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Fungal Keratitis in London
Microbiological and Clinical Evaluation
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Purpose: To review cases of culture-positive fungal keratitis seen at

Moorfields Eye Hospital over a 13-year period to January 2007.

Methods: Isolates were identified retrospectively from laboratory

reports. The clinical records were reviewed. The fungal type, risk

factors for infection, in vitro sensitivity, and clinical outcome were

recorded.

Results: There were 66 isolates from 65 patients (men, 53.8%).

Forty (60.6%) of the isolates were subspecies of Candida. The

average interval from the onset of keratitis to confirmation of fungal

infection was 3.4 weeks (median, 1.0 week; range, 0–16 weeks). Prior

ocular surface disease (OSD) or a penetrating keratoplasty (PK)

was present in 38 (97.4%) patients with Candida infection, and 29

(74.4%) patients with Candida infection were using topical steroid

at the time of diagnosis. The principal risk factors for filamentary

fungal infection were trauma (8 cases, 30.8%) or cosmetic contact

lens wear (8 cases, 30.8%), with OSD or a prior PK each present

in 5 (19.2%) cases. The difference in the proportions of risk factors

between the 2 fungal groups was statistically significant (P , 0.000).

The visual outcome was similar between groups, and at final review,

27 (41.5%) eyes had a visual acuity of #1/60 and 3 (4.6%) eyes were

eviscerated. In vitro sensitivity testing showed full or part sensitivity

in 100% of 55 isolates tested against econazole, 87.9% of 58 isolates

tested against amphotericin, 75% of 40 isolates tested against

itraconazole, and 100% of 20 isolates tested against voriconazole.

Conclusions: Candida was the principal isolate, usually from eyes

with OSD or a prior PK treated with topical steroids.
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Fungal keratitis (FK) is an important cause of suppurative
keratitis worldwide, with fungi isolated from .50% of

cases in some series from tropical regions or developing
countries.1–3 Most in these series are the result of filamentary
fungus infection after trauma. In contrast, fungal infection may

account only for 1%–5% of isolates from cases of suppurative
keratitis in developed countries in temperate regions,4,5 where
Candida infection after chronic ocular surface disease (OSD)
accounts for most cases.1,4–14

The outcome of FK is usually worse than that of
bacterial keratitis.15,16 The drugs available for topical or
systemic treatment of FK typically have a limited effect,17–19

and surgical excision of infected tissue may be needed to
control infection.20,21 The choice of antifungal agent is
determined by local availability and knowledge of the most
prevalent organisms. Although the relevance of in vitro
sensitivity testing is uncertain, the results can influence
empiric treatment and subsequent management. Inevitably,
most of the clinical data on FK arises from regions where
filamentary FK is common. Because there is limited in-
formation about FK in temperate regions, we reviewed the
clinical features and the results of microbiological studies of
all culture-positive cases seen at Moorfields Eye Hospital over
a 13-year period.

MATERIALS AND METHODS
All corneal cultures positive for fungi reported between

December 1993 and January 2007 were identified from
laboratory records. The clinical records were retrieved, and
patients were included for further analysis if they had been
resident in the United Kingdom when they developed keratitis
and if they had been treated for fungal infection. The risk
factors for infection, the treatment received, results of in vitro
sensitivity testing of isolates, and outcome were recorded.
For the purpose of this study, the definition of OSD included
patients with an abnormal ocular surface from dry eye, corneal
exposure, persistent epithelial defect, or corneal inflammation.
To determine whether there was a seasonal influence, we
compared the proportion of cases presenting in the warmer
half of the year (April 1 to September 30) with the proportion
presenting in the cooler half of the year. The local research
ethics committee approved the study.

Specimens for culture were usually collected by scraping
the base and edges of the ulcer by using the tip of a disposable
23-gauge needle. Samples were routinely placed on a glass
slide for microscopy, and material was also cultured on blood
agar, cooked meat broth, thioglycolate broth, brain–heart
infusion, and Sabouraud dextrose agar. Samples from biopsy
or keratoplasty material were cultured after the tissue had
been homogenized. Samples were initially incubated at 37�C
for 48–72 hours before being placed at room temperature for

Received for publication February 2, 2007; revision received June 11, 2007;
accepted June 13, 2007.

From the Moorfields Eye Hospital, London, UK.
Reprints: Stephen Tuft, 162 City Road, London EC1V 2PD, UK (e-mail:

s.tuft@ucl.ac.uk).
Copyright � 2007 by Lippincott Williams & Wilkins

1082 Cornea � Volume 26, Number 9, October 2007

JOBNAME: corn 26#9 2007 PAGE: 1 OUTPUT: Tuesday August 28 15:29:46 2007

tsp/corn/148251/ICO200732



up to 3 weeks. A culture was considered positive if 1 or more
colonies grew in at least 2 media or in 1 medium only if there
was also a positive smear or histology. If the same type of
organism was cultured on repeated occasions, it was
considered 1 isolate.

Sensitivity testing was performed at the Public Health
Laboratory, Bristol. The minimum inhibitory concentration
(MIC) was used to determine whether an isolate was sensitive,
partially sensitive, or resistant to a range of antifungal agents.
The criteria for determining these thresholds were from the
National Committee for Clinical Laboratory Standards
reference broth microdilution methods (NCCLS M38-A for
filamentous fungi22 and NCCLS M27-A2 for yeasts23). During
the course of the study, the range of antifungal agents included
varied, with the result that not all isolates were tested for all
antifungal agents.

Differences in the distribution of categorical variables
between yeast and filamentous groups were compared by using
the Fisher exact test. Differences in distribution of ages
between groups were compared by using the Wilcoxon rank-
sum (Mann–Whitney) test. P , 0.05 was considered evidence
of significance.

RESULTS
Positive cultures for fungi were recorded from 67

patients who fulfilled the study criteria (4.1% of all patients
with positive cultures). Two patients with Candida albicans
keratitis and endophthalmitis secondary to contaminated cor-
neal material used at the time of a penetrating keratoplasty
(PK) were excluded. The remaining 65 patients were analyzed.
There were no bilateral cases, but 2 different subspecies of
Candida were isolated from 1 patient. Of the 66 fungal iso-
lates, 40 (60.6%) were yeasts and 26 (39.4%) were filamentary
fungi. All the yeast isolates were subspecies of Candida,
whereas Fusarium was the most frequent filamentary fungal
isolate (Table 1). The average age at onset was 63.7 years
(median, 60.2 years; range, 13.1–87.9 years), and 35 (53.8%)
were men. There were no statistically significant differences
in the distribution of age or sex between the groups of patients
with yeast or filamentary fungal infections. The average delay
in diagnosis was 3.4 weeks (median, 1.0 weeks; range, 0–16
weeks), and the average follow-up was 2.5 years (median,
2.0 years; range, 1 week to 11.0 years). At diagnosis, 15
(37.5%) eyes with yeast infection and 14 (53.8%) eyes with
filamentary fungus infection had a hypopyon. Although there
was a slightly higher proportion of infection in the warmer
months (34 of 65 cases, 61.5%) than in the winter months, this
difference was not statistically significant (binomial test, P =
0.8). The patients’ characteristics are summarized in Table 2.

There was a strong association between the types of
fungus isolated and the risk factors for infection (Table 2).
OSD or a prior PK was present in 38 (97.4%) of 39 eyes before
the development of a yeast infection but was present in only
10 (38.4%) of 26 eyes that developed a filamentary fungal
infection. Only 1 eye developed a yeast infection secondary
to cosmetic contact lens wear, but there were 8 cases of
filamentary fungal infection (6 cases of Fusarium species and
1 case each for Aspergillus fumigatus and Scedosporium

apiospermum). Five of the 6 cases of Fusarium infection
associated with cosmetic soft contact lens wear occurred in
the 2-year interval of 2005–2006. All 5 had worn monthly
disposable lenses, 3 had used Bausch & Lomb ReNu
(Kingston-Upon-Thames, UK) with MoistureLoc, 1 had used
ReNu of uncertain type, and in 1, the details of the lens
cleaning system could not be determined. Eight (30.8%) of the
26 patients with filamentary fungal infection presented after
trauma, but there were no yeast infections. These differences in
proportions between the risk factors for yeast or filamentary
fungal infection were highly statistically significant (P =
0.000). Thirteen (59.1%) of the eyes with a previous PK had
multiple risk factors such as dry eye, persistent epithelial
defect, or recurrence of herpes simplex keratitis, and 20
(90.9%) of the 22 eyes with a PK were using topical steroid at
the time of infection. The data show an association between
the types of fungal infection and concurrent topical steroid use,
with a higher proportion of yeast infections (29 of 39 eyes,
74.4%) than the filamentary group (11 of 26 eyes, 44.0%),
which was statistically significant (P = 0.014). The relative
contribution of topical steroid use as opposed to the presence
of surface disease toward yeast infection could not be
determined. Fourteen eyes were wearing a bandage contact
lens at the onset of infection, 8 with OSD and 6 with a PK, and
11 (78.6%) had a yeast infection. Twelve (18.5%) of the
patients had significant systemic disease; 4 had atopic
keratoconjunctivitis, 6 had ocular cicatricial pemphigoid and
were on systemic immunosuppression, and 2 had rheumatoid
arthritis with dry eye. No patient had received treatment for
human immunodeficiency virus (HIV)–AIDS. Bacteria were
coisolated from 17 (26.2%) eyes.

TABLE 1. Analysis of 66 Isolates from 65 Cases of
Fungal Keratitits

Fungal Species N (%)

Yeasts

Candida albicans 23 (34.8)

Candida parapsilosis 10 (15.2)

Candida tropicalis 2 (3.0)

Candida guilliermondii 1 (1.5)

Candida sp.* 4 (6.1)

Subtotal 40 (60.6)

Filamentary fungi

Aspergillus fumigatus 6 (9.1)

Aspergillus flavus 1 (1.5)

Fusarium solani 7 (10.6)

Fusarium verticilloides 1 (1.5)

Fusarium dimerum 1 (1.5)

Fusarium sp.* 3 (4.5)

Scedosporium apiospermum 3 (4.5)

Acremonium sp.* 1 (1.5)

Scopulariopsis brevicaulis 1 (1.5)

Alternaria sp.* 1 (1.5)

Nonsporulating mold 1 (1.5)

Subtotal 26 (39.4)

*Subspecies not determined.
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There was no uniform treatment protocol during this
period. Topical treatment was used in 64 patients, and 1 patient
had a primary evisceration without topical treatment. The
most frequent initial therapy was econazole 1%, which was
prescribed for 47 (72.3%) patients. In order of frequency, this
was followed by amphotericin 0.15% (9 cases, 13.8%),

clotrimazole 1% (6 cases, 9.2%), and fluconazole 1%
or miconazole 1% (1 case each, 1.5%). Natamycin and
5-fluorocytosine were not used. Amphotericin was subsequently
added to the topical treatment of another 18 patients (27
in total, 41.5%). Oral treatment was prescribed at diagnosis
in 42 (64.6%) patients; fluconazole was prescribed in 25
(38.5%) cases, itraconazole in 15 (23.1%), and ketoconazole
or voriconazole in 1 (1.5%). Oral fluconazole was prescribed
in 9 of the 26 cases with filamentary fungal infection. An
additional 5 patients received oral voriconazole during the
course of their treatment, but caspofungin was not prescribed.

A total of 30 (46.2%) eyes received at least 1 PK to
control infection or subsequent complications, and 8 eyes
received multiple PKs (Table 2). Ten of these eyes received
intracameral amphotericin (0.5 mg in 0.1 mL) at the time
of surgery to reduce the risk of the recurrence of infection.24

The proportion of eyes that received a graft after filamentary
fungal infection was not significantly greater than after yeast
infection (P = 0.223). When the visual outcomes after fila-
mentary fungal infection or yeast infection were compared,
there was no statistically significant difference (P = 0.901).
Eight (12.3%) eyes lost all light perception, of which 3 eyes
were eviscerated. Four of the 8 eyes that lost all perception
of light had a polymicrobial infection.

The in vitro sensitivity spectrum of all the isolates is
shown in Table 3. Natamycin was not included in the panel
of antifungal agents tested. Of the principal topical agents
used, full or partial sensitivity was observed in 100% of
55 isolates tested against econazole and 51 (87.9%) of 58
isolates tested against amphotericin. Although in vitro resis-
tance to amphotericin was noted in 7 isolates (2 yeasts and
5 filamentary fungi), topical amphotericin had been used in
only 1 of these eyes. Of the principal oral agents used, full or
partial sensitivity was observed in 34 (73.9%) of 46 isolates
tested against fluconazole and 30 (75.0%) of 40 isolates tested

TABLE 2. Analysis of Clinical Features of 65 Patients With
Fungal Keratitis

Variable
Yeast
(%)

Filamentous
(%)

All
isolates

(%) Statistic

Total cases 39 26 65

Age (y) [median
(range)]

60.5
[15.7–87.9]

57.9
[13.1–80.0]

63.7
[13.1–87.9]

0.181

Male sex 18 (46.2) 17 (65.4) 35 (53.9) 0.204

Risk for infection 0.000*

OSD 21 (53.8) 5 (19.2) 26 (40.0)

PK 17 (43.6) 5 (19.2) 22 (33.8)

Trauma 0 (0) 8 (30.8) 8 (12.3)

Contact lens 1 (2.6) 8 (30.8) 9 (13.9)

Topical steroid used 29 (74.4) 11 (44.0)† 40 (62.5) 0.014*

Bacterial superinfection 11 (28.2) 6 (23.1) 17 (26.2) 0.435

Warm season‡ 21 (53.9) 13 (50.0) 34 (52.3) 0.804

Therapeutic PK§ 16 (41.0) 14 (53.9) 30 (46.2) 0.223

Final acuity 0.901

6/6–6/12 11 (28.2) 7 (26.9) 18 (27.7)

6/18–6/60 11 (28.2) 9 (34.6) 20 (30.8)

#CF 17 (43.6) 10 (38.5) 27 (41.5)

*Statistically significant.
†Data available for 25 eyes.
‡April 1st to September 30th.
§Corneal graft performed to control infection or the complications of infection.
OSD, ocular surface disease; PK, penetrating keratoplasty; CF, counting fingers.

TABLE 3. Results of In Vitro Sensitivity Testing

Variable

Amphoterecin Econazole Miconazole Ketaconazole Itraconazole Voriconazole Fluconazole Clotrimazole 5FC

N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

All isolates

Sensitive 49 84.5 42 76.4 36 66.7 22 68.8 26 65.0 15 75.0 30 65.2 27 69.2 11 64.7

Part sensitive 2 3.4 13 23.6 11 20.4 5 15.6 4 10.0 5 25.0 4 8.7 10 25.6 2 11.8

Resistant 7 12.1 0 0.0 7 13.0 5 15.6 10 25.0 0 0.0 12 26.1 2 5.1 4 23.5

Total 58 55 54 32 40 20 46 39 17

Filamentary

Sensitive 18 75.0 14 58.3 7 30.4 3 27.3 7 43.8 5 50.0 0 0.0 7 38.9 1 25.0

Part sensitive 1 4.2 10 41.7 9 39.1 4 36.4 1 6.3 5 50.0 2 18.2 9 50.0 1 25.0

Resistant 5 20.8 0 0.0 7 30.4 4 36.4 8 50.0 0 0.0 9 81.8 2 11.1 2 50.0

Total 24 24 23 11 16 10 11 18 4

Yeasts

Sensitive 31 91.2 28 90.3 29 93.5 19 90.5 19 79.2 10 100.0 30 85.7 20 95.2 10 76.9

Part sensitive 1 2.9 3 9.7 2 6.5 1 4.8 3 12.5 0 0.0 2 5.7 1 4.8 1 7.7

Resistant 2 5.9 0 0.0 0 0.0 1 4.8 2 8.3 0 0.0 3 8.6 0 0.0 2 15.4

Total 34 31 31 21 24 10 35 21 13

The numbers of isolates sensitive, partially sensitive, or resistant to antifungal agents are tabulated. In vitro testing against nystatin was not performed.
5FC, 5-fluorocytosine.
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against itraconazole. Whereas both itraconazole and flucona-
zole had similar action against yeasts, fluconazole was much
less effective against filamentary fungi. Only 11 filamentary
isolates were tested against fluconazole, and 9 were resistant
and 2 were partially resistant. All 20 of the most recent isolates
tested against voriconazole showed full or partial sensitivity.

DISCUSSION
Corneal scarring from suppurative keratitis is a major

cause of preventable blindness worldwide.25 Fusarium and
Aspergillus are the most common isolates from cases of FK in
tropical regions.1 In temperate regions, where FK is less
common, yeast may be isolated in 32%–72% of cases.1,4–14

Leck et al1 showed that the proportion of ulcers caused by
filamentary fungi increased toward tropical latitudes. However,
urbanization may overwhelm this effect,26 and in centers
in temperate areas with a large rural catchment, filamentary
fungal infection after trauma may still predominate.3,5,9 In
a recent report from a mainly rural region in north China,
Fusarium was isolated from 73.5% of ulcers, with yeast
isolated from only 2.0% of ulcers.3 The major risk factor for
filamentary fungal infection is agricultural trauma, with a clear
predominance in young men.27–30 In urban areas and temperate
regions, the most common risk factor for yeast infection is
OSD.1,4–7,9–11,13,14,31 Finally, the incidence of FK may have
increased in recent decades as a result of improved clinical
awareness, better diagnostic techniques, an increased use of
topical broad-spectrum antibiotics and corticosteroids, and
cosmetic contact lens wear.6,17,19,29,32

FK is uncommon in patients who are normally residents
in the United Kingdom, accounting for only 4.1% of patients
with positive isolates in this series. This finding may be an
underestimate of the true incidence because positive smears or
biopsy samples that were culture negative were not included.
When we compared patients who developed a yeast infection
with patients with filamentary fungal infection, the proportion
of men and the age at onset of infection was similar. We found
no significant difference between the number of infections
identified in the cooler compared with the warmer half of
the year, although seasonal variations in the incidence of
filamentary FK, usually related to outdoor work at harvest,
have previously been reported.3,11,15,28

In this series, the presence of OSD or a PK was a risk
for almost all eyes that developed a yeast infection but was
a risk factor in only one third of eyes with filamentary fungal
infection. In contrast, trauma and cosmetic contact lens wear
were almost exclusively risks for filamentary fungal infection.
Many eyes with OSD or a PK had multiple risk factors, but the
study size did not allow us to estimate the magnitude of these
risks separately. However, patients with severe OSD from
either ocular cicatricial pemphigoid or atopic keratoconjunc-
tivitis seem to be at special risk of yeast infection. Topical
steroid and antibiotics are known to increase the risk of
FK.6,13,15,28,33,34 Topical steroid was used in 74.4% of eyes
before yeast infection, often to reduce the risk of rejection in
eyes with a PK, and yeast infection was twice as common as
filamentary fungal infection in eyes with a prior PK.5,11,13,35,36

Eyes with allergic conjunctivitis or herpetic keratitis treated

with topical steroids are also at risk for fungal infection.5,6,9,13

Cosmetic contact lenses have recently been associated with an
epidemic of filamentary fungal infection,37,38 and 9 cases were
identified in this series, with a peak in 2005–2006. Ineffective
cosmetic lens disinfection may selectively increase the risk
of filamentary fungal infection as opposed to yeast infection,
but the mechanisms that make a bandage contact lens worn
for OSD a particular risk for yeast infection are unknown.39

In contrast to the recent series from New York reported by
Ritterband et al,4 in which there were 72% yeast isolates and
in which 25% of all cases were HIV-positive, no patients in
our series were known to be HIV-positive.

Econazole 1% was the principal topical antifungal agent
used in this series, which at a 2% concentration has been
shown to be as effective as natamycin 5% for the treatment of
predominantly filamentary fungal infections.40 Amphotericin
0.15% was used less frequently as a primary treatment but was
eventually used in more than one third of eyes. Intensive
topical administration, particularly after epithelial debride-
ment, is likely to achieve therapeutic tissue levels, but there is
little information on the correlation between in vitro sensitivity
and in vivo responses.19,41 Both econazole and amphotericin
had a good in vitro spectrum of activity against our isolates
(Table 3). Although natamycin is commercially available in
some countries, it is not available in the United Kingdom, and
it was not included in the panel of antifungal agents evaluated.
After oral administration, both itraconazole and fluconazole
have good penetration of ocular tissues,42,43 but although
fluconazole is effective against yeasts, it may not have been
effective in the 9 patients with filamentary fungal infection for
whom it was prescribed. We consider that the poor in vitro
activity of fluconazole against filamentary fungi means that,
although it may be a good option to treat proven Candida
keratitis, it is not a good choice for empiric treatment of
suspected FK. A change to the use of voriconazole for empiric
oral treatment would potentially provide the broadest spectrum
of activity.

Excisional keratoplasty still has a major role in the
management of filamentary fungal infection, and it was
performed in 95% of eyes in 1 recent case series.3 Although
the proportion of eyes in this series that had a PK was higher
after filamentary fungal infection than a yeast infection, the
difference was not statistically significant, and the visual
outcome at final review was similar in both groups. The visual
outcome was generally poor, with 41.5% of eyes having
a final acuity of ,6/60. However, 3 of the 8 eyes that had
no perception of light at final review were blind from their
underlying disease (advanced glaucoma or proliferative
vitreoretinopathy). In most cases, we could not distinguish
between the visual loss from preceding disease, eg, trauma,
and the effect of subsequent infection. Therefore, because the
associated pathologies and the acuities before the onset of
keratitis were so dissimilar between groups, a more detailed
comparison of the effect of the type of fungal infection on
visual outcome was not attempted.

In conclusion, in this case series, subspecies of Candida
were the most common isolate and Fusarium was the most
common filamentary fungal isolate. This finding confirms
previous observations that yeast infection is a major cause of
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FK in predominantly urban areas in temperate regions,
accounting for 50%–72% of isolates.4,13,14 Almost all eyes
that developed a yeast infection had OSD or a prior PK, but
this was a risk for only one third of the cases that developed
filamentary fungal infection. Most eyes with OSD or a PK
were being treated with topical steroids or were wearing
a bandage contact lens at the onset of FK. Although the
clinical significance of in vitro sensitivity testing is uncertain
because it does not take corneal penetration or bioavailability
into account, the results provide support for the selection of
topical econazole or amphotericin and oral itraconazole or
voriconazole for the initial management of suspected FK in
our clinical environment.
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