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Aim: To use a confocal microscope to characterise the
treated and untreated courses of fungal keratitis.
Methods: In the first experiment, Aspergillus fumigatus
stromal keratitis was produced in both eyes of seven New
Zealand white rabbits. In the second experiment, keratitis
was induced in right eyes of 20 rabbits. Group 1 rabbits
were treated with topical fluconazole, group 2 rabbits
received oral fluconazole, and group 3 rabbits were used
as controls. The rabbits were examined with a slit lamp
and confocal microscope 2, 6, 10, 14, and 20 days after
inoculation. The corneal cultures were taken on days 2,
14, and 20 and biopsies were taken on days 2 and 22.
Results: On days 14 and 22 confocal microscopy was
more sensitive than culture technique in both treated and
untreated animals, since not all cases of fungal keratitis
can be cultured.
Conclusion: This study indicates that confocal microscopy
is a rapid and sensitive diagnostic tool for both the early
diagnosis and non-invasive follow up of fungal keratitis

Confocal microscopy is a relatively new, non-invasive
technique for imaging the cornea in normal and
diseased states.1 The imaging of Aspergillus keratitis in a

rabbit eye and Aspergillus and Fusarium keratitis in human eyes
by confocal microscopy has been reported previously.2–4 In this
study, we followed treated and untreated Aspergillus fumigatus
keratitis in a rabbit model by serial confocal microscopy, fun-
gal culture, and histopathological examination of diagnostic
corneal biopsies to establish the reliability and value of this
technique in follow up of treatment.

MATERIALS AND METHODS
Twenty male New Zealand albino rabbits, weighing approxi-

mately 2.5 kg, were used. All animal studies were approved by

the LSU Health Sciences Center institutional animal care and

use committee. All experiments adhered to the Association for

Research in Vision and Ophthalmology resolution on the use

of animals in research.
Aspergillus fumigatus was isolated from a patient and

counted with a haemocytometer and adjusted to a concentra-
tion of 4.2 × 107 cells/ml.

An aliquot of 25 µl of Aspergillus fumigatus spores, the equiv-
alent of 1 × 106 spores, was injected into the central corneal
stroma of rabbits. In the first experiment, we induced Aspergil-
lus fumigatus keratitis in both eyes of seven rabbits. The corneal
culture samples for Sabouraud’s agar and biopsy samples were
taken 2 days after inoculation. The animals were examined
with a confocal microscopy 2, 6, 10, 14, and 22 days after
inoculation.

In the second experiment, Aspergillus fumigatus keratitis was
induced in the right eye of 20 rabbits. Forty eight hours after
inoculation, the rabbits were randomised into three groups. In

group 1, a commercially available intravenous fluconazole

preparation was used (Diflucan for injection (2 mg/ml in 0.9%

NaCl; pH = 6.2; 304 mOsm/l), Pfizer Inc, New York, NY, USA)

for topical treatment. A 20 µl drop of fluconazole was admin-
istered every hour for 8 hours a day. Group 2 animals were
treated with oral fluconazole (37.5 mg/kg) twice daily. For this
purpose, appropriate doses of Diflucan oral tablets (Pfizer Inc,
New York, NY, USA) were dissolved in 0.9% NaCl and admin-
istered by gavage. Group 3 (control) animals were not treated.
The animals were examined with a confocal microscopy 2, 6,
10, 14, and 22 days after inoculation. On days 2, 14, and 22,
corneal cultures were obtained on days 2 and 22, a diagnostic
biopsy was performed.

A Kimura spatula was used for culture on Sabouraud’s dex-
trose agar containing 50 µg/g gentamicin sulphate and the
plates were incubated for 1 week at 21°C. The Sabouraud’s
agar plates were kept at room temperature for 1 week and
were examined daily.

After the corneal scraping was taken, a 1 × 1 mm sample of
deep corneal tissue was removed from the infiltration site and
stained either with calcofluor or periodic acid Schiff (PAS).

The eyes were examined with a tandem scanning confocal
microscope (Advanced Scanning, New Orleans, LA, USA) with
a 20× water immersion objective. We examined the eyes by
confocal microscope before culture and biopsy collection.

The Wilcoxon rank sum test was utilised for analysing the
difference between slit lamp scores. However, statistical
differences between the positive culture results, positive
biopsy results, and confocal diagnosis rates at different stages
were analysed by χ2 test.

RESULTS
In the first experiment, on day 2, each of the 14 cultures of

scrapings from infected corneas plated on Sabouraud’s

dextrose agar grew Aspergillus fumigatus. All of the corneal

biopsy specimens stained with calcofluor showed multiple

septated hyphae with branching at a 45° angle on day 2.
By day 2, confocal microscopy of infiltrates revealed

interlocking white lines, ∼6 µm in width and 200–400 µm in
length in the superficial stroma (Fig 1). The white lines were
located parallel to the corneal surface with branching at a 45°
angle. Confocal microscopy of the colony growth on the
culture plates revealed similar filaments in terms of thickness
and branching pattern. By days 6–10, deep stromal invasion of
the cornea by fungal hyphae and endothelial cell destruction
were prominent features. By day 16–22, break up of fungal
elements was evident along with blood vessel invasion and
highly reflective scar tissue formation.

In the second experiment, all cultures taken 2 days after
inoculation grew Aspergillus fumigatus. However, on day 14, two
of six topically treated eyes and two of seven orally treated
eyes grew Aspergillus fumigatus in Sabouraud’s medium, while
four of seven scrapings grew Aspergillus fumigatus from
untreated control eyes. The statistical difference was found to
be significant (p = 0.002 and p = 0.003 χ2 test). The same
trend was also observed on day 22 cultures. On day 22, positive
growth in the control group (3/7) was also statistically signifi-
cantly more than both topically treated (1/6) and orally
treated groups (1/7) (p = 0.008 and p = 0.009, χ2 test).

By day 6, hyphal fragments were beginning to break up into

small pieces in treated eyes. On day 14, we observed hyphal
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fragments (broken in treated corneas and full size in

untreated ones) in each cornea by confocal examination.

However, only eight of 20 scrapings grew Aspergillus fumigatus
on Sabouraud’s agar culture at this stage. The positive

diagnostic value of confocal microscopy compared with

Sabouraud’s culture was significant (p=0.007, χ2 test) at this

stage. On day 22, observed some small hyphal fragments in

three of six topically and four of seven orally treated rabbits

(Fig 2). Aspergillus fumigatus hyphal fragments were visualised

in all corneas from group 3 on day 22. The diagnostic value of

confocal microscopy over Sabouraud’s agar culture was

significant also at this stage (p= 0.005 χ2 test).

The characteristics of fungus in calcofluor and PAS stained

corneal biopsies showed parallel findings with confocal

examinations on day 22.

DISCUSSION
In studies of human keratitis, about one third of all corneal

ulcers are culture negative.5 6 About one fourth of fungal cul-

tures become positive only after 2 weeks.7 This delay in diag-

nosis and treatment can result in the loss of vision.8 9 A perfo-

rated cornea from secondary fungal keratitis complicating

acanthamoeba keratitis also was reported. In this case,

although the cornea perforated and hyphae were plentiful,

culture was not obtained pre-keratoplasty.10 Thus, rapid and

reliable diagnostic techniques may salvage useful vision in

many eyes with fungal keratitis.8

We were able to detect fungal hyphae in all rabbit eyes 2

days after fungal inoculation by confocal microscopy, as soon

as slit lamp evidence of stromal infiltration became apparent.

Confocal microscopy has previously been reported to be a use-

ful adjunct in the diagnosis of Aspergillus and Fusarium kerati-

tis (case reports).3 4 Although in our model Sabouraud’s agar

culture and corneal biopsy techniques showed similar

sensitivity (100%) in the early stage, confocal microscopy

appears to have a definite advantage in the later stages of

infection, since not all cases of fungal keratitis could be

cultured.

PCR (polymerase chain reaction) has been used for the

diagnosis of fungal keratitis, but it generally takes longer, may

be more difficult to set up, and is more difficult to use with

consistent results.11 Other reports have used a variety of stain-

ing techniques on corneal smears12–14; however, the results are

somewhat confusing. One report suggested that a potassium

hydroxide (KOH) wet mount preparation was superior to the

other techniques,12 other investigators13 14 found calcofluor

staining to be equal or superior to KOH. The overall sensitivity

of smear staining procedures in these reports ranged between

71–93% in culture positive cases.13

One advantage of confocal microscopy over the PCR and

fungal smears is that confocal microscopy is helpful not only

in diagnosis but in the follow up and treatment monitoring of

fungal keratitis.3 4

This study provides strong evidence that confocal micros-

copy is a fast, safe, and sensitive diagnostic tool in the diagno-

sis, follow up, and treatment monitoring of fungal keratitis.
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Figure 1 Confocal microscopy, 2 days after Aspergillus fumigatus
inoculation. Note hyphae (arrows), in disrupted superficial corneal
stroma is parallel to corneal surface with branching at a 45° angle.

Figure 2 Confocal microscopy, 20 days after Aspergillus
fumigatus inoculation of oral fluconazole treated rabbit cornea,
shows small hyphal fragments (arrow).
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