
During treatment 6 (17) 3 (14) 3 (21) 0.610
Total 9 (26) 3 (14) 6 (43) 0.040

Peripheral involvement 7 (20) 3 (14) 4 (29) 0.300 8 (57) 6 (75) 2 (33) 0.89
Hypopyon 6 (17) 4 (19) 2 (14) 0.700 1 (7) 0 (0) 1 (17) 0.27

Table 6. Medical treatment

Drug used Typical
No. patients (%)

Not typical
No. patients (%)

Natamycin drops only 11 (31)
Amphotericin B drops only 8 (23)
Fluconazole drops 2 (6)
Voriconazole drops 1 (3)
Combination of drops, systemic and/or intracameral antifungals 14 (40)
Oral antifungals used 12 (34)

Fluconazole 10 (29)
Voriconazole 4 (11)
Itraconazole 2 (6)
Terbinafine 1 (3)
Flucytosine 1 (3)

Intracameral antifungal (amphotericin B) 2 (6)
No antifungal used (directly eviscerated) 1 (3)
Antibacterial

Ciprofloxacin 12 (86)
Ofloxacin 1 (7)
Tobramycin 1 (7)
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Blankophor was positive in 17 patients (49%). Both were
positive in 13 patients (37%). Although the predominant
form of fungus cultured was filamentous (21 patients, 60%),
Candida albicans (13 patients, 37%) was the most common
fungal isolate (Table 9).

Statistical analysis revealed C. albicans infection to be
more commonly associated with perforation and hence the
need for surgical intervention (P = 0.04) (Tables 5 and 7).
Visual results were better with filamentous fungi with 52%
of eyes achieving 6/9 or better (P = 0.04) (Table 8).

Treatment (not typical group)

Fourteen (100%) patients with ‘not typical’ fungal keratitis
did improve clinically with antibacterial therapy despite not
receiving antifungal therapy. Ciprofloxacin was the most
commonly used agent in the treatment of 12 (86%) of these
patients (Table 6). One patient received Ofloxacin and
another tobramycin.

The initial intensive antibiotic instillation protocol was
one drop of the drug every hour day and night for 48 h. The
antibiotic drops were progressively tapered according to the
clinical response.

Initial microscopy of the corneal scrapings revealed a
fungal element in all of the 14 patients, with yeast (not

Table 7. Surgical management

Surgery Typical Not typical

Total
n (%)

Filamentous
n (%)

Yeast
n (%)

P-value Total
n (%)

Filamentous
n (%)

Yeast
n (%)

Penetrating keratoplasty 9 (26) 4 (19) 5 (36) 0.28
Glue and bandage contact lens 4 (11) 2 (10) 2 (14) 0.72
Anterior chamber wash out 3 (9) 2 (10) 1 (7) 0.75
Evisceration 2 (6) 0 (0) 2 (14) 0.14
Surgical debridement (for scleritis) 2 (6) 2 (10) 0 (0) 0.13
Botox ptosis 1 (3) 1 (5) 0 (0) 0.30
Tarsorrhaphy 1 (3) 1 (5) 0 (0) 0.30
Gunderson flap 1 (3) 0 (0) 1 (7) 0.32
Cyclodiode for glaucoma 1 (3) 0 (0) 1 (7) 0.32
Deep lamellar keratoplasty for scarring and keratoconus 1 (3) 0 (0) 1 (7) 0.32
Refractive surgery (LASIK) 1 (3) 1 (5) 0 (0) 0.30
No surgery 14 (40) 11 (52) 3 (21) 0.04 14 (100) 8 (100) 6 (100)

LASIK, laser in situ keratomileusis.

Table 8. Visual outcome at final follow-up visit

Best-corrected visual acuity Typical Not typical

Total
n (%)

Filamentous
n (%)

Yeast
n (%)

P-value Total
n (%)

Filamentous
n (%)

Yeast
n (%)

P-value

6/9 or better 13 (37) 11 (52) 2 (14) 0.04 10 (71) 7 (81) 3 (50) 0.19
6/18–6/12 5 (14) 3 (14) 2 (14) 1.00 3 (21) 1 (13) 2 (33) 0.37
6/60–6/24 5 (14) 3 (14) 2 (14) 1.00
>Counting fingers to <6/60 2 (6) 0 2 (14) 0.13 1 (7) 0 (0) 1 (17) 0.27
Counting fingers or less 10 (29) 4 (19) 6 (43) 0.13

Table 9. Microbiological data

Fungal species Typical
n (%)

Not typical
n (%)

Candida albicans 13 (37)
Aspergillus fumigatus 6 (17) 1 (7)
Fusarium sp. 5 (14) 1 (7)
Scedosporium prolificans 2 (6)
Paecilomyces sp. 2 (6)
Alternaria sp. 1 (3)
Others

Gloesporium fructigenum 1 (3)
Arthrographis kalrae 1 (3)
Non-sporulating hyphomycete 1 (3)
Mycelia sterilis 1 (3)
Phoma species 1 (3)
Yeast not Candida albicans 1 (3) 5 (36)

Rhodotorula sp. 1 (7)
Candida curvata 2 (14)
Penicillium sp. 2 (14)
Cladosporium sp. 1 (7)
Filamentous fungi (saprophyte of 

plant origin)
1 (7)

Total 35 (100) 14 (100)
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C. albicans) (five patients, 36%) the most common fungal
isolate (Table 9).

DISCUSSION

We have described the spectrum of fungal corneal infections
at the Royal Victorian Eye and Ear Hospital, a tertiary referral
eye hospital, responsible for the care of most serious corneal
infections in Victoria, southern New South Wales and
Tasmania, a population of some 5 million. We treat about
100 cases of microbial keratitis each year, with the approxi-
mate incidence of fungal keratitis being 5% of all cases of
microbial keratitis. The climate is temperate, with hot dry
summers, cool winters and with spring and autumn rains.

The proportion of corneal ulcers caused by fungi, pre-
dominantly filamentous, increases towards the tropical lati-
tudes.6 The latitude of Melbourne (37°S) is comparable to
that of Philadelphia (39°N) from which a similar series has
been described. In our series, C. albicans was the most com-
mon fungal isolate comprising nearly 40% of the cases. This
is similar to the report from Philadelphia, which reported
Candida species in 50% of their cases.7 This is in contrast to
the large Indian studies that have reported rates of cultured
yeasts 0% or less than 1%.8,9 Reports from India, other trop-
ical countries and subtropical areas from the USA like Florida
and Minnesota have shown Aspergillus and Fusarium to be the
common fungal isolates from corneal ulcers.6,8–11,13

Clearly there are distinct patterns of geographical varia-
tion in the aetiology of fungal keratitis. Other factors may
contribute to this variation in the pattern of organisms. Rates
of ocular trauma, occupational risk factors and concomitant
steroid use may result in variations in the pattern of infection.
Houang et al. in their review of the relation of fungal keratitis
to climate concluded that the extent of urbanization can
have a modifying effect on the incidence of fungal keratitis
in areas with similar climates.14

Ocular trauma is frequently implicated in fungal keratitis.
Two large series from India report trauma as predisposing risk
factor in 54.4% and 92% of patients.8,9 In our series 37% of
cases had an history of ocular trauma with or without a
foreign body with the majority leading to a filamentous
fungal keratitis. The incidence of other risk factors especially
poor ocular surface, chronic steroid use or atopic eye disease
is much higher than that reported in large series from trop-
ical countries, with yeast infection being highly associated
with concomitant allergic eye disease. This may contribute
to the higher proportion of yeasts in our study as compared
with those from India but is similar to the report from
Philadelphia.7–9 Farming and outdoor occupations have been
reported to be common among the patients in large series
reported from India and Paraguay.5,8–10 Four patients in our
series had farming or outdoor occupations and all grew fila-
mentous fungi. A limitation of this current study design is
that the risk factors have been identified retrospectively from
the clinical history.

Fungal keratitis has been reported to be more common in
corneas with compromised immune defences due to many

factors like chronic ocular surface disorders including lid
margin disease, lagophthalmos, exposure and persistent epi-
thelial defects, use of topical steroids, antibiotics, antivirals,
previous corneal surgery and atopic eye disease.7,11,12 How-
ever, the two patients (in the ‘typical’ group) with contact
lens use were infected with filamentous fungi in our series.
This is consistent with reports from the USA where most
infections in ‘cosmetic’ contact lens wearers were caused by
filamentous fungi, whereas people wearing ‘bandage’ contact
lens grew yeasts.7,15 We had one patient with atopic eye
disease and previous herpetic keratitis who wore a hard con-
tact lens for keratoconus and developed C. albicans infection.

Most patients in our series were on ocular medications at
the time of presentation. Topical steroids and antibiotic
drops were the most common and were being used by nearly
two-thirds of the patients. Topical steroids have long been
known to favour fungal growth on the cornea.16–18

Gopinathan et al. from Hyderabad in India reported nearly
31% of the patients receiving prior treatment with a combi-
nation of antibiotics, antifungals and steroids in a large series
of patients with fungal keratitis.8 Other studies from India
and Nepal report a frequency of prior steroid use from 1.19%
to 17%.2,9,13 Tanure et al. from Philadelphia report a fre-
quency of nearly 21% prior steroid use,7 which is much lower
than our series in which prior steroid use was 60%. It should
be noted that combination antibiotic and steroid drops are
not available in Australia, implying that a specific decision
to start steroid has been made.

Perforations have been reported in 1.4–17% cases in var-
ious series of fungal keratitis.7,9,13 Previous studies in patients
with perforation or descemetoceles have reported poor out-
comes and evisceration rates of 25% in such cases.19 Our
series has an incidence of perforations at 26%. The lowest
perforation rate of 1.4% has been reported from a large series
in India.9 This series of 1095 cases did not identify any
infections with yeasts. The incidence of the use of steroid
prior to diagnosis is also the lowest in this Indian study.
Another study from northern India reported a perforation
rate of 14% with all cultures of corneal buttons from thera-
peutic keratoplasty being filamentous fungi.13 The incidence
of prior use of steroids in this series was as high as 17%.
Tanure et al. have reported a perforation rate of 17% with
keratoplasty being required in a total of 25% of the patients.7

They found no common factor that may have predisposed
these patients to corneal perforation. Our series had six
patients with yeast and three patients with filamentous fungi
in the total of nine cases that perforated.

Our protocol for medical management is in line with the
current thinking.7,20,21 We used the newer triazole voricona-
zole in more recent cases with infection with Scedosporium and
Paecilomyces sp. infection. Voriconazole is a novel azole anti-
fungal derived from fluconazole and has a broader spectrum
of activity against Candida, Aspergillus, Scedosporium, Fusarium
and Paecilomyces.22–25 Aqueous levels of voriconazole after
topical use in the form of drops and after oral use have been
determined and show good ocular penetration by both
routes.26,27 Newer antifungals are being developed such as
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the echinocandins and the newer triazoles and have better
bioavailability and broader spectrum of antifungal activity.28

Visual outcome in most cases of fungal keratitis have been
poor despite the availability of effective antifungals. Most
large series of fungal keratitis from the Indian subcontinent
focus on the epidemiological and microbiological aspects of
fungal keratitis and do not mention the visual outcome.2,3,8,9,13

Tanure et al. reported 54% of eyes with fungal keratitis being
able to see 6/30 or better at the last follow up.7 In our study
67% (37%) of eyes could see 6/60 or better.

A subset of 14 patients with probable fungal keratitis (‘not
typical’) did improve clinically with antibacterial therapy
despite not receiving specific antifungal therapy. These
patients in the ‘not typical’ group showed a good clinical
response to empirical antibacterial therapy. Most probable
reason for response of these ulcers to non-fungal treatment
is superficial infection with complete removal of fungal ele-
ments at the time of initial debridement. Alternatively this
group may have had a superficial infection with bacteria with
secondary fungal colonization. Another possibility is that the
standard antimicrobial agents may have some modest anti-
fungal effect in addition to their more profound antibacterial
effect.

Although relatively uncommon in our referral area, fungal
keratitis remains a difficult management problem with a high
corneal perforation rate. This retrospective series adds to the
global perspective of this disease and highlights the variation
in pattern of disease seen worldwide. The need for improve-
ment in treatment modalities to improve patient outcome is
highlighted.

REFERENCES

1. Srinivasan M, Gonzales CA, George C et al. Epidemiology and
aetiological diagnosis of corneal ulceration in Madurai, south
India. Br J Ophthalmol 1997; 81: 965–71.

2. Upadhyay MP, Karmacharya PCD, Koirala S et al. Epidemio-
logical characteristics, predisposing factors and aetiological
diagnosis of corneal ulceration in Nepal. Am J Ophthalmol 1991;
111: 92–9.

3. Dunlop AA, Wright ED, Howlader SA et al. Suppurative cor-
neal ulceration in Bangladesh. A study of 142 cases examining
the microbiological diagnosis, clinical and epidemiological fea-
tures of bacterial and fungal keratitis. Aust N Z J Ophthalmol
1994; 22: 105–10.

4. Liesegang TJ, Forster RK. Spectrum of microbial keratitis in
South Florida. Am J Ophthalmol 1980; 90: 38–47.

5. Mino de Kaspar H, Zoulek G, Paredes ME et al. Mycotic kerati-
tis in Paraguay. Mycoses 1991; 34: 251–4.

6. Leck AK, Thomas PA, Hagan M et al. Aetiology of suppurative
corneal ulcers in Ghana and south India, and epidemiology of
fungal keratitis. Br J Ophthalmol 2002; 86: 1211–15.

7. Tanure MA, Cohen EJ, Sudesh S, Rapuano CJ, Laibson PR.
Spectrum of fungal keratitis at Wills Eye Hospital,
Philadelphia, Pennsylvania. Cornea 2000; 19: 307–12.

8. Gopinathan U, Garg P, Fernandes M, Sharma S, Athmanathan
S, Rao GN. The epidemiological features and laboratory results

of fungal keratitis: a 10-year review at a referral eye care center
in South India. Cornea 2002; 21: 555–9.

9. Bharathi MJ, Ramakrishnan R, Vasu S, Meenakshi R, Palaniap-
pan R. Epidemiological characteristics and laboratory diagnosis
of fungal keratitis. A three-year study. Indian J Ophthalmol 2003;
51: 315–21.

10. Laspina F, Samudio M, Cibils D et al. Epidemiological charac-
teristics of microbiological results on patients with infectious
corneal ulcers: a 13-year survey in Paraguay. Graefes Arch Clin
Exp Ophthalmol 2004; 242: 204–9.

11. Doughman DJ, Leavenworth NM, Campbell RC, Lindstrom
RL. Fungal keratitis at the University of Minnesota: 1971–
1981. Trans Am Ophthalmol Soc 1982; 80: 235–47.

12. Ross HW, Laibson PR. Keratomycosis. Am J Ophthalmol 1972;
74: 438–41.

13. Chowdhary A, Singh K. Spectrum of fungal keratitis in north
India. Cornea 2005; 24: 8–15.

14. Houang E, Lam D, Fan D, Seal D. Microbial keratitis in Hong
Kong: relationship to climate, environment and contact-lens
disinfection. Trans R Soc Trop Med Hyg 2001; 95: 361–7.

15. Wilhelmus KR, Robinson NM, Font RA, Hamill MB, Jones DB.
Fungal keratitis in contact lens wearers. Am J Ophthalmol 1988;
106: 708–14.

16. Mitsui Y, Hanabusa J. Corneal infections after cortisone ther-
apy. Br J Ophthalmol 1955; 39: 244–50.

17. Berson EL, Kobayashi GS, Becker B, Rosenbaum L. Topical
corticosteroids and fungal keratitis. Invest Ophthalmol 1967; 6:
512–17.

18. Bell NP, Karp CL, Alfonso EC et al. Effects of methyl predniso-
lone and cyclosporin A on fungal growth in vitro. Cornea 1999;
18: 306–13.

19. Arentsen JJ, Laibson PR, Cohen EJ. Management of corneal
descemetoceles and perforations. Ophthalmic Surg 1985; 16: 29–
33.

20. Rosa RH Jr, Miller D, Alfonso EC. The changing spectrum of
fungal keratitis in south Florida. Ophthalmology 1994; 101:
1005–13.

21. Srinivasan M. Fungal keratitis. Curr Opin Ophthalmol 2004; 15:
321–7.

22. Jeu L, Piacenti FJ, Lyakhovetskiy AG, Fung HB. Voriconazole.
Clin Ther 2003; 25: 1321–81.

23. Marangon FB, Miller D, Giaconi JA, Alfonso EC. In vitro inves-
tigation of voriconazole susceptibility for keratitis and endoph-
thalmitis fungal pathogens. Am J Ophthalmol 2004; 137: 820–5.

24. Shah KB, Wu TG, Wilhelmus KR, Jones DB. Activity of vori-
conazole against corneal isolates of Scedosporium apiospermum.
Cornea 2003; 22: 33–6.

25. Anderson KL, Mitra S, Salouti R, Pham TA, Taylor HR. Fungal
keratitis caused by Paecilomyces lilacinus associated with a
retained intracorneal hair. Cornea 2004; 23: 516–21.

26. Zhou L, Glickman RD, Chen N, Sponsel WE, Graybill JR, Lam
KW. Determination of voriconazole in aqueous humor by liquid
chromatography-electrospray ionization-mass spectrometry. J
Chromatogr B Analyt Technol Biomed Life Sci 2002; 776: 213–20.

27. Hariprasad SM, Mieler WF, Holz ER et al. Determination of
vitreous, aqueous, and plasma concentration of orally adminis-
tered voriconazole in humans. Arch Ophthalmol 2004; 122: 42–7.

28. Boucher HW, Groll AH, Chiou CC, Walsh TJ. Newer sys-
temic antifungal agents: pharmacokinetics, safety and efficacy.
Drugs 2004; 64: 1997–2020.


