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INTRODUCTION

Ocular fungal infections, or ophthalmic mycoses, are being
increasingly recognized as an important cause of morbidity and
blindness; certain types of ophthalmic mycoses may even be
life-threatening (213, 435). Keratitis (corneal infection) is the
most frequent presentation (363), but the orbit, lids, lacrimal
apparatus, conjunctiva, sclera, and intraocular structures may
also be involved (Fig. 1). A comprehensive review of fungal
diseases of the eye, in particular endogenous and exogenous
fungal endophthalmitis, has recently been published (194). In
the present article, emphasis is placed on mycotic keratitis and
mycoses of the orbit and adjacent external ocular tissues; in-
traocular mycoses (excluding endophthalmitis) are briefly
mentioned. Emphasis has been placed on literature published
within the last 12 years, but prior noteworthy reviews and case
reports are included.

Any review of the literature on ophthalmic fungal infections
is hampered by several factors. The first is that there are few
controlled or comparative studies on this subject, and much of
the material is in the form of single case reports, reports of
small numbers of patients, or papers dealing with a retrospec-
tive review of patient records. The second is that many fungal
genera and species have been implicated in ocular infections,
and it is difficult to give appropriate weight to the significance
of these organisms. An important publication in 1998 listed
some 105 species in 35 genera of fungi as causes of keratitis
and other ophthalmic mycoses (424); however, the criteria by
which these fungi were considered to be genuine ophthalmic
pathogens, and not simply contaminants inadvertently intro-
duced into specimens during or after collection (80a), were not
clearly delineated. An evaluation made in 1980 (237) of more
than 300 reports pertaining to human fungal infections pub-
lished in the literature from the late 1940s to the beginning of
1979 encountered similar difficulties. That assessment included
reports on 30 genera (60 species) of fungi isolated from oph-
thalmic infections, principally keratitis; only reports pertaining
to 32 species in 19 genera of fungi satisfied strict criteria of
acceptability (237).

A third problem is in assessing the accuracy of the genus or
species identification of a fungal strain isolated in culture. For
example, a fungal strain isolated from a patient with keratitis
was initially identified as Arthrobotrys oligospora but later re-
identified as Cephaliophora irregularis (128); C. irregularis was
subsequently isolated from another patient with keratitis as
well (235). Similarly, a filamentous fungus isolated from an
intraocular lesion arising out of a retained contact lens was
identified as Scedosporium prolificans (19); it now appears that
this identification may have been erroneous (J. Guarro and J.
Gené, Letter, J. Clin Microbiol. 40:3544, 2002).

To overcome these limitations, reports of single cases or
small numbers of patients were considered acceptable for this
review if they satisfied criteria similar to those described earlier
(237): when an adequate clinical history was presented that
suggested a mycotic infection; when the fungus was seen in the
clinical specimens; and when the morphology of the fungus in
the clinical specimens was consistent with the reported etio-
logic agent. Papers describing a series of patients with keratitis

FIG. 1. Schematic representation of a cross-section of the human
eyeball, depicting its parts.

VOL. 16, 2003 OPHTHALMIC MYCOSES 731



TABLE 1. Hyaline filamentous fungi implicated in ophthalmic infections

Genus and species Morphology Ophthalmic infections in which
implicated (references)a

Fusarium (F. solani, F. dimerum,
F. oxysporum [keratitis usually
due to F. solani or
F. oxysporum])

Microscopic morphology in ocular samples
Septate, hyaline, branching hyphae, 2–4 �m wide, similar to other

hyaline filamentous fungi. Adventitious sporulation may be
seen (220); the conidia are larger than those of Paecilomyces
spp. (220).

Morphology in culture (glucose peptone agar, 30°C)
(i) Macroscopic morphology. Colony is flat and floccose and

attains a diameter of 30 mm (1 wk). Initially white, later
acquires a buff coloration, followed by production of a variety
of color pigments.

(ii) Microscopic morphology. Crescent-shaped thick- or thin-
walled macroconidia, each with 1–5 septa and definite foot cell.
Small oval microconidia may be abundant (F. solani or F.
oxysporum) or absent (F. dimerum).

Keratitis (120, 334, 364, 377),
scleritis (254), and
intraocular infections (115)

Aspergillus (A. fumigatus, A. flavus,
A. terreus)

Microscopic morphology in ocular samples
Septate, hyaline branching hyphae, 3–6 �m wide, which exhibit

parallel walls and radiate from a single point in tissues; smaller
than hyphae of zygomycetes (220). Dichotomous (45°)
branching may occur (301); this may not be pathognomonic in
ocular infections (271)

Morphology in culture (glucose peptone agar, 30°C)
(i) Macroscopic morphology. Rapidly growing (60 mm in 1 wk),

flat, floccose to granular colony. White in early stages, followed
by production of various color pigments.

(ii) Microscopic morphology. Conidiophore arises from a foot cell
and terminates in a vesicle. Vesicle produces phialides in one
or two series. Unicellular conidia (hyaline or colored blue-
green, yellow, tan, etc.) are arranged in a chain with the
youngest conidium at the proximal end near the phialide.

Keratitis following
occupational trauma (85,
120, 398) or surgery (142,
361), orbital lesions (172,
201, 213), dacryocystitis
(200, 213), scleritis (31),
and endophthalmitis (367,
375)

Scedosporium (S. apiospermum
[teleomorph Pseudallescheria
boydii]; S. prolificans [formerly
called Scedosporium inflatum])

Microscopic morphology in ocular samples
Septate, hyaline, branching hyphae, 2–4 �m wide, similar to other

hyaline filamentous fungi.
Morphology in culture (glucose peptone agar, 30°C)

(i) Macroscopic morphology. Colony is flat to dome shaped,
floccose or moist, and white to pale or dark gray or black, and
attains a diameter of 20 mm (S. prolificans) to 40 mm (S.
apiospermum) in 1 wk.

(ii) Microscopic morphology. S. apiospermum conidiophores are
long and slender, single or branched, and sometimes
aggregated into bundles (Graphium state). Conidia (6–12 �m
by 3.5–6 �m) are yellow to pale brown, oval with a scar at
base, and usually abundant. S. prolificans conidiophores are
short with inflated base and tapering tip; oval conidia (3–7 �m
by 2.5 �m) frequently occur in groups.

S. apiospermum: keratitis (34,
79, 247, 360, 377, 430),
scleritis (254, 379),
endophthalmitis (239, 298),
and orbital infections (16,
176, 264). S. prolificans:
sclerokeratitis (19, 202,
370) Speciation of isolates
reported to be S.
prolificans may require
confirmation by DNA
sequencing (Guarro and
Gené, letter)

Paecilomyces (P. lilacinus,
P. variotii)

Microscopic morphology in ocular samples
Septate, hyaline, branching hyphae, 2–4 �m wide, similar to other

hyaline filamentous fungi. Abundant adventitious sporulation
frequently occurs; reported in keratitis (220). Adventitious
conidia subglobose to very short ellipsoidal.

Morphology in culture (glucose peptone agar, 30°C)
(i) Macroscopic morphology. Colony is flat to dome shaped,

granular to loose or densely floccose, white to lilac (P.
lilacinus) or olive brown (P. variotii); attains a diameter of 30
mm (P. lilacinus) to 50 mm (P. variotii) in 1 wk.

(ii) Microscopic morphology. P. lilacinus phialide is flask shaped
with swollen basal portion tapering in long distinct neck;
conidia (2.5–3 mm by 2 �m) are ellipsoidal, smooth, and borne
singly, in whorls or in penicillate heads. P. variotii phialide is
flask shaped with long chains of large, ellipsoidal conidia (5–7
�m by 2.5–3 �m).

Keratitis (121, 197, 334, 365),
endophthalmitis (280), and
intralenticular infection
(80a)

Continued on following page
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(120, 334) or other ophthalmic infection (313), many of which
were based on retrospective analysis of patient records, were
assessed differently since such publications rarely provided de-
tailed descriptions of the fungi isolated from individual pa-
tients or of the appearance of the fungi in the specimens or
tissues. The observations made in these papers were consid-
ered valid if definite criteria had been used to assess the sig-
nificance of the fungi isolated; for example, the presence of
clinical features suggesting a fungal infection, growth of the
same fungus from repeated samples, growth of the same fun-
gus on two or more solid media, or confluent growth at the site
of inoculation in one solid medium with direct microscopic
demonstration of fungal hyphae or yeast cells in the sample
(85, 120, 208, 216, 364, 377).

A recent review of fungal infections of the eye (194) listed
exceptions to the rule requiring isolation of the fungus from
ocular tissue. The exceptions listed included entities such as
endogenous endophthalmitis, in which fungi known to cause
this disease had been isolated from blood culture and the
clinical presentation was compatible with vascular dissemina-
tion of the fungus; histoplasmosis and coccidioidomycosis,
which are commonly associated with characteristic chorioreti-
nal lesions and in which isolation of the fungus from another
anatomical site or measurement of titers of antibody to the
fungus is usually deemed sufficient evidence to establish one of
these fungi as the cause of the eye disease; and ophthalmic
infections due to Cryptococcus neoformans, which usually occur
in conjunction with meningoencephalitis and in which isolation
of cryptococci from blood and/or cerebrospinal fluid is usually
sufficient to explain the associated eye findings. Most of these
exceptions pertain to reports of intraocular mycoses, whereas
the present review highlights external ophthalmic infections.

In this review, fungal genera and species are cited as they
have been reported in the literature. Unfortunately, in the
majority of published reports, the strains have not been depos-
ited in recognized culture collections to permit others to con-
firm the validity of the identifications; moreover, there is a
need to apply modern molecular biological and other methods
to the process of identification of fungi in the future (129; J.
Guarro and J. Gené, Letter, J. Clin. Microbiol. 40: 3544, 2002).
Hence, at present, only an uncritical compilation of the fungal
genera and species as reported is possible.

ETIOLOGICAL AGENTS AND LABORATORY
DIAGNOSIS OF OPHTHALMIC MYCOSES

Etiological Agents

Fungi are opportunistic in the eye, since they rarely infect
healthy, intact ocular tissues. Even the trivial trauma of a dust
particle falling on the cornea may disrupt the integrity of the
corneal epithelium, predisposing to mycotic keratitis. In a com-
promised or immunosuppressed individual, serious sight-
threatening and life-threatening infections such as rhinoorbito-
cerebral zygomycosis may supervene (435).

An overwhelming number of fungal genera and species have
been implicated as causes of ophthalmic mycoses, and this
number is steadily increasing. Species and genera of fungi
implicated as genuine ophthalmic pathogens in the past 5 years
include Chrysosporium parvum (415), Metarhizium anisopliae
var. anisopliae (76), Phaeoisaria clematidis (131), and Sarcopo-
dium oculorum (132). In this review, no attempt has been made
to list every single fungal genus or species implicated in oph-
thalmic infection, given the limitations listed above. Instead,
the salient features of the most important genera and species
are highlighted, since it appears that only a relatively small
number are repeatedly isolated in ophthalmic mycoses or have
been isolated from more than one ocular site (Tables 1 to 5).
For purposes of simplicity, the fungal genera and species have
been grouped as hyaline filamentous fungi (Table 1), dematia-
ceous fungi (Table 2), yeasts and zygomycetes (Table 3), ther-
mally dimorphic fungi (Table 4), and organisms of uncertain
classification, namely, Pythium insidiosum, Rhinosporidium see-
beri, and Pneumocystis carinii (Table 5). In Tables 1 to 5, brief
descriptions and line drawings are included to highlight the
salient microscopic morphological features of some ocular fun-
gal pathogens which may be unfamiliar to most clinical micro-
biologists; more intricate details are provided in other papers
and specialist mycology texts (50, 237, 238, 325, 329, 373).

Hyaline filamentous fungi. Species of Fusarium (Table 1)
are widespread saprobic fungi that cause important diseases of
plants, particularly major crop plants (71), and of humans,
particularly immunocompromised patients (263). They have
long been regarded as important pathogens in eye infections,
especially keratitis (263, 384).

TABLE 1—Continued

Genus and species Morphology Ophthalmic infections in which
implicated (references)a

Acremonium (A. kiliense,
A. potronii)

Microscopic morphology in ocular samples Keratitis (56, 93, 248, 317,
399) and endophthalmitis
(129)

Septate, hyaline, branching hyphae (2–4 �m wide); adventitious
sporulation may occur (220).

Morphology in culture (glucose peptone agar, 30°C)
(i) Macroscopic morphology. Colony is flat, smooth, gray to

orange, and rapidly growing (diameter of 50 mm in 1 wk).
(ii) Microscopic morphology. Conidiophore is long, straight, and

slightly tapering; conidia (3–6 �m by 1.5 �m) are ellipsoidal
and accumulated in slimy balls.

a Criteria for diagnosis of mycotic infection. (i) For isolates from keratitis: growth on at least two culture media; growth on one medium, and fungal hyphae seen
by microscopy of corneal scrapes, biopsy specimens, or buttons. (ii) For isolates from other infections: growth in culture and fungal hyphae seen by microscopy of
aspirates or necrotic material or by histopathological examination of tissue sections.
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Aspergillus spp. abound in the environment worldwide, thriv-
ing on a variety of substrates such as corn, decaying vegetation,
and soil. These fungi are also common contaminants in hospi-
tal air (367) and have been implicated in a recent outbreak of
endophthalmitis following cataract surgery that was traced to
ongoing hospital construction (375); they are also implicated in
other types of ophthalmic mycoses.

Scedosporium apiospermum (teleomorph Pseudallescheria
boydii) (Fig. 2) has been isolated from soil, sewage, and pol-
luted water and from the manure of farm animals (373). It has
been reported to cause severe ocular infection following
trauma by plant material, contact with polluted water, and
immunosuppression (211, 325, 379, 430). The fungus Scedos-
porium prolificans, which was first described as a human patho-
gen in 1984, has been reported as a cause of sclerokeratitis
(202, 370).

Species of Paecilomyces (Fig. 2), which are found worldwide
as saprobes in soil and decaying vegetation, may also contam-
inate sterile solutions and culture media, since they are resis-
tant to most of the common sterilizing procedures. Many doc-
umented ocular infections by Paecilomyces spp. have followed
surgical procedures (121, 197, 280).

Species of Acremonium (Fig. 2) are widespread, occurring in
soil, decaying plant material, and the air (129). Several cases of
keratitis (93, 237, 315, 317) and occasional cases of endoph-
thalmitis (93) due to Acremonium spp. have been reported in
the literature.

Dematiaceous (phaeoid) fungi. The primary factor unifying
the dematiaceous fungi (Table 2; Fig. 3) is the dark pigmen-
tation of their hyphae (238). At least 20 species of fungi be-
longing to 11 different genera have been implicated as causes
of keratitis (the most frequently reported ones are listed in

TABLE 2. Dematiaceous fungi frequently implicated in ophthalmic infections

Genus and species Morphology Ophthalmic lesions in which implicated
(references)

Bipolaris (B. spicifera, B. hawaiiensis),
Curvularia (C. lunata,
C. geniculata, C. senegalensis),
Exophiala (E. jeanselmei var.
jeanselmei, E. dermatitidis),
Exserohilum (E. rostratum,
E. longirostratum), Lecytophora
(L. mutabilis, L. hoffmannii), and
Phialophora verrucosa

Microscopic morphology in tissues
Brown pigmented, septate, fungal hyphae

Microscopic morphology in culture (glucose peptone agar,
30°C)

Bipolaris spp. have a sympodial conidiophore with profuse
sporulation. Conidia are oblong, ellipsoidal to fusoid (16–
34 �m by 4–9 �m), basal cell of conidium is round, and
hilum is continuous with conidial wall, slightly protruding
and truncate; 3–7 pseudosepta present.

Curvularia spp. have an erect, unbranched conidiophore.
Conidia (18–37 �m by 18–14 �m) are smooth walled,
olivaceous to dark brown (the end cell may be pale), 3 to
4 septate (the central or subterminal cell may be largest),
and broadly ellipsoidal or obovoidal to distinctly curved.

Exophiala spp. have a conidiophore that is brown,
cylindrical to flask shaped, with a narrow apex with or
without collarettes; apical or borne on the side of
hyphae. Conidia (2.5–5.9 �m by 1–3 �m) are single
celled, colorless to pale brown, and ellipsoidal; they may
accumulate in clusters.

Exserohilum spp. have a sympodial conidiophore with
profuse sporulation. Conidia are ellipsoidal to fusoid
(30–128 �m by 9–23 �m): the basal cell of the conidium
is round to conical, and the hilum protrudes markedly
and is truncate; 7–9 pseudosepta present.

Lecytophora spp. have conidiogenous cells that emerge
from the hyphal filament. Conidia (4–6 �m by 1.8–2.5
�m) are hyaline or subhyaline, smooth, thin walled, and
subcylindrical to cylindrical.

Phialophora spp. have a conidiophore that arises from the
hyphal filament and is brown, cylindrical to flask shaped,
with a very distinct flared, funnel-shaped, or cup-shaped
collarette. Conidia (2.5–6 �m by 1–3 �m) are hyaline to
pale brown, thick or thin walled, and oval to slightly
kidney shaped; they may accumulate in slimy clusters.

Keratitis (40, 111, 130, 212, 216, 228,
237, 238, 366; Ho et al., Letter);
criteria for diagnosis include
growth on multiple culture media
or positive microscopy with growth
in single culture medium. Orbital
infections (44, 167, 233); criteria
for diagnosis include growth in
culture with positive microscopy.
Intraocular infections (182);
criteria for diagnosis include
growth in culture with positive
microscopy.

Lasiodiplodia theobromae Microscopic morphology in tissues
Septate, highly bulged, brown hyphae.

Morphology in culture
Rapid growth occurs (90 mm in 1 wk). Colony is floccose,

gray to brown-black (Fig. 4); macroscopic fruiting bodies
(pycnidia) are visible after 7–21 days. Conidia (20–30 �m
by 10–15 �m) are initially colorless, ellipsoidal,
nonseptate; later they are dark brown and septate, with
longitudinal striations and truncate bases (50).

Severe keratitis (111, 216, 305, 318,
392, 393); criteria for diagnosis
include growth on multiple culture
media or positive microscopy with
growth on single medium.
Endophthalmitis (37) and
panophthalmitis (356); criteria for
diagnosis include recovery from
multiple ocular tissues and
positive microscopy.
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Table 2). Dematiaceous fungi have been reported to be the
third most frequent cause of mycotic keratitis (behind Aspergil-
lus and Fusarium) (111, 120, 208, 288, 364, 383) and may also
cause infections of the orbit (164, 167, 233 W. J. Chang, C. L.
Shields, J. A. Shields, P. V. De Potter, R. Schiffman, R. C.
Eagle, Jr., and L. B. Nelson, Letter, Arch. Ophthalmol. 114:
767–768, 1996) or intraocular infections (182). These fungi
exhibit a brown-to-olive-to-black color in the cell walls of their
vegetative cells, conidia or both, colonies thus appear olive to
black.

Lasiodiplodia theobromae (Table 2; Fig. 4) is an important
cause of rot in corn, yams, citrus, bananas, and other plants,
mainly in tropical regions (266, 373). This organism was ini-
tially reported as a cause of human keratitis in two patients in
India (305). Subsequently, reports from the southern United
States, other parts of India, Sri Lanka, and other countries
have confirmed that this fungus is pathogenic in the human
cornea (37, 117, 216, 318, 356, 392, 393); brown, highly bulged,
septate hyphae are seen in infected corneal tissue. This fungus

causes severe keratitis in experimental animals (305, 318) and
in humans (37, 318, 392, 393).

Yeasts and zygomycetous fungi. Most episodes of yeast in-
fections in corneal ulcers and other ocular infections are due to
various Candida species, predominantly Candida albicans (Ta-
ble 3), and usually occur in the presence of systemic illness
(diabetes mellitus or immunocompromise) or ocular disease
(lid abnormalities or dry eyes) or in patients receiving pro-
longed topical medications or topical corticosteroids (334,
377). Species of Cryptococcus (see Table 3) may also cause
ocular lesions (146, 185, 255, 328, 377).

Ocular infections by the zygomycetes (Table 3; Fig. 5) in-
clude rhino-orbitocerebral zygomycosis (435) and keratitis
(231). Although Rhizopus spp., especially Rhizopus arrhizus,
are most frequently involved, other genera of the order Muc-
orales may also cause ocular disease (87, 323, 435). The detec-
tion of fungi belonging to the Mucorales by direct microscopy
in clinical material or tissue sections (Table 3) is more signif-
icant than their isolation in culture (323, 324).

TABLE 3. Yeasts and zygomycetes implicated in ophthalmic infections

Genus and species Microscopic morphology Ophthalmic infections in which implicated
(references)

Yeasts
Candida (C. albicans,

C. parapsilosis,
C. guilliermondii)
in ocular samples

Morphology in ocular samples
The presence of small (3–4-�m) budding yeast cells

and pseudohyphae in corneal scrapes is almost
diagnostic for Candida spp (269). The bud
exhibits an off-axis position and a narrow base at
the point of attachment; the yeast cell appears
asymmetrical (301).

C. albicans and other Candida spp. implicated
as causes of keratitis (334, 377), infectious
crystalline keratopathy (419), and
intraocular lesions (147, 165, 281). Criteria
for diagnosis in keratitis include growth on
multiple media or growth on single medium
with positive microscopy.

Cryptococcus (C. neoformans
var. neoformans,
C. laurentii)

Morphology in ocular samples
Typically 2–20 �m in diameter. The presence of

teardrop-shaped, narrow-based budding of C.
neoformans var. neoformans is a useful cytologic
feature (301).

C. neoformans var. neoformans causes
keratitis (216, 377), blepharitis (66, 82),
chorio retinitis (255), endophthalmitis
(255), and solitary subretinal lesions (146).
C. laurentii was recently implicated (with F.
solani) in contact lens-associated keratitis
(328).

Zygomycetes
Rhizopus (R. arrhizus), Mucor

(M. ramosissimus),
Rhizomucor (R. pusillus),
Absidia (A. corymbifera),
Apophysomyces (A. elegans),
Saksenaea (S. vasiformis)
(87, 323, 435)

Morphology in ocular samples
Broad, aseptate, or sparsely septate hyphae with

right-angled 90° branching; these neither possess
parallel walls nor radiate from a single point in
tissues. Hyphae stain poorly with PAS but stain
well with hematoxylin-eosin and GMS stains.
Cresyl fast violet stains zygomycete walls brick
red and stains other fungi blue or purple (324).
Seen in the midst of prominent inflammation,
necrosis, and invasion of blood vessels.

Morphology in culture (glucose peptone agar, 30°C)
Asexual spores (sporangiospores) occur in a sac

(sporangium); the sporangium is held aloft by a
stalk (sporangiophore). The sporangium may be
on a funnel-shaped base (Apophysomyces elegans)
or may have an apical tubular extension
(Saksenaea vasiformis). The stalk may arise from
a branched root-like system of rhizoids (Rhizopus
spp.) or from hyphae in between two
aggregations of rhizoids (Absidia corymbifera).
Pale or brownish sporangia arise from stalks
lacking rhizoids in Mucor spp. The stalk may
have a funnel-shaped top (A. corymbifera) or may
have branches crowded near top of main stalk
(Rhizomucor pusillus).

Various zygomycetes are reported to cause
rhino-orbito-cerebral zygomycosis (15, 435).
Criteria for diagnosis include suggestive
clinical features; detection of the
characteristic large, broad aseptate hyphae
in necrotic material or tissue bits or
sections; and growth on multiple culture
media. A. corymbifera is reported to cause
keratitis (231); the diagnosis is established
by growth in culture and positive
microscopy. Rhizopus spp. are reported as a
cause of scleritis (221), but evidence is not
convincing (fungus was not seen in tissues,
only 1 colony grown in culture).
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Thermally dimorphic fungi. Paracoccidioides brasiliensis
(Table 4; Fig. 6), which has been recovered from soil and
decaying vegetation in zones of endemic infection (southern
Mexico and Central and South America), causes a severe,
usually chronic disease with involvement of the skin, lungs, and
lymphoid organs. Ocular involvement usually represents reac-
tivated disease and commonly manifests as a chronic papular
or ulcerating lesion of the eyelid in a man older than 30 years
engaged in agriculture and coming from regions of endemic
infection (353).

Coccidioides immitis (Fig. 6) is found in the alkaline soil of
warm, dry regions where infection is endemic (southwestern
United States, northern Mexico, and localized areas in Central
and South America) (373). Disease ranges from self-limited
primary pulmonary coccidioidomycosis to disseminated dis-
ease; ocular lesions (72, 222, 331) have also been reported.

Blastomyces dermatitidis (Fig. 6), which has been isolated
from moist soil with high organic content, is known to cause
pulmonary, cutaneous, osteoarticular, and genitourinary dis-
ease (373). Ocular infections include eyelid lesions (26, 355;

TABLE 4. Thermally dimorphic fungi implicated in ophthalmic infections

Genus and species Morphology Ophthalmic lesions in which implicated (references)

Paracoccidioides brasiliensis Spherical, yeast-like cells with multiple buds
attached by narrow necks, also called “steering
wheel forms,” seen in KOH mounts of material
or in tissue sections and in culture at 37°C.

Reported to cause lesions of eyelids (46, 353),
cornea (353), and bulbar conjunctiva (353);
anterior uveitis (353); and granulomatous uveitis
(75). Diagnosis by histopathological examination
or direct microscopy of lesions (353); no
photomicrographic evidence. Ophthalmic lesions
are rare in the absence of lesions elsewhere in the
body, unless entry is through a wound; usually
unilateral.

Coccidioides immitis Large, multinucleate, thick-walled cells (spherules)
filled at maturity with spores; these escape by
rupture of the cell wall. Spherules are usually
found within giant cells (325). Spherules are
seen on microscopic examination of KOH
mounts of pus or necrotic material or by
histopathological examination of infected ocular
tissues (253). In culture at 30°C, barrel-shaped
arthospores (2.5–4.5 �m by 3–8 �m) are seen.

Anterior-segment lesions (phlyctenular conjunctivitis,
episcleritis, scleritis, and keratoconjunctivitis)
reported in conjunction with underlying pulmonary
infection; lid granulomata and inflammation
reported in disseminated disease (331). Diagnostic
criteria used unclear. Granulomatous uveitis and
iris nodules noted in patients without systemic
disease and 1 patient with previously treated
pulmonary disease. Diagnosis established by the
presence of spherules in various samples and by
positive cultures (253).

Blastomyces dermatitidis Spherical, multinucleate yeast-like cells (8–20 �m
in diameter) with single broad-based bud and
refractile double-contoured walls; generally
larger than those of cryptococci (301). Seen in
KOH mounts of necrotic material or in tissue
sections, and generally extracellularly (215, 338),
and in culture at 37°C.

Lesions of eyelids (Barr and Gamel, letter; 26),
cornea (332), conjunctiva (355), and orbit (215,
409), intraocular lesions (338), and
endophthalmitis (215, 338), reported. B.
dermatitidis cultured from, and seen in, orbital
lesions and endophthalmitis (215). Positive
immunofluorescence test in corneal lesions of 2
patients (332). Detection of characteristic forms in
tissues in others (338, 355)

Sporothrix schenckii Small, spherical, oval or elongated “cigar-shaped”
budding yeast cells with irregularly stained
cytoplasm, mostly located extracellularly (205).
“Asteroid bodies,” which are central spherical or
oval basophilic cells 3–5 �m in diameter
surrounded by a thick, radiate eosinophilic
substance, rarely occur (325). More important
for identification is microscopic morphology in
culture at 30°C (glucose peptone agar): hyaline
hyphae, delicate conidiophores bearing an apical
rosette of minute conidia (3–10 �m by 1–3 �m).

Endophthalmitis (52, 205, 427), scleritis (Brunette
and Stulting, letter), uveitis (410), and orbital
lesions (369). In most reports, diagnosis by
detection of characteristic forms in affected tissues.
In two reports (205, 369), positive culture and
histopathology findings.

Histoplasma capsulatum
(H. capsulatum var.
capsulatum,
H. capsulatum var.
duboisii)

Organisms may be missed in wet mounts, hence
stained smears should be examined (301). H.
capsulatum var. capsulatum has thin-walled oval
yeast cells (2–3 �m by 3–4 �m), free or
phagocytized within cells; there may be
associated infiltrate of lymphocytes and
histiocytes (357). H. capsulatum var. duboisii has
larger yeast cells (8–15 �m) than those of H.
capsulatum var. capsulatum; the cell wall is
thicker, and the isthmus and bud scar are more
prominent (5, 373). In culture at 30°C (glucose
peptone agar), large tuberculate globose
macroconidia (6–15 �m) are seen.

Endogenous (118) and exogenous (303)
endophthalmitis; choroiditis, retinitis and optic
neuritis in patients with AIDS (224, 357, 433);
anterior segment lesions are rare (89).
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G. C. Barr and J. W. Gamel, Letter, Arch. Ophthalmol. 104:
96–97, 1986), orbital disease (215, 409), keratitis (332), and
endophthalmitis (215, 338).

Histoplasmosis is classically caused by Histoplasma capsula-
tum var. capsulatum, while a variant form, known as African
histoplasmosis or large-celled histoplasmosis, is caused by H.
capsulatum var. duboisii. The disease is most prevalent in the
central region of North America, in Central and South Amer-

ica, in the tropics, and in certain river valleys in temperate
regions (373). H. capsulatum var. capsulatum has been impli-
cated in the “presumed ocular histoplasmosis syndrome” and
in several other ophthalmic infections, mostly of intraocular
structures (118, 180, 224, 303, 424); H. capsulatum var. duboisii
has been reported to cause orbital disease (5).

Sporothrix schenckii (Fig. 6), which has been isolated from
soil and decaying plant material worldwide, generally causes

FIG. 2. Hyaline filamentous fungi S. apiospermum, Paecilomyces, and Acremonium.

TABLE 5. Ophthalmic lesions due to Pythium insidiosum, Rhinosporidium seeberi, and Pneumocystis carinii

Genus and species and comments Microscopic morphology Ophthalmic lesions in which implicated
(references)

Pythium insidiosum
In culture, Sabouraud glucose

neopeptone agar at 25–
28°C, rapidly growing, 20
mm in 24 h, yellowish-
white flat colonies (244),
difficult to separate from
agar (22); sterile,
coenocytic hyphae
branching at 90° (244).

In tissue, fungal hyphae with sparse septation, resembling
hyphae of Zygomycetes; P. insidiosum hyphae are 3–10
�m in diameter, zygomycete hyphae are 5–15 �m.
Specific identification done by immunofluorescence or
immunoperoxidase staining assay. In culture, zoospor-
angia containing biflagellate motile asexual zoospores
(7–10 �m) are seen; these are induced by placing
pieces of boiled grass leaves on the surface of cultures
for 24 h at 37°C, removing the leaves, and immersing
then in dilute salt solution at 37°C for 2–3 h (244).

Severe keratitis (22, 155, 260, 381, 411)
and orbital cellulitis (244).

Rhinosporidium seeberi
Cannot be cultivated. Gross

lesions are friable, polypoid
or papillomatous,
proliferative outgrowths,
which are pedunculated or
sessile.

In tissue (hematoxylin-eosin stained), usually a
granuloma with marked inflammatory cell infiltrate
(343, 352); chronic, nongranulomatous lesions (295) or
absence of inflammatory cell infiltrate (371)
occasionally noted. Well-defined spherical bodies, i.e.,
spherules or sporangia (Fig. 7), varying from 6 to 30
�m in size, seen in the midst of dense stroma covered
by hyperplastic epithelium (343). All stages of the life
cycle are seen. Dissected or excised tissue and biopsy
material can be macerated and examined in KOH
mounts; well-defined mature sporangia (150–350 �m)
containing spores (7–9 �m) can be seen (325).

Outgrowths on palpebral conjunctiva
(258, 321, 343, 352,), lacrimal sac
(178, 199, 258, 352), lid margins
(258), canaliculus, and sclera (226).
Conjunctival rhinosporidiosis with
associated scleral melting and
staphyloma formation recently
reported (54).

Pneumocystis carinii
No continuous in vitro

culture system. Animals
can be infected.

In tissues, granulomatous inflammation mixed with foamy
material containing P. carinii is seen. Round cysts with
thickened walls, containing the crescent-shaped
trophozoites, are demonstrated by GMS or Giemsa
stains (Friedberg et al., letter).

Choroidopathy (255, 350) and orbital
lesions (Friedberg et al., letter) in
patients with AIDS.
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nodular lesions in the cutaneous and subcutaneous tissues,
which ultimately suppurate, ulcerate, and drain. This fungus
has been reported to cause lesions of the orbit (369), sclera (I.
Brunette and R. D. Stulting, Letter, Am. J. Ophthalmol 114:
370–371, 1992), and intraocular structures (205).

Organisms of uncertain taxonomic classification. Pythium
insidiosum (Table 5), a cosmopolitan fungus-like aquatic or-
ganism, is found predominantly in swampy environments,
where water lilies, various vegetables, and especially certain
grasses support the asexual phase of its life cycle; motile zoo-
spores, which appear to be chemotactically attracted to plant
leaves or human and horse hairs, are the likely infective par-

ticles (244). This organism, originally considered to be an oo-
mycete in the kingdom Fungi and later a member of the king-
dom Protoctista (244, 373), is now placed in the kingdom
Stramenopila, containing organisms that are related to algae
(373). P. insidiosum has been implicated in diseases of plants
and animals (horses, cattle, dogs, cats, or fish), particularly in
tropical and subtropical parts of the world (22, 155, 260, 381).
In Thailand, this organism causes subcutaneous lesions and
chronic inflammation and occlusion of blood vessels (especially
of the lower extremities) in thalassemic and nonthalassemic
patients (381). Keratitis due to P. insidiosum has been noted in
tropical (22, 155, 244, 411) and temperate (260) regions. Two
particularly aggressive cases of orbital cellulitis with deep facial
tissue involvement have occurred in the United States (244).

Rhinosporidium seeberi (Table 5; Fig. 7) an endosporulating
microorganism which causes rhinosporidiosis, has traditionally
been considered a fungus but is now of uncertain taxonomic
classification (295). Lesions of rhinosporidiosis manifest as
polypoid or papillomatous, very friable, proliferative out-
growths principally in the nasal cavity; ocular lesions may ac-
count for 13% of all lesions, with the ratio of nasal to ocular
lesions being 1.4:1 (284).

Pneumocystis carinii (Table 5) was originally considered to
be a protozoon, based on its morphology and response to
antiparasitic drugs, but has now been reclassified as a member
of the kingdom Fungi subsequent to analysis of its nucleic acids
(48). It has been implicated as a cause of choroiditis (83, 104,
350) and orbital infection (D. N. Friedberg, F. A. Warren,
M. H. Lee, C. Vallejo, and R. C. Melton, Letter, Am. J.
Ophthalmol. 113: 595–596, 1992) in patients with AIDS.

Laboratory Diagnosis

Laboratory investigation of a suspected ophthalmic mycosis
begins with the collection of an appropriate specimen (Table
6); these samples are subjected to direct microscopic examina-
tion (Table 7), culture, histologic testing, or other investigations.

Direct microscopic detection of fungi in ocular samples.
Identification of the fungal genus by direct examination (Table
7) is generally not considered possible (175, 271). However, the
occurrence of adventitious sporulation (the presence of conid-
ial structures) in tissue samples, including corneal material, has

FIG. 3. Dematiaceous fungi Bipolaris, Curvularia, Exophiala, Exse-
rohilum, Lecytophora, Phialophora, and L. theobromae.

FIG. 4. A 5-day growth of L. theobromae on Sabouraud glucose-
neopeptone agar, Emmons’ modification. Growth has reached the
edge of the petri dish (90 mm in diameter), indicating rapid growth.
The colony is floccose and grey to brown-black. Macroscopic fruiting
bodies (pycnidia) have not yet appeared.
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been reported to aid the differentiation of genera of hyaline
filamentous fungi, such as Acremonium, Fusarium (Fig. 8), and
Paecilomyces (220).

The potassium hydroxide (KOH) wet mount and its modi-
fications (Table 7) are widely used for the rapid detection of
fungal hyphae in necrotic tissue samples from patients with
infections of the orbit (324) and other ocular structures (175).
Several limitations have been reported when such mounts are
used for corneal scrapes, including low sensitivity, frequent
misinterpretation, presence of artifacts, and lack of detection
of Candida and other yeasts (271, 314, 334). Moreover, if no
dye or ink is added, the microscopist is looking for a usually
colorless fungus against a colorless background; that is, there is
no contrast to facilitate the detection of the fungal organisms.

This may explain why American ophthalmologists currently
seem to prefer other techniques for detection of fungal ele-
ments in corneal scrapes. However, elsewhere, relatively good
sensitivities have been reported in the diagnosis of culture-
proven mycotic keratitis (120, 288, 351, 429, 431).

The ability to detect and differentiate gram-positive and
gram-negative bacteria within 3 min in an ocular sample is the
most important function of the Gram stain (329) (Table 7); an
additional advantage is that fungi (Fig. 9), filamentous bacte-
ria, and cysts of the protozoon Acanthamoeba can also be
detected (314, 329). Identification of the fungal genus by direct
examination is generally not possible (175, 271). Direct micros-
copy of corneal scrapes stained by a fluorescent Gram stain
technique permitted a rapid presumptive diagnosis of mycotic
keratitis in five patients (335); culture confirmed the diagnosis
in all five (three infections were due to F. solani, and one each
was due to A. flavus and C. albicans). This stain also detected
fungi in the vitreous biopsy specimen of one patient with cul-
ture-proven endophthalmitis due to A. flavus (335). Advan-
tages of this fluorescence technique over the conventional
method need to be assessed by experiments with samples from
more patients.

FIG. 5. Zygomycetes Rhizopus, Mucor, R. pusillus, A. corymbifera,
A. elegans, and S. vasiformis.

FIG. 6. Thermally dimorphic fungi P. brasiliensis, C. immitis, B. dermatitidis, and S. schenckii.
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The Giemsa stain can be used to detect fungal hyphae and
yeast cells in ocular tissue; this technique has been reported to
have a sensitivity of 55 to 85% in diagnosing culture- proven
mycotic keratitis (120, 216, 271), although others have ob-
tained poor results (334). This stain can also detect other
organisms (Table 7).

Lactophenol cotton blue is a mounting medium commonly
used in microbiology laboratories for preparing mounts of fun-
gal cultures. This mounting medium has been recommended
for the preparation of clinical samples, including corneal
scrapes and aqueous and vitreous aspirates, for direct micro-
scopic examination (24). Although lactophenol cotton blue
mounts of ocular samples can be stored for long periods, they
must be sealed properly to prevent dehydration.

The Gomori methenamine silver (GMS) and the periodic
acid-Schiff (PAS) stains are special stains for detection of fungi
in tissue. A modified GMS staining technique has been used
for this purpose in corneal scrapes (216), in paraffin-embedded
tissue sections (406), and in other ocular samples (Table 7).
The entire procedure comprises nine steps and takes about 1 h.
This stain can also detect filamentous bacteria such as Nocar-
dia and cysts of Acanthamoeba (175). Although widely avail-
able, the PAS technique has been infrequently used as a stain
for smears from ophthalmic specimens; the reason for this is
not known. PAS stains fungal elements well, and hyphae and
yeast cells can be readily distinguished; fungal structures were
detected in 91% of the PAS-stained sections of corneal buttons
which were positive by culture (431).

In recent years, nonspecific fluorochromatic stains have be-
come popular for the detection of fungi in ocular samples.

Calcofluor white appears to be the most widely used of these
stains (56, 120, 351, 372) since it can detect fungi in 50% of
smears previously considered negative by Gram and Giemsa
staining methods (372). Calcofluor white is more sensitive than
KOH wet mounts in detecting the common ocular fungi F.
solani, A. fumigatus, and C. albicans in corneal scrapes (55, 120,
351). A fluorescence microscope fitted with appropriate filters
is needed to view mounts of ocular samples that have been
stained with calcofluor white. Blankophor and Uvitex 2B, while
similar to calcofluor white in many respects, have certain other
advantages for detecting fungi in specimens (337, 414) but
have apparently not been used widely for the diagnosis of
ophthalmic mycoses; the reasons for this are not known.

Several recent studies of small numbers of patients (126,
179) have confirmed that the acridine orange stain is useful to
detect fungal hyphae in corneal scrapes. However, the sensi-
tivity of this method in diagnosing culture-proven mycotic ker-
atitis and its specificity when used for patients with ulcerative
keratitis need to be assessed in a large series of patients. A
fluorescence microscope fitted with appropriate filters is
needed for this technique.

Lectins are ubiquitous proteins, which are particularly com-
mon in plant seeds that bind specifically to carbohydrates.
Fluorescein-conjugated concanavalin A was found to provide
consistently bright staining of the fungal structures in corneal
scrapes from 18 patients with culture-proven mycotic keratitis
(330) and was thought to be a promising first-line fluorochro-
matic stain to visualize fungi in ocular samples. Again, this
technique does not appear to be used as widely as calcofluor

FIG. 7. Photomicrograph showing presence of sporangia (cysts) of R. seeberi in stroma of the lacrimal sac. The cysts are of all sizes, with a
sharply defined, chitinous-appearing wall. The largest sporangium reveals maturing spores (endospores). The smaller cysts represent “trophic”
stages of the organism. Hematoxylin-eosin stain; magnification, �400.
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white, perhaps because of the cost involved in preparing the
necessary reagents.

Garcia et al. (110) have recently described a peroxidase-
labeled wheat germ agglutinin staining technique for diagnosis
of experimental mycotic keratitis due to C. albicans, A. fumiga-
tus, and F. solani. In addition to excellent sensitivities and
specificities for detecting these infections, there was a high
degree of test-retest and inter-rater concordance between two
independent observers for all three fungi tested. This tech-
nique needs to be assessed in the clinical setting, since the use
of the peroxidase label for the lectins would eliminate the need
for expensive fluorescence microscopes fitted with appropriate
filters. One potential disadvantage of this technique is that

tissue sections of corneal biopsy material are required, whereas
ophthalmologists and patients would probably feel more com-
fortable if corneal scrapes could be used as the samples.

When fungi such as Candida or Aspergillus are stained with
eosin, they fluoresce under UV illumination; this facilitates
their detection. Mucin and vegetable fibers do not interfere
with this fluorescence (314). Fluorescence microscopy of a
tissue section stained with hematoxylin-eosin revealed the
presence of yeast cells of B. dermatitidis in periocular cutane-
ous lesions that had initially been misdiagnosed as squamous
cell carcinoma (229).

Because of their size, polysaccharide content, and morpho-
logic diversity, most mycotic agents can be satisfactorily stained

TABLE 6. Specimens used for diagnosis of ocular fungal infectiona

Orbital lesions
Biopsy specimens from necrotic tissue, and necrotic material

from the nose, paranasal sinuses, and oropharynx for HPEb

and culture (324)
Purulent material aspirated with a sterile syringe and needle
Serum for serological investigations (181)

Blepharitis and eyelid lesions
Cotton or calcium alginate swabs, moistened with TSB,b used

to scrub anterior lid margins and any ulcerated area
Lid biopsy specimen may be indicated for certain lesions, e.g.,

those due to B. dermatitidis or P. brasiliensis (353)

Dacryoadenitis
Lacrimal gland surgically removed in toto and bisected for HPE
Lacrimal gland surgically removed, bisected, ground,

suspended in sterile buffered saline, and used for culture

Dacryocanaliculitis
Lid and canaliculus are compressed to express purulent

material, which is carefully collected on a sterile spatula
If concretions are present within the canaliculus, they are

scraped off with a sterile spud or small chalazion curette;
concretions are crushed on slide prior to staining

Dacryocystitis
Material drained from lacrimal sac with a sterile syringe and

needle
If lacrimal sac is removed by surgery, it is bisected for HPE

and cultured as for the lacrimal gland (177, 199)
If pressure on lacrimal sac expresses material into

conjunctival sac, it is collected as for the conjunctival swab (36)

Conjunctivitis
For suspected rhinosporidiosis, the lesion is surgically excised

for HPE (321)
Inferior tarsal conjunctiva and fornices are vigorously scrubbed

with calcium alginate/cotton-tipped swabs, which are
moistened in TSB if lesions are dry; local anesthetic should
not be used

Inferior tarsal conjunctiva is scraped by sterile spatula; local
anesthetic is used

Conjunctival biopsy specimen for HPE and culture indicated if
above specimens do not yield results

Keratitis
Sterile cotton-tipped or calcium alginate swabs used to collect

material from ipsilateral and contralateral lid and
conjunctiva

Corneal scrapes collected with a Kimura spatula, Bard-Parker
knife, sterile razor, surgical blade, or spatula; local
anesthetic is used (158, 163, 216)

Calcium alginate swabs moistened with TSB have been used to
collect corneal material; good results have been reported by
some (163)

If the above samples do not yield results, corneal tissue is
collected by epithelial biopsy or superficial keratectomy for
HPE, culture, and other tests (8, 196); if penetrating
keratoplasty is done, the corneal button is bisected and used
for HPE and culture (334)

Corneal material is inoculated in the form of “C” streaks on
culture plates; only growth on the streaks is considered
significant (Fig. 8)

Scleritis
Material may be obtained as for conjunctivitis or keratitis
If intact scleral abscess is present, material is carefully

aspirated with a sterile syringe and needle; if the abscess has
burst, it is carefully collected with a sterile swab or spatula

In nodular, diffuse, or necrotizing scleritis, or where the above-
mentioned samples do not yield results, scleral biopsy is
performed (31); it is necessary to exercise caution

Endophthalmitis
Conjunctival swab (only if leaking filtering bleb or wound is

present)
Vitreous or aqueous aspirate collected via sterile syringe
Vitreous biopsy specimen
Vitreous wash material either concentrated by centrifugation

before inoculation onto culture media or passed through a
membrane filter which is cut into pieces for culture

Choroiditis and retinitis
Diagnosis is usually based on the presence of characteristic

clinical features in the choroid and retina, with recovery of
fungi from blood or other body lesions, or demonstration of
high titers of fungal antigen in blood or other body fluids

Rarely, material is collected from the lesion itself by surgery

a General guidelines. Whenever possible, culture media should be brought to the operation theater or sample collection room so that ocular samples can be directly
inoculated onto the plates of appropriate culture media immediately after collection. This is essential for corneal samples. Conjunctival samples may be collected on
swabs and transported in appropriate containers. Samples of fluids or aspirates may be inoculated into sterile screw-cap tubes. After inoculation, culture plates should
be transported to the laboratory in �15 min at room temperature, while swab specimens or fluids and aspirates in screw-cap tubes should be transported to the
laboratory in �2 h at room temperature. If these transport times cannot be adhered to, samples may be stored at room temperature for �24 h (246a). Culture plates
(dishes) are preferred to culture tubes for recovery of ocular fungal pathogens since they provide better aeration of cultures, a large surface area for better isolation
of colonies, and greater ease of handling by technologists; dehydration of the agar in such culture plates can be minimized by adding at least 40 ml of agar and by placing
the culture plates in an incubator that contains a pan of water to achieve a relative humidity of 40 to 50% (329). Cultures should be incubated at room temperature
or, preferably, 30°C for at least 30 days; culture plates should be opened and examined only within a certified biological safety cabinet (329).

b HPE, histopathological examination; TSB, tryptone soy broth.
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and studied in tissue sections by light microscopy. Sections
stained with hematoxylin-eosin have many advantages (Table
7), but species of Fusarium or Candida may not be stained at
all. Similarly, fungal structures can be easily detected in sec-
tions of corneal tissue stained with the GMS or PAS stains
(406), but little else can be visualized. Hence, a replicate tissue
section stained with hematoxylin-eosin should always be exam-

ined before special stains for fungi are used; alternatively, a
section stained with GMS can be counterstained with hema-
toxylin-eosin for simultaneous demonstration of a mycotic
agent and the evoked tissue response (57).

Direct immunofluorescence of fungi in formalin-fixed, par-
affin-embedded ocular tissue sections has been used to confirm
presumptive histologic diagnoses of ocular infection due to B.

TABLE 7. Important direct microscopic techniques in ophthalmic mycoses

Method and specimens Features Reported drawbacks

Potassium-hydroxide (KOH) wet
mounts

KOH only
Ink-KOH
KOH-dimethyl sulfoxide digestion

and counterstaining with PAS
or acridine orange; used for
corneal scrapes, aqueous and
vitreous aspirates, pus, necrotic
material, biopsy, and tissue bits

Rapid (1 or 2 steps), inexpensive, easy to perform.
KOH ensures good digestion of thick samples.
Use of ink, PAS, or acridine orange as the
counterstain facilitates the detection of fungal
structures. Sensitivities of 75–91% for KOH
mounts in culture-proven mycotic keratitis in
India (55, 56, 120).

Artifacts common. Corneal cells may not
swell sufficiently to produce transparent
preparations. Optimal viewing time for
ink-KOH mounts is 12–18 hs. Ink-KOH
has a short shelf life (ink precipitates
out). Fluorescence microscope fitted with
appropriate filters needed if acridine
orange counterstain is used (24, 55, 56,
120, 158, 160, 175, 271, 314, 324, 334). If
no dye or ink is added, there is no
contrast to facilitate the detection of
usually colorless fungus against a colorless
background.

Gram staining
Sensitivity of 55–98% in culture-

proven keratitis (85, 216); used
for corneal scrapes, aqueous
and vitreous aspirates, pus,
necrotic material, and tissue
sections

Stains yeast cells and fungal hyphae (Fig. 9)
equally well, and bacteria in the preparation can
be differentiated. Takes only 5 min to perform.

Fungal hyphae may stain irregularly or not
at all. Less useful in thick preparations.
False-positive artifacts common. Crystal
violet precipitates may cause confusion
(120, 174, 175, 216, 314).

Giemsa staining
Sensitivity of 66–85% in culture-

proven mycotic keratitis (120,
216); used for corneal scrapes,
aqueous and vitreous aspirates,
pus, and necrotic material

Stains yeast cells and fungal hyphae (216).
Acanthamoeba cysts, P. carinii, and cytological
details can be noted (314).

Staining time of 60 min. Staining of nuclei
and cytoplasmic granules of tissue cells
may cause opacities in smear. False-
positive artifacts may occur. Sensitivity of
only 27% in culture-proven mycotic
keratitis reported by some (334).

Lactophenol cotton blue (LPCB)
staining

Sensitivity of 70–80% in culture-
proven mycotic keratitis
(351,387); used for corneal
scrapes and aqueous and
vitreous aspirates

Rapid, simple, inexpensive one-step method which
detects all common ocular fungi and
Acanthamoeba cysts. Stain commercially
available, with long shelf-life; stained mounts of
corneal scrapes can be kept for years (the
mounts must be sealed correctly or they will
dehydrate).

No tissue digestion; hence, thick
preparations may pose problems. Contrast
between fungi and background may be
insufficient. Unusual fungi may escape
detection (24, 351, 387).

Modified GMS staining
Sensitivity of 86% in culture-

proven mycotic keratitis (216);
used for corneal scrapes,
necrotic material, and tissue
sections

Fungal cell walls and septa clearly delineated
against a pale green background. Acanthamoeba
cysts and Pneumocystis carinii can also be
detected.

False-positive results occur due to staining
of cellular debris and melanin. The
multistep procedure requires 60 min.
Reagents and procedures need
standardization (175, 216). Sensitivity of
only 56% in culture-proven mycotic
keratitis reported by some (398).

Calcofluor white
Sensitivity of 80–90% in culture-

proven mycotic keratitis (55,
56, 120); used for corneal
scrapes, aqueous and vitreous
aspirates, and tissue bits

Fungal hyphae and yeast cells clearly delineated
against a dark background; clearly seen even in
thick preparations. Acanthamoeba cysts and P.
carinii also seen. Rapid two-step method.

Fresh reagents needed, or false-positive
artifacts occur. Fluorescence microscope
fitted with appropriate filters is needed.
Reagents and procedures need
standardization. The viewer should be
protected against the hazards of UV light.

Hematoxylin-eosin stain
Used to detect hyaline and

dematiaceous fungi in necrotic
material and tissue sections
(57)

Host reaction, nuclei of yeast-like cells (especially
B. dermatitidis) and hyphae of
hematoxylinophilic fungi (aspergilli and
zygomycetes) can be visualized (57, 215, 229,
314, 338). The melanin (brown pigment) of
dematiaceous fungi and agents of
chromoblastomycosis can be detected.

May not be possible to distinguish poorly
stained fungi from tissue components.
Preparation of stained sections requires
time and standardization (57).
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dermatitidis, H. capsulatum var. capsulatum, S. schenckii, P.
insidiosum, and a zygomycete (98, 224, 244, 283, 409). Other
dimorphic fungi and hyaline filamentous fungi can also be
detected by this technique (57). Factors that have possibly
prevented the routine use of immunofluorescence for diagno-
sis of ophthalmic mycoses include the need for a fluorescence

microscope fitted with appropriate filters, antibodies of good
quality, and the standardization of reagents and procedures.
This technique is especially helpful when atypical forms of an
agent are encountered or when infectious elements are sparse.
Moreover, for retrospective studies, tissue sections previously
stained by the hematoxylin-eosin, Giemsa, and modified Gram
procedures can be decolorized in acid-alcohol and then
restained with the specific reagents used for immunofluores-
cence; however, this is not possible with sections previously
stained with GMS or PAS (57).

Culture. Even with the advent of many new techniques,
culture remains the cornerstone of the diagnosis of most oph-
thalmic mycoses, except for rhinosporidiosis (since Rhinospo-
ridium seeberi cannot be cultivated) and perhaps rhino-orbito-
cerebral zygomycosis, where direct microscopic examination of
necrotic material or biopsy samples yields more reliable results
(324). Commonly used culture media include Sabouraud glu-
cose neopeptone agar (Emmons’ modification, neutral pH)
incubated at 25°C, blood agar (preferably sheep blood agar)
incubated at 25 and 37°C, brain heart infusion broth incubated
at 25°C, and thioglycolate broth incubated at 25 to 30°C (271).
These media were found to be sufficient to permit the isolation
of different types of ocular fungi (216, 334). Using these dif-
ferent media, growth of fungi was identified within 2 days in
54%, within 3 days in 83%, and within 1 week in 97% of
patients with mycotic keratitis; a positive initial culture was
observed in 90% of scrapings (334).

Other media that have been found useful for primary isola-
tion of ocular fungi include chocolate agar (334), cystine tryp-
tone agar (384) and rose bengal agar (P. A. Thomas, unpub-

FIG. 8. A 24-h growth of F. solani on Sabouraud glucose-neopep-
tone agar, Emmons’ modification, that had been inoculated with cor-
neal scrapes. Note that growth has occurred on the “C” streaks, rep-
resenting the sites of inoculation. Only growth on C streaks is
considered significant.

FIG. 9. Photomicrograph showing branching, septate fungal hyphae in corneal scrapes. The cell walls and cross-walls are unstained, but the
protoplasm has taken up the stain, permitting easy visualization of the fungus. Gram stain; magnification, �400.
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lished observations). Since many of these media also support
bacterial growth, antibacterial antibiotics, such as chloram-
phenicol (40 �g/ml) or a penicillin-streptomycin combination,
are usually incorporated to suppress bacterial growth and per-
mit the isolation of fungi alone. However, cycloheximide must
never be used in culture media meant for the isolation of
ocular fungi, since most of the fungi implicated in ocular in-
fections are suppressed by this chemical (271). Wherever pos-
sible, it is best to use more than one medium, preferably a
combination of appropriate solid and liquid media, and to
incubate these at 37°C and at 25 to 30°C for the optimal
recovery of ocular fungi; the use of liquid-shake cultures may
facilitate the recovery of ocular fungi (398). However, some
workers feel that since liquid cultures are prone to contami-
nation by environmental fungi, they should not be used in the
microbiological workup of patients with mycotic keratitis, to
avoid erroneous results (364, 398). Uninoculated culture me-
dia should be incubated for a long period to ensure the sterility
of the media used; frequent sterility checks are needed.

Sensitivity testing of fungi isolated from ophthalmic lesions.
The clinical relevance of antifungal susceptibility testing is
thought to lie in guiding the clinician in the selection of an
appropriate antifungal compound. Such tests have been re-
ported to help in the selection of the appropriate antifungal in
different ophthalmic mycoses (161, 173, 233, 234). Unfortu-
nately, many of these reports have not provided details of the
test procedures used, the criteria by which MICs were deemed
significant, details of the severity of the clinical lesions, or the
criteria used for authentic diagnosis of mycotic infection. The
use of reproducible tests conforming to rigorous standards,
such as the approved document (M27A) of the National Com-
mittee for Clinical Laboratory Standards (NCCLS) for sensi-
tivity testing of yeasts (261), and a standard method for sus-
ceptibility testing of filamentous fungi, especially Aspergillus
spp., may clarify in the future whether antifungal susceptibility
testing is at all useful in guiding the therapy of ophthalmic
mycoses. Interestingly, when the in vitro antifungal suscepti-
bilities of nine isolates of filamentous fungi were determined
by the NCCLS method in 11 different laboratories and com-
pared to antifungal treatment outcomes in animal infection
models, only a limited association between MIC and treatment
outcome was seen, due to drawbacks in the models used (278).
Curvularia senegalensis was isolated from a patient with my-
cotic keratitis, and the MIC of itraconazole for this isolate was
found (by a broth microdilution method performed as de-
scribed by NCCLS guidelines for filamentous fungi) to be 0.25
�g/ml; however, the patient did not respond to antifungal
therapy with natamycin or itraconazole (130). Above all, the
relationship between in vitro susceptibility data and clinical
response to topical antifungal medication needs to be clarified;
hitherto, no studies have been performed in this important
area.

PCR. Since the revolutionary molecular biology technique of
PCR involves enzymatic amplification of even minute quanti-
ties of a specific sequence of DNA (Table 8), it is of great
benefit in rapidly detecting the presence of organisms which
are difficult to culture. Ocular samples which can be submitted
for PCR include intraocular fluid (aqueous or vitreous), tears,
any fresh ocular tissue, formalin-fixed or paraffin-embedded
tissue, and even stained or unstained cytology slides or tissue

sections from which DNA can be extracted. Minute samples (1
to 10 �l) of aqueous, vitreous, or tear fluids generally suffice
(311). Table 8 summarizes the salient observations of studies
employing PCR in the diagnosis of ophthalmic mycoses. The
results of all these studies suggest that PCR is more sensitive
than culture as a diagnostic aid in ophthalmic mycoses. How-
ever, concern persists regarding the specificity of this technique
and the problems that may arise from the production of false-
positive results. In most of these studies, insufficient detail has
been provided to permit an independent assessment of the
adequacy of the techniques used for culture. In the diagnosis of
ophthalmic mycoses, PCR would probably be most valuable in
providing a positive result in a shorter period than that re-
quired for culture (91, 92) and in identification of a fungal
isolate which does not sporulate (22). Although PCR is more
advantageous than the estimation of antibodies in serum or
ocular fluids because of its extreme sensitivity and specificity, it
cannot be used (unlike serological tests, for which serial anti-
body titers can be studied) to monitor the patient’s response to
treatment. PCR does not distinguish viable from nonviable
organisms; it may therefore be difficult to assess the relevance
of a positive PCR result in a healing corneal ulcer, where
culture is negative (7), or in locations such as the conjunctival
sac, where fungi may be found as transient commensals (112).
A few culture media will suffice to detect and grow the com-
mon ocular pathogens, but PCR must be multiplexed for each
microorganism that is suspected; the use of panfungal primers
may alleviate this problem. Finally, PCR can detect only fungi
for which the DNA sequence is known and primers are avail-
able; it also does not provide details of cellular morphology or
localization (311).

PATHOGENESIS

Ocular fungal infections probably occur due to an interac-
tion between various agent (fungus), host (tissue and immu-
nological mechanisms), and other factors. Since such factors
have been fairly extensively studied in mycotic keratitis, they
are reviewed here. The virulence factors of A. fumigatus (207)
and zygomycetes (323) in human disease have been extensively
described elsewhere.

Putative Agent Factors in the Pathogenesis
of Mycotic Keratitis

The ideal test to identify a virulence factor is to compare the
infectivity of the fungus in the absence and the presence of the
factor, by using naturally occurring mutants or those obtained
by UV or chemical means; however, such methods may result
in the mutant strains being deficient in more than just one
factor (207). Molecular biological techniques can overcome
such problems by detecting the gene encoding for the pre-
sumed virulence factor being studied; such techniques have not
been applied to a great extent to study fungal pathogens in the
setting of ocular disease. Therefore, the putative virulence
mechanisms reviewed here require confirmation in the future.

The key agent factors thought to be involved in pathogenesis
of mycotic infections include adherence, invasiveness, morpho-
genesis, and toxigenicity (Table 9). There is a paucity of data
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TABLE 8. Use of PCR for diagnosis of ophthalmic mycosesa

Lesion and patients
(reference)

Criteria for diagnosis
of fungal infection

Correlation of PCR and
fungal culture results

Response to
antifungals

Characteristics of PCR assay
Comments

Sensitivity Specificity

Suspected Can-
dida endoph-
thalmitis in 4
patients (147)

Suggestive clinical
symptoms, signs,b
and risk factors of
Candida endoph-
thalmitis

Both PCR and culture posi-
tive in 2 patients (C. albi-
cans in culture)

PCR positive, culture nega-
tive in 2 patients

Yes

Yes

100 cells
of C.
albicans

Primers did not amplify
DNA of other Can-
dida spp., other
fungi, or bacteria

PCR assay and culture
on vitreous and
aqueous; too few
samples tested to
draw conclusions.

Suspected Can-
dida endoph-
thalmitis in 4
patients (281)

Suggestive clinical
symptoms, signs,b
and risk factors of
Candida endoph-
thalmitis

PCR and culture positive in
2 patients, PCR positive,
culture negative in 1 pa-
tient

PCR and culture negative in
1 patient (responded to
antibacterials)

Yes (all
three)

Not given

10 fg of C.
albicans
DNA (1
copy of
gene)

Primers did not amplify
DNA of other Can-
dida spp., other
fungi, bacteria, or
white cells

Too few samples
tested to draw con-
clusions.

Panophthalmitis
in a 52-yr-old
male with acute
myeloid leuke-
mia and dis-
seminated fusa-
riosis (6)

F. solani isolated from
blood, and skin
nodule before death

Filamentous fungi in
postmortem tissue
sections and sam-
ples (no culture)

Tissue sections and samples
of normal eye: PCR nega-
tive

Tissue sections and samples
(retina, choroid, sclera,
and cornea) collected
postmortem from affected
eye: PCR positive (no cul-
ture)

Study done
on post-
mortem
samples

Details not
provided

Primers
targeted
Fusarium
cutinase
gene

Primers did not amplify
DNA of other fungi,
viruses, or bacteria

Fusarium-like fungi
seen by microscopy
in antemortem and
postmortem ocular
samples; no immu-
nofluorescence or
culture tests; hence,
diagnosis of Fusar-
ium infection only
presumptive.

Suspected Can-
dida endoph-
thalmitis in 3
patients (165)

Suggestive risk factors
and clinical fea-
turesb of fungal en-
dophthalmitis

PCR and culture positive in
1 patient (C. albicans in
culture); PCR positive,
culture negative in 1 pa-
tient

PCR and culture negative in
1 patient (responded to
antibacterials); PCR prim-
ers targeted 18S ribosome

Yes (both)

Not given

50 pg of C.
albicans
DNA
(1–2 C.
albicans
cells);
100 fg
of A.
fumigatus
and F.
solani
DNA

Primers did not amplify
human or bacterial
DNA; species speci-
ficity of primers con-
firmed by sequencing

Primers developed for
A. fumigatus and F.
solani DNA not
tested in samples
from patients with
clinical diseases.

Sample size too small
to draw conclusions.

Experimental
Fusarium kera-
titis in rabbits
(3 test eyes, 1
control eye) (7)

Culture positivity as-
sumed in all eyes at
all times since ex-
perimental inocula-
tion done (“gold
standard”)

In test corneas, 25 (89%) of
28 samples were PCR pos-
itive; 3 (21%) of 14 sam-
ples were culture positive

In control corneas, 7 (88%)
of 8 samples were PCR
negative; 100% of samples
were culture negative; in
relation to “gold stan-
dard”, PCR sensitivity was
89% and PCR specificity
was 88%

10–10,000
Fusarium
conidia;
primers
targeted
Fusarium
cutinase
gene

Primers did not amplify
human, bacterial, or
other DNA; they am-
plified F. oxysporum
DNA

Very low sensitivity of
culture techniques
(possibly inade-
quate). Some test
eyes at 4 wk postin-
oculation were still
PCR positive, al-
though ulcers were
almost healed and
were culture nega-
tive. Relevance of
positive PCR results
in healed or healing
ulcers not ad-
dressed.

Presumed micro-
bial keratitis in
30 patients (16
fungus culture
positive)c (112)

Growth on �2 media;
microscopy positive
and growth on 1
medium (growth
consistent with
KOH mounts,
Gram, Giemsa, and
Calcofluor white
smear results)

PCR and culture positive in
15 patients; PCR positive,
culture negative in 7 pa-
tients (2 smear positive);
PCR negative, culture
positive in 1 patient; PCR
and culture negative in 7
patients (1 smear positive)

Taking culture as “gold stan-
dard,” PCR sensitivity was
94% and PCR specificity
was 50%

Details not
provided

38 C. albi-
cans
cells, 10
F. solani
cells, 5
A. fu-
migatus
cells
(PCR
primers
targeted
18S ribo-
some)

Filamentous fungi dif-
ferentiated from
yeasts and bacteria
without further taxo-
nomic specificity

PCR was highly sensi-
tive but of low spec-
ificity compared to
culture. Fungal
DNA detected in the
conjunctival swabs
of healthy fellow
eyes in 5 of 30 pa-
tients; suggests low
specificity of PCR.
Relevance of posi-
tive PCR results in
healthy eyes not
addressed.

Continued on following page
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relating to the role of fungal adhesins in pathogenesis of my-
cotic keratitis.

Invasiveness. Fungi causing keratitis, in particular Fusarium
spp., sometimes invade the anterior chamber and form a lens-
iris-fungus mass at the pupillary area, thereby interfering with
the normal drainage of the aqueous humor and leading to a
rise in the intraocular pressure (173, 204). At present, little is
known about what determines the occurrence of this condition,
how frequently it complicates the course of mycotic keratitis,
and whether such a complication is unique to keratitis due to
Fusarium spp. A recent study has sought to answer some of
these questions by performing a histologic evaluation of cor-
neal buttons obtained from patients with mycotic keratitis who
underwent penetrating keratoplasty (406); the fungi involved
were principally Fusarium spp. and Aspergillus spp. In corneal
buttons exhibiting fungal hyphae, an inverse correlation was
noted between the quantum and distribution of these hyphae
and the degree and distribution of inflammatory cells; that is,
the larger the number of hyphae seen, the smaller the number
of inflammatory cells seen. Corneal buttons from patients on
whom keratoplasty had been performed relatively early in the
course of the disease tended to exhibit many fungal hyphae,
along with marked penetration into the depth of the corneal
tissue and a relatively minimal inflammatory cell response;
when keratoplasty had been performed several weeks after
diagnosis, there were relatively fewer hyphae and a more
marked inflammatory cell infiltration. These authors specu-
lated that in the early stages of mycotic keratitis, both agent
factors (heavy fungal load with deep penetration) and host
factors (insufficient inflammatory response) influenced the
progression of the disease. Again, the question of which factors
influence these responses remains unanswered. Studies with an
experimental animal model, with samples collected at frequent
intervals, may provide valuable data.

Morphogenesis and phenotypic switching permit fungi to
adapt to live in different microenvironments and to survive in
the infected host (341). The presence of “intrahyphal hyphae”
or “hypha-in-hypha,” and thickened fungal cell walls (Table 9)
may reflect such morphogenesis occurring in fungi invading
corneal tissue; these morphological alterations may constitute
a barrier against antifungal drugs or host defenses (392, 393) or
may be a virulence factor for fungi in corneas where the de-

fense mechanisms have been compromised by the application
of corticosteroids (190). Rigorous experimental and other
studies are required to elucidate these aspects. Interestingly, in
the study referred to earlier (406), there was no mention of the
occurrence of such morphological changes in the fungi seen in
corneal tissue.

Toxigenicity. Fusarium spp. are known to cause myelosup-
pression through toxin production (263), but little is known
about whether Fusarium toxins such as nivalenol, T-2 toxin,
deoxynivalenol, diacetoxyscirpenol and fusaric acid contribute
to the pathogenesis of mycotic keratitis (Table 9). The results
of two studies (316, 383) suggest that these factors do not make
any such contribution, but further investigation is required.

Some other studies have examined the possible role of fun-
gal proteinases in the pathogenesis of mycotic keratitis (Table
9). Clearly, isolates of F. solani and A. flavus from patients with
keratitis possess the ability to secrete proteinases (71, 119,
438). What is not clear, however, is whether these fungi
actually secrete these proteinases when infecting corneal
tissue and whether such proteinases appreciably influence
the outcome of such infections. A recent study attempted to
correlate the presence of fungal proteinases in vitro and in
an experimental animal system (119). When corneal isolates
of A. flavus and F. solani were grown in vitro, the fungal
cultures were found to contain predominantly serine pro-
teinase activity, and, to a lesser extent, metalloproteinase
activity. However, homogenates of rabbit corneas that had
been infected with the same strains of A. flavus and F. solani
exhibited metalloproteinase activity alone, and no serine
proteinase activity; this suggests that although the fungal
strains could secrete proteinases in vitro, they did not do so
while infecting corneal tissue. None of the available evi-
dence conclusively establishes or refutes the contribution of
fungal proteinases to the pathogenesis of mycotic keratitis.
This requires the demonstration of fungal toxins and en-
zymes in situ in fungus-infected tissues (320) in humans.
Similarly, the disease produced in experimental animals by
fungal strains secreting a particular proteinase or toxin
should be more severe than that produced by a mutant not
secreting these products. With the rapid strides made in
molecular biological techniques, it should be possible, in the
coming years, to investigate these aspects.

TABLE 8—Continued

Lesion and patients
(reference)

Criteria for diagnosis
of fungal infection

Correlation of PCR and
fungal culture results

Response to
antifungals

Characteristics of PCR assay
Comments

Sensitivity Specificity

Presumed en-
dophthalmitis
and keratitis
(nonherpetic) in
11 samples
from 10 pa-
tients (3 corneal
scrapes, 6 aque-
ous taps, 2 vit-
reous taps) (91,
92)

Growth of fungi in
culture (from 5
samples): C. parap-
silosis from 2 sam-
ples, and A. fumiga-
tus, A. niger, and
Alternaria alternata
from 1 sample each
(criteria for signifi-
cance of these iso-
lates?)

PCR, culture and micros-
copy, positive in 1 corneal
scrape; PCR and culture
positive, microscopy nega-
tive in 2 corneal scrapes
and 1 vitreous tap; PCR
and culture positive in 1
aqueous tap

Details not
provided

1 fg of C.
albicans
(1 C.
albicans
cell) 10
fg of A.
fumiga-
tus (1–10
microor-
ganisms)

Negative controls (hu-
man and bacterial
DNA) did not am-
plify by PCR

PCR results essentially
duplicated fungus
culture results, but
in a shorter time.
Not clear how sig-
nificance was as-
signed to the fungal
isolates (only 1 sam-
ple was positive for
fungi by microsco-
py).

a PCR tests were developed by investigators in-house and are not commercially available.
b Suggestive clinical signs of Candida endophthalmitis included fluffy vitreous infiltrate, white retinal lesions, and yellow-white choroidal lesions.
c 16 fungus culture positive (Fusarium spp. in 5, Aspergillus spp. in 2, not identified in 9).
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Putative Host Factors in the Pathogenesis
of Mycotic Keratitis

Defects in local ocular defense mechanisms, such as epithe-
lial or stromal ulceration due to antecedent herpes simplex

keratitis or contact lens-associated corneal abrasions (334, 377,
423), as well as lid notches, lagophthalmos (seen frequently in
patients with leprosy), impaired tear secretion, defective secre-
tion of immunoglobulin A in tears, and defective positioning of

TABLE 9. Putative agent factors contributing to pathogenesis of mycotic keratitis

Factor Observations made Significance Comment

Adhesins Outer fibrillar layer of yeast and filamentous
fungal cell wall composed of mannan or
mannoprotein (151)

Fungal adhesins may be important in
pathogenesis of mycotic keratitis
since corneal tissue possesses
potential binding sites (laminin,
fibronectin, collagen)

Exact relevance in pathogenesis of
mycotic keratitis still undefined
and unexplained

Carbohydrate and protein molecules on
conidial surface of A. fumigatus bind to
host proteins in specific and saturable
manner (39, 207)

Invasiveness
in infected
corneal
tissue

Certain strains of Fusarium spp. invade
entire corneal thickness and enter
anterior chamber, forming lens-iris-fungal
mass at pupillary area; tissue invasion
demonstrated histopathologically and by
isolation of fungi from various ocular
tissues (173, 204)

Normal drainage of aqueous humor
affected, raised intraocular
pressure results, causing fungal
malignant glaucoma
(keratomycotic malignant
glaucoma)

Further studies needed to clarify
if this occurs only in Fusarium
keratitis and to find factors
determining which fungal
isolates invade the anterior
chamber

Fungal load and extent of tissue invasion in
corneal buttons of patients undergoing
penetrating keratoplasty found inversely
related to intensity of inflammatory
response (i.e., the heavier the fungal load
and extent of tissue invasion, the less
intense the inflammatory response) (406)

In early mycotic keratitis, a heavy
fungal load and extensive tissue
invasion may overwhelm the
inflammatory response in corneal
tissue or the inflammatory
response may be mild at this stage;
fungi multiply and invade tissue,
and lesions progress

This putative sequence of events
needs confirmation in
experimental studies,
documenting the histological
changes early and late in the
disease

Fungal mor-
phogenesis
in infected
corneal tis-
sue

“Intrahyphal hyphae” and thickened fungal
cell walls detected by electron microscopy
of corneal tissue in L. theobromae
keratitis (392) and in corneas of
dexamethasone-treated rabbits with
experimental F. solani keratitis (190);
when the same strain of L. theobromae is
grown in presence of antifungal, the same
morphological changes are seen (393)

Fungal morphogenesis permits
opportunistic fungi invading
corneal tissue to survive in a
restrictive unnatural environment
and possibly to resist antifungal
therapy (392)

Intrahyphal hypae still considered
to occur only in vitro;
significance in infected ocular
tissue requires elucidation

Secretion of
toxins and
enzymes in
infected
corneal
tissue

Fusarium isolates from mycotic keratitis (all
resistant to antifungals) all had the same
C29 and C31 sterol content; 72% produced
nivalinol, and 50% produced T-2 toxin in
vitro (316)

Fusaric acid contributes to vascular wilt in
Fusarium-infected plants (383)

Neither sterol content nor toxin
production appeared related to
severity or outcome of keratitis in
18 patients from whom the fungi
were isolated

No corneal lesions produced after
intracorneal inoculation of 1,000
�g of fusaric acid in rabbits

Demonstration of fungal toxins in
human corneal tissue infected
by Fusarium spp. needed to
confirm possible contribution to
pathogenesis

F. solani from keratitis patients in Colombia
produced UV light-absorbing extracellular
substance (71)

This substance elicited an
erythematous reaction in a rabbit
eye after topical instillation

A. flavus isolated from a patient with severe
keratitis secreted metalloproteinase only,
or a mixture of proteinases, when grown
in vitro (438)

These proteinases thought to have
contributed to the patient’s severe
keratitis.

Fungal proteinase should be
detected in human corneal
tissue infected by fungi to
confirm possible contribution to
pathogenesis of mycotic
keratitis

Ocular isolates of A. flavus and F. solani
when grown in vitro, found to secrete
predominantly serine proteinase activity,
with little metalloproteinase activity; cor-
neal homogenate of rabbit eyes inoculated
with the same fungal strains revealed pre-
dominantly metalloproteinase activity and
little serine proteinase activity (119)

Although these fungi can secrete
proteinases in vitro, they may
secrete negligible amounts in
infected corneal tissue; the
proteolytic activity in such infected
corneal tissue may arise from host
cells or infiltrating
polymorphonuclear leukocytes.
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the lids and mechanisms of lid closure (174, 271) are risk
factors for mycotic keratitis, especially that caused by yeasts
and less virulent filamentous fungi. Systemic diseases, such as
diabetes mellitus, and conditions of general immunosuppres-
sion may also be contributory factors. Spontaneous fungal cor-
neal ulceration has been reported in a patient with AIDS
(291).

A transient commensal fungal flora is present in a variable
percentage of healthy eyes (363). Fungal conidia from the
environment which colonize the conjunctival sac as innocuous
commensals possibly turn pathogenic after ocular trauma or
corticosteroid use, after which they invade corneal tissue
through minute breaks in the corneal epithelium (268). This
hypothesis needs to be tested in a suitable experimental model.

In some cases of mycotic keratitis which are responding well
to antifungal therapy, a sudden deterioration accompanied by
renewed tissue destruction (in the absence of a demonstrable
microbial cause) has been noted; this phenomenon is thought
to occur because dying fungal hyphae may elicit a type of
hypersensitivity reaction (100). This hypothesis also needs test-
ing in a suitable experimental model; if substantiated, it may
result in modifications to conventional therapeutic protocols
for mycotic keratitis.

Polymorphonuclear leukocytes are known to be pivotal in
preventing fungal infections since they phagocytize and subse-
quently destroy fungal structures by oxygen-dependent mech-
anisms; the presence of disease or the use of corticosteroids,
tetracycline, doxycycline, or certain other drugs may interfere
with these mechanisms and hence lower the host resistance to
fungal infection (366). Polymorphonuclear leukocytes, other
acute inflammatory cells, the corneal epithelium, and kerato-
cytes appear to also play a key role in sterile corneal ulceration
(184); however, their role in stromal matrix degradation is not
clear. When amidated glucose oxidase was inoculated into
rabbit corneas, an initial corneal opacification and a later cor-
neal melting were observed; the initial lesions were thought to
arise due to the effects of hydroxyl radicals derived from hy-
drogen peroxide-generated glucose oxidase, with the later le-
sions occurring after the release of collagenases and lysosomal
hydrolases from invading phagocytic cells (53). In another
study, the basal proteolytic activity (65 kDa) detected in unin-
fected rabbit corneas was shown to reside in matrix metallo-
proteinase 2 (MMP-2) (119). When rabbit corneas were ex-
perimentally infected with A. flavus or F. solani, additional
proteolytic activity (92 and 200 kDa) was detected, with the
92-kDa activity being identified as MMP-9. The expression of
92- and 200-kDa gelatinases correlated positively with the
number of polymorphonuclear leukocytes in infected corneas.
These authors contended that activated corneal cells or inflam-
matory cells (polymorphonuclear leukocytes) were responsible
for the increased proteolytic activities seen in fungus-infected
corneas.

Lesions simulating keratitis were produced in rabbit eyes by
applying lipid mediators, such as prostaglandins, leukotriene,
and platelet-activating factor (395). The urokinase-plasmino-
gen activator system plays an important role in the regulation
of collagen synthesis, secretion, and activation during wound
remodeling and stromal ulceration (30). MMP-2 and MMP-9,
derived from corneal stromal keratocytes, have also been
shown to contribute to the degradation of corneal stroma and

epithelial basement membrane, respectively (94). It is not
known to what extent these various factors contribute to the
progression of stromal ulceration in a case of mycotic keratitis,
but they certainly need to be considered when dealing with a
patient whose keratitis is refractory to antifungal therapy
alone.

There is compelling experimental (276) and clinical (366,
394, 428) evidence to suggest that the administration of corti-
costeroids may predispose humans to mycotic keratitis. This
may occur because corticosteroids suppress ocular immune
mechanisms by inhibiting chemotaxis and ingestion by phago-
cytes, by blocking degranulation, and by reducing the produc-
tion of phagocytes (366). They may also cause changes in the
infecting fungal strain itself, the reasons for which are not clear
(394).

Traditional eye remedies are routinely used for the “thera-
py” of eye ailments in many agricultural communities in the
developing world. In India, traditional remedies described in-
clude extracts of green leaves, the juice of the banyan tree,
coconut and castor oil, goat and human breast milk, and
chicken blood (120, 388). Fungi contaminating such concoc-
tions could conceivably be carried into the deeper corneal
layers when applied to a traumatized cornea. The use of cer-
tain oils may be associated with excessive corneal irritation,
thus predisposing to mycotic keratitis. Experimental studies
may help to clarify the validity of such hypotheses.

ANTIFUNGAL AGENTS USED TO TREAT
OPHTHALMIC MYCOSES

In treating ophthalmic mycoses, the ultimate aim is to pre-
serve vision, and this depends on rapid diagnosis and efficient
administration of appropriate antifungal therapy (227). There
are three main chemical groups of drugs with antifungal activ-
ity for use in therapy of ophthalmic mycoses, namely, the
polyenes, azoles (imidazoles and triazoles), and flucytosine
(5-fluorocytosine). The clinical use of additional classes of an-
tifungals, such as the allylamines and candins, is not wide-
spread. In this section, the salient characteristics of antifungal
agents currently used for therapy of ophthalmic mycoses are
highlighted (Table 10); the efficacies of these antifungals in
specific ophthalmic mycoses are discussed later (see “Clinical
features, predisposing factors, and management of specific
ophthalmic mycoses”). Antifungals such as clotrimazole, econ-
azole, flucytosine, and nystatin were widely used in the 1970s
and early 1980s for treatment of ophthalmic mycoses. Unfor-
tunately, the data pertaining to these drugs were derived from
case reports or uncontrolled studies. Moreover, these drugs
have generally poor pharmacokinetics or poor therapeutic pro-
files in the eye or are obsolete. Hence, they are not included in
this review. While the reported in vitro spectrum of antifungal
activity is mentioned in certain instances, it should not be taken
to imply that there is necessarily a correlation between in vitro
antifungal susceptibility data and efficacy in the clinical setting
of ophthalmic mycoses.

General Considerations

The clinical efficacy of an antifungal agent in an ophthalmic
mycosis depends to a great extent on the concentration
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achieved in the target ocular tissue. This, in turn, depends on
a number of factors including the molecular mass and concen-
tration of the drug and the route by which it has been admin-
istered, the duration of contact with the target ocular tissue,
and the ability of the compound to penetrate the eye (28, 227).
Compounds with a molecular mass exceeding 500 Da, such as
amphotericin B (924.10 Da), natamycin (665.75 Da), or keto-
conazole (531.44 Da) barely penetrate an intact corneal epi-
thelium because the force of friction increasingly reduces
diffusion (227). Solubility in lipid-rich tissue is another deter-
minant of diffusion. The ocular penetration of molecules with
intermediate molecular masses, such as miconazole (416.12
Da) or fluconazole (306.30 Da) is probably determined by both
factors. Lipophilic compounds, such as itraconazole, easily
cross the lipid-rich epithelial and endothelial cell membranes
and the blood-aqueous barrier; hydrophilic compounds more
easily cross the corneal stroma; and biphasic compounds
(which possess both lipid and water solubility) penetrate all
corneal layers (107). The exact relevance of these consider-
ations in the use of topical antifungals for therapy of mycotic
keratitis, where the integrity of the corneal epithelium and
superficial stroma is usually breached by the disease process
itself, needs to be addressed.

The concentration of the drug applied to the eye may be
increased by the preparation of fortified eye drops (107), but
this is not generally done for antifungals. Frequent topical
application of drops is a useful means of achieving therapeutic
levels in the eye, but this is laborious and may cause irritation.
Ointments and subconjunctival injections may prolong the
contact time between the antifungal and the corneal and con-
junctival tissue. Only amphotericin B and miconazole are avail-
able as ophthalmic ointments. Subconjunctival injections can
be painful for the patient and inconvenient for the physician
(107) and can cause damage to the ocular tissue at the site of
injection (236).

Collagen shields, iontophoresis, and pumps have all been
used in an attempt to enhance drug delivery to the eye. The use
of iontophoresis and pumps has not gained acceptance, and
these techniques should now probably be considered obsolete.
However, the collagen shield, which is shaped like a contact
lens and is packaged in a dehydrated form and rehydrated
before use, has been used to promote corneal epithelial heal-
ing and deliver drugs. The source of the collagen may be
porcine sclera or bovine corium (107). The collagen shield has
been found useful to deliver drugs to the eye since therapeutic
levels of medication are delivered reliably with a minimum
number of applications. Drug delivery depends on absorption
and subsequent release of the medication by the shield. When
a solution containing a water-soluble drug is used for rehydra-
tion, the drug becomes trapped in the interstices of the colla-
gen matrix; the drug is released as the shield dissolves (107).
Shields soaked in water-soluble drugs have been found to pro-
duce corneal and aqueous levels comparable to those obtained
with frequent topical therapy. The prolonged exposure time of
medication to the cornea provided by a presoaked shield may
produce higher levels in tissue than a single drop that is rapidly
carried away by the tears (107). Currently, the only antifungal
to be used in collagen shields is amphotericin B (267, 299, 347).
Clearly, the potential of this technique for delivery of antifun-
gals to the eye should be explored further.

Polyenes

Polyenes continue to be an important component of the
ocular antifungal armamentarium. These bond directly to er-
gosterol, a sterol unique to fungal cytoplasmic membranes; the
integrity of these membranes is disrupted, resulting in leakage
of essential intracellular constituents (267). The extent of dam-
age to fungal membranes is dose related; however, it is not
possible to increase the drug dosage beyond a certain concen-
tration, since the cytoplasmic membrane of human cells may
then be affected (toxicity of polyenes). Natamycin (pimaricin)
and amphotericin B are the polyenes in current use for treat-
ment of ophthalmic mycoses.

Natamycin. Natamycin was the first antifungal specifically
developed for topical ophthalmic use (Table 10) and is cur-
rently the only topical ophthalmic antifungal compound ap-
proved by the Food and Drug Administration of the United
States (267). It is reported to have a broad spectrum of
activity against various fungi, including species of Fusarium,
Aspergillus, Acremonium, Penicillium, Lasiodiplodia, and
Candida (236, 267, 271), but the validity of the methods used
to derive these data, as well as the relevance of these data to
the clinical use of natamycin, which is given only topically, is
a contentious issue.

Natamycin is poorly soluble in water. It is stable in a 5%
suspension and, in this form, adheres well to the cornea for
clinically useful periods (236). The 5% topical ophthalmic sus-
pension, although viscous, is well tolerated and causes no pain
or secondary corneal damage (236). Punctate keratitis is some-
times encountered (170). It was initially thought that natamy-
cin penetrated the cornea and conjunctiva poorly after topical
application, that effective drug levels were not achieved in
either the cornea or aqueous, and that it was therefore useful
only in the treatment of superficial mycotic keratitis (236).
However, radiolabeling studies suggest that it actually pene-
trates the cornea well after topical application (274). Thirteen
topical applications every 5 min resulted in a drug concentra-
tion of approximately 2.5 mg/g cornea in rabbit corneas de-
brided of epithelium; levels peaked at approximately 10 min
after administration. Far lower levels (7.0 �g/g) were attained
in corneas where the epithelium was left intact (274). It is
unclear whether these levels are actually achieved during ther-
apy of clinical mycotic keratitis.

Natamycin is the drug of choice for therapy of mycotic ker-
atitis in many countries (235, 288, 328, 334), particularly for
keratitis due to filamentous fungi. It has also been used in
association with other treatment modalities for therapy of my-
cotic scleritis (370), conjunctivitis, and endophthalmitis (267);
controlled clinical trials are needed to confirm the efficacy of
natamycin for these indications.

Amphotericin B. Amphotericin B (Table 10) is variably fun-
gistatic and occasionally fungicidal, depending on the concen-
tration achieved in serum (187) and the susceptibility of the
pathogens; maximum activity is seen at a pH range from 6.0 to
7.5. Amphotericin B has been administered by the intravenous,
topical, intravitreal, and intracameral routes for therapy of
ophthalmic mycoses (236, 267).

For intravenous infusion of amphotericin B, a solution of 0.1
mg/ml in a 5% solution of dextrose is used (saline cannot be
used since the drug may precipitate out). Unused solutions
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TABLE 10. Antifungal drugs currently used to treat ophthalmic mycoses

Drug Features and advantages Drawbacks

Natamycin (pimaricin) Polyene; mol mass, 665.75 Da (28)
Commercially available as topical 5% suspension for

ophthalmic use in some countries, where it constitutes
the first-line therapy for mycotic keratitis

Ophthalmic preparation is well tolerated and stable and
can be sterilized by heat (269)

Relatively high levels reportedly achieved in cornea after
topical application (274)

Not commercially available as an ophthalmic preparation
in many regions

Effective only when applied topically
May not be effective when keratitis is associated with

deep stromal lesions (287)
Only about 2% of the total drug in corneal tissue is

bioavailable (269)

Amphotericin B Macrocyclic polyene; mol mass, 924.10 Da (28)
Good in vitro activity against Aspergillus spp. and Candida

spp.; emergence of resistant mutants rare
Can be administered by topical (0.15–0.30% solution),

intracameral (7.5–30 �g/0.1 ml), intravenous (0.5–1 mg/
kg/day), or intravitreal (1–5 �g/0.1 ml) routes in
ophthalmic mycoses (15, 64, 183, 334, 377, 416, 429,
435)

Collagen shields soaked in 0.5% amphotericin B have
been found useful in experimental mycotic keratitis
(347)

Penetrates deep corneal stroma after topical application;
bioavailability sufficient for susceptible fungi (269)

Exerts direct fungicidal effect and exhibits
immunoadjuvant properties (432)

Intravenous administration frequently associated with
renal tubular damage, due to use of deoxycholate as
vehicle (187)

Subconjunctival injection causes marked tissue necrosis
at the site of injection (269)

Topical application of concn �5.0 mg/ml may cause
ocular irritation (solutions of 1.5–3.0 mg/ml are better
tolerated)

Not commercially available as topical ophthalmic
preparation; needs to be reconstituted from powder or
intravenous preparation

Poor intraocular penetration after intravenous
administration

Miconazole Synthetic phenylethyl imidazole; mol mass, 416.12 Da (28)
Reported routes of administration in mycotic keratitis:

topical (1%), subconjunctival (10 mg/0.5 ml), intravenous
(600–1,200 mg/day); topical and subconjunctival
administration generally well tolerated (16, 96, 101, 161,
264)

Found to penetrate rabbit corneas after subconjunctival and
topical administration; high concentrations in tissue
achieved (103)

Use of intravenous preparation occasionally associated
with toxicity due to the vehicle used (16)

Undetectable concn of drug in rabbit corneas and
vitreous after intravenous administration (103)

Anomalous effects after subconjunctival administration in
experimental C. albicans keratitis (275)

Generally considered useful in S. apiospermum ocular
infections, but treatment failures have occurred (34,
430)

Ketoconazole Substituted imidazole; mol mass, 531.44 Da (28)
Given by oral (200–400 mg/day) or topical (1–2%

suspension) routes in ophthalmic mycoses (111, 309, 396))
Well absorbed with good tissue distribution after oral

administration (267); peak concn in serum of 2–3 �g/ml
2–3 h after a 200-mg oral dose (223)

Concn of 44.0 � 10.1 �g/g in undebrided rabbit corneas and
1,391.5 � 130.0 �g/g in debrided rabbit corneas after
topical or subconjunctival application of 1% solution (145)

Oral doses of �400 mg/day may cause transient rise in
concn of transaminases in serum (157)

Acidic pH required for absorption
Prolonged administration of high doses may cause

impotence, gynecomastia or alopecia (267), or
papilledema (282)

No commercially available solution of ketoconazole for
topical or subconjunctival administration in ophthalmic
mycoses

Itraconazole Synthetic dioxolane triazole; mol mass, 705.64 Da (28)
Given by oral (200–400 mg/day) or topical (1%

suspension) routes in ophthalmic mycoses (233, 234,
390)

Oral solution and intravenous formulation recently
developed (139); no reports of use in ophthalmic
mycoses

Peak concn of 0.3 �g/ml in serum after single oral dose of
200 mg (401); increased to 3.5 �g/ml after 200 mg/day
orally for 14 days (51)

Concn of 200–250 �g/g attained in rabbit corneas after
topical application of itraconazole in balanced salt
solution polyvinyl alcohol, boric acid, or olive oil (136)

Detectable concn found to persist in rabbit corneas after
subconjunctival administration (193)

Commercially available capsule (100 mg) should be
taken with meal; difficult to give in infants and
children (124)

May be poorly absorbed after oral administration in
certain groups of patients (139); caution needed when
given to patients with previous hepatic disease

Absorption after oral dosing affected by antacids and H2
receptor antagonists; may interact with other drugs

Poor penetration into rabbit ocular tissue compared to
fluconazole and ketoconazole, after oral dosing (342)

Intravitreal injection (�10 �g) causes focal retinal
necrosis in rabbits (344)

No commercially available solution for topical or
subconjunctival administration.

Fluconazole Synthetic bistriazole; mol mass, 306.3 Da (28)
Soluble in water, hence excreted via kidneys; 10–20%

protein bound in serum; long half-life (28, 342)
Given by oral (50–100 mg/day), topical (0.2–2% solution),

or intravenous routes in ophthalmic mycoses (2, 72, 219,
222, 315, 380)

High bioavailability, low toxicity, good stability
Biodegradable polymeric scleral implant containing

fluconazole is promising for intravitreal delivery (249)
Commercially available for oral and intravenous use

May interact with cisapride, oral antidiabetic drugs, and
phenytoin after oral administration.

Less active against C. glabrata and C. krusei than against
C. albicans (267)

May not be effective in treatment of filamentous fungal
keratitis (315)
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should be discarded after 24 h. Amphotericin B is both heat
labile and light sensitive; hence, the dry powder should be
refrigerated and protected from light (236). The recommended
dosage is usually 1 mg/kg of body weight/day; smaller doses
may be relatively ineffective (236). However, since tolerance to
amphotericin B varies greatly among patients, the dosage must
be individually adjusted; the safest approach is to initially give
low test doses and to gradually increase the dose (236). Treat-
ment needs to be given only once daily, or on alternate days
once clinical improvement is noted; alternate-day therapy is
advised for at least 2 months for many infections, with admin-
istration of a total dose of at least 3.0 g of amphotericin B
(236). Renal toxicity is estimated to occur in almost 80% of
patients receiving intravenous amphotericin B (187); this
should be zealously guarded against by frequent monitoring of
the blood urea nitrogen and other tests of kidney function.
Headaches, chills, fever, and anorexia are common with sys-
temic use; other adverse side- effects include moderate anae-
mia, nausea, vomiting, gastrointestinal cramps and diarrhea,
and local thrombophlebitis at the infusion site (236). In view of
these toxic effects, treatment should be reserved for patients in
whom a diagnosis of mycotic infection is reasonably well sub-
stantiated; patients receiving systemic amphotericin B for oph-
thalmic reasons should be comanaged with an internist, who
will monitor the patient for toxicity (236).

Intravenous amphotericin B continues to be the treatment
of choice for invasive fungal infections of the orbit (164, 213,
323, 349); it has also been used in the treatment of endoph-
thalmitis due to dimorphic fungi (205, 215, 224, 253, 338, 357)
and lesions of the eyelids, conjunctiva, and cornea caused by P.
brasiliensis (353). The efficacy of intravenous amphotericin B in
endophthalmitis due to dimorphic fungi is difficult to evaluate
since, in many of the reports cited, posttreatment cultures were
negative but the affected eyeball had to be enucleated due to
other complications.

Lipid formulations of amphotericin B have been evalu-
ated because of the renal and systemic toxicity of conven-
tional amphotericin B, especially when high doses are re-
quired, as in the treatment of zygomycosis (416). These
formulations include amphotericin B-lipid complex, which
consists of amphotericin B complexed with two phospholip-
ids, dimyristoylphosphatidylcholine and dimyristoylphos-
phatidylglycerol (340, 368); and amphotericin B colloidal
dispersion, which combines cholesteryl sulfate and ampho-
tericin B in a 1:1 molar ratio, forming a novel lipid delivery
system in a disk-like array (diameters range from 120 to 140
nm), which is dispensed in a lyophilized form (257). Local
nebulized amphotericin B (308) is reported to be a useful
adjunct to conventional therapy in rhinocerebral zygomyco-
sis. However, controlled trials are needed to assess the ef-
ficacy of these lipid formulations of amphotericin B and of
conventional amphotericin B administered by these differ-
ent routes in the therapy of ophthalmic mycoses.

For topical administration, a solution (0.15 to 0.3%) may be
freshly prepared with sterile water (amphotericin B precipi-
tates in saline); the preparation must be refrigerated in a dark
bottle to reduce the speed of disintegration (236). Drops may
be instilled every 30 to 60 min. The corneal penetration of
amphotericin B is reduced in the presence of an intact corneal
epithelium (273, 274). One persistent concern in the topical

application of amphotericin B is the problem of possible cor-
neal toxicity (102). Fortunately, the 0.15% solution of ampho-
tericin B in sterile water used in clinical practice appears to be
well tolerated (377, 429). Topical application of 0.5% ointment
may cause some conjunctival irritation (236), although a 2%
ointment was reported to be well tolerated in therapy of my-
cotic keratitis (148). Subconjunctival injection has been re-
ported to lead to severe toxic effects and is no longer recom-
mended. Amphotericin B in solution or as an ointment has
been used topically to treat conjunctivitis, scleritis, and kera-
titis (31, 148, 334, 377, 429); it is the treatment of choice for
keratitis due to Candida spp. (see below).

Delivery of amphotericin B by a collagen shield may improve
compliance and ensures a more constant rate of drug delivery
in mycotic keratitis (236). In one study, collagen shields soaked
in amphotericin B were found to achieve corneal amphotericin
B levels comparable to those achieved by hourly topical ad-
ministration of drops (347). In another study, collagen shields
presoaked with 0.5% amphotericin B and applied for 1 h/day
were found to be as effective as topical applications of 0.15%
amphotericin B every hour for 8 h/day in reducing fungal
colony counts in experimental C. albicans keratitis (299). Peak
levels with collagen shield delivery were found to occur at 1 h
and then to fall to achieve a steady state between 3 to 6 h;
however, even at 6 h, corneal amphotericin B levels obtained
with the collagen shield were still within the therapeutic range
(347). These observations require validation in controlled clin-
ical studies. The use of collagen shields may make it difficult
for the clinician to perform frequent clinical examination of
the affected eye; improper use may also lead to increased
toxicity (347).

Intravitreal injections of amphotericin B (in amounts of 1 to
5 �g) have been recommended for the treatment of mycotic
endophthalmitis. This mode of administration can be highly
destructive, leading to retinal necrosis and detachment, if the
injection is not made slowly exactly in the center of the vitre-
ous, as far as possible from the retina (236). Intracameral
administration (7.5 to 10 �g in 0.1 ml) has been used to treat
intraocular mycoses, including endophthalmitis (348) and
three patients with keratitis and hypopyon due to A. flavus
(183), with minimal toxicity being reported. Again, the efficacy
of these modes of administration is difficult to evaluate in the
absence of evidence from controlled clinical trials.

Azoles

Azoles bind to a cytochrome P-450 fungal enzyme involved
in the 14� demethylation of either lanosterol or 25-methyl-
enedihydrolanosterol, resulting in a decrease in ergosterol syn-
thesis and an accumulation of 14-�-methylated sterols; this
leads to increased permeability of the fungal cell membrane,
alteration of membrane enzymes, inhibition of growth, and
ultimate death of the fungal cell. All azoles, except fluconazole,
appear to decrease the function of immune system cells, espe-
cially lymphocytes; this may lessen the degree of tissue damage
occurring with the inflammatory reaction but also affects the
efficacy of the azoles in vivo (432). Since azoles, with the
exception of fluconazole, achieve only limited concentrations
in the eye, they are to be considered as fungistatic when used
in ocular fungal infections (170).
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Miconazole. Miconazole (Table 10) is available as a solution
for intravenous administration in some countries; it can be
used for topical administration as a 1% (10-mg/ml) solution
(101) or for subconjunctival administration (5 to 10 mg) (96).
Topical administration of 1% miconazole nitrate was not
found to retard the closure of 8.5-mm corneal epithelial de-
fects in a rabbit model (102). In the clinical setting, topical
miconazole therapy is sometimes associated with reversible
superficial punctate keratitis (101).

In an experimental rabbit model, aqueous levels of 8 �g/ml
were noted 1 h after intravenous administration of miconazole
(30 mg/kg), levels of 10 �g/ml were noted after subconjunctival
injection (10 mg), and levels of 4.5 �g/ml were noted after
topical administration (1% solution) every 15 min for eight
doses to corneas with the epithelium debrided (103). Corneal
miconazole levels were not attained by intravenous injection,
but following subconjunctival injection, levels of 35 �g/g were
noted in corneas where the epithelium had been debrided;
after topical administration of miconazole, concentrations of
10 �g/g (in undebrided corneas) and 93 �g/g (in debrided
corneas) were achieved (103). These results suggested that
miconazole administered topically and, to a lesser extent, sub-
conjunctivally was a potentially effective means of treating my-
cotic keratitis.

In the 1980s, miconazole was reported to be useful for ther-
apy of mycotic keratitis in two series of patients. In the first
series (101), topical and subconjunctival miconazole therapy
resulted in resolution of all lesions in seven patients with my-
cotic keratitis (four cases due to C. albicans, two due to A.
fumigatus, and one due to A. flavus); four of these patients had
had deep lesions (endothelial plaque in three and descemeto-
cele in one). In the other series (96), miconazole (applied by
the topical and subconjunctival routes) was used with ketocon-
azole (administered orally) to treat 20 patients with mycotic
keratitis (eight cases due to Fusarium spp., and four each due
to Curvularia spp. and Candida spp.); this regimen resulted in
healing in 13 patients. However, the severity of the keratitis in
the patients was not clearly defined in the second series. Top-
ical miconazole administration has been reported to be useful
in therapy of superficial keratitis due to S. apiospermum (P.
boydii) (77, 336). Intravenous administration of miconazole
(600 to 3,600 mg/day) was reported to result in successful
outcomes in patients with S. apiospermum orbital infection (16,
264), as well as in a few patients with mycotic keratitis (161,
173; Y. Ishibashi and Y. Matsumoto, Letter, Am. J. Ophthal-
mol. 97:646–647, 1984). It is difficult to derive conclusions
based on the small number of patients evaluated; moreover,
the intravenous use of miconazole is known to be associated
with significant toxic reactions.

Ketoconazole. Ketoconazole (Table 10), the first successful
orally absorbable broad-spectrum antifungal azole, is currently
available as an oral preparation (200 mg) worldwide. Formu-
lations for topical or subconjunctival administration are not
available, which is unfortunate since experimental studies sug-
gest that concentrations as high as 1,391.5 � 130.0 �g/g can be
achieved, particularly after topical administration and to a
lesser extent after subconjunctival injection, if the corneal ep-
ithelium has been debrided (145). Topical application is not
associated with significant corneal toxicity (102). Another ex-
perimental study suggested that a single intravitreal dose of

ketoconazole (�540 �g) in dimethyl sulfoxide could be safely
used for fungal endophthalmitis (436), although this finding
has not been verified in patients. Since the absorption of ke-
toconazole is heavily dependent on the gastric pH, cimetidine
or other antacids that inhibit gastric secretion or alter the pH
should not be given concurrently with ketconazole (Table 10).
Oral administration of ketoconazole may lead to various re-
versible side effects (Table 10). Ketoconazole-induced papill-
edema was reported in a patient who received 800 mg/day of
ketoconazole over a 4-month period (282).

Ishibashi (157) reported that oral ketoconazole therapy (300
mg/day) was effective in two patients with mycotic keratitis,
one case due to F. solani (therapy for 3 weeks), and the other
due to an unidentified fungus (therapy for 8 weeks). The use of
oral ketoconazole in therapy of keratitis due to Fusarium spp.,
Aspergillus spp., and Curvularia spp. and in therapy of mycotic
blepharitis and other ophthalmic mycoses is discussed below.
In addition, long-term oral ketoconazole therapy has been
credited with improvement in a woman suffering from the
keratitis-ichthyosis-deafness syndrome (141) and, in associa-
tion with cyclosporin, has been shown to be effective in con-
trolling and preventing reactivation of endogenous uveitis as
well as in treating chronic uveitis affecting the posterior pole of
the eye (312).

Itraconazole. The synthetic dioxolane triazole itraconazole
is well absorbed after oral administration (Table 10). It is
larger than fluconazole, very hydrophobic, and more than 90%
bound to protein in serum (342). It is highly concentrated in
lipid-rich tissue and poorly soluble in aqueous solution but well
absorbed orally, especially when given with a meal or formu-
lated in polyethylene glycol (401). Itraconazole is generally
well tolerated after oral administration; the most common
complaint is gastrointestinal upset (310, 390). Less frequently
observed side effects include hypertriglyceridemia, hypokale-
mia, edema, decreased libido, and gynecomastia (267).

The major drawback of using itraconazole by the oral route
for therapy of ocular fungal infections is its poor penetration
into the cornea, aqueous humor, and vitreous compared to that
of fluconazole and ketoconazole. This was the case in a rabbit
model of Candida endophthalmitis, even when itraconazole
was given at a dose of 80 mg/kg orally (342). However, when
treatment was started 24 h postinoculation, itraconazole was at
least as effective as fluconazole or ketoconazole (342). Itracon-
azole was found to be effective in experimental keratitis due to
Aspergillus spp. (402). In a recent study, prophylactic adminis-
tration of an itraconazole oral solution, at a dose of 2.5 mg/kg
body weight twice daily, was found to significantly reduce su-
perficial fungal infections in patients with hematological ma-
lignancies and neutropenia (139). The ocular pharmacokinet-
ics of this itraconazole oral solution need to be defined.

Attempts have been made to administer itraconazole topi-
cally to the eye. In one study, topical 1% itraconazole cream
was found to be effective only in nonsevere mycotic keratitis
(310). In another study, a 1% suspension of itraconazole, pre-
pared in a commercial isotonic eye drop formulation contain-
ing methylcellulose, borax, boric acid, sodium chloride, and
potassium chloride, was found to be well tolerated when used
for therapy of mycotic keratitis; however, it was also not very
effective in treating severe mycotic keratitis, perhaps due to
insufficient corneal penetration (385). The vehicle used to pre-
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pare the solution or suspension of itraconazole or ketocon-
azole may influence corneal penetration. Bioassay of rabbit
corneas which received topical applications of itraconazole in
different vehicles (balanced salt solution, polyvinyl alcohol,
boric acid, or olive oil) demonstrated approximate itraconazole
concentrations of 200 to 250 �g/g of tissue (136). In an exper-
imental animal model, itraconazole (2.5 mg/ml) that had been
administered subconjunctivally was found to persist for at least
24 h in normal and debrided corneas, in contrast to ampho-
tericin B, miconazole, fluconazole, and ketoconazole, which
did not persist beyond 4 to 8 h (193). However, intravitreal
injection of itraconazole appears to cause focal areas of retinal
necrosis when doses exceeding 10 �g are used (344). There are
no reports of itraconazole being administered subconjuncti-
vally or intravitreally in a clinical setting.

Fluconazole. The synthetic bistriazole antifungal compound
fluconazole exhibits outstanding physical and pharmacokinetic
properties (Table 10). Orally administered fluconazole was
found to readily penetrate all ocular tissues and fluids of
Dutch-belted rabbits; there was no difference between phakic
and aphakic eyes (272). After a single oral dose of 20 mg/kg,
the levels achieved were 13.3 � 1.4 �g/g (cornea), 7.4 � 0.3
mg/liter (aqueous), 9.8 � 0.9 mg/liter (vitreous), and 5.2 � 0.4
�g/g (choroid and retina); the concentrations in the cornea
correlated highly with those in serum. A steady accumulation
in both normal corneas and those infected with C. albicans was
noted when fluconazole was given in a twice-daily divided dose;
the presence of inflammation induced by fungal infection did
not influence corneal uptake (272).

Since fluconazole is a stable, water-soluble, bis-triazole an-
tifungal with low molecular weight, high bioavailability, and
low toxicity, it is potentially useful as a topical ocular agent.
The penetration of 0.2% fluconazole into corneas (with or
without epithelial debridement) and the aqueous humors of
New Zealand White rabbits was assayed by gas-liquid chroma-
tography (434). Peak levels of 8.2 � 1.2 �g/g (debrided cor-
neas) and 1.6 � 0.6 �g/g (nondebrided corneas) in corneas
were noted after 5 min, and levels of 9.4 � 2.3 and 1.6 � 0.6
�g/ml, respectively, in aqueous humor were noted after 15 min;
the half-life of fluconazole in debrided eyes was 15 min, and
that in nondebrided eyes was 30 min. A loading dose of a 20-�l
drop per min for 5 min resulted in levels of 59.9 � 11.3 �g/g in
debrided corneas and 32.4 � 1.9 �g/ml in the corresponding
aqueous; this loading dose, followed by 1 drop (20 �l) every 1
or 6 h, resulted in lower levels (434). This confirms that rela-
tively high drug concentrations are achieved in the cornea after
topical application of a loading dose of fluconazole, especially
if the epithelium has been debrided.

Intravenous administration of fluconazole (5 or 25 mg/kg) in
albino rats resulted in aqueous, vitreous, and serum drug levels
(1 h after administration) of 2.87, 1.72, and 4.6 �g/ml (5 mg/kg)
and 14.9, 7.05, and 20.6 �g/ml (25 mg/kg), respectively; the
intraocular penetration was moderately enhanced by vitrec-
tomy (250). In addition, in vitro electroretinograms remained
unchanged after perfusion with fluconazole (20 �g/ml) while
the in vivo electroretinogram and visual evoked potentials
were unchanged after daily fluconazole (25 mg/kg) for 8 days,
suggesting a good safety profile. Following intravenous inocu-
lation of 20 mg of fluconazole per kg as a single dose or 20
mg/kg every 12 h for four doses in nonpigmented rabbits,

fluconazole concentrations in the aqueous, vitreous, cerebro-
spinal fluid, and serum were determined by a microbiological
assay; the penetration of fluconazole into all the anatomical
compartments was found to be �70% of that in serum (246).
Since the cerebrospinal fluid and ocular pharmacokinetic pa-
rameters closely resemble each other, either could be used as
a surrogate for the other (246).

A biodegradable polymeric scleral implant containing flu-
conazole was reported to be a promising intravitreal drug de-
livery system to treat fungal endophthalmitis (249). Scleral
implants loaded with 10, 20, and 30% doses gradually released
fluconazole over 4 weeks in vitro, while those with 50% doses
released most of the drug in 1 week; implants with 30% flu-
conazole that were studied in pigmented rabbits resulted in
vitreous concentrations of fluconazole (sustained for 3 weeks)
sufficient to inhibit C. albicans. In another study (345), intra-
vitreal injection of up to 100 �g of fluconazole per 0.1 ml of
vitreous did not produce biomicroscopic, ophthalmoscopic,
electroretinographic, or light microscopic evidence of intraoc-
ular toxicity, even 8 days after inoculation.

Oral fluconazole therapy has been used with success in treat-
ing one patient with mycotic keratitis (380), one with multifo-
cal choroiditis due to coccidioidomycosis (72), one with chori-
oretinitis and iridocyclitis complicating disseminated
coccidioidomycosis (222), and four with endogenous Candida
endophthalmitis (222). Oral fluconazole therapy for 8 weeks
also resulted in a remarkable improvement in retinitis follow-
ing disseminated cryptococcosis in a renal allograft recipient
(2). These promising results require confirmation in a larger
number of patients and in controlled clinical trials.

Miscellaneous Compounds

Polyhexamethylene biguanide. Polyhexamethylene bigua-
nide (PHMB) is a general environmental biocide that is be-
lieved to act on the cytoplasmic membrane of microorganisms,
causing leakage of cellular components and inhibition of the
respiratory enzymes that are necessary for survival; this mole-
cule exhibits good in vitro activity against bacteria, fungi, and
Acanthamoeba (95). It has been used as a swimming pool
disinfectant, sanitizer, and preservative in topical ophthalmic
preparations. Since PHMB is water soluble, a 0.02% solution
can be prepared by dilution of the 20% concentrate with sterile
distilled water. PHMB has been used for the treatment of
Acanthamoeba keratitis at concentrations of 0.02 to 0.053%
without causing adverse effects (84). PHMB at 0.02% was
found to be effective in significantly reducing fungal growth in
a New Zealand white rabbit model of F. solani keratitis; no
growth was obtained in 58% of PHMB-treated eyes and in only
17% of placebo-treated eyes (95). These preliminary results
need to be corroborated in other experimental studies using
other fungal species that cause mycotic keratitis and in con-
trolled clinical trials.

Chlorhexidine. The cationic antiseptic bis-biguanide chlo-
rhexidine (PHMB is a polyhexamethylene biguanide) inhibits
microbial function by affecting the functioning of the cell mem-
brane, therein leading to a leak of cell electrolytes. The bac-
tericidal and amoebicidal effects of chlorhexidine gluconate
are well known (348). Attempts have been made to evaluate
the efficacy of chlorhexidine in the treatment of mycotic ker-
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atitis. In a study conducted in Bangladesh (319), 0.2% chlorhexi-
dine gluconate was compared with 2.5% natamycin therapy in the
treatment of 71 patients with suspected mycotic keratitis (2.5%
natamycin was used since this formulation was commercially
available in Bangladesh); 22 patients had keratitis due to Aspergil-
lus spp., and another 22 had keratitis due to Fusarium spp. None
of the severe ulcers was fully healed at 21 days, but three of those
treated with chlorhexidine eventually healed in times up to 60
days. Of the nonsevere ulcers, 66.7 and 36% were healed at 21
days by treatment with chlorhexidine and natamycin, respectively
(319). When 5% natamycin was used instead of the 2.5% prepa-
ration, better results were obtained. The results obtained in this
study are misleading, since the 2.5% natamycin formulation used
apparently delivered subtherapeutic concentrations of natamycin
to infected corneas, resulting in less than optimal outcomes. It
might be erroneously infered from this study that natamycin per
se is less effective than chlorhexidine against Aspergillus species
and other filamentous fungi, whereas in fact an effective formu-
lation of natamycin was not used. Moreover, before performing
this study, the pharmacokinetics and antifungal activity of this
2.5% natamycin formulation should have been compared to that
of the 5% natamycin formulation that is used worldwide. Recent
attempts to use chlorhexidine in the treatment of mycotic keratitis
in two locations in Africa have not had encouraging results (171).

Silver sulfadiazine. Silver sulfadiazine derives synergistic ben-
efits from sulfonamides and heavy metals; it functions as an or-
ganic base-heavy metal release system. Silver is liberated and
binds to microbial DNA, preventing unzipping of the helix and
thereby inhibiting the replication of microorganisms without in-
terfering with epithelial cell regeneration (251). The efficacy of a
1% silver sulfadiazine ointment was compared with that of 1%
miconazole in therapy of clinical mycotic keratitis in a prospec-
tive, controlled, randomized, double-blind clinical study (251).
Overall, a higher success rate was achieved with silver sulfadiazine
(80%) than with miconazole (55%), although the response of
Aspergillus keratitis was comparable in the two groups. Micon-
azole was totally ineffective in patients with Fusarium keratitis;
however, all four patients who received silver sulfadiazine as pri-
mary therapy, as well as three other patients who had not re-
sponded to initial miconazole therapy and who subsequently re-
ceived silver sulfadiazine, responded to treatment. The absence of
significant ocular or systemic adverse effects, coupled with the
efficacy of the compounds, led these workers to suggest that silver
sulfadiazine was a safe and effective broad-spectrum antifungal
agent for use in mycotic keratitis (251). Unfortunately, details of
the severity of the keratitis in the patients who responded to silver
sulfadiazine, and in those who did not respond to miconazole
were not clearly provided in this paper. Also, since the publication
of this report in 1988, there has been no confirmation by others of
the results obtained. This compound was not found effective in
therapy of culture-proven mycotic keratitis in one study in south-
ern India (Thomas, unpublished).

CLINICAL FEATURES, PREDISPOSING FACTORS, AND
MANAGEMENT OF SPECIFIC OPHTHALMIC MYCOSES

Fungal Infections of the Orbit

Fungal infections of the orbit rarely occur spontaneously.
Fungi may gain access to the orbital space by direct extension

from adjacent tissues (sinuses, teeth, lacrimal sac, lids), by
traumatic implantation of foreign bodies contaminated with
fungi, or by hematogenous seeding from a distant focus.
Spread of infection from the sinuses to the orbit is thought to
occur in 67 to 85% of orbital infections (15, 290) due to the
proximity of the sinuses to the orbit (194). Thus, virulent fun-
gal pathogens causing sinusitis can devastate orbital structures
by contiguous spread (233). The variable presentations of or-
bital fungal infections parallel the presentations of paranasal
sinus mycoses (192, 233), the salient features of which are
listed in Table 11. Just as differences between these types of
paranasal sinus mycoses are not always clear, due to closely
associated patterns of clinical behavior and pathological reac-
tions (78, 176, 213), differences between presentations of or-
bital fungal infections, especially the chronic varieties, may not
always be distinct.

Acute rhinocerebral (rhino-orbito-cerebral) zygomycosis.
Acute rhinocerebral zygomycosis represents the prototype of
the acute/fulminant variety of invasive fungal orbital infection,
usually running an acute course in an immunocompromised
host (rarely in nonimmunocompromised individuals), with an-
gioinvasion and marked tissue necrosis being key features. The
vast majority of all reported cases of rhinocerebral zygomycosis
are caused by Rhizopus arrhizus (synonym, R. oryzae) (323); less
common causes are Absidia corymbifera, Apophysomyces el-
egans (43, 87, 306), and Saksenaea vasiformis (181). Infection is
presumably contracted by inhalation of fungal conidia from
environmental sources (323, 435).

The Mucorales are generally considered to be opportunistic
pathogens. Neutrophil dysfunction induced by diabetic keto-
acidosis underlies most cases of human zygomycosis (323);
juvenile diabetics are not spared (1). Neutropenia induced by
bone marrow suppression during chemotherapy or immuno-
suppression induced following transplantation is also thought
to be an important risk factor; however, zygomycosis was ob-
served in only 13 (0.9%) of 1,500 consecutive patients who
underwent bone marrow transplantation (256). Thus, zygomy-
cosis may occur in both neutropenic and nonneutropenic pa-
tients. The use of corticosteroids may be another risk factor,
acting by suppressing the normal inflammatory cell response
and by inducing a diabetic state.

Patients undergoing hemodialysis and receiving deferox-
amine/desferrioxamine for iron or aluminium overload are
thought to be at special risk (35, 323). A review of case records
of 25 patients who developed zygomycosis while taking defer-
oxamine for iron overload (74) revealed 7 patients with rhino-
cerebral zygomycosis Four received no treatment and died,
one died in spite of surgery, and one died in spite of surgery
and amphotericin B therapy; only one survived after treatment
with surgery and amphotericin B. This association between
deferoxamine therapy and the occurrence of zygomycosis was
confirmed in an alloxan-induced diabetic, immunocompro-
mised murine model of zygomycosis; deferoxamine iron che-
lation caused rhinocerebral zygomycosis in animals that were
challenged intraethmoidally with Rhizopus spores (15). This is
thought to occur because feroxamine, which is the iron chelate
form of deferoxamine, provides the iron that is an essential
growth factor for fungi of the order Mucorales (152).

Other putative risk factors for rhinocerebral zygomycosis
include protein-calorie malnutrition and iron overload (with or
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without the concomitant use of deferoxamine in patients un-
dergoing hemodialysis), intravenous drug abuse, leukemia,
aplastic anemia, myelodysplastic syndrome, burns, and treat-
ment with the immunosuppressive medications necessary to
maintain liver and other solid organ transplants (74, 265, 308,
323). When disease occurs in nonimmunocompromised indi-
viduals, which is rare, there is usually some associated antibi-
otic use or a breakdown in the mucocutaneous barrier (32, 292,
340); such patients may fare better than immunocompromised
patients.

In recent years, the thermophilic fungus A. elegans has
emerged as a cause of rhinocerebral zygomycosis (43, 87, 306)
in patients without well-recognized immunologic or metabolic
abnormalities following traumatic inoculation and/or soil con-
tamination. Such cases have occurred in countries with warm
climates (43, 87, 306), which again differs from the pattern of
the disease observed with the more “traditional” genera.

Fever, nasal ulceration or actual necrosis, periorbital or fa-
cial edema, decreased vision, ophthalmoplegia, sinusitis, and
headache have been reported as the most frequently observed
clinical features of rhinocerebral zygomycosis and occur in 25
to 44% of patients; facial pain, decreased mental status, leu-
kocytosis, nasal discharge, nasal stuffiness, corneal anesthesia,
orbital cellulitis, and proptosis are less frequent manifestations
(435). In contrast, another set of investigators (265) opined
that a susceptible patient classically presents with unilateral
severe headache and facial pain, nasal stuffiness with granular
or purulent discharge, facial or eyelid edema, fever, and
leukocytosis.

Orbital findings occur due to ischemic necrosis of the in-
traorbital contents and cranial nerves, while bony involvement
is uncommon because of the angioinvasive nature of the fun-
gus. In addition to the usual manifestations listed above, rhino-
orbito-cerebral zygomycosis sometimes manifests as a painless
orbital apex syndrome without any sign of orbital cellulitis or
acute systemic disease (23), which may have a good outcome
with medical therapy; orbital infarction syndrome (38); bilat-
eral cavernous sinus thrombosis (13); isolated pontine infarc-
tion (49); palatal ulcer (292, 403); sudden blindness (209);
fever with right-sided hemiparesis, and dysarthria (1); and
numbness and loss of sensation over the temporal region, with
loss of vision and proptosis on one side of the face (21). Other
conditions which can mimic these manifestations include si-
nusitis, viral infections, diabetic ketoacidosis, cavernous sinus
thrombosis, bacterial orbital cellulitis, fulminant orbital as-
pergillosis, and pseudallescheriosis. Early visual loss and reti-
nal artery occlusion would favor a diagnosis of rhinocerebral
zygomycosis over bacterial cavernous sinus thrombosis, in
which blindness occurs much later (87). When the fungus in-
fecting the orbital cavity actually invades the eyeball, the prog-
nosis is particularly poor (359).

Magnetic resonance imaging (MRI) and computerised to-
mography (CT) can help to establish an anatomical, if not
pathological, diagnosis in suspected rhinocerebral fungal infec-
tions (213, 252, 302). Findings of diagnostic significance (in
descending order of occurrence) include soft tissue opacifica-
tion of sinuses with hyperdense material, nodular mucosal
thickening, and an absence of fluid levels in different sinuses.
Sinus contents have a variety of MR signal characteristic, in-
cluding T2 hyperintensity or marked hypointensity on all se-
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quences. There is often soft tissue infiltration of the deep face
and obliteration of the normal fat planes. Typically, proptosis
occurs because of enhancing soft tissue masses crowding the
orbital apex and the cavernous sinuses; thickening and lateral
displacement of the medial rectus muscle are characteristic
features indicating orbital invasion from disease in the adja-
cent ethmoid sinuses. These techniques may have certain lim-
itations in establishing the diagnosis of both cerebral zygomy-
cosis and cavernous sinus thrombosis, which can be overcome
by performing sequential CT and MRI studies on a patient
suspected to have rhino-orbito-cerebral zygomycosis (252,
323). Whether any specific radiological findings exist for rhi-
nocerebral zygomycosis is a contentious point, although CT
nonenhancement of the superior ophthalmic artery and vein,
which is related to vasculitis and thrombosis, may represent
one such specific sign (109). A combination of MRI and pa-
thology helped to document the perineural spread of rhinoce-
rebral zygomycosis, following the trigeminal nerve to the pons
(241). While CT and MRI scans aid in making the diagnosis
and in defining the extent of bone and soft tissue destruction,
they are more useful in planning surgical intervention (324).
MRI scans may be preferred for diabetic patients, for whom
CT contrast agents may be contraindicated (324).

A prompt and accurate diagnosis of rhinocerebral zygomy-
cosis necessitates a high level of clinical suspicion, as well as
good coordination between the clinical and laboratory staff.
Specimens that should be collected to establish a microbiolog-
ical diagnosis of rhinocerebral zygomycosis have been outlined
in Table 6. Swabs are not satisfactory. Instead, abscesses
should be aspirated, and lesions on the mucous membranes
should be irrigated or scraped; multiple biopsy specimens
should be taken (324). Zygomycetes may be found not in the
center of the necrotic tissue but, rather, at the edge of or
proximal to it (324). Once collected, samples should be trans-
ported immediately to the laboratory due to the fragility of
zygomycetes, which do not survive more than a few hours at
refrigerator temperature; if overnight storage is required, it is
recommended that samples be kept in Stuart’s transport me-
dium and left at room temperature. Tissue samples should be
minced and not ground in order to avoid the destruction of any
viable fungal elements that are present.

The microscopic demonstration of zygomycetes in KOH
mounts or stained smears of clinical material taken from ne-
crotic lesions (Tables 3 and 7) is more significant than their
isolation in culture (323, 324). Although invasion of intact
tissue by nonseptate hyphae is good evidence of a zygomycet-
ous infection, failure to observe such elements does not ex-
clude the diagnosis. In tissue stained with hematoxylin-eosin
(Table 7), abundant large, irregularly branching hyphal ele-
ments can be seen. If cultures are deemed necessary for accu-
rate identification of the fungus involved, nasal, palatal, and
sputum cultures can be done, although these are seldom help-
ful. However, isolation of Mucorales from sputum, material
aspirated from sinuses, or bronchial washings taken from dia-
betic or immunocompromised patients should not be ignored
(324). Although zygomycetes are not especially fastidious, they
frequently do not growth out in cultures of necrotic tissue,
although direct microscopy is positive; therefore, culture me-
dia should be inoculated with as much material as possible.
Sabouraud glucose neopeptone agar (with an antibacterial

such as chloramphenicol or polymyxin B, but no cyclohexi-
mide) is adequate (324). Growth is usually rapid (2 to 5 days)
and fills the petri dish or tube.

An enzyme-linked immunosorbent assay was used to dem-
onstrate antibodies to S. vasiformis in the serum of a patient
with rhinocerebral zygomycosis due to this fungus in whom
conventional methods helped to establish the diagnosis (181).
Although demonstration of antibodies to Mucorales by this
assay may be a rapid yet specific technique for identification of
the etiological agent in rhinocerebral zygomycosis, this method
does not seem to have attained widespread use, perhaps due to
the inherent limitations of applying a serological technique to
the diagnosis of so rapidly fulminant an infection as rhinoce-
rebral zygomycosis.

General principles in the treatment of acute invasive rhino-
cerebral zygomycosis and other acute invasive orbital mycoses
include (i) control of diabetic ketoacidosis or other systemic
underlying diseases, along with elimination of predisposing
factors; (ii) surgical debridement and restoration of sinus
drainage; and (iii) intravenous amphotericin B. Table 12 sum-
marizes the salient features of recent series of patients treated
on the basis of these principles.

Management of infection in diabetic patients should consist
of prompt correction of acidosis and other metabolic abnor-
malities and elimination of predisposing factors.

(i) Surgical debridement and restoration of sinus drainage.
Surgical debridement of all necrotic tissue is crucial and often
quite mutilating; it usually requires multiple operations. Wide
local excision and debridement of all involved and devitalized
oral, nasal, sinus, and orbital tissue is required, while estab-
lishing adequate sinus and orbital drainage. Wherever possi-
ble, all necrotic tissue should be removed until normal bleed-
ing is encountered, since infected tissue typically bleeds little
due to the vaso-occlusion caused by the Mucorales; however,
this may not be possible in the setting of extensive infections
which can extend to the dura or beyond (435). Serial radiolog-
ical imaging identifies the extent of disease and the response to
treatment. A frozen-section-guided surgical debridement tech-
nique for biopsy-proven rhinocerebral zygomycosis has re-
cently been described (206) (Table 13), although it may not be
possible to use this technique when there are extensive lesions
extending to the dura. Reoperation to debride areas of pro-
gressive disease should be planned if the morbidity of the often
mutilating surgery does not outweigh its potential benefits
(35). The importance of prompt and extensive surgical de-
bridement in the management of rhinocerebral zygomycosis
cannot be overstated. A review of evaluable patients with this
condition reported in the literature between 1970 and 1994
(435) revealed that 81% of patients survived when the interval
between onset of symptoms and surgery was 1 to 6 days, com-
pared to 52% when the interval was 7 to 12 days and 42% when
the interval was 13 to 30 days. Interestingly, the percentage of
diabetic patients who survived was higher than that of nondia-
betics in each group.

Orbital exenteration entails removal of the eye, together
with its extraocular muscles and other soft tissues of the orbit;
this procedure could be life-saving in patients with rhinocere-
bral zygomycosis and is usually considered only in an acutely
infected orbit with a blind immobile eye (435). Unless exten-
sive fungal invasion is demonstrable, exenteration may not be
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indicated if a seeing eye is present (195). A series of individuals
who survived rhinocerebral zygomycosis with unaltered visual
acuity and in whom exenteration was not performed was re-
ported in 1985 (195); this favorable outcome may have been
helped by early diagnosis and by management of focal areas of
fungal infection, but this is speculative since these workers did
not adequately describe the severity of the lesions in their
patients.

Traditionally, an external or transantral approach has been
the classic method to perform surgical debridement. Recently,
endoscopic sinus surgery has been tried on several occasions to
reach the goal of radical resection, with survival of 89% of the
patients (168). It has been suggested that when endoscopic
sinus surgery is used to treat rhinocerebral zygomycosis, alone
or in combination with the traditional surgical procedures,
there is lower morbidity and greater accuracy during surgery.

TABLE 12. Management of invasive mycoses with orbital involvementa

Refer-
ence

No. of patients and
underlying disease

Final diagnosis and
criteria for diagnosis

Surgical
management Medical treatmentf Outcomef Comment

15 6 patients (3 males, 3 fe-
males) aged 12–53 yr; dia-
betes mellitus in 4, multi-
ple myeloma and
chemotherapy in 1, Sider-
oblastic anemia in 1

Rhino-orbito-cerebral
zygomycosis (4 had
intracranial lesions)
diagnosed by CT,b
MRI,c and HPEd

Debridement in all
patients (aver-
age 2.3/patient),
orbital exentera-
tion and intra-
cranial debride-
ment in 2
patients

IV AB only in 2 patients

IV AB and Rif in 1 pa-
tient

IV AB and HBO in 1 pa-
tient

IV AB and Rif and HBO
in 2 patients

1 patient recovered,
1 patient died

Recovered

Recovered

1 patient recovered,
1 patient died

4 (67%) of 6
survived

435 6 patients; diabetic ketoaci-
dosis in 2, diabetes melli-
tus in 4

Rhino-orbito-cerebral
zygomycosis diagnosed
by CT, direct microsco-
pye 2 patients, and cul-
ture in 4 patients (all 4
grew Mucorales)

Therapeutic sur-
gery in 5 pa-
tients (3–22 days
after onset);
other details not
provided

IV AB in all 6 patients
(details not provided)
1–12 days after onset of
symptoms

4 patients survived
(all had surgery
and AB), 2 pa-
tients died (1 did
not have surgery)

4 (67%) of 6
survived

313 10 patients (7 males, 3 fe-
males) aged 27–80 yr; dia-
betic ketoacidosis in 3,
diabetes mellitus in 7

Rhino-orbito-cerebral
zygomycosis diagnosed
by direct microscopy
and HPE in 5 patients,
HPE and culture (Mu-
cor) in 3 patients, and
direct microscopy and
culture (Mucor) in 2
patients

Orbital exentera-
tion in 6 pa-
tients, debride-
ment in 2
patients, turbi-
nectomy in 1
patient, enucle-
ation in 1 pa-
tient

IV AB (500–3,000 mg) or
IV AB (3,000 mg) and
Flu

All patients sur-
vived

Survival
100%; not
clear
whether
intracranial
lesions
occurred
in all 10
patients

32 24-yr-old female; apparently
no disease

Rhino-orbital zygomycosis
diagnosed by CTb and
HPE (from palatal ul-
cers)

Extensive debride-
ment, including
orbital exentera-
tion; repeated

IV AB (2 courses) Recovered (repeat
CT and HPE
negative)

No intracra-
nial lesion

23 60-yr-old female; diabetes
mellitus

Painless orbital apex syn-
drome due to rhino-
orbital zygomycosis
diagnosed by MRI and
HPE

None IV AB only Recovered (fol-
low-up imaging
negative)

No intracra-
nial lesion

376 14 patients (8 males, 6 fe-
males) aged 22–75 yr;
acute leukemia

Invasive Aspergillus rhino-
sinusitis diagnosed by
nasal histology and cul-
ture in 7 patients (A.
flavus), sinus histology
and culture in 2 patients
(A. flavus), gingival
histology and culture in
1 patient (A. flavus);
another 4 only culture
positive

All patients received IV
AB; 3 patients also re-
ceived Rif and WBC; 3
patients also received
WBC; 3 patients also
received Flu; 2 patients
also received Rif

Overall 3 patients
cured, 4 patients
stable, 7 patients
progressed

Extent of
orbital
involve-
ment not
clear;
overall,
50% were
cured or
in a stable
condition

64 13 patients (4 males, 9 fe-
males) aged 21–78 yr; all
apparently immunocom-
petent

Invasive sinus aspergillo-
sis with orbital involve-
ment diagnosed by
HPE and culture

None in 2 patients,
orbital exentera-
tion in 1 patient,
other surgeries
in 10 patients

None in 1 patient (only
surgery)

Details not provided for 1
patient

IV AB in 7 patients

IV AB plus KC or Flu in
3 patients

IC in 1 patient

Cured

Progressed

2 patients cured; 2
patients relapsed
or progressed, 3
patients died

1 patient cured; 1
patient stable, 1
patient died

Stable

38% of pa-
tients
were
cured or
in a stable
condition

a Based on papers published since 1991.
b Evidence of sinusitis, bony erosion, and increased soft tissue density within the orbit on CT.
c Evidence of sinusitis, bony erosion, and increased soft tissue density within the orbit on MRI.
d HPE, characteristic fungal elements seen by microscopy of tissues or biopsy specimens (histopathological examination).
e Characteristic fungal elements seen by microscopy of necrotic material.
f AB, amphotericin B; IV, intravenous; Rif, rifampicin; WBC, white blood cell transfusion; Flu, flucytosine; HBO, hyperbaric oxygen; KC, ketoconazole; IC,

itraconazole.
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TABLE 13. Alternative therapeutic regimens reported for mycoses of the orbita

Reference Therapeutic regimen Patients and risk
factors Diagnosis Criteria for

diagnosisd Outcome Comments

339 Debridement, intravenous
fluconazole (10 mg/kg),
G-CSFb (8–10 �g/kg)
(plus intravenous lipo-
somal amphotericin B
in 2 of the 4 patients)

4 patients (2 males,
2 females) aged
19–30 yr; re-
lapsed acute leu-
kemia

ROCZc CF, CT, HPE;
culture not
done

All 4 survived; in
repeat CT, le-
sions appeared
resolved

Extent of lesions not clearly
defined; apparently focal
lesions. All patients rela-
tively young. No fol-
low-up HPE.

292 Oral itraconazole (200
mg/day) � oral antidia-
betics for 3 mo

Male aged 45 yr;
dental extraction

ROCZ CF, CT, HPE;
culture not
done

Survived; marked
resolution of all
lesions (except
palatal ulcer)

No follow up HPE or ex-
amination of patient af-
ter stopping therapy. No
mention of debridement.
Dose of itraconazole
given appears low in rela-
tion to the diagnosis.

368 Intravenous amphotericin
B (560 mg); intrave-
nous amphotericin B-
lipid complex (125 g in
18 wk); no exenteration
or debridement

Female aged 60 yr;
diabetic with
rheumatoid ar-
thritis

ROCZ CF, CT, HPE;
culture nega-
tive

Survived; in re-
peat HPE and
CT, infection
appeared eradi-
cated

First report of medical cure
of ROCZ (no surgery).
Enucleation finally done
(ulceration after expo-
sure keratitis). No histo-
logical evidence of zygo-
mycosis in eye.

340 Surgery; liposomal am-
photericin B (5 g in 2
mo)

Female aged 46 yr;
diabetic

ROCZ CF, CT, HPE;
culture not
done

Survived; repeat
CT (7 mo) re-
vealed no le-
sions

Extent of lesions not clearly
defined; no follow-up
HPE.

Male aged 76 yr ROCZ CF, CT, HPE;
culture not
done

Survived; repeat
CT (7 mo) re-
vealed no le-
sions

Follow-up period not
stated. Extent of lesions
not clearly defined. No
follow-up HPE.

257 Thorough debridement;
intravenous amphoteri-
cin B colloidal disper-
sion (12.3 g in 8 wk)
and 2 g of intravenous
amphotericin B

Female aged 44 yr;
diabetic ketoaci-
dosis

ROCZ CF, CT, HPE;
Rhizopus sp.
grown in cul-
ture

Survived; lesions
resolved; no
recurrence (3
yrs) on MRId

No follow-up HPE. Good
response to amphotericin
B colloidal dispersion
possibly because of prior
thorough debridement.

257 Initially only intravenous
amphotericin B colloi-
dal dispersion; then
debridement and intra-
venous amphotericin B
colloidal dispersion (6
wk); finally conven-
tional and liposomal
amphotericin B

Male aged 62 yr;
myelodysplastic
syndrome

ROCZ CF, CT, HPE;
Rhizopus sp.
grown in cul-
ture.

Survived ROCZ;
partial response
to colloidal dis-
persion; re-
solved when
given liposomal
form

Eventually died of myelo-
dysplastic syndrome. De-
bridement improved re-
sponse to amphotericin B
colloidal dispersion. Res-
olution in response to
liposomal formulation
perhaps helped by the
prior therapy.

Ericsson
et al.e

Surgical debridement and
liposomal amphotericin
B for 8 mo

Diabetic ROCZ CF, CT, HPE Survived; lesions
resolved

Good outcome possibly due
to debridement and slow
evolution of disease. Pos-
sibly a case of chronic
progressive ROCZ.

234 Repeated debridement,
intravenous amphoteri-
cin B (two courses),
oral itraconazole 200
mg twice daily

Female aged 40 yr;
recurrent prop-
tosis and sinus-
itis

Sino-orbital
aspergillo-
sis

CF, CT, HPE; A.
fumigatus
grown in cul-
ture

Survived; lesions
appeared re-
solved on re-
peat CT (10
mo)

Repeated debridement and
prior amphotericin B
possibly reduced fungal
load, permitting action of
itraconazole and resulting
in resolution of lesions.
Probably limited tissue
invasion.

206 Repeated resection of
necrotic tissue till fro-
zen sections did not
reveal fungus; packing
of resected area with
amphotericin B-soaked
gauze; repeat biopsies
after 4 days; finally in-
travenous amphotericin
B

Female aged 43 yr;
diabetic ketoaci-
dosis)

ROCZ CF, CT, HPE;
culture not
done

Survived; lesions
resolved; no
recurrence (34
mo)

Extent of invasive disease
unclear. Good outcome
possibly due to focal dis-
ease and recent onset of
diabetes. Not clear
whether follow-up CT or
HPE was done.

176 Intravenous amphotericin
B (1 mg/kg/day) and
oral itraconazole (400
mg/day); no debride-
ment

Male aged 68 yr;
leukemia

Orbital ab-
scess

CF, CT, DM (as-
pirate); S. ap-
iospermum
grown in cul-
ture of aspirate

Survived; lesions
resolved (pa-
tient died after
3 mo due to
leukemia)

Therapeutic decompression
by the fine-needle aspira-
tion done for diagnosis,
as well as the focal na-
ture of lesions, possibly
aided resolution without
debridement.

Continued on following page
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However, this needs to be confirmed in studies of a larger
number of patients.

(ii) Intravenous amphotericin B. Although treatment mo-
dalities have not undergone clinical trials, the combination of
aggressive surgical debridement and intravenous amphotericin
B therapy is still considered appropriate for treatment of rhi-
nocerebral zygomycosis (Table 12). Intravenous amphotericin
B treatment should be rapidly instituted in order to be effec-
tive; when this is done within 1 to 6 days of onset of symptoms,
76% of patients have been reported to survive, compared to
36% when the interval is 7 to 30 days (435). In spite of the
emergence of new antifungals in therapy of invasive fungal
disease (Tables 10 and 13), amphotericin B is still regarded as
the antifungal of choice for treating rhinocerebral zygomycosis
(Table 12).

In an attempt to improve the outcome of rhinocerebral
zygomycosis, efforts have been made to deliver amphotericin B
directly to the infected tissue. When daily irrigation and pack-
ing of the involved orbit and sinuses with amphotericin B (1
mg/ml) were incorporated into the standard therapeutic regi-
men for rhinocerebral zygomycosis, excellent results were ob-
tained in a small series of patients (195); the focal nature of the
lesions may have contributed to the success of this treatment
modality. Rhinocerebral zygomycosis in a juvenile diabetic was
successfully treated by using intravenous, intracavitary/intersti-
tial, and cerebrospinal fluid (intraventricular) amphotericin B
(1). Local irrigation via a percutaneous catheter, in addition to
intravenous amphotericin B, has also been tried, with a fair
degree of success (265).

Several novel formulations of amphotericin B, including am-
photericin B colloidal dispersion, liposomomal amphotericin
B, and amphotericin B-lipid complex, have recently been de-
veloped (187, 416). These formulations have been used in
small numbers of patients with rhinocerebral zygomycosis
(257, 308, 340, 368), with favorable outcomes being reported
(Table 13). These preliminary results require corroboration in
controlled clinical trials on larger numbers of patients.

(iii) Other therapeutic options. Other therapeutic options
for treating rhinocerebral zygomycosis include the use of itra-
conazole (292), fluconazole (339), and granulocyte colony-
stimulating factor (339) (Table 13). The results of these studies
require careful interpretation since either long-term follow-up
details were not provided (292) or the lesions described
seemed to have been focal and to have occurred in relatively
young patients (339).

Experimental studies have demonstrated that 100% hyper-
baric oxygen, at 1 to 3 atms, exerts a fungistatic effect (90).
Hyperbaric oxygen may also decrease tissue hypoxia, enhance
oxygen-dependent cidal mechanisms, and decrease tissue aci-
dosis. Treatments have consisted of exposure to 100% oxygen
at 2 to 2.5 atm for 90 to 120 min every 12 to 24 h (90, 109).
Adverse effects of hyperbaric oxygen therapy include decom-
pression sickness and aeroembolism; there is also the ever-
present fire hazard and the expensive and cumbersome equip-
ment (233). The exact role of this therapeutic modality in the
therapy of rhinocerebral zygomycosis is uncertain. A review of
the literature indicated that 22% of patients with bilateral
rhinocerebral zygomycosis who received standard therapy sur-
vived while 83% of patients who received standard therapy
plus adjunctive hyperbaric oxygen survived; it was therefore
suggested that hyperbaric oxygen should be considered part of
the initial therapy for rhinocerebral zygomycosis, and should
be continued until evidence of disease regression is observed
(435). Others, however, do not think that there is sufficient
evidence to support the view that the use of adjunctive hyper-
baric oxygen therapy has changed the prognosis of this infec-
tion (35).

Over the past 20 years, the prognosis for patients with rhi-
nocerebral zygomycosis has improved. Factors contributing to
a lower survival rate appear to include delayed diagnosis and
treatment, hemiparesis or hemiplegia, bilateral sinus involve-
ment, leukemia, renal disease, and treatment with deferox-
amine (435). The presence of facial necrosis (435), intraocular
invasion by the fungus (359), and cerebral lesions (15) also

TABLE 13—Continued

Reference Therapeutic regimen Patients and risk
factors Diagnosis Criteria for

diagnosisd Outcome Comments

403 Initial ketoconazole and
metronidazole; finally
intravenous amphoteri-
cin B

female aged 79 yr;
diabetic ketoaci-
dosis

ROZc CF, HPE (palatal
biopsy)

Died (after 4 wk) Intravenous amphotericin B
instituted late in the
course of disease. No
debridement.

64 Initial intravenous am-
photericin B (13 wk);
then amphotericin B-
lipid complex (5 mg/kg/
day) and surgery, flucy-
tosine (37.5 mg/kg/6 h)
and itraconazole (300
mg twice daily), and
gamma interferon (0.5
mg/mm2 three times a
wk)

female aged 70 yr Invasive si-
nus as-
pergillosis
with ex-
tension to
orbit

CT, HPE; culture
of biopsy sam-
ple grew A.
fumigatus

Survived; no re-
currence (24
mo) on MRI

Lesions progressed in spite
of surgery (orbital exen-
teration, debulking of
mass) and intravenous
amphotericin B, but fun-
gal load may have been
sufficiently reduced to
permit response to the
other therapies given.

a Based on papers published since 1989.
b G-CSF, granulocyte colony-stimulating factor.
c ROCZ, rhino-orbito-cerebral zygomycosis; ROZ, rhino-orbital zygomycosis
d CF, clinical features suggestive of fungal infection; CT, Evidence of sinusitis, bony erosion and increased soft tissue density within the orbit on computed

tomography; HPE, Histopathological examination of tissue samples revealed fungal structures; MRI, Evidence of sinusitis, bony erosion and increased soft tissue
density within the orbit on magnetic resonance imaging; DM, fungal hyphae seen by direct microscopy of necrotic material.

e M. Ericsson, M. Anniko, H. Gustafsson, C.-Å. Hjalt, P. Angus, and M. L. Grayson, Letter, Clin. Infect. Dis. 16:585–586, 1993.

VOL. 16, 2003 OPHTHALMIC MYCOSES 759



appear to carry a poor prognosis. The mortality of rhinocere-
bral zygomycosis caused specifically by A. elegans is currently
unknown because of the rarity of diagnosed cases, but it would
seem to fall at the more favorable end of the spectrum (87).

Chronic rhinocerebral zygomycosis. Chronic rhinocerebral
zygomycosis is indolent and slowly progressive, often evolving
over weeks to months. A review of the case records of 18
patients with this presentation revealed that the median time
from onset of symptoms to diagnosis was 7 months; the most
common presenting features were ophthalmologic, including
ptosis, proptosis, visual loss, and ophthalmoplegia; this seemed
to occur in those with diabetes and ketoacidosis; and the over-
all survival rate for the chronic disease was 83%, even though
the incidence of internal carotid artery and cavernous sinus
thrombosis was higher than in patients with the acute disease
(138). Chronic rhinocerebral zygomycosis is clinically distinct
from chronic infection due to the Entomophthorales (principal-
ly due to Conidiobolus coronatus and Basidiobolus ranarum). In
chronic rhinocerebral zygomycosis, ophthalmologic features
predominate (sinusitis predominates for C. coronatus, and sub-
cutaneous mycosis predominates for B. ranarum), angioinva-
sion is an important feature (most Entomophthorales infections
are localized, with no angioinvasion), and surgical resection of
necrotic tissue is an important component of disease manage-
ment (surgical resection may actually hasten the spread of
infection due to B. ranarum, while the surgical approach is not
always optimal in infection due to C. coronatus) (138, 323,
324).

Treatment of fulminant infections caused by non-Mucorales
fungi. Treatment would probably be along the lines of the
treatment outlined above; however, antifungals other than am-
photericin B may play a role in such infections. A devastating
bilateral optic neuropathy due to Bipolaris hawaiiensis (repeat-
edly culture positive) did not respond to 3,700 mg of ampho-
tericin B but ultimately responded to oral itraconazole therapy
(233); it is possible that the initial amphotericin B therapy may
have reduced the fungal load sufficiently to permit itraconazole
to exert a therapeutic effect. A child with acute orbital infec-
tion and brain abscess due to S. apiospermum (P. boydii), who
did not respond to initial intravenous amphotericin B therapy,
ultimately responded to intravenous miconazole and multiple
surgical debridements, although it was not clear whether the
surgery or the miconazole was more important (16). Surgical
debridement of the orbit and a 6-week course of intravenous
miconazole led to a reduction of S. apiospermum orbital infec-
tion in another patient as well (264). However, firm conclu-
sions cannot be derived based on the results of these few
individual case reports.

Orbital aspergillosis. Aspergillus species have been impli-
cated in a wide variety of primary ocular orbital conditions,
characterized by rapid, uncontrollable progression and some-
times death (201, 374). Some presentations of orbital aspergil-
losis, such as optic nerve involvement, may lead to use of
systemic corticosteroids, which delays the diagnosis and may
potentiate the infectious process (213). Levin et al. (213) de-
scribed four patients who represented the spectrum of orbital
aspergillosis, namely, infection of an exenteration socket, a
complex dacryocystitis, a nerve tumor, and postoperative peri-
orbital swelling; they cautioned that in neutropenic or other-
wise immunocompromised patients, a high index of suspicion

should be maintained to forestall the emergence of fulminant
aspergillosis.

The key presenting complaints of sino-orbital aspergillosis
appear to be abrupt onset of proptosis, ophthalmoplegia, and
blepharoptosis with precipitous visual loss; debilitating perior-
bital pain or headache, without inflammatory signs, may also
be noted (213). Predisposing factors include alcoholism, high-
dose corticosteroid therapy, and insulin-dependent diabetes
mellitus (367). Invasive Aspergillus rhinosinusitis occurring as a
potentially lethal complication of chemotherapy-induced neu-
tropenia in patients with acute leukemia has also been de-
scribed (376); the majority of cases are due to A. flavus. Such
patients may develop symptoms of orbital or cavernous sinus
disease.

Aspiration cytology and immunohistochemistry have been
described for diagnosis of orbital aspergilloma (367).

In a recent study, it was observed that even with limited
surgical debridement and local and systemic amphotericin B in
patients with sino-orbital fungal infections, all patients re-
tained their preoperative visual acuities and only one patient
underwent an orbital exenteration for progressive orbital fun-
gal infection (349). Thus, conservative orbital debridement
with local amphotericin B irrigation may be an effective ad-
junct in the control of sino-orbital infections, especially in
patients with reversible immunosuppression and good preop-
erative visual activities. Massry et al. (234) reported successful
resolution of sino-orbital aspergillosis following initiation of
itraconazole treatment, without recurrence at 10 months fol-
low-up, in an immunocompetent patient; notably, traditional
therapeutic modalities (surgical debridement and amphoteri-
cin B therapy) had not resulted in resolution. Oral itraconazole
could be considered as a treatment option in orbital aspergil-
losis occurring in immunocompetent patients who have recur-
rent or recalcitrant disease or in those who cannot tolerate
amphotericin B (234), but this requires confirmation in studies
of a larger number of patients.

Mycotic Infections of the Eyelids

Although infections of the eyelids are caused almost exclu-
sively by bacteria (particularly Staphylococcus), fungi may also
cause superficial or deep eyelid lesions (Table 14).

Eyelid lesions due to Cryptococcus spp. are usually ulcer-
ative. However, necrotizing fasciitis of the eyelids and perior-
bital area due to C. neoformans was reported in a young man
after trivial trauma by a wood splinter (82), while an eyelid
nodule was reported to be a sentinel lesion of disseminated
cryptococcosis in a patient with AIDS (66). Rhinosporidiosis of
the lid margins is a rare occurrence, since the conjunctiva is the
most common site of ocular rhinosporidiosis (226).

An eyelid lesion due to Candida spp. usually suggests spread
from a focus, with the use of broad-spectrum antibacterials or
immunosuppressive agents predisposing to the infection (14).
Ulceration begins at the base of an eyelash; small granulomas
are present at its edge, and vesicles and pustules may be
present. In a study of 407 patients with chronic severe ulcer-
ative blepharitis, 47 (12%) had positive cultures for Candida
spp.; most of these patients also had atopic dermatitis (154).

Lesions caused by the dermatophytes begin as erythematous
scaly papules that slowly enlarge; healing occurs simulta-
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neously in the central, paler area. Induration of the lid margin
and fracture of the cilia may occur (424). A kerion celsi reac-
tion in the eyebrow due to Trichophyton rubrum has recently
been described (149).

Although the lid is generally considered to be the most
common ocular tissue affected by B. dermatitidis infection (338,
355; Barr and Gamel, letter), Bartley (26) reported that only 1
of 79 patients with systemic blastomycosis seen by him had
such lesions. The lesions may arise due to contiguous spread
from facial lesions or due to hematogenous dissemination from
a pulmonary lesion. Small abscesses may be visible around the
eyelashes; these later form granulomatous ulcers with thick
crusts and an underlying purplish discoloration of the skin.
Healing of the lesions may lead to severe cicatrization and
ectropion (14, 355). The evolution of eyelid lesions due to the
dimorphic fungi C. immitis and S. schenckii is similar to that
seen in B. dermatitidis infections (14).

Eyelid lesions, alone or in association with corneal and con-
junctival lesions, occur in more than 50% of reported cases of
ocular paracoccidioidomycosis (46, 353). Males, particularly
those older than 30 years who are engaged in agriculture and
come from an area of endemic infection seem to be at greatest
risk (353). The palpebral lesion starts as a papule, usually close
to the lid border, and grows and ulcerates in the center. The
base of the ulceration reveals fine hemorrhagic, punctate, el-
evated, thickened, and hardened borders. The lesions evolve
toward palpebral coloboma, with loss of the eyelashes. Ocular
lesions due to P. brasiliensis need to be differentiated, partic-
ularly in the initial stages, from hordeolum, bacterial blepha-
ritis, trachoma, leishmaniasis, sporotrichosis, lupus erythema-
tosus, tuberculosis, and secondary syphilis.

Malassezia furfur (formerly Pityrosporum orbiculare and Pity-
rosporum ovale) is a cause of pityriasis versicolor, a chronic
mild skin infection sometimes found around the eyebrows and
eyelids, and may be associated with seborrheic blepharitis (20,
373). Lid scrapes from 40 symptomatic patients with seborrheic
or mixed seborrheic and staphylococcal blepharitis were sub-
jected to direct microscopy and culture; yeast and hyphal forms
suggestive of Malassezia spp. were detected in scrapes from 39
of the 40 patients; fungi were isolated from the scrapes from
about half the patients (262).

The hyphae or yeast cells of fungi causing eyelid lesions can
be easily demonstrated by examination of a 10% KOH wet
preparation or a Gram-stained smear of lid scrapes.

Many therapeutic regimens for mycoses of the eyelids have
been recommended (14, 28), but the basis for these suggestions
is not clear. Table 14 lists some of the therapies and outcomes
described in recent reports of various eyelid mycoses, which
are briefly summarised below. Eyelid lesions due to rhinospo-
ridiosis require excision (226).

A double-blind, placebo-controlled clinical trial of topical
2% ketoconazole cream with lid hygiene was conducted to
treat seborrheic and mixed seborrheic and staphylococcal
blepharitis (262). Although ketoconazole was no better than
placebo at improving the symptoms of blepharitis, more
ketoconazole-treated patients had normal, or markedly im-
proved, lids after treatment than did the placebo group
(262). Two doses of ketoconazole (100 mg per day) with
topical miconazole ointment for 6 weeks has been recom-

mended for treatment of mycotic blepharitis due to Candida
spp. (154).

Preseptal cellulitis due to Trichophyton spp. was recently
described in a 10-year-old boy (405). The cellulitis did not
respond to antibacterials, prompting microbiological studies.
Trichophyton spp. were recovered from two skin scrapings
taken on two separate occasions. The lesions rapidly resolved
after administration of oral itraconazole at 100 mg daily for 6
weeks but recurred 15 weeks after therapy was stopped. Ther-
apy was restarted, the lesions were completely resolved, and
there was no further recurrence. In another study, lesions of
the eyebrow (kerion celsi) due to T. rubrum were found to
disappear almost entirely after 3 weeks of oral itraconazole
therapy (149).

Verrucous lesions of the eyelid due to B. dermatitidis were
reported to resolve after treatment with a combination of an-
tifungals (potassium iodide and intravenous amphotericin B)
and surgery (Barr and Gamel, letter). Six patients with papular
lesions of the eyelids due to P. brasiliensis (some patients also
had conjunctival, corneal, and anterior uveal lesions) were
treated with intravenous amphotericin B (one patient also re-
ceived oral ketoconazole); all five patients for whom outcome
data were evaluable responded to medical therapy alone (no
surgery was required). Lesions of the eyelid were recently
described in one patient who had disseminated cryptococcosis
(66); the infection was controlled (with occasional recurrences)
by a combination of surgical excision and intravenous ampho-
tericin B and fluconazole.

Mycotic Dacryocanaliculitis

Gram-positive filamentous bacteria are frequent causes of
dacryocanaliculitis (28). Fungi such as Alternaria spp., A. fu-
migatus and other Aspergillus spp., Candida spp., dermato-
phytes, Fusarium spp., Penicillium spp., Scopulariopsis spp., and
Sporothrix schenckii have been reported as causes of canalicu-
litis (28, 213), although the significance of some of these iso-
lates is doubtful since they do not appear to satisfy the criteria
described previously (237). Most of the clinical features de-
scribed and the surgical procedures recommended are for
dacryocanaliculitis in general and are not necessarily specific
for mycotic infection.

Usually, only one canaliculus on one side is affected; there is
no good evidence that the inferior canaliculus is affected more
frequently than the superior (28). Persistent unilateral epi-
phora (watering) with an itching sensation is the frequent pre-
sentation, and there may be unilateral mucopurulent conjunc-
tivitis. Clinical features include a red, swollen eyelid in the area
of the affected canaliculus, a unilateral conjunctivitis (conjunc-
tival follicles may be present), reddening and swelling of the
canaliculus itself (the opening is dilated and the edges are
elevated and inflamed), and a mucopurulent discharge; white,
yellow, or brown concretions (dacryoliths) may be visible in the
lacrimal punctum or may be extruded after applying pressure
to the canaliculus (28, 404). The remainder of the lacrimal
passage is patent, and there is no preauricular lymphadenop-
athy.

Local environmental factors in the canaliculus, such as stasis
arising out of congenital diverticula, may promote the growth
of anaerobic bacteria and hence lead to local infections; how-
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ever, most cases do not have an identifiable predisposing factor
(28). Accumulated bacterial growth, cellular debris, and prod-
ucts of inflammation cause a progressive expansion and ectasia
of the canalicular lumen, producing the characteristic fusiform
swelling noted externally. Mixed aerobic and anaerobic bacte-
rial infections may also be present. Rubbery concretions occur
in the presence of infections due to species of Candida,
whereas brown or black debris may be seen in infections due to
A. niger (28).

Pavilack and Frueh (294) emphasized the importance of
thorough curettage as the most effective treatment for chronic
canaliculitis. Although their recommendations were not based
on the study of specific actinomycotic or fungal causes of canal-
iculitis, the same principles can be applied for therapy of my-
coses of the canaliculi. In essence, the punctum is dilated after
topical and local anesthesia and a small curette is introduced.
If there is extensive ectasia and retention of concretions in
diverticuli, a canaliculotomy may be necessary (28). Following
curettage (294), the canaliculus is thoroughly irrigated to re-
move any remaining fragments, to identify unrecognized pock-
ets of retained debris, and to ensure the patency of the distal
drainage system.

Mycotic dacryocanaliculitis is reported to respond satisfac-
torily to topical administration of 5% natamycin or to topical
application and local syringing of the canaliculi and sac with
amphotericin B (1.5 to 8 mg/ml) or nystatin (25,000 to 100,000
units/ml) solutions (28, 424); however, again, the basis of these
recommendations is not clear. If medical management fails,
surgery (canaliculotomy) is performed. All the material re-
moved is used to prepare smears and to inoculate various
culture media; the canaliculus is then syringed with the medi-
cations. Silicone intubation may be required for reconstruction
of the canaliculus (28).

In a study of 40 patients with canaliculitis (404), only 10%
were cured by medical treatment alone, while 40% showed a
recurrence; 80% of individuals who underwent canaliculotomy
in addition to receiving medical therapy were cured. Epiphora
was a side effect of the surgery in a few patients. These results
suggest that surgical treatment of canaliculitis in combination
with medical therapy yields better results than those obtained
by medical therapy only.

Mycotic Dacryocystitis

Dacryocystitis refers to an infection of the lacrimal sac (41).
This is the most common infection of the entire lacrimal ap-
paratus and generally arises due to the stasis resulting from
obstruction of the nasolacrimal duct. There are several possi-
ble causes of this obstruction (28). Infection may be acute or
chronic; fungi usually do not cause acute dacryocystitis.
Chronic dacryocystitis is usually due to a single site of partial or
complete obstruction within the lacrimal sac or within the
nasolacrimal duct. With partial or complete obstruction of the
nasolacrimal duct, a laminated concretion (dacryolith) may
develop in the lacrimal sac and is often associated with bacte-
rial and fungal infections.

Bacteria are the etiological agents in 95% of patients with
acquired dacryocystitis, with aerobic and facultative anerobic
bacteria predominating; fungi were found to account for only
5% of infections in two studies (41, 177). However, fungi may
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account for almost 14% of cases of congenital dacryocystitis
(114).

Although several fungi have been implicated as causes of
dacryocystitis, including Acremonium spp., Aspergillus spp.,
Candida spp., Paecilomyces spp., R. seeberi, dermatophytes,
and S. schenckii (114, 177, 213, 226, 304, 424), the significance
of some of these isolates is doubtful, on the basis of the criteria
described previously (237). Infections due to S. schenckii and
Acremonium spp. are reported to generally manifest as chronic
suppurative dacryocystitis; there may be preauricular and sub-
maxillary lymphadenitis, and an abscess may develop which
ruptures outside, resulting in an indolent ulcer (28). Aspergillus
spp., Candida spp., Paecilomyces spp., R. seeberi, and dermato-
phytes may cause chronic granulomatous dacryocystitis (178,
199, 200, 213, 226, 304).

Kristinsson and Sigurdsson (200) described a patient in
whom A. fumigatus caused plugging of the lacrimal sac, leading
to epiphora, extreme tenderness of the sac, and discharge from
the lacrimal punctum. Two patients with dacryocystitis due to
C. albicans have also been described (304).

A microbiological evaluation of congenital dacryocystitis in
86 eyes of 66 patients was undertaken (114). Fungi (principally
Aspergillus spp. and C. albicans) were isolated from 32 eyes of
26 patients, but these results must be viewed with caution since
there was no mention of direct microscoopy findings, and four
isolates of Rhizopus spp. were reported. In another study, 65
eyes of 65 patients with chronic dacryocystitis were subjected
to microbiological investigations (177); fungi (principally A.
flavus) were recovered from 6 eyes. This report also made no
mention of direct microscopy observations, although the fungi
isolated appear to have been significant since they were recov-
ered from material taken from the interior of the lacrimal sacs
incised at surgery.

Krishnan et al. (199) described the occurrence of a divertic-
ulum of the lacrimal sac in association with rhinosporidiosis,
while Kalavathy et al. (178) recently described rhinosporidiosis
of the lacrimal sac in two patients; the etiology of the lesions
was confirmed by histopathological examination of the excised
lacrimal sacs.

While epiphora is frequently the only clinical finding in
patients with chronic dacryocystitis, there may also be lid
edema, conjunctival injection, and swelling in the medial can-
thus; pressure over the area usually results in a purulent dis-
charge through the lower punctum (177). In rhinosporidiosis of
the lacrimal sac, blood-stained epiphora is a frequent com-
plaint, due to the extreme fragility of the lesion (178).

Table 14 lists some of the therapies and outcomes described
in recent reports of mycotic dacryocystitis, which are briefly
summarized below.

Mycotic dacryocystitis is managed by dacryocystectomy (for
rhinosporidiosis), where the lacrimal sac is removed in toto, or
dacryocystorhinostomy, where the patency of the nasolacrimal
duct is restored. Dacryoliths, if present, are surgically removed,
and dacryocystorhinostomy is then performed. Dacryocystitis
following plugging of the lacrimal sac by A. fumigatus was
reported to have been relieved after the plug was removed by
opening the lacrimal sac; dacryocystorhinostomy did not have
to be performed, and the patient was symptom free 1 year after
the procedure (200). Dacryocystitis due to C. albicans resolved
with surgery alone in one patient and with surgery and topical

miconazole and natamycin therapy in another (304). Some
patients with congenital dacryocystitis were reported to re-
spond satisfactorily to topical antifungals, probing, and syring-
ing (114), although complete details of the therapy were not
provided in the report. Chronic mycotic dacryocystitis in six
patients was found to resolve completely following dacryocys-
tectomy (177). Recently, endoscopic and laser technologies for
minimally invasive transnasal dacryocystorhinostomy have
been introduced. Postoperative infection following surgery on
the lacrimal sac could probably be reduced by intraoperative or
postoperative antifungal therapy.

Mycotic Dacryoadenitis

Acute fungal infections of the lacrimal gland are rare. Zy-
gomycetes are reported to be capable of causing acute necro-
tizing dacryoadenitis following contiguous spread from a rhi-
noorbital lesion, while chronic granulomatous dacryoadenitis
can be caused by certain filamentous fungi (28, 424). Treat-
ment is by systemic antifungal agents.

Mycotic Conjunctivitis

Fungal infection in patients with acute conjunctivitis appears
to be uncommon. In a microbiological study of 102 patients
with clinically diagnosed acute conjunctivitis, fungi were iso-
lated from only 14 samples (36); no mention was made about
the results of direct microscopic observations or about the
criteria used to define significant growth in culture (Table 14).

Although the clinical manifestations of mycotic conjunctivi-
tis are described as being dependent on the fungi involved (28,
424), the basis for these observations is unclear. Infections due
to Candida spp. present as purulent, acute or subacute super-
ficial epithelial lesions; Malassezia spp. may cause a catarrhal
conjunctivitis. The dimorphic fungi B. dermatitidis, C. immitis
and P. brasiliensis have been reported to cause conjunctival
lesions (225, 353, 355). Although conjunctival lesions in pa-
tients with blastomycosis may occur due to contiguous spread
from eyelid lesions, they may also occur as separate entities
(355). Severe, necrotizing granulomatous conjunctivitis due to
C. immitis has been described in a patient who had received
treatment with corticosteroids by various routes (225).

Treatment of mycotic conjunctivitis can be difficult. Topical
antifungal therapy may suffice for superficial conjunctivitis,
while deeper lesions may require systemic antifungal therapy.
Necrotizing granulomatous conjunctivitis due to C. immitis
required aggressive debridement of the affected area and
months of topical amphotericin B and oral fluconazole therapy
(225).

Conjunctival rhinosporidiosis. Rhinosporidioisis appears to
be endemic in the Indian subcontinent (54, 199, 258, 352), but
significant numbers of cases have also been reported from
Malawi and Kenya (295), northern Serbia (413), Zaire (397),
Kuwait (371), and the United States of America (108, 169,
321). The prevalence of this condition in a south Indian village
was reported to be 470 per 100,000 population (61). Children
and young adults (up to 30 years of age) living in rural areas,
who work in rice fields or bathe in stagnant water, appear to be
the most severely affected (61, 258, 284, 295, 352, 413). Most
studies have reported a male preponderance, but one study
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reported a female preponderance (61), while yet another study
did not report a predominance of either sex (258). The mode
of transmission is not definitely known but is thought to involve
frequent exposure to contaminated water (258); this hypothe-
sis is strengthened by a paper describing an unusual outbreak
of rhinosporidiosis in the Balkans, where most patients re-
ported having bathed in the same accumulation of stagnant
water (the Silver Lake) just prior to the onset of symptoms
(413). The causative organism possibly spends some or all of its
life cycle in water; the organism may also be airborne (226).
Conjunctival rhinosporidiosis may follow accidental injury to
the eye by possible contaminated soil dust (169).

Most reported ocular lesions due to rhinosporidiosis have
occurred in hot, dry climatic regions, with the occasional case
being reported from temperate zones (321). Nasal lesions are
thought to predominate in areas of endemic infection, while
ocular lesions reportedly predominate during an epidemic
(413). Ocular lesions are supposedly more frequent in Sri
Lanka than in India, especially in Sinhalese women (226);
however, no explanation has been given for this observation.
Ocular rhinosporidiosis most frequently involves the palpebral
conjunctiva; conjunctival growths are pink or red, granular, or
lobulated (occasionally flattened); they may be sessile or
stalked and are attached to the upper or lower fornix or tarsal
conjunctiva (108, 295, 321, 352, 397). Conjunctival rhinospo-
ridiosis with associated scleral melting and staphyloma forma-
tion, a rare occurrence, has recently been found in three Indian
patients (54); the lesions presented as grey-white spherules
without polyps. Other sites of ocular rhinosporidiosis are the
lacrimal sac (178, 199, 352), lid margins, canaliculus, and sclera
(226). Most infections of the eye are unilateral, and a solitary
lesion develops. These lesions usually cause no discomfort to
the patient; however, there may be increased lacrimation, dis-
charge, tenderness of the lids, and photophobia.

A clinical diagnosis of rhinosporidiosis is suggested by the
presence of lesions in other parts of the body, the extreme
friability of the lesion, and the presence of small, white dot-like
structures against a red background, i.e., the sporangia embed-
ded in the vascular tissue bed (Fig. 10). However, other causes
of a focal lesion on the conjunctiva, eyelid, or sclera, such as a
cystic inclusion or adenoma of the various glandular structures,
pterygium, pedunculated granuloma due to retained foreign
body, or end-stage chalazion need to be excluded.

Since all attempts to cultivate R. seeberi have failed, histo-
pathology forms the cornerstone of the diagnosis of rhinospo-
ridiosis. The typical histological picture is that of a granuloma
with marked inflammatory cell infiltrates (325); however,
chronic nongranulomatous inflammation may also be seen
(295). All stages of the life cycle can be seen in excised tissue,
from small trophocytes to large sporoblasts; the latter contain
spherical bodies (spherules or sporangia) varying in size from
6 to 30 �m (Fig. 7). The presence of well-defined spherical
bodies of different sizes in a rather dense stroma covered by
hyperplastic epithelium is a distinctive feature (325). Hema-
toxylin-eosin staining of infected tissue generally suffices to
demonstrate the characteristic structures. The sporoblasts
need to be differentiated from the spherules of C. immitis. In
immunocompromised patients, unstained material could first
be examined, since R. seeberi is readily identified by its brown
color; special stains (Giemsa, Gridley, and toluidene blue) can

then be used to differentiate R. seeberi from C. immitis (122).
Serological tests have not been found useful for the diagnosis
of the condition.

Two distinct phases of the tissue life cycle, namely, trophic
and endosporulating, have been discerned by light and electron
microscopic studies on conjunctival rhinosporidiosis (343).
Electron microscopic studies suggested that the formation of
the wall is a continuous morphological and biochemical spec-
trum throughout the cytological maturation of the organism
(371). A different pattern of wall formation was observed in the
conjunctiva of a patient who had concurrent rhinosporidiosis
and papillomavirus infection; this modification was possibly a
protective mechanism by R. seeberi against the virus (371). An
additional feature noted in this patient was the absence of the
marked inflammatory reaction that characterizes the histolog-
ical picture of rhinosporidiosis.

No drug treatment has proven effective for ocular rhinospo-
ridiosis. This condition is treated by surgical excision of the
lesions.

Mycotic Keratitis (Keratomycosis)

Mycotic keratitis presents as a suppurative, usually ulcer-
ative, corneal infection. This entity may account for more than
50% of all cases of culture-proven microbial keratitis and of
ophthalmic mycoses (137), especially in tropical and subtrop-
ical areas.

The fungi most frequently implicated appear to vary de-
pending on the geographical location and the period for which
the infection is observed. In the first half of a 9-year study of
microbial keratitis in south Florida, nine strains of C. albicans
were isolated, but only one strain was isolated in the second
half of the study (216). Although F. solani has been reported as
the most common cause of mycotic keratitis in many parts of
the world (137, 334, 364, 429), species of Aspergillus have pre-
dominated in some authentic, carefully documented recent
studies from the Indian subcontinent (85, 398) and other coun-
tries (186). C. albicans was reported to be the most common
cause (377, 394), or one of the most common causes (334, 398),
of mycotic keratitis in the United States and Nepal, but it has
been infrequently reported in several other major studies (Ta-
ble 15).

Table 15 lists the salient observations of 14 major studies of
mycotic keratitis reported in the literature since 1991; 6 of
these are studies done in the Indian subcontinent, that is,
India, Nepal, Bangladesh and Sri Lanka (85, 117, 120, 288, 364,
398); 3 are studies done in the United States (334, 377, 418); 4
are studies done in Paraguay (248), Ghana (137), Singapore
(429), and the People’s Republic of China (431); and 1 recently
published study was performed simultaneously in Ghana and
southern India (208). Mycotic keratitis apparently occurs much
more frequently in developing countries such as India than in
developed countries such as the United States. Srinivasan et al.
(364) reported on 139 patients with culture-proven mycotic
keratitis seen over a 3-month period in Madurai, India; in
contrast, 125 patients with culture-proven mycotic keratitis
were seen over a 10-year period in south Florida (334), while
24 patients with mycotic keratitis were treated over a 9-year
period in Philadelphia (377).
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Risk factors. Most of the studies done exclusively on mycotic
keratitis (120, 288, 334, 431) have listed trauma as being the
most common risk factor (occurring in 44 to 55% of patients);
less frequently reported risk factors include prolonged use of
topical corticosteroids or antibacterials, systemic diseases such
as diabetes mellitus, preexisting ocular diseases, and contact
lens wear. In all these studies, filamentous fungi, mainly Fusar-
ium spp. or Aspergillus spp., were the most frequent isolates.
Similarly, in a review of 32 patients with keratitis due to Cur-
vularia spp. (418), trauma and prior use of corticosteroids were
the most frequent risk factors (Table 15). In contrast, in a study
in Philadelphia (377), the three most common risk factors were
found to be chronic ocular surface disease, contact lens wear,
and use of topical corticosteroids; interestingly, C. albicans was
the most common isolate in this study (46%). Only two studies
(85, 429) have sought to compare the most frequent risk fac-
tors in mycotic and bacterial keratitis (Table 15). In one of
these studies (in Bangladesh), antecedent ocular trauma was
reported by 35% of patients with mycotic keratitis and 52% of
patients with bacterial keratitis; dacryocystitis was noted in
12% of those with bacterial keratitis and 4% of those with
mycotic keratitis (85). Data derived from the other study, a
retrospective case-control study in Singapore (429), suggested
that mycotic keratitis (principally due to Fusarium spp. and
Aspergillus spp.) was more likely to be related to mechanical
ocular trauma and bacterial keratitis (principally due to
Pseudomonas aeruginosa) was more likely to be related to
contact lens wear and preexisting ocular diseases. Preexisting
inflammatory ocular diseases were less frequently seen in my-
cotic keratitis than in bacterial keratitis, but systemic immuno-
suppressive conditions appeared to be of equal significance in
both mycotic and bacterial keratitis. Interestingly, antecedent
topical corticosteroid therapy, which is frequently perceived to
be a specific risk factor for mycotic keratitis, did not appear to

predispose more frequently to mycotic keratitis (25%) than to
bacterial keratitis (38%) in this study (429).

One study attempted to compare the risk factors for keratitis
due to filamentous fungi and that due to yeasts and yeast-like
fungi (334). Ocular trauma appeared to predispose most fre-
quently to infections due to Fusarium spp. (70%), Curvularia
spp. (11%), and Aspergillus spp. (5%). Similarly, diabetes mel-
litus may have been a specific risk factor for keratitis due to
Fusarium spp. (67% of diabetic patients had such infections)
and to Candida spp. (13%). In patients who had used pro-
longed topical medications, Candida spp. (44%) and Fusarium
spp. (38%) were the most frequent isolates. In patients who
used topical corticosteroids, Candida spp., Aspergillus spp.,
Acremonium spp., and Curvularia spp. were the most frequent
isolates (22% each) (334). Although these data are interesting,
a case-control study is needed to compare the relative contri-
bution of different risk factors to determining whether a pa-
tient develops keratitis due to filamentous fungi or to yeast or
yeast-like fungi.

Fungi causing mycotic keratitis. Filamentous fungi are the
principal causes of mycotic keratitis in most parts of the world;
in 12 of the 14 studies listed in Table 15, either Fusarium spp.
or Aspergillus spp. were the most common isolates. Dematia-
ceous fungi, such as Curvularia spp. and Bipolaris spp., are the
third most important cause of keratitis in a number of studies
(111, 120, 208, 364), while the coelomycete L. theobromae has
been reported to cause keratitis in India (111, 383, 389, 392)
and the southern United States (216, 334).

Filamentous fungal keratitis appears to occur most com-
monly in healthy young men engaged in agricultural work or
outdoor occupations (120, 334); mycotic keratitis has been
reported to occur in onion harvesters in Taiwan (219). Trauma
was the most common risk factor reported in all the studies
listed in Table 15 in which filamentous fungi were the principal

FIG. 10. Surgical removal of a lacrimal sac infected with Rhinosporidium seeberi. Small, spherical structures (arrows) are seen on the surface
of the sac; these represent the sporangia (cysts).
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isolates. Various traumatizing agents have been reported, in-
cluding vegetable matter, mud or dust particles, paddy grain,
the swish of a cow’s tail, tree branches, and metallic foreign
bodies (120, 334). There have been reports of mycotic keratitis
associated with the use of nylon-line lawn trimmers in the
United States; the fungi implicated have included Curvularia
spp. and F. oxysporum (65, 334). Preexisting allergic conjunc-
tivitis (400) or vernal keratoconjunctivitis (134) may also pre-
dispose to the occurrence of filamentous fungal keratitis.

Environmental and corneal isolates of various species of
Fusarium and Aspergillus have been found to be virtually in-
distinguishable in certain growth characteristics (71, 383). Sea-
sonal variations have been observed in the incidence of my-
cotic keratitis and in the predominant genera of fungi isolated
from such cases; such variations have been linked to environ-
mental factors, such as humidity, rainfall, and wind, and also to
the harvest (133, 216, 334, 383). The fungi most frequently
present in the environment are also frequently found as tran-
sient commensals in the conjunctival sac in a variable percent-
age of healthy eyes (363); these fungi are thought to become
virulent for the cornea under certain circumstances, such as
following trauma or administration of corticosteroids (17, 424).
However, this mechanism of infecting the cornea may be less
important than the direct implantation of environmental fungi
in the cornea by trauma.

Keratitis due to yeasts and yeast-like fungi is most frequently
caused by C. albicans (100, 174, 216, 377). Since C. albicans is
a ubiquitous commensal of mucous membranes in humans,
with no geographic dominance, keratitis due to this organism
tends to occur more frequently in areas where traumatic ker-
atitis is uncommon but where other predisposing factors are
important (174, 394). C. albicans was reported to be the most
common fungal species isolated from patients with culture-
proven mycotic keratitis in Philadelphia (377), but species of
Candida accounted for only 12.5% of isolates from patients
with culture-proven mycotic keratitis in Miami (334). C. albi-
cans and related fungi have been infrequent isolates in most
recent studies performed in tropical countries (85, 117, 120,
137, 208, 364), possibly due to the predominance of liveli-
hoods, such as agriculture, which carry a higher risk for the
occurrence of trauma-related keratitis caused by filamentous
fungi than for keratitis due to C. albicans. Keratitis due to
yeast-like and related fungi usually develops in eyes with pre-
existing epithelial or stromal ulceration due, for example, to
previous herpes simplex keratitis or contact lens-induced cor-
neal abrasions (100). This type of keratitis can also occur in the
presence of systemic disorders or preexisting ocular
abnormalities

Diagnosis. A rapid and accurate diagnosis of mycotic kera-
titis improves the chances of a complete recovery, especially in
the tropics, where patients may delay presenting to an oph-
thalmologist. A systematic approach, comprising a detailed
elicitation of the clinical history, a meticulous examination with
the slit-lamp or the confocal microscope, and appropriate mi-
crobiological investigations, should be adopted.

(i) History and clinical features. Details elicited in the clin-
ical history should include possible risk factors (trauma or use
of contact lenses); prior therapy with antibacterials, corticoste-
roids, or other compounds; and preexisting ocular disease (al-
lergic conjunctivitis or lagophthalmos). The clinician should

then look for ocular or systemic defects that may have predis-
posed the patient to the keratitis, since these require correc-
tion. Symptoms are usually as in any other type of keratitis but,
perhaps, are more prolonged in duration (5 to 10 days).

Filamentous fungal keratitis may involve any area of the
cornea (100). The clinical features usually noted are the firm
(sometimes dry) elevated necrotic slough (Fig. 11), “hyphate”
lines extending beyond the ulcer edge into the normal cornea,
multifocal granular (or feathery) gray-white “satellite” stromal
infiltrates, “immune ring,” minimal cellular infiltration in the
adjacent stroma, and mild iritis (100, 174). An endothelial
plaque and hypopyon generally do not occur within the first
week, but the presence of an hypopyon in an indolent ulcer
may suggest a fungal etiology. An elevated firm slough and
hyphate margins are found in more than 50% of culture-
proven cases (388). The most common manifestations of cul-
ture-proven mycotic keratitis were reported to be (in descend-
ing order of occurrence) a gray or dirty-white surface, anterior-
chamber cellular reaction, irregular feathery margins, elevated
borders, dry rough texture, satellite lesions, Descemet’s folds,
hypopyon, ring infiltrate, endothelial plaque, and keratitic pre-
cipitates (334). However, a comparison of the most frequently
occurring manifestations of bacterial and mycotic keratitis is
needed.

Although most cases of mycotic keratitis exhibit these basic
features, there may be other unique features, depending on the
etiological agent. Thus, F. solani is able to completely destroy
an eye in a few weeks, since the infection is usually severe and
perforation, deep extension, and malignant glaucoma may su-
pervene (408). In keratitis due to certain dematiaceous hypho-
mycetes (Curvularia spp., Bipolaris spp., or Exserohilum spp.), a
persistent, low-grade, smoldering keratitis, with minimal struc-
tural alteration, may occur; the necrotic slough may be pig-
mented (Fig. 12), and simple debridement may suffice for res-
olution of all lesions (111, 173). However, if such dematiaceous
fungal ulcers are not treated properly or if topical corticoste-
roids are used, the ulcers may spread to involve the deeper
corneal layers, with intraocular extension or descemetocele
formation supervening (366); Lecytophora verrucosa and L.
mutabilis may cause a severe keratitis that is unresponsive to
medical therapy (111; R. H. T. Ho, P. J. Bernard, and K. A.
McClellan, Letter, Am. J. Ophthalmol. 112:728–729, 1991). L.
theobromae causes a very severe type of keratitis clinically; in a
study in India, severe keratitis was observed in 82% of cases
of L. theobromae keratitis, 59% of cases of Aspergillus ker-
atitis, and 53% of cases of Fusarium keratitis (389). Keratitis
due to S. apiospermum (P. boydii) resembles other types of
keratitis in predisposing factors and clinical features (211,
437) but may not respond satisfactorily to medical therapy
alone. Most cases of keratitis due to Acremonium spp. have
occurred following trauma, surgery, or application of topical
steroids (93, 129, 317). P. insidiosum causes a very severe
form of keratitis in Thailand, which is unresponsive to med-
ical therapy (155, 156). Chronic, severe, filamentous fungal
keratitis may resemble bacterial suppuration and may in-
volve the entire cornea (194).

The stromal keratitis caused by C. albicans and related fungi
resembles bacterial keratitis, with an overlying epithelial de-
fect, a more discrete infiltrate, and slow progression; such
ulcers frequently occur in eyes with preexisting corneal disease
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and in areas of exposure, such as inferocentrally, at the junc-
tion of the superior two-thirds and inferior one-third of the
cornea (271).

Keratitis due to a zygomycete such as Rhizopus sp. (334) or
A. corymbifera (231) occurs very rarely; when it does occur, it
is very fulminant and unresponsive to medical therapy. The
progression of lesions was so rapid in one patient with keratitis
due to A. corymbifera that penetrating keratoplasty was re-
quired within 9 days of the initial presentation; antecedent
ocular trauma was the sole risk factor for the keratitis in this

patient (231). Rodrigues and Laibson (332) described two pa-
tients with apparently primary exogenous keratitis due to B.
dermatitidis.

(ii) Noninvasive techniques. Confocal microscopy is an im-
aging technique that allows optical sectioning of almost any
material, with increased axial and lateral spatial resolution and
better image contrast, which may be useful for the identifica-
tion of corneal pathogens in the early stages of infection. In
clinical keratitis due to Aspergillus spp., fungal hyphae were
imaged as high-contrast filaments, 60 to 400 �m long, and 6

FIG. 11. Clinical keratitis due to Fusarium solani. The necrotic slough is elevated above the surface of the cornea. Hyphate lines are seen
extending into the surrounding cornea.

FIG. 12. Clinical keratitis due to a Curvularia species. The necrotic slough exhibits a brownish pigmentation. Such pigmentation may be seen
in corneal lesions due to dematiaceous filamentous fungi and should not be mistaken for an incarcerated iris.
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�m wide (426). In one patient with keratitis due to F. solani
(97), in vivo scanning slit confocal microscopy helped in first
establishing the diagnosis, then demonstrating nonresponsive-
ness to medical therapy by showing an increased load of fungal
filaments, and finally confirming that the entire fungal load was
eradicated following penetrating keratoplasty, aiding the deci-
sion to administer corticosteroids and to quickly discontinue
antifungals. Subsequently, there have been reports of the use
of this technique, in conjunction with culture, in establishing a
diagnosis of mycotic keratitis (408, 431). Thus, confocal mi-
croscopy is a potentially useful, noninvasive technique to de-
termine the presence of fungal hyphae in vivo within the hu-
man cornea. Limitations in the use of this technique for
routine diagnosis relate to instrument configuration, move-
ment of either the tissue or the microscope, difficulty in repro-
ducibly returning to the area of interest for serial examination,
lack of a distinctive morphology of some pathogens, and lim-
ited resolution of the microscope.

(iii) Microbiological investigations. Although there is some
controversy regarding the need to perform microbiological in-
vestigations on all patients presenting with suspected microbial
keratitis, it appears that such investigations are essential in the
diagnosis of suspected mycotic keratitis (242). The specimens
to be collected from a patient with suspected mycotic keratitis
have been briefly described in Table 6. Prior to performing a
corneal scraping, specimens for lid and conjunctival cultures
are usually taken to ensure that the organisms isolated on the
corneal media have not come from the transient commensal
fungal flora of the conjunctival sac.

(a) Samples. Corneal scrapings are obtained by using an
instrument (platinum spatula, Beaver blade, Bard Parker knife
no. 15, or blunt cataract knife) to debride material from the
base and edges of the ulcerated part of the cornea (3); this
should be done several times to obtain as much material as
possible. The blade or spatula may be reused if a sterile me-
dium has been streaked but must be changed (the spatula can
be flamed) if the instrument has made contact with an unsterile
slide (3). Cotton swabs do not seem to be a useful means of
debriding the necrotic corneal slough. However, if calcium
alginate swabs, premoistened with tryptone soy broth, are used
for the debridement, recovery of fungi in culture may be facil-
itated (163).

Corneal scrapings do not yield positive results in a small
percentage of patients. In this case, corneal biopsy may aid the
diagnosis since a larger amount of tissue can be obtained from
a greater depth of the cornea (158, 196, 210). A corneal biopsy
can be performed by using a corneal trephine which defines the
precise diameter and depth (0.2 to 0.3 mm) of corneal tissue
that is to be removed (196, 210). A second method involves the
free dissection of the corneal lamellae by a sharp surgical knife;
corneal perforation needs to be carefully guarded against in
this procedure. Another method involves removal of the epi-
thelium and necrotic debris overlying the suppurated area and
then incising the corneal stroma with a Bard-Parker no. 15
blade and corneal forceps to about one-half the corneal thick-
ness (160).

Several experimental (160) and clinical (42, 158, 196, 334)
studies have highlighted the potential value of corneal biopsy
samples in diagnosis of mycotic keratitis when the conventional
corneal scrapes do not yield positive results. The biopsies may

be relatively superficial (the procedure of keratectomy) or
deep (42), and the tissue obtained may be stained with ink-
KOH (158, 160) or lactophenol cotton blue (196). However,
some workers (210) have reported inferior results in samples
from patients with clinically evident infectious ulcerative
keratitis.

(b) Direct microscopic examination. Direct microscopic ex-
amination of corneal scrapes or corneal biopsy samples per-
mits a rapid presumptive diagnosis of mycotic keratitis to be
established. Examination of a wet preparation (using KOH,
ink-KOH, or lactophenol cotton blue), a smear stained by the
Gram or Giemsa method, and a smear stained with special
fungal stains (GMS silver, PAS, or calcofluor white) may yield
valuable results. The corneal material should be spread out as
thinly as possible on the microscope slides to facilitate easy
visualization of the fungal structures (Fig. 9). The advantages
and disadvantages of different staining techniques have already
been described (Table 7). In major studies of mycotic keratitis
(Table 15), the sensitivities of different staining techniques for
culture-proven mycotic keratitis were 72.2% (431) to 91%
(120) for KOH, 31.6% (288) to 98% (85) for the Gram-stained
smears, 27% (334) to 85% (120) for Giemsa-stained smears,
91.4% for calcofluor white (120), 91% for PAS (431), and 56%
for GMS (398).

In other studies, direct microscopic examination of corneal
scrapes stained with lactophenol cotton blue yielded positive
results in 78% of culture-proven cases of mycotic keratitis
(387); Acanthamoeba cysts can also be detected in corneal
scrapes stained with lactophenol cotton blue (P. A. Thomas
and T. Kuriakose, Letter, Arch. Ophthalmol. 108:168, 1990).
Examination of corneal scrapings from clinically suspected
cases of mycotic keratitis yielded positive results in 76% of
acridine orange-stained smears and in 65% of KOH wet
mounts (179). Thus, microscopic examination of corneal ma-
terial is an important means of arriving at a rapid presumptive
diagnosis of mycotic keratitis and correlates well with culture
positivity.

Excellent results were reported when the nonspecific fluo-
rescent stain calcofluor white was used to stain corneal scrapes
or biopsy specimens prior to direct microscopic examination
(120, 55, 351, 372). However, not all fungi are adequately
stained (314). The use of blankophor or Uvitex 2B may yield
better results (314). Fungal autofluorescence and fluorescein-
conjugated lectins have yielded promising results in some stud-
ies (229, 330), but these techniques need to be applied on a
larger scale before conclusions can be drawn.

It is generally reported that the identity of the infecting
fungus cannot be deduced from the direct microscopic exam-
ination, particularly where the infecting fungi closely resemble
each other morphologically, as in Fusarium, Paecilomyces, and
Acremonium; however, Liu et al. (220) studied adventitious
sporulation in tissue samples, including some from corneal
ulcers and found that this might serve as an aid to identify the
possible genus involved. This requires further study.

(c) Culture. Culture of corneal scrapes or biopsy specimens
is essential to confirm a diagnosis of mycotic keratitis and to
initiate appropriate antifungal therapy. Corneal material is
inoculated on the surface of solid media by making rows of “C”
streaks (two rows from each scraping); only growth on the C
streaks (Fig. 8) is deemed significant (175). Liquid media are
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inoculated by twirling the tip of the spatula, loop, or swab in
the broth several times.

The media commonly used for recovery of corneal fungi are
as described above (see “Etiological agents and laboratory
diagnosis of ophthalmic mycoses”). Blood agar plates should
be incubated at 25 and 37°C, while Sabouraud glucose-neopep-
tone agar is kept at 25°C. Liquid media should be included;
brain heart infusion broth is perhaps the best single medium to
use, especially when corneal material is scanty. An incubation
temperature of 30°C and the use of liquid-shake cultures may
also aid the recovery of corneal fungi.

Fungal growth on the culture media (Fig. 4 and 8) usually
occurs within 3 to 4 days (334), but culture media may need to
be kept for up to 4 to 6 weeks. “Sham cultures” should also be
maintained to ensure that there is no contamination from the
environment or media during sample collection. The criteria
used to consider a fungal strain isolated in culture as significant
are described in the Introduction.

(d) Histopathology. Histopathological studies offer certain
advantages over culture in the diagnosis of mycotic keratitis
since contamination is avoided, tissue penetration can be
gauged, and the outcome of surgical procedures can be antic-
ipated (406). In some studies (160, 334), direct examination of
corneal biopsy specimens or corneal buttons was found to yield
positive results when cultures of the same samples were neg-
ative, both in experimental animals and in patients; however,
other investigators (8) are of the opinion that microbiological
evaluation of the corneal biopsy specimen is more sensitive
than histopathological examination as a diagnostic aid in mi-
crobial keratitis. Material for histopathological testing is ob-
tained as a corneal biopsy (8, 196, 210) or button following
penetrating keratoplasty (334). Fungal structures in corneal
tissue can be stained by the PAS and GMS techniques, but
fluorochromes such as calcofluor white and fluorescein-conju-
gated lectins can also be used (3, 57). The purulent inflamma-
tory cellular reaction is usually less marked in fungal than in
bacterial keratitis; filamentous fungi are usually found deep in,
and arranged parallel to, the corneal stromal lamellae while
being absent on the surface (Fig. 13). The inflammatory cells
seen are usually lymphocytes and plasma cells, but polymor-
phonuclear leukocytes are also involved to various extents (3).
There is coagulative necrosis of the stroma, resulting in stro-
mal abscesses; “satellite” microabscesses may also be seen,
with focal necrosis of the corneal stroma and clusters of acute
inflammatory cells (3). At this stage, healing of the epithelium
is seen with a coexisting active proliferation of the fungus in
the deeper stroma; therefore, corneal scrapings may fail to
demonstrate fungal structures. This may explain the superior
results obtained by some workers when culturing corneal bi-
opsy specimens compared to those obtained from culturing
corneal scrapings (8, 42, 158, 196, 334). Invasion and penetra-
tion of an apparently intact Descement’s membrane may occur
rarely, perhaps when F. solani or Fusarium spp. are the infect-
ing organisms (173, 204).

Patients are usually reluctant to undergo even minor surgical
procedures. Moreover, conventional techniques of debriding
corneal ulcers require great dexterity and magnification to stay
within the confines of the lesion and to avoid perforation if
imminent; the material obtained is sometimes difficult to
spread on slides, and the cells seen may be distorted or crushed

with loss of spatial relationships (18). An impression debride-
ment technique, using filter paper, has been described that
overcomes some of these drawbacks (18). In this technique, a
cellulose acetate filter paper (of the type used for conjunctival
impression cytology) is applied to the ulcerated part of the
cornea and gentle pressure applied; the filter paper with de-
brided corneal tissue sticking to it is then removed and stained.
Since there is no danger of damage to the corneal tissue, both
the ophthalmologist and the patient feel comfortable. Repeat
debridements can be done in grossly infected corneal ulcers to
reduce the load of organisms and to provide material for re-
peat cultures. In the study reported (18), a diagnosis of mycotic
keratitis could be made in 10 patients based on the presence of
fungal hyphae in the material obtained by impression debride-
ment; however, no information was provided about whether
these observations coincided with the clinical picture, the re-
sults of other investigations, or the outcome of antifungal ther-
apy. A drawback of this technique is that it would be suitable
only for superficial corneal lesions and would not be applicable
to the debridement of deep intrastromal mycotic keratitis or
deeply embedded corneal foreign bodies.

Management. Mycotic keratitis is managed by medical or
surgical means. Medical therapy consists of nonspecific mea-
sures and the use of specific antifungal agents. Cycloplegics are
used to relieve the iridocyclitis (anterior uveitis) that usually
accompanies mycotic keratitis; broad-spectrum antibacterials
may be needed to combat secondary bacterial infection (334,
429).

(i) Specific antifungal therapy. Various specific antifungals
have been tried in the therapy of experimental and clinical
mycotic keratitis (see “Antifungal agents used to treat ophthal-
mic mycoses” above). Treatment may be protracted, since the
effective concentrations achieved by most antifungals in the
cornea, with the possible exception of amphotericin B, only
inhibit the growth of the fungus, and host defense mechanisms
must eradicate the organism (267, 366).

The antifungal ultimately selected as primary therapy nec-
essarily depends on its easy availability and on other criteria. If
direct microscopic examination of corneal scrapes or corneal
biopsy specimens yields unequivocal results that are consistent
with the clinical picture, treatment may be initiated; otherwise,
therapy may need to be withheld until culture reports become
available. Topical natamycin (5%) or amphotericin B (0.15%)
is usually selected as first-line therapy for superficial keratitis,
whether or not septate hyphae or yeast cells have been seen by
direct microscopy; if deep lesions are present, oral ketocon-
azole, oral itraconazole or oral fluconazole may be added to
the therapeutic regimen (334, 377, 429). If hyphae have been
seen by microscopy and a filamentous fungus is isolated in
culture, natamycin appears to be the treatment of choice when
available (334, 377); topical 0.15% amphotericin B (170, 429)
is an alternative. If yeasts or pseudohyphae are seen by mi-
croscopy and species of Candida or Cryptococcus are isolated
in culture, topical 0.15% amphotericin B appears to be the
treatment of choice when available (334, 377), although nata-
mycin (287, 334) and topical 1% miconazole (101, 287) have
also been used as primary therapy. It is difficult to assess the
validity of these choices of therapy in the absence of controlled
clinical trials, especially since the number of patients dealt with
is generally small. Moreover, satisfactory responses of filamen-
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tous fungal keratitis to, for example, natamycin or of yeast
keratitis to, for example, topical 0.15% amphotericin B may
appear so commonplace that clinicians do not deem it neces-
sary to report their observations and will publish reports only
when something out of the ordinary is encountered. Keeping
these limitations in mind, an attempt has been made in this
article to review the therapy of keratitis due to frequently
encountered hyaline filamentous (Fusarium spp., Aspergillus
spp., and S. apiospermum), dematiaceous (Curvularia spp.),
and yeast (Candida spp.) fungal pathogens based on reports
published in the literature.

(a) Therapy of keratitis due to Fusarium spp. An analysis was
made of 85 patients reported in the literature for whom details
of outcome of therapy have been provided (Table 16). A total
of 29 patients apparently had superficial keratitis; 22 (76%) of
these responded to antifungals alone (topical amphotericin B
alone or in combination with topical natamycin, oral and/or
topical ketoconazole, and oral itraconazole). Seven patients
with apparently superficial keratitis required surgery; interest-
ingly, none of these had received natamycin at any time (Table
16). A total of 49 patients appeared to have keratitis with deep
lesions; only 14 (29%) of these responded to antifungals alone.
Overall, 6 of the 49 patients with apparently deep keratitis
received topical natamycin at some time, and 4 of these re-
sponded to medical therapy alone; the other 43 patients did
not receive natamycin at any time, and only 10 (23%) of these
responded to medical therapy alone (Table 16). In seven pa-
tients with culture-proven keratitis due to Fusarium spp., the
severity of the keratitis was not clearly described; three of the

patients responded to antifungals alone. Thus, more than 70%
of patients with superficial keratitis due to F. solani and other
Fusarium spp. apparently respond to medical therapy alone;
although several antifungals have been found effective, admin-
istration of natamycin may forestall surgical intervention. In
striking contrast, almost 70% of patients with Fusarium kera-
titis with deep lesions do not respond to medical therapy alone,
particularly if natamycin is not used, and some form of surgical
intervention is necessary.

In the series of Rosa et al. (334) in Miami, Fl., 79 patients
were reported to have had keratitis due to Fusarium spp. Pa-
tients with presumably superficial keratitis received topical na-
tamycin alone, while those with presumably deep lesions re-
ceived topical natamycin and systemic antifungals; the average
duration of treatment was 38 days. Details of the response to
therapy were not provided, but 22 (28%) of these patients
ultimately required penetrating keratoplasty; enucleation had
to be done in 1 patient. Although it is tempting to speculate
that all the patients who did not require surgery ultimately
responded to therapy with natamycin (with or without systemic
antifungals), such speculation without support from concrete
follow-up data may lead to serious misinterpretations.

(b) Therapy of keratitis due to Aspergillus spp. The data
pertaining to the outcome of therapy have been analyzed for
61 patients (Table 17). A total of 17 patients had apparently
superficial keratitis, of whom 15 (88%) responded to antifun-
gals alone (oral itraconazole [6 patients], combined oral and
topical ketoconazole [five patients], topical 2% ketoconazole

FIG. 13. Photomicrograph of a tissue section from a corneal button removed at the time of keratoplasty. Fungal hyphae are seen below the
epithelium (E), in the superficial and middle layers of the corneal stroma. The hyphae are oriented mostly in a direction parallel to that of the
corneal collagen bundles, although the hyphae in the superficial stroma are oriented vertically (arrows). GMS stain; magnification, �100.
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TABLE 16. Treatment of keratitis due to Fusarium spp.

No. of patients
(reference)

Criteria for diagnosis of
mycotic keratitisb (fungus

isolated)
Treatmentb Outcome Comment

1 (408) Detection of fungal hyphae
by confocal microscopy,
HPE, and culture of
corneal button (F.
solani)

No response to econazole, oral fluconazole,
topical amphotericin B, natamycin,d oral
itraconazole, oral voriconazole; PKP
done 3 times

Ultimately healed; graft
rejection prevented
by cyclosporin

Keratitis after LASIKc Infection
eradicated apparently after
repeated PKP

1 (322) Immunohistochemical
staining and HPE of
corneal button (F.
solani)

No response to antibacterials, PKP,
intravenous fluconazole, topical
amphotericin B, oral itraconazole

Ultimately responded
to 8 wk of
voriconazole
(intravenous, oral,
topical, intracameral)

Response to voriconazole may
have been aided by prior PKP
and other antifungals

1 Sponsel et al.,
lettera

HPE of corneal button and
lens, culture of repeated
corneal scrapings and
aqueous aspirate (F.
solani and bacteria)

No response to amphotericin B (topical,
intravenous), natamycin, oral
ketoconazole

Most lesions cleared
after administration
of posaconazole
(oral, topical) and
PKP

Keratitis progressed to end
ophthalmitis; apparently good
response to posaconazole and
surgery (ocular penetration of
posaconazole confirmed)

1 (62) Culture of corneal scrapes
(Fusarium spp.)

Partial response to natamycin and topical
antibacterials; topical amphotericin B
added

Resolved with intensive
double antifungal
therapy

Not clear whether deep lesions
were pr

1 (99) Direct microscopy and
culture of corneal
scrapes (F. solani)

No response to natamycin, topical
amphotericin B, oral azoles; cornea
perforated, necessitating PKP

Resolved after PKP Poor response to medical
therapy possibly due to
contact lens wear, viral
keratitis, and deep corneal
lesions

1 (116) Fungal hyphae detected by
confocal microscopy,
culture of corneal button
(F. solani)

No response to antibacterials, antivirals,
corticosteroids, topical amphotericin B;
PKP done; endophthalmitis ensued in
spite of postsurgery antifungals
(natamycin, amphotericin B,
ketoconazole)

Ultimately healed with
ABLC (8.8 g) given
over 45 days

Contact lens wearer; reason for
nonresponsiveness to many
antifungals not known

6 (377) Positive microscopy
confirmed by culture;
criteria for significant
growth in culture unclear
(Fusarium spp.)

Superficial keratitis (1 patient): natamycin,
topical amphotericin B

Keratitis with deep lesions (5 patients)
Natamycin and oral ketoconazole in 2

patients
Natamycin and oral itraconazole in 1

patient
Natamycin, topical and oral azoles, and

PKP in 2 patients

Keratitis resolved

Keratitis resolved

Keratitis resolved

Keratitis progressed in
spite of antifungals
and PKP

Criteria for grading severity of
keratitis not clear;
nonrandomized,
noncomparative case series

1 (417) HPE of corneal button,
culture of vitreous
(F. solani)

No response to various antifungals; PKP
done

Lesions resolved after
PKP; no recurrence
(3 mo)

Keratitis developed following
endophthalmitis

1 (148) Culture of corneal scrapes
(F. solani)

No response to fluconazole, miconazole,
flucytosine, natamycin

Resolved with topical
2% amphotericin B
ointment

Good response to topical
ointment possibly because
keratitis was superficial

3 (428) DM, culture of corneal
scrapes (Fusarium spp.
isolated from the scrapes
of all three patients)

Partial response to topical amphotericin B
and natamycin; PKP done

No response to topical amphotericin B
No response to subconjunctival and topical

miconazole, topical amphotericin B, oral
ketoconazole

Graft clear, 14 mo
postoperative

Evisceration
Evisceration

Prior use of topical
corticosteroids may have
contributed to poor outcome
in patients with no response

1 Gussler et al.,
letter

HPE and culture of
corneal button
(Fusarium spp. and
Acanthamoeba)

PKP Graft clear, no
recurrence after 16
months

Keratitis after radial
keratotomy; no mention of
medical therapy

79 (334) DM, culture of corneal
scrapes; growth in �2
culture media, growth in
culture on �2 occasions
(F. oxysporum, F. solani)

For superficial keratitis, natamycin; for
keratitis with deep lesions, natamycin
and oral ketoconazole; 6 of 79 ulcers
perforated

Response to medical
therapy alone
unclear; 22 (28%) of
79 ulcers needed
PKP; 1 of 79 eyes
enucleated

Outcome of medical therapy
unclear; PKP needed in 28%
due to nonresponsiveness to
medical therapy

19 (385) Suggestive clinical features,
DM, growth of fungi
from corneal scrapes in
�2 media (F. solani in
all 19 patients)

Oral itraconazole 200 mg once daily; 8
patients responded (6 with superficial
keratitis), no response in 11 (5 with
superficial keratitis, 6 with deep lesions)

Lesions resolved with
itraconazole in 8
patients; 11
nonresponders
needed PKP

Nonrandomized,
noncomparative case series;
natamycin not available at
time of study

2 (396) Suggestive clinical features,
DM, growth of fungi
from corneal scrapes in
�2 media (F. solani in
both)

Topical 2% ketoconazole Lesions completely
resolved with topical
ketoconazole alone

Both ulcers relatively
superficial; this probably
aided the response

Continued on following page
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[2 patients], and topical natamycin [2 patients]); the patients
who responded to azole therapy had not received natamycin.

Twenty-nine patients apparently had keratitis with deep le-
sions; 12 (41%) of these responded to antifungals alone, while
surgery was required for the other 17, who did not respond to
medical therapy. Of the 29 patients, 4 had received topical
natamycin at some time, and 3 of these responded to medical
therapy; 25 patients did not receive natamycin at any time, and
16 (64%) of these ultimately required surgery. Of 20 patients
who received oral azoles, 12 (60%) ultimately required sur-
gery, as did 6 (50%) of 12 patients who received topical am-
photericin B.

In 15 patients, it was not clear whether deep lesions were
present; 8 (53%) of these patients responded to medical ther-
apy alone, including 2 of 3 patients who received natamycin. Of
the 15 patients, 12 did not receive natamycin, and 7 (58%) of
these ultimately required surgical intervention.

These data suggest that more than 80% of patients with
superficial keratitis due to A. flavus, A. fumigatus, and other
Aspergillus spp. respond to medical therapy with a variety of
topical or systemic antifungals, with surgery not being re-
quired. However, in the presence of deep corneal lesions, al-
most 60% of patients do not respond to medical therapy alone,
particularly if natamycin is not used, and surgery is required to
control the infection.

(c) Therapy of keratitis due to Candida spp. Details of the
response to therapy of Candida spp. have been analyzed for 38
patients (Table 18). Four patients appeared to have had su-
perficial keratitis, which resolved after administration of topi-
cal amphotericin B alone (three patients) and combined top-
ical amphotericin B and natamycin therapy (one patient). For
an additional 12 patients, it was not clear whether deep lesions
were present; the corneal lesions resolved in all 12, with 7
responding to topical amphotericin B alone, 4 responding to
topical natamycin alone, and 1 (who had chronic granuloma-
tous disease) apparently responding to the intravenous ampho-
tericin B administered for coexisting systemic candidiasis. Ker-
atitis with deep lesions appears to have been present in 22
patients, and the corneal lesions resolved in 18 (82%) by using
medical therapy; 5 responded to topical amphotericin B alone,
7 responded to combined topical amphotericin B and systemic

azoles, and 6 (who had not responded to natamycin or topical
miconazole) responded to topical 2% fluconazole (the source
of the drug was not mentioned in this study).

To summarize, overall, 34 of 38 patients with keratitis due to
C. albicans and other Candida spp. responded to antifungals
alone; 15 patients responded to topical amphotericin B alone,
1 responded to intravenous amphotericin B alone, 8 responded
to topical amphotericin B in combination with natamycin or
systemic azoles, 6 responded to topical fluconazole alone (al-
though the medication used appears to have been 10-fold more
concentrated than the commercially available topical flucon-
azole formulation), and 4 responded to topical natamycin
alone. It therefore appears that the medical therapy of keratitis
due to Candida spp. generally has a favorable prognosis, par-
ticularly when topical amphotericin B is used alone or in com-
bination with systemic azoles, and the presence of deep lesions
is not a major hurdle.

(d) Therapy of keratitis due to Curvularia spp. Data pertaining
to 42 patients reported in the literature have been analyzed
(Table 19). In 35 (83%) of the 42 individuals, the corneal
lesions responded to antifungals alone; 19 patients responded
to topical natamycin alone, another 8 responded to natamycin
and other antifungals, 6 responded to oral ketoconazole, and 1
each responded to topical miconazole and topical amphoteri-
cin B. In an additional three patients, the keratitis resolved
with keratectomy and antifungal therapy. Penetrating kerato-
plasty was required in four patients who did not respond to
medical therapy alone. These data suggest that most patients
with keratitis due to species of Curvularia can be treated by
antifungals alone, particularly when natamycin is used. How-
ever, most of the papers analyzed did not provide details about
the severity of the corneal lesions in the patients. This is an
important aspect that needs to be studied. In one study of
dematiaceous fungal keratitis (111), antifungal therapy alone
(principally natamycin, alone or in combination with topical
clotrimazole or topical miconazole) sufficed for resolution of
lesions in 88% of patients with superficial lesions; however,
only 46% of patients with deep keratitis responded to antifun-
gal therapy alone (topical antifungals combined with oral ke-
toconazole), and surgery was required for the other patients
(111) (Table 19).

TABLE 16—Continued

No. of patients
(reference)

Criteria for diagnosis of
mycotic keratitisb (fungus

isolated)
Treatmentb Outcome Comment

30 (309) Suggestive clinical features,
DM, growth of fungi
from corneal scrapes in
�2 media (Fusarium
spp.)

Oral ketoconazole 600 mg/day (6 patients)
Oral ketoconazole plus topical 1%

ketoconazole (24 patients); response in
10 (6 with superficial lesions, 4 with deep
lesions)

Resolved in 2 patients
Resolved in 10 patients

Overall PKP done for
18 of 30 patients

Nonrandomized,
noncomparative case series;
natamycin not available at
time of study

18 (385) Suggestive clinical features,
DM, growth in �2
media (Fusarium spp.)

Topical 0.15% amphotericin B hourly;
response in 8 of 18 patients (4 with deep
lesions), no response in 10 patients (8
with deep lesions)

Lesions resolved in 8
patients; PKP done
in 10 of 18 patients

Nonrandomized,
noncomparative case series
done before availability of
natamycin

a W. E. Sponsel, J. R. Graybill, H. L. Nevarez, and D. Darg, Letter, Br. J. Ophthalmol. 86:829–830, 2002.
b HPE, fungal hyphae seen by histopathological examination; DM, fungal hyphae seen in microscopy of corneal scrapes; PKP, penetrating keratoplasty; ABLC,

amphotericin B-lipid complex.
c LASIK, laser-assisted in situ keratomileusis.
d Topical 5% natamycin.
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Keratitis due to dematiaceous fungi other than Curvularia
spp. appears to respond to primary therapy with topical nata-
mycin, oral and/or topical ketoconazole, oral ketoconazole
with topical miconazole, topical amphotericin B, or oral itra-
conazole (111, 334, 390, 391, 429). However, therapy of kera-
titis due to L. theobromae is often difficult. A successful out-
come of this type of dematiaceous fungal keratitis was reported
for patients receiving natamycin ointment and topical or sub-
conjunctival amphotericin B (318). Intravenous miconazole
was reported to be useful, but this was based on the study of a
single patient (Y. Ishifashi and Y. Matsumoto, letter). Poor

results have been reported for patients receiving azoles (37,
389, 392).

(e) Therapy of keratitis due to S. apiospermum. The outcome
of keratitis due to S. apiospermum is varied. A review of 13
cases reported up to 1979 revealed a generally poor outcome,
with 6 of 13 patients eventually requiring enucleation or evis-
ceration (437). Moreover, miconazole is thought to be an im-
portant drug in treatment of keratitis due to S. apiospermum in
humans; a recent review of 15 patients with this condition
(430) appears to endorse this view (only reports in which de-
tails of treatment regimen and visual outcome were provided

TABLE 17. Treatment of keratitis due to Aspergillus spp.

No. of patients
(reference)

Criteria for diagnosis
of mycotic keratitis
(fungus isolated)a

Treatment Outcome Comments

2 (396) 1. Suggestive clinical features
2. DM, growth in �2 culture

media (A. fumigatus, A.
flavus)

Topical 2% ketoconazole Keratitis resolved in both patients
after 17 days therapy

Both patients apparently had
only superficial keratitis

22 (309) 1. Suggestive clinical features
2. DM, growth in �2 culture

media (A. fumigatus in 7,
A. flavus in 11, Aspergillus
spp. in 4)

Oral ketoconazole (600 mg/day) in
10 patients

Oral ketoconazole and topical 1%
ketoconazole in 12 patients

Response to therapy in 7 patients
(5 with superficial keratitis, 2
with deep lesions); no response
in 5 (all had deep lesions)

Lesions resolved in 5 of 10
patients (3 of 8 with A. flavus,
2 of 2 with A. fumigatus).

Lesions resolved in 7 of 12
patients (1 of 3 with A. flavus,
3 of 5 with A. fumigatus, 3 of 4
with Aspergillus spp.)

Overall, PKP necessary in 10
patients (7 of 11 with A. flavus,
2 of 7 with A. fumigatus, 1 of 4
with Aspergillus spp.)

Nonrandomised,
noncomparative case
series; ketoconazole used
due to nonavailability of
natamycin at the time of
study

11 (385) 1. Suggestive clinical features
2. DM, growth in �2 culture

media (A. flavus, A.
fumigatus)

Topical 0.15% amphotericin B Lesions resolved in 3 patients (all
3 had keratitis with deep
lesions); no response in 8
patients (2 with superficial
keratitis, 6 with deep lesions);
PKP done

Nonrandomized,
noncomparative case
series; amphotericin B
used due to nonavailability
of natamycin at the time
of study

15 (390) 1. Suggestive clinical features
2. DM, growth in �2 culture

media (A. flavus in 10, A.
fumigatus in 5)

Oral itraconazole (200 mg/day);
response in 10 patients (9 with
A. flavus keratitis, 1 with A.
fumigatus keratitis)

Lesions resolved in 10 patients (6
with superficial keratitis, 4 with
deep lesions); No response in 5
patients (all with deep lesions);
PKP done in all 5 patients

Nonrandomized,
noncomparative case
series; itraconazole used
due to nonavailability of
natamycin at the time of
study

1 (68) HPE, culture (A.
fischerianus)

No response to oral ketoconazole Evisceration

1 (142) HPE, culture (A. fumigatus) No response to topical
amphotericin B and oral
itraconazole; PKP done

Lesions resolved after PKP Keratitis following radial
keratotomy

1 (148) 1. Suggestive clinical features
2. DM, culture (A.

fumigatus)

No response to fluconazole
(systemic, topical), miconazole,
flucytosine, natamycin

Lesions resolved after
amphotericin B treatment
(topical 2% ointment,
intravenous)

No mention of severity of
keratitis

1 (134) DM, culture (A. fumigatus) Natamycin Lesions resolved No mention of severity of
keratitis

1 (361) DM, culture (A. flavus) No response to natamycin, oral
ketoconazole; PKP done

Lesions resolved after PKP Keratitis after LASIK

1 (203) HPE, culture of biopsy
material (A. fumigatus)

No response to antibacterials;
perforation after biopsy (sealed
with glue and sutures);
antifungals used

Infiltrate resolved after medical
therapy; perforation required
other measures

Keratitis after LASIK

1 (362) DM, culture (A. fumigatus) Natamycin Lesions resolved Superficial keratitis, hence
resolved

1 (327) Culture (A. fumigatus) Natamycin, topical 0.1%
amphotericin B

Lesions resolved Polymicrobial keratitis after
LASIK

3 (183) DM and culture of corneal
scrapes and aqueous
aspirates (A. flavus from
all 3 patients)

Partial response to initial
natamycin, topical amphotericin
B, and oral itraconazole in all 3
patients

Lesions completely resolved in all
3 patients after intracameral
administration of amphotericin
B (7.5 �g/0.1 ml and 10 �g/0.1
ml)

Partial response of corneal
infiltrate to topical and
oral antifungals; complete
resolution of hypopyon
probably aided by removal
of aqueous prior to
intracameral injection of
amphotericin B

a DM, fungal hyphae seen in microscopy of corneal scrapes; culture, fungi grown in culture from corneal scrapes; HPE, fungal hyphae seen by histopathological
examination of corneal biopsy specimen or button; PKP, penetrating keratoplasty; LASIK, laser-assisted in situ keratomileusis.

776 THOMAS CLIN. MICROBIOL. REV.



were included in the review, and patients with initial scleral
involvement were excluded). Four (67%) of six individuals who
had received miconazole retained form vision (counting fingers
or better), whereas three (33%) of nine persons who had not
received miconazole retained form vision (430). However, it is
difficult to draw conclusions based on the small number of
patients studied; moreover, the severity of the keratitis at pre-
sentation could be an important determinant of outcome of
medical therapy.

At least 14 patients with keratitis due to S. apiospermum
have been reported in the literature since 1991 (Table 20).

Medical therapy alone sufficed for resolution of lesions in 8
(57%) of these 14 patients (3 of the “responders” had keratitis
with deep lesions); penetrating keratoplasty was needed in 3
patients (all of whom had deep keratitis), and evisceration or
enucleation was needed for 3 patients (2 of whom had deep
corneal lesions). Eight patients (five with deep keratitis and
three with keratitis of undetermined severity) received nata-
mycin at some time; the corneal lesions resolved with medical
therapy alone in three of these, while penetrating keratoplasty
was required in the eyes of three patients and enucleation had
to be done for two patients. Six individuals (two with superfi-

TABLE 18. Treatment of keratitis due to Candida spp.

No. of patients
(reference)

Criteria for diagnosis
of mycotic keratitis
(fungus isolated)a

Treatment Outcome Comments

11 (377) Culture-proven fungal
keratitis; positive
microscopy confirmed by
culture of corneal scrapes
(C. albicans isolated from
the scrapes of all 11
patients)

Apparently nonsevere keratitis in 4
patients
Topical amphotericin Bb only in

3 patients
Topical amphotericin B and

natamycinc in 1 patient
Apparently severe keratitis in 7

patients
Topical amphotericin B and oral

itraconazole, fluconazole, or
ketoconazole in 4 patients

Topical amphotericin B and oral
fluconazole in 2 patients

Topical amphotericin B, oral
and topical fluconazole in 1
patient

Keratitis resolved in all 3
patients

Keratitis resolved

Keratitis resolved in all 4
patients

Keratitis resolved in both
patients

Poor response in spite of
antifungals and
penetrating
keratoplasty

Severity of keratitis
not clearly defined

1 (219) DM, culture of corneal
scrapes (Candida spp.)

Topical amphotericin B,
fluconazole (topical,
intravenous), penetrating
keratoplasty, anterior vitrectomy

Keratitis resolved Severe keratitis

6 (287) DM, culture of corneal
scrapes (C. albicans
isolated from the scrapes
of all 6 patients)

Topical 2% fluconazole (there had
been no response to natamycin
in 3 patients or to topical
miconazole in 3 patients)

Keratitis resolved in all 6
patients (mean 22.6 �
2.3 days of treatment
with fluconazole), all
patients had keratitis
with deep lesions

No details of source of
2% solution or why
this was used in-
stead of commer-
cially available 0.2%
solution

16 (334) Corneal scrapes: fungal
elements in smear and
growth in culture or
growth on �2 media (C.
parapsilosis in 11, C.
albicans in 4, C. tropicalis
in 1)

Natamycin in 4 patients
Topical amphotericin B in 7

patients

All 4 healed
All 7 healed
Outcome data only for

11 patients

No details on severity
of keratitis

2 (419) DM, culture of corneal
scrapes (C. albicans)

Topical amphotericin B and oral
ketoconazole

Responded, but regraft
needed

Both infectious crystal-
line keratopathy

Topical amphotericin B and oral
ketoconazole

Resolved

1 (80) Culture of corneal scrapes
(C. glabrata)

Intravenous amphotericin B for
candidiasis of liver associated
with chronic granulomatous
disease

Ocular lesions resolved
with the intravenous
therapy alone

Severity of ocular le-
sion not clear

1 (4) HPE and culture of
lamellar biopsy specimen
(C. guilliermondii)

Partial response to topical
amphotericin B, oral and topical
fluconazole

Resolved after
penetrating
keratoplasty

5 (144) Culture of corneal scrapes
(C. albicans recovered
from the scrapes of all 5
patients)

Topical amphotericin B Lesions resolved in all 5
patients

All patients had
AIDS; keratitis re-
ported to be severe,
but no details given

a DM, fungal structures in microscopy of corneal scrapes; HPE, fungal structures in histopathological examination of biopsy tissue.
b Topical 0.1 to 0.5% solution of amphotericin B.
c Topical 5% natamycin suspension.
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cial keratitis, three with deep keratitis, and one with keratitis of
unknown severity) received miconazole; the lesions of four of
these patients resolved with medical therapy alone (two had
superficial keratitis), while evisceration or enucleation was
needed for two eyes (both with deep keratitis).

It would appear that keratitis due to S. apiospermum more
frequently has a favorable outcome currently than in the past,
with evisceration or enucleation being the final result in 21% of
patients recently (compared to 54% in patients reported upto
1979). However, the severity of keratitis at presentation is an

TABLE 19. Treatment of keratitis due to Curvularia spp.

No. of patients
(reference)

Criteria for diagnosis
of mycotic infection
(species isolated)a

Treatment Outcome Comments

32 (418) DM, growth on �1
medium (C. senegalensis
in 11, C. lunata in 8,
C. pallescens in 4,
C. lunata var. aeria in 2,
C. prasadii in 2,
Curvularia spp. in 5)

Natamycinb only (21–60 days) in
17 patients

Natamycin and other antifungals
(topical miconazole,c oral
ketoconazole, oral
fluconazole, topical
amphotericin B) in 7 patients

Topical miconazole only in 1
patient

Natamycin, other antifungals,
and keratectomy in 1 patient

Natamycin and keratectomy in 2
patients

N atamycin and PKP, with or
without other antifungals, in 3
patients

16 healed, 1 unknown
outcome

All 7 healed

Healed

Healed

Both healed

All 3 healed

Presence of hypopyon at initial
presentation influenced
outcome; where the delay in
diagnosis was �7 days,
duration of antifungal
therapy was almost twice
that where the delay was �7
days; No correlation
provided between severity of
keratitis at presentation and
outcome; retrospective
review of case records from
1970 to 1999

86 (111) DM, growth on �1
medium (Curvularia
spp. in 20, Bipolaris
spp. and Exserohilum
spp. in 13, L.
theobromae in 3)

Natamycin only in 32 patients,
natamycin and other topical
antifungals (clotrimazole,
miconazole) in 16 patients,
topical antifungals, oral
ketoconazole in 38 patients

Superficial keratitis (53
patients): Healed in 37
(88%), PKP in 3
(7.1%), evisceration in
2 (4.8%), unknown in
11

Deep keratitis (33
patients): healed in 12
(46.1%), PKP in 10
(38.4), evisceration in
4 (15.4%), Unknown
in 7

Outcome data not categorized
according to etiological
agents (fungal genera) or
antifungals used;
retrospective,
nonrandomized,
noncomparative case series

1 (63) DM, culture (Curvularia
spp.)

Natamycin, topical amphotericin
Bd alternately

Healed Only known case of post-
LASIK keratitis cured by
medical therapy only

1 (130) DM, repeated culture (C.
senegalensis)

No response to natamycin, PKP
done; infection recurred; no
response to oral itraconazole.

Unknown (patient
awaiting repeat PKP at
time of publication)

Apparently severe keratitis

1 (65) DM, culture (Curvularia
sp.)

Natamycin Healed Follow-up inadequate

1 (65) Culture only (Curvularia
spp.)

Natamycin Healed Doubtful because hyphae not
seen in scrapes or biopsy
specimens

1 (228) DM, growth in multiple
media (C. brachyspora)

Topical amphotericin B Healed Superficial keratitis

6 (309) Suggestive clinical
features, DM, growth
in �1 medium
(Curvularia spp.)

Oral ketoconazole (600 mg/day)
in 3 patients

Topical 1% ketoconazole
suspension hourly in 2
patients

Oral and topical ketoconazole
in 1 patient

All 3 healed

Both healed

Healed

All patients had superficial
keratitis; nonrandomized,
noncomparative case series;
ketoconazole used due to
nonavailability of natamycin
at the time of study

5 (310) Suggestive clinical
features, DM, growth
in �1 medium (C.
geniculata in 1, C.
ovoides in 1, Curvularia
spp. in 3)

Oral itraconazole (200 mg/day)
in 1 patient

Oral plus hourly topical 1%
itraconazole suspension in 4
patients

Healed

3 healed (2 with
superficial keratitis,
1 with deep keratitis),
no response in 1 (with
deep keratitis)

Good response in patients with
superficial keratitis.
Nonrandomized,
noncomparative case series;
itraconazole used due to
nonavailability of natamycin
at the time of study

a DM, fungal hyphae seen in microscopy of corneal scrapes.
b Topical 5% natamycin.
c Topical 1% miconazole.
d Topical 0.15% amphotericin B.
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important determinant of the ultimate outcome, with penetrat-
ing keratoplasy being required in addition to medical therapy.
It is difficult to assess the relative efficacy of miconazole versus
natamycin in view of the small numbers of patients involved.

(f) Therapy of keratitis due to other fungi. A combination of
topical antifungal therapy and keratoplasy appears to provide
the most adequate treatment for keratitis due to Acremonium
spp. (93). A prospective evaluation of the comparative safety
and efficacy of topical natamycin and 0.2% fluconazole was
made for eight patients with filamentous fungal keratitis, in-
cluding five cases due to Acremonium spp. and two due to
Curvularia spp. (315). Corneal lesions resolved in three of four
patients receiving primary natamycin treatment for a mean
duration of 20 days (the keratitis worsened in the fourth pa-
tient), whereas the lesions failed to resolve in all four patients
who received topical fluconazole as the primary treatment (two

subsequently responded to natamycin therapy). Although the
identification of Acremonium spp. in some of these patients
appears to have been erroneous, this study is important in
providing evidence of the efficacy of topical natamycin and the
relative inefficacy of topical fluconazole in therapy of keratitis
due to filamentous fungi.

A recurring corneal infection due to Fonsecaea pedrosoi was
treated by a large penetrating keratoplasty and removal of the
involved part of the iris and the entire lens, followed by a
5-month course of oral itraconazole; this resulted in no recur-
rence of the infection (27). Oral fluconazole therapy, in asso-
ciation with topical natamycin and intracameral amphotericin
B and various surgical measures, resulted in eradication of
corneal infection due to Colletotrichum graminicola (326). A
combination of ketoconazole and amphotericin B therapy and
keratoplasty resulted in a favorable outcome of posttraumatic

TABLE 20. Treatment of keratitis due to Scedosporium apiospermuma

Keratitis with
deep lesions

Criteria for diagnosis of
mycotic infectionb Treatmentb Outcome Comments

No CF, DM, culture of corneal
scrapes

Topical miconazolec Lesions resolved Absence of deep lesions
probably contributed to
good outcome

No CF, DM, culture of corneal
scrapes

Topical miconazole
(ointment)

Lesions resolved Absence of deep lesions
probably contributed to
good outcome

Yes HPE and culture of
lamellar biopsy material;
HPE and culture of
corneal button and
cornea of enucleated eye

No response to topical,
subconjunctival, or
intravenous miconazole,
oral itraconazole,
debridement, PKP

Evisceration No growth of fungi from
lens or vitreous

Not known CF, DM, culture of corneal
scrapes

Natamycind topical and
subconjunctival miconazole,
oral ketoconazole

Lesions resolved Medical cure

Yes CF, DM, culture of corneal
scrapes, HPE of cornea
and iris of enucleated
eye

No response to natamycin,
corneoscleral graft,
subconjunctival miconazole

Enucleation Panophthalmitis
supervened

Yes CF, DM, culture of
aqueous aspirate

Oral ketoconazole, topical
AB, intravenous miconazole

Lesions resolved Medical cure of severe
keratitis

Yes CF, DM, culture of corneal
scrapes

No response to natamycin,
oral ketoconazole

PKP done Eye saved by PKP

Not known CF, DM, culture of corneal
scrapes

Natamycin Lesions resolved No details about presence
of deep lesions

Not known CF, DM, culture of corneal
scrapes

Natamycin, oral fluconazole Lesions resolved No details about presence
of deep lesions

Yes CF, DM, culture of corneal
scrapes

No response to topical
clotrimazole, oral
ketoconazole, natamycin;
PKP done

Lesions resolved after
PKP

Coinfected with
Acanthamoeba

Yes DM, culture of corneal
scrapes

Topical clotrimazole Lesions resolved Medical cure; poor vision

Yes CF, DM, culture of corneal
scrapes

Topical AB, oral fluconazole Lesions resolved Medical cure of severe
keratitis

No CF, DM, culture of corneal
scrapes

No response to topical AB,
oral fluconazole, lamellar
KP, PKP

Enucleation Poor outcome of keratitis
without deep lesions

Yes Culture of corneal scrapes No response to topical AB,
natamycin, oral
itraconazole; PKP due to
perforation

Lesions resolved after
PKP

Eye saved

a Culture-proven cases reported since 1991 (modified from reference 430; also incorporates observations from references 34, 77, 79, 336, 360, and 377).
b CF, clinical features suggestive of mycotic keratitis; DM, fungal hyphae seen on microscopy of scrapes; HPE, fungal hyphae seen on histopathological examination;

CB, corneal button or biopsy specimen; Topical AB, topical 0.1 to 0.5% amphotericin B; PKP, penetrating keratoplasty; KP, keratoplasty.
c Topical 1% miconazole.
d Topical 5% natamycin.
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keratitis due to Scopulariopsis brevicaulis in one patient (307).
A common problem reported by all those who have had to
treat Pythium insidiosum keratitis is that it is not sensitive to
any of the currently available antifungals; wide surgical exci-
sion including penetrating keratoplasty has been advised for
such patients, with enucleation or evisceration being required
in patients who fail to respond to these measures (22, 156, 381,
411).

(g) Other considerations. The collagen shield, which is shaped
like a contact lens and is packaged in a dehydrated form and
rehydrated before use, may protect the corneal epithelium
from the action of the eyelids, and the collagen in the lens may
promote healing; shields lasting up to 72 h may more conve-
niently protect the cornea than does repeated patching (107).

Triturated (crushed and suspended) ketoconazole has been
recommended for the treatment of mycotic keratitis when
commercial antifungal eye drops are not obtainable (136).
Ketoconazole and itraconazole tablets were triturated to 20
mg/ml in polyvinyl alcohol, boric acid, olive oil, or balanced salt
solution and applied topically to deepithelialized rabbit cor-
neas (one drop/15 min for 2 h). The concentrations of keto-
conazole in corneal tissue treated with the triturated drug in
balanced salt solution, olive oil, polyvinyl alcohol, and boric
acid were calculated to be 512, 773, 1,221, and 1,492 �g/g,
respectively; the concentrations of itraconazole were about
half those of ketoconazole (136). Therefore, since the vehicle
used to triturate the antifungals may affect the tissue concen-
tration, the development of effective vehicles may have an
impact on the therapy of mycotic keratitis.

Mycotic keratitis usually responds slowly (over a period of
weeks) to antifungal therapy. Clinical signs of improvement
include diminution of pain, decrease in the size of the infil-
trate, disappearance of satellite lesions, rounding out of the
feathery margins of the ulcer, and appearance of hyperplastic
masses or fibrous sheets in the region of healing fungal lesions
(170, 173). Conjunctival chemosis and injection and punctate
epithelial keratopathy may indicate toxicity of the antifungal
agent being used. Although repeat scrapings taken during
treatment may not yield growth in culture, this does not nec-
essarily indicate that the fungus has been eradicated, since it
may have become deep seated; therefore, therapy should be
continued for at least 6 weeks (170).

There is a danger of antagonistic effects developing when
certain antifungal agents are combined, for example, ampho-
tericin B and miconazole (170). Therefore, methods to en-
hance the efficacy of existing antifungal agents require careful
study.

(ii) Measures to suppress corneal damage due to microbe-
or host tissue-derived factors. Corticosteroids are sometimes
used in ocular infections in an attempt to reduce tissue damage
wrought by the inflammatory reaction directed against an in-
fecting microorganism. This approach seems to work well in
disciform keratitis and central stromal keratitis due to herpes
simplex virus (D. M. O’Day, Editorial Ophthalmology 98:845–
846, 1991); corneal inflammation and ultimately scarring is
reduced. This seems to have been the rationale, in a study in
Miami, for the administration of topical corticosteroids to 19
of 125 patients after the diagnosis of mycotic keratitis had been
made and after a period of antifungal therapy averaging 14
days (the average duration of corticosteroid therapy was 24

days); unfortunately, corneal lesions progressed in 2 patients in
spite of the concurrent antifungal therapy (334). It is already
well known that corticosteroid administration is frequently
necessary to create experimental models of mycotic keratitis
(158, 160, 276). Moreover, corticosteroids have been found to
worsen the course of existing but unrecognized mycotic kera-
titis (366, 394). In one patient from whom a Fusarium sp. was
ultimately isolated, the initial corticosteroid therapy appeared
to contribute to a fulminant course (the eye was eventually
enucleated), while in another patient from whom a Curvularia
sp. was isolated, the infection progressed rapidly (a therapeutic
penetrating keratoplasty had to be done) (366).

These data support the contention that corticosteroid use is
definitely contraindicated when a fungal pathogen is present
(366), perhaps even when specific antifungal therapy is given.
Possible “inflammatory rebound,” a potentially devastating
complication that occurs when corticosteroid therapy is
abruptly terminated, also needs to be guarded against, since
this could be confused with a worsening of infection (O’Day,
editorial).

In an animal model of C. albicans keratitis, ketorolac (a
nonsteroidal anti-inflammatory compound) satisfactorily re-
duced the tissue necrosis occurring as a result of inflammatory
mechanisms, without permitting progression of the infection
(105). That paper reflected an important aspect of current
research on corneal ulceration, i.e., the attempt to develop
molecules other than corticosteroids which would inhibit the
deleterious effects of inflammatory mechanisms in keratitis.
Administration of a synthetic thiol peptide, which appeared to
suppress corneal ulceration by inhibiting the action of corneal
collagenase and by reducing infiltration by polymorphonuclear
leukocytes (47), and application of inhibitors of oxidative me-
tabolism, which reduced the release of free radicals (11), were
found to exert beneficial effects on experimental keratitis
caused by alkali burns. Symptoms of keratitis have been elic-
ited in rabbit eyes by application of lipid mediators (395);
antagonists of these mediators and inhibitors of lipid mediator
synthesis may thus serve as alternatives to topical corticoste-
roid therapy. Platelet-activating factor was found to induce
expression of MMP-1 and MMP-9 in the corneal epithelium,
leading to corneal ulceration; it was suggested that specific
antagonists of platelet-activating factor might deter corneal
ulcer formation, thus facilitating corneal wound healing (378).
Specific studies are necessary to determine whether such fac-
tors influence the progression or outcome of mycotic keratitis.
Caution must be exercised in extrapolating the results obtained
with sterile corneal ulceration to the different situation in in-
fectious corneal ulcers, since the results obtained may vary
dramatically (12).

(iii) Therapeutic surgery. Surgery may be necessary when
mycotic keratitis responds poorly, or not at all, to medical
therapy or when perforation or descemetocele formation is
imminent. Every attempt should be made, however, to prolong
medical therapy for as long as possible, since this will render
the infecting fungus nonviable, thereby improving the outcome
of surgery. In mycotic keratitis, surgery may aid medical man-
agement by increasing drug penetration, by bringing in blood
vessels in the form of conjunctival flaps, by stabilizing the
corneal epithelial surface, by removing infected corneal tissue
(therein reducing or eliminating the microbial load), or by
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providing tectonic support to the globe when integrity is threat-
ened, as in thinning or perforation of the cornea (3).

(a) Surgical management of small superficial corneal fungal
infections. The methods advocated include debridement and
pedicle (racquet) conjunctival flaps (for peripheral ulcers), in
association with antifungal therapy; tissue adhesives and a ban-
dage contact lens have also been advocated (10, 174, 334).

In mycotic keratitis, regular debridement of the base of the
ulcer helps the elimination of fungi and necrotic material (3)
and also facilitates the penetration of antifungal drugs into the
corneal stroma (273). In a model of deep stromal C. albicans
infection in rabbits, a significant reduction of the number of
fungi occurred when daily debridement of the corneal epithe-
lium and topical administration of amphotericin B or natamy-
cin was performed; when the epithelium was left intact, this
antifungal effect was much reduced. Debridement can be per-
formed under topical anesthesia, with a Bard-Parker blade no.
15, ensuring that a margin of 1 to 2 mm is left at the limbus (3).

Superficial lamellar keratectomy helps to remove the thick
mat of fungal filaments on the cornea and facilitates increased
drug penetration in patients with dematiaceous fungal keratitis
(111, 418).

It may be possible to ablate superficial stromal corneal in-
filtrates by using the excimer laser. The 193-nm excimer laser
was used to ablate experimental keratitis due to Fusarium spp.
(123). The infections were allowed to proceed for 24 and 72 h,
and then ablation with the 193-nm excimer laser with 5.0-mm
treatment zones was performed until all suppurative areas
were treated; all cultures of excised corneas were negative in
the 24-h group but positive in the 71-h group. Although exci-
mer laser photoablation might be useful to eradicate early,
localized microbial infections, it appears that advanced infec-
tions, with deep stromal involvement and suppuration, would
not be eradicated by this technique. Moreover, caution is re-
quired when using the excimer laser for infectious keratitis (123).

Conjunctival flaps help in achieving a stable conjunctival
surface in cases of persistent or recurrent epithelial defects and
progressive ulceration (3, 10); such flaps are especially helpful
in chronic peripheral disease, where the flap does not encroach
onto the visual axis (300). Blood vessels present in the flap
brought in to cover the ulcerated area help in healing of pe-
ripheral fungal corneal ulcers; a superficial lamellar keratec-
tomy should first be done to remove the necrotic stroma, and
then a thin conjunctival flap should be anchored over the
ulcerated site (3, 10).

Recently, Kim et al. (189) reported that permanent or tem-
porary amniotic membrane transplantation resulted in success-
ful healing of the corneal surface in 21 eyes of 21 consecutive
patients with microbial keratitis (including 2 with mycotic ker-
atitis) who had already been treated with sufficient quantities
of antimicrobial drugs to eradicate the infecting microorgan-
isms; there was no recurrence of microbial infection in any
patient. Prior to transplantation, the amniotic membrane was
soaked in antimicrobials; after transplantation, follow-up times
ranged from 4 to 28 months (mean, 18 months). Although
amniotic membrane transplantation may be a potentially use-
ful adjunctive surgical procedure for the management of mi-
crobial keratitis since it promotes wound healing and reduced
inflammation, the extremely small number of patients with
mycotic keratitis enrolled in this study does not allow firm

conclusions to be drawn. This technique may not be successful
in patients who have extensive corneal epithelial ulceration
and stromal infiltration. Moreover, it is unclear whether the
infecting fungus is eradicated in this procedure or whether foci
of viable fungi continue to persist in the corneal tissue; these
fungi may become reactivated under undefined circumstances
to cause corneal damage.

Tissue adhesives (cyanoacrylate “glue”) provide support to a
thinned-out cornea and can seal a corneal perforation that is 2
mm or less in size (100). In addition, cyanoacrylate adhesive
has been found to be bacteriostatic for gram-positive bacteria
(3). Prior to application of the adhesive, necrotic stroma or
epithelium and other debris must be removed from the base of
the ulcer; a bandage contact lens is usually fitted after the
application (3). The adhesive is left in place until it loosens
spontaneously, the bed becomes vascularized, or keratoplasty
is performed.

(b) Surgical management of keratitis with deep lesions. A Gun-
derson conjunctival flap has been advocated for deep keratitis;
however, there are several limitations to this technique. The
procedure is technically difficult to perform since the tissue
bleeds profusely and the view of the ulcer is obscured, render-
ing follow-up examination difficult. Moreover, perforation of
the flap and ulcer may occur, the infected material is not
removed, and penetration of antifungals may be hindered (10).
This procedure is now advocated only in desperate situations,
where penetrating keratoplasty is not possible.

Full-thickness corneal grafting (penetrating keratoplasty) is
indicated if there is impending perforation, if a perforation
exceeding 2 mm has occurred, or if there is no response to
medical therapy. The donor button is usually cut so as to be
about 0.5 mm bigger than the recipient corneal bed. As far as
possible, the lens should be left undisturbed to prevent spread
of the infection to the posterior segment; however, where the
lens is already exposed preoperatively due to a large perfora-
tion, lens extraction should be performed through the trephi-
nation wound (300, 384).

Due to the availability of specific antibacterial drugs, pene-
trating keratoplasty is rarely required for the treatment of
active bacterial keratitis. However, it is required in 15 to 28%
of patients with mycotic keratitis since medical treatment may
be ineffective (111, 334). One study in Singapore indicated that
fungal keratitis was associated with a five- to sixfold higher risk
of subsequent perforation and need for penetrating kerato-
plasty than was bacterial keratitis (429). In Miami, penetrating
keratoplasty was required in 22 (28%) of 79 patients with
Fusarium keratitis, 4 (25%) of 16 patients with keratitis due to
different Candida spp., 2 (18%) of 11 patients with Curvularia
keratitis, 3 (60%) of 5 patients with Aspergillus keratitis, 2
(67%) of 3 patients with keratitis due to Acremonium spp., and
1 (50%) of 2 patients with keratitis due to Cylindrocarpon spp.
(334). In Philadelphia, penetrating keratoplasty was performed
for 2 of 11 patients with C. albicans keratitis, 2 of 6 patients
with keratitis due to Fusarium spp., and the only patient who
had Aspergillus keratitis (377). Other fungi that may cause a
severe keratitis that does not respond to medical therapy and
necessitates penetrating keratoplasty include L. theobromae
(37, 389), P. insidiosum (155), and P. lilacinus (121, 197, 280).

When penetrating keratoplasty is performed for mycotic
keratitis, the grafts may opacify in about 4.0 weeks, in contrast
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to grafts done for bacterial keratitis, where opacification may
occur in about 12.9 weeks (70). Similarly, the reported success
rate for grafts in mycotic keratitis (20 to 60%) appears to be
much lower than the 70 to 75% success rate reported for
bacterial keratitis (188, 289). In one study, 25% of grafts per-
formed for mycotic keratitis showed reinfection (334). To de-
crease the incidence of recurrence, at least 0.5 mm of clear
tissue all around the infected area should be excised. Postop-
erative antifungal therapy should be continued. When donor
grafts 8 mm or less in diameter were used for penetrating
keratoplasty in fungal corneal ulcers, the outcome was better
than when larger grafts were used (188).

To prevent graft rejection in penetrating keratoplasty for
mycotic keratitis, topical corticosteroids are given postopera-
tively, but these need to be used cautiously (366). Topical
cyclosporin A has been suggested as an alternative to the use
of topical corticosteroids (297). In a prospective, nonrandom-
ized interventional case series, three patients with culture-
proven mycotic keratitis who had undergone therapeutic ker-
atoplasties were treated with topical 0.5% cyclosporin A as a
primary or adjunctive therapy for prevention of allograft re-
jection (follow-up was performed for 15 to 42 months); two of
the three patients maintained clear grafts, while the remaining
patient developed an opacified graft secondary to preexisting
ocular surface disease (297). These promising results require
verification in studies with a larger number of patients and
studies by other workers.

Mycotic Scleritis

Although uncommon, mycotic lesions of the sclera are im-
portant. Scleritis arising due to spread of infection from kera-
titis due to A. corymbifera (231), Acremonium spp., and L.
theobromae (37) has been reported. Similarly, scleritis due to
Aspergillus spp. or S. schenckii has been reported to occur
following ocular trauma (333; Brunette and Stulting, Letter).
Endogenous infections have also been reported. A unique sub-
set of microbial scleritis following ocular surgical procedures is
being increasingly reported (see below).

One patient with S. prolificans corneoscleritis responded to
intensive antifungal therapy and aggressive scleral debride-
ment (202), whereas another patient responded poorly to med-
ical therapy (topical natamycin and amphotericin B, oral itra-
conazole and ketoconazole) and eventually required
enucleation (370). The outcome of scleritis due to S. apiosper-
mum is also reported to be varied, with good results being
obtained in some patients (254) and poor results being ob-
tained in others (379). S. schenckii infection has been success-
fully treated with oral potassium iodide (50 mg/drop), 10 drops
three times daily slowly increasing to 24 drops three times daily
(Brunette and Stulting, Letter). Scleritis due to A. fumigatus
following an injury to the eye by a tree branch worsened in
spite of oral fluconazole and topical amphotericin B therapy;
cryotherapy and duramater grafting were then performed,
which appeared to control the infection (333). Oral itracon-
azole therapy resulted in resolution of inflammation in A. fla-
vus scleritis; the patient’s condition had worsened during ther-
apy with oral ketoconazole and topical amphotericin B (51).

Intraocular Mycoses (Excluding Endophthalmitis)

The uveal tract is the heavily pigmented, highly vascularized
middle layer of the eye situated between the sclera externally
and the retina internally. It is composed of three distinct re-
gions, namely, the iris, the ciliary body, and the choroid. In-
fection of the anterior uveal tract is termed “iritis” when in-
flammation manifests chiefly anterior to the lens and
“iridocyclitis” when inflammatory cells are seen in front of and
behind the lens. Posterior uveitis and choroiditis are synony-
mous. The retina usually becomes involved secondary to le-
sions in the choroid, which manifests as chorioretinitis (424).
Intraocular lesions may be caused by many different fungi but
are caused chiefly by certain dimorphic fungi (B. dermatitidis,
C. immitis, H. capsulatum var. capsulatum, and S. schenckii),
yeasts (Candida spp. and Cryptococcus spp.), and P. carinii.

Latent disseminated blastomycosis with choroidal involve-
ment was described in a 36-year-old man who developed
blurred vision and a cough 5 months after traveling to an area
where a large outbreak of acute blastomycosis had been re-
ported (214); the patient had skin and pulmonary lesions, in
addition to the choroidal lesions. Histopathology of the skin
lesions confirmed the diagnosis of blastomycosis, and intrave-
nous amphotericin B produced a rapid resolution of both his
choroidal and pulmonary lesions (214). Safneck et al. (338)
reported the occurrence of endophthalmitis due to B. derma-
titidis. Their critical review of the world literature yielded nine
cases of intraocular infection due to B. dermatitidis, of which six
were verified by histological examination of the enucleated
globe. In their case, and in the six cases reviewed, the organ-
isms seen in infected tissue were in the highly characteristic
yeast stage, which is found at temperatures of 37°C or greater.
These workers contended that the microscopic appearance is
sufficiently distinctive to permit presumptive identification
without culture. However, culture should be done wherever
possible. Pars plana vitrectomy and intravitreal amphotericin B
may have a role to play, in addition to intravenous amphoter-
icin B, in therapy of intraocular blastomycosis.

Intraocular coccidioidomycosis may occur in otherwise
healthy individuals. Multiple, yellow-white, juxtapapillary cho-
rioretinal lesions with pigmented borders are usually seen;
retinal exudates or serous retinal detachment (331), unilateral
granulomatous iridocyclitis with multiple iris nodules (72), or
papilledema and multifocal choroiditis (72, 331) may also oc-
cur. In a report (72) on two patients with intraocular coccid-
ioidomycosis in association with the disseminated form, the
diagnosis was established by detection of C. immitis spherules
in skin biopsy samples. However, the diagnosis of intraocular
coccidioidomycosis is usually made if the suspicious chorioreti-
nal lesions are present in association with anticoccidioidal an-
tibodies in the serum and a positive coccidioidin skin test.
Amphotericin B (local and systemic) and oral fluconazole have
been used with success in treatment of C. immitis chorioreti-
nitis (72); vitrectomy is necessary if these lesions are associated
with endophthalmitis.

A. flavus retinitis was reported in two patients who had
undergone bone marrow transplantation 120 days before; fungi
were recovered in culture from the vitreous (69). The eyes
responded poorly to antifungals. Another four patients devel-
oped endophthalmitis due to Candida spp. (69).
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Intraocular cryptococcosis usually results from cryptococcal
septicemia with severe meningeal infection (67); such sequelae
may be seen in patients with AIDS (see “Ophthalmic mycoses
associated with AIDS” below). However, isolated ocular cryp-
tococcosis in an apparently immunocompetent individual has
been reported (146). Hence, ocular cryptococcal infection
must be suspected, even in the absence of predisposing factors
or systemic findings. Cryptococcosis may produce visual loss by
damaging multiple areas of the anterior visual pathway (67).
The diagnosis of cryptococcal chorioretinitis is a presumptive
one in a patient with characteristic fundus lesions, with or
without vitritis, and documented cryptococcal meningitis or
disseminated cryptococcosis. In one patient, transscleral nee-
dle biopsy of a subretinal mass was used to establish the diag-
nosis of subretinal cryptococcosis (146). A vitreous tap or bi-
opsy may be done if vitritis is present. Cryptococcal
chorioretinitis can be treated with intravenous amphotericin B
(146) or oral fluconazole (2); vitrectomy may be needed if
chorioretinitis progresses to endophthalmitis.

Patients with AIDS are at risk of developing pulmonary
disease due to P. carinii; aerosolized pentamidine may be given
as prophylaxis in such patients. However, patients receiving
aerosolized pentamidine therapy are not protected against ex-
trapulmonary disease. Dugel et al. (83) and Foster et al. (104)
described the occurrence of choroidal lesions which appeared
to be typical of P. carinii in two and three patients, respectively,
who were receiving prophylactic aerosolized pentamidine ther-
apy. The lesions resolved after administration of intravenous
pentamidine therapy in four of the patients, while the lesions in
the remaining patient resolved after administration of intrave-
nous trimethoprim and sulfamethoxazole. None of these pa-
tients had clinical or laboratory evidence of P. carinii infection
other than in the eye. The choroidal lesions of P. carinii man-
ifest as yellow-white to orange spots without vitreous inflam-
mation (255). Early ophthalmologic examination may detect
these lesions before they are threatening to sight and allow
systemic therapy to be instituted before widely disseminated
infection due to P. carinii results in a fatal outcome.

Ocular involvement by species of Candida is a well-docu-
mented sequel to fungemia (81). Candida may spread hemat-
ogenously to the choroid and retina without extending into the
vitreous to cause endophthalmitis. In a prospective multicenter
study with observational design, 118 patients with candidemia
were evaluated for the presence of intraocular candidiasis (81).
None of the patients were shown to have endophthalmitis, and
Candida chorioretinal lesions were observed in only 9% of the
patients. Risk factors for Candida chorioretinitis included fun-
gemia with C. albicans (in contrast to non-albicans species),
multiple positive blood cultures, visual symptoms, and immu-
nosuppression. It was suggested that when systemic antifungal
agents are given early in the course of Candida fungemia,
chorioretinal lesions do not progress to endophthalmitis. Cho-
roidal neovascularization is a potential cause of late visual loss
in patients who have had sepsis and endogenous chorioretinitis
due to C. albicans (166); this complication may occur in spite
of adequate antifungal therapy and apparently complete reso-
lution of the chorioretinal lesions. Laser photocoagulation or
surgical excision of the neovascular complex may be of benefit
in selected cases.

The “presumed ocular histoplasmosis syndrome” is char-

acterized by the presence of multifocal choroiditis scattered
throughout the fundus, the peripapillary area, and some-
times the macular area; some lesions show healing with
variable chorioretinal scarring (180). This syndrome is not
associated with intraocular inflammation and is well toler-
ated by the eye, unless complications of subretinal neovas-
cularization arise (118). H. capsulatum var. capsulatum has
been isolated from the eyes of patients suffering from this
syndrome, suggesting that this fungus is the etiologic agent
(180). Thomas and Kaplan (382) treated two patients with
presumed ocular histoplasmosis, subfoveal neovascular
membranes, and progressive loss of visual acuity. Vitreoreti-
nal surgical techniques were used to remove the subfoveal
membranes, and good visual recovery was obtained. There-
fore, vitreoretinal surgical techniques may be successful in
mechanically removing subfoveal neovascular membranes
with preservation of the overlying neurosensory retina, and
hence preservation of central visual acuity, in the presumed
ocular histoplasmosis syndrome.

Until 1990, 17 episodes of endophthalmitis due to S.
schenckii had been reported (427). Since then, there have been
additional reports of S. schenckii causing endophthalmitis (52,
427) and uveitis (410). Vieira-Dias et al. (410) reported the
occurrence of concomitant ocular and cutaneous sporotricho-
sis, in which the fungus was isolated from skin lesions and the
aqueous humor. Risk factors for endophthalmitis due to S.
schenckii include AIDS (205) and trauma (427); however, this
ocular infection may occur even in the absence trauma or
systemic infection (52). Endophthalmitis due to S. schenckii
usually presents initially as a granulomatous uveitis (52, 205)
which may be treated with corticosteroids, leading to progres-
sion of the lesion. Improperly treated uveitic lesions may result
in frank endophthalmitis (205) or scleral perforation (52). The
only patient with successfully treated endophthalmitis due to S.
schenkii responded to amphotericin B (topical and intravitreal)
and vitrectomy (427); enucleation had to be peformed for all
other patients with S. schenkii endophthalmitis reported in the
literature.

FUNGAL OCULAR INFECTIONS AFTER OPHTHALMIC
SURGICAL PROCEDURES

Certain surgical procedures are unique to ophthalmology.
The most important ophthalmic surgical procedure is cataract
extraction, and the most important fungal infection following
cataract extraction is fungal endophthalmitis. Fungal endoph-
thalmitis is beyond the scope of this review. Fungal infections
such as keratitis and scleritis have been reported following
corneal refractive surgical procedures (radial keratotomy, pho-
torefractive keratectomy, laser-assisted in situ keratomileusis,
keratoplasty [corneal transplantation], pterygium excision, and
cataract extraction) (Table 21).

Postoperative infectious keratitis is an uncommon but seri-
ous complication of radial keratotomy; the use of topical cor-
ticosteroids and the presence of corneal incisions are probably
risk factors. There have been at least five reported cases of
mycotic keratitis following radial keratotomy, two each due to
Fusarium spp and Aspergillus spp. and one due to C. parapsi-
losis (142, 232, 285; J. R. Gussler, D. Miller, M. Jaffe, and E. C.
Alfonso, Letter, Am. J. Ophthalmol. 119:798–799, 1995).
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Three of these cases responded to antifungals alone, while the
other two required penetrating keratoplasty, wherein the le-
sions resolved (Table 21).

Laser-assisted in situ keratomileusis combines the precision
of excimer laser photoablation with the advantages of an in-
trastromal procedure that maintains the integrity of Bowman’s
layer and the overlying corneal epithelium. Therefore, theo-
retically speaking, the risk of infectious keratitis after this pro-
cedure should be minimal. However, microbial contamination
of the stromal bed may occur during surgery due to the prox-
imity of the eyelids, eyelashes, conjunctiva, and microkera-
tome. The use of topical corticosteroids, unstable epithelium at
the edge of the lamellar flap, reduced corneal sensitivity, and
use of contact lenses all render these eyes more susceptible to
infection. While risk of infection is high after photorefractive
keratectomy because of the presence of a large epithelial de-
fect, laser-assisted in situ keratomileusis can also be associated
with severe, vision-threatening infectious keratitis.

Since the first reported case of mycotic keratitis following
laser-assisted in situ keratomileusis in 2000 (317), there have
been at least five other reports of this condition (Table 21). Six
different species of fungi from five genera have been impli-
cated. Only two of these patients responded to medical therapy
alone; penetrating keratoplasty was ultimately required for the
other four patients. Some workers (203, 327, 360, 361) feel that
although mycotic keratitis following this surgical procedure is
rare, it may pose an important therapeutic challenge due to
poor intracorneal penetration of antifungals, especially
through an intact epithelium. Sampling at the site of infection
provides the best chance of obtaining a positive culture. A
favorable outcome of such infections may be ensured by
prompt and proper management, collection of corneal scrap-
ings from underneath the flap, quick microbial identification,
irrigation of the stromal bed with antimicrobials, and intensive
treatment with specific antimicrobials.

Mycotic keratitis has also been reported to occur following
lamellar (286) or penetrating (4, 29, 212, 419) keratoplasty,
following keratoplasty dehiscence repair (191), and secondary
to the endophthalmitis that occurred after phacoemulsification
and intraocular lens implantation surgery (88, 417); all nine
patients involved required surgery (therapeutic penetrating
keratoplasty in seven, optical keratoplasty in one, and debride-
ment in one) (Table 21). Four different yeast species (C. albi-
cans, C. guilliermondii, C. parapsilosis, and Rhodotorula sp.)
were isolated from the lesions of four patients, and four dif-
ferent species of filamentous fungi (Exophiala dermatitidis in
two patients, and A. kiliense, Beauveria bassiana, and a pre-
sumed Fusarium sp. in one patient each) were isolated from
the other patients.

Fungal scleritis has been reported to occur in at least 13
patients (Table 21) following various ophthalmic surgical pro-
cedures, including excision of pterygium (a fleshy conjunctival
growth) without (379) or with beta irradiation (202, 230,
254,370) or cataract extraction (31, 51, 221), and after trabecu-
lectomy (filtering surgery for glaucoma). For management of
fungal scleritis, early debridement and culture, close microbi-
ologic assistance, systemic antimicrobials for a prolonged pe-
riod, and penetrating keratoplasty for perforation or incipient
perforation are the measures that have been advocated (254).
In the actual clinical setting, however, various modalities of

antifungal therapy, as well as surgical debridement, were not
found useful in 5 of 13 patients, with enucleation eventually
having to be performed (Table 21). S. apiospermum was in-
criminated in two of the patients, S. prolificans was found in
one, and Aspergillus sp. was found in one (230, 254, 370, 379);
the identification of Rhizopus spp. in the remaining patient is
contentious, since fungal hyphae were not visualized in the
samples collected and since just one colony of a Rhizopus spp.
was recovered in culture (221). Of the 13 patients, 8 required
some form of surgical intervention, such as scleral debride-
ment or resection or removal of plaque, to ensure resolution of
the infection; the fungi involved were A. flavus and Aspergillus
sp. in five patients, S. prolificans in two patients (one of the
isolates had been described by the older name, Scedosporium
inflatum), and S. apiospermum and Fusarium sp. (in one patient
each) (31, 51, 202, 254). In view of the difficulty of managing
mycotic scleritis following excision of pterygium, the following
preventive measures have been advocated (254): limited use of
low-dose radiotherapy after pterygium excision; adequate ster-
ilization before covering of ulcer beds and calcific plaques at
sites of radionecrosis; and careful removal of plaques, since
ulcer beds and plaques might harbor infective agents.

OPHTHALMIC MYCOSES ASSOCIATED WITH AIDS

Infections by opportunistic microorganisms constitute an
important ocular manifestation of AIDS, although ocular find-
ings are infrequent in human immunodeficiency virus (HIV)-
infected, asymptomatic individuals (162). Cytomegalovirus ret-
initis is reported to be the most common intraocular infection
in AIDS patients (162, 348), while other opportunistic ocular
infections are considerably less common (162, 348). Various
types of ophthalmic mycoses, principally affecting the orbit and
intraocular structures, have been reported to occur in associ-
ation with AIDS (Table 22).

Autopsy findings in 25 patients who died of AIDS revealed
opportunistic ocular infections in 8 patients; this included ret-
initis due to Candida spp. in 1 patient and choroiditis due to C.
neoformans var. neoformans in 1 patient (162). Earlier, Schu-
man and Friedman (346) had reported the occurrence of ret-
initis due to C. albicans and C. neoformans in 2 of 34 patients
with AIDS; bacterial corneal ulceration was noted in 2%, and
fungal corneal ulceration was not noted at all.

Opportunistic infections of the orbit from bacterial, fungal,
and parasitic organisms are a serious complication of systemic
HIV infection and are associated with high ocular morbidity
and mortality. Orbital mycoses associated with AIDS (Table
22) have been reported in 15 patients since 1991 (Friedberg et
al., letter; 143, 172, 201, 209, 245; S. P. Blatt, D. R. Lucey, D.
DeHoff, and R. B. Zellmer, Letter, J. Infect. Dis. 164:215–216,
1991; A. T. Vitale, R. F. Spaide, F. A. Warren, H. F. Mous-
souris, and R. A. D’Amico, Letter, Am. J. Ophthalmol. 113:
725–726, 1992). The outcome was generally poor in these pa-
tients (Table 22), with resolution or improvement of the orbital
mycotic infection in just 6 of 15 patients. Surprisingly, there
was resolution or improvement following debridement and
intravenous amphotericin B therapy in two of the three pa-
tients with rhinoorbital zygomycosis, perhaps because these
had relatively focal lesions (143; Blatt et al., letter). There was
complete resolution of lesions in the one patient with P. carinii
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TABLE 21. Ophthalmic mycoses following ocular surgerya

Ocular surgery Ophthalmic
lesion

Criteria for
diagnosis of

mycosisb
Fungus isolated Response to antifungals

(antifungals used)c
Surgery needed
(type of surgery) Reference

Radial keratotomy Keratitis CF, HPE, CC Fusarium spp. Details not provided Yes (keratoplasty) Gussler et al.,
letter

Keratitis CF, HPE, CC A. fumigatus No (AB, IC) Yes (keratoplasty) 142
Keratitis C C. parapsilosis Yes (AB, KC) No 232
Keratitis CF, DM, C Fusarium spp. Yes (NT) No 285
Keratitis CF, DM, C Aspergillus spp. Yes (NT) No 285

LASIKd Keratitis CF, DM, C Curvularia spp. Yes (NT, AB) No 63
Keratitis CF, DM, CC S. apiospermum No (NT, KC) Yes (keratoplasty) 360
Keratitis CF, DM, C A. flavus No (NT, KC) Yes (keratoplasty) 361
Keratitis CF, HPE, CC Acremonium

atrogriseum
No Yes (keratoplasty) 317

Keratitis HPE, CC A. fumigatus Yes No 203
Keratitis HPE, CC F. solani No (econazole, FC, AB,

NT, IC, voriconazole)
Yes (keratoplasty 3

times)
408

Lamellar
keratoplasty

Corneal
interface
infection

HPE, CC Rhodotorula spp. No (NT, AB) Yes (keratoplasty) 286

Penetrating
keratoplasty

Keratitis,
intraocular
infection

DM, HPE, CC,
pathogenic in
animal cornea

Exophiala
dermatitidis

No (NT, KC,
miconazole)

Yes (keratoplasty
twice)

212

Keratitis,
intraocular
infection

HPE, CC Exophiala
dermatitidis

No (IC, AB) Yes (keratoplasty) 29

Crystalline
keratopathy

HPE, CC C. guilliermondii Partial (AB, FC) Yes (keratoplasty) 4

Crystalline
keratopathy

DM, C C. albicans Partial (AB, KC) Yes (keratoplasty) 419

Keratoplasty
dehiscence
repair

Keratitis DM, C Beauveria
bassiana

Partial (NT, FC) Yes (keratoplasty) 191

Pterygium excision
(no radiation)

Anterior and
posterior
scleritis

C S. apiospermum No (AB, IC,
miconazole)

Yes (enucleation) 379

Pterygium excision
(radiation)

Corneoscleritis
complicating
radionecrosis

HPE, CC

HPE, culture of
scleral tissue

Scedosporium
prolificans

Fusarium spp.

Yes (NT, FC, AB)

Yes (NT,KC)

Yes (scleral resection)

Yes (scleral
debridement,
plaque removal)

254

254

HPE, culture of
scleral tissue

S. apiospermum Yes (NT,KC,AB) Yes (plaque removal) 254

HPE, CC S. apiospermum No (NT, AB) Yes (enucleation) 254
HPE, CC S. prolificans Yes Yes (scleral) 202

debridement)
Scleritis and

panophthalmitis
Aspergillus spp. No (AB, flucytosine,

miconazole)
Yes (enucleation) 230

Sclerokeratitis S. prolificans No (AB, NT) Yes (enucleation) 370

Cataract
extraction

Scleritis CF, C Rhizopus spp.e No (AB)f Yes (enucleation) 221
Scleritis (2

patients)
HPE, culture of

scleral tissue
Aspergillus spp. Yes (IC, econazole,

AB)
Yes (scleral excision,

patch graft)
31

Scleritis CF, HPE, CC A. flavus Yes (AB, KC, IC) Yes (scleral
debridement)

51

Trabeculectomy Scleritis HPE, culture of
scleral tissue

Aspergillus spp. Yes (AB, IC,
econazole)

No 31

Phacoemulsification
and intraocular
lens implanta-
tion

Keratitis
secondary
to endoph-
thalmitis

HPE, culture of
corneal scrapes
and vitreous

HPE, culture of
vitreous

A. kiliense

F. solani

No

No

Yes (keratoplasty)

Yes (keratoplasty)

417

417

CF, DM, C
(repeated)

C. parapsilosis Partial (AB, FC) Yes (debridement) 88

a Excluding endophthalmitis following cataract surgery.
b CF, clinical features suggestive of fungal infection; DM, fungal elements in microscopy of scrapes or necrotic material; HPE, fungal elements seen by histopatho-

logical examination of biopsy specimens or tissue bits; C, fungi grown in culture from scrapes or necrotic material; CC, fungi grown in culture from corneal button or
biopsy specimen.

c AB, amphotericin B; IC, itraconazole; KC, ketoconazole; NT, natamycin; FC, fluconazole.
d LASIK, laser-assisted in situ keratomileus.
e Significance of this isolate is doubtful.
f Also received hyperbaric oxygen therapy.
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infection after treatment with trimethoprim and sulfamethox-
azole (Friedberg et al., letter). Eleven patients had infections
due to A. fumigatus, and 10 of these were treated with surgery
and intravenous amphotericin B; the mycotic infection re-
solved and the patient survived in only 3 of these cases. Two of
the three survivors underwent surgery and received amphoter-
icin B (intravenous and local irrigation), while the third survi-
vor was treated with debridement, amphotericin B lipid com-
plex, liposomal amphotericin B, and orbital exenteration (172,
201; Vitale et al., letter); none of these three patients had
intracranial disease, and all appeared to have relatively focal
orbital lesions, which may explain the successful outcome.
Overall, it appears that the outcome of orbital aspergillosis in
patients with AIDS is poor.

There are many causes of optic neutritis in AIDS patients.
There have been two reports of optic neuritis due to H. cap-
sulatum var. capsulatum (357, 433); in one of these, the optic
neuritis occurred in association with retinitis and uveitis (Table
22).

Although bacterial and fungal corneal infections appear to
be infrequent in HIV-infected patients, they may be severe and
associated with corneal perforation when they do occur.
Known risk factors for ulcerative keratitis may be absent in
HIV-infected patients (144). There have been reports of six
patients with mycotic keratitis associated with AIDS (in one
patient, the diagnosis of AIDS was made postmortem); C.
albicans was the fungus implicated in all six patients (144, 291).
The keratitis resolved in all six with topical 0.15% amphoter-
icin B therapy.

Other mycotic infections of the anterior segment reported in
AIDS include limbal nodules (and multifocal choroiditis) in
one patient (259) and an iris inflammatory mass in another
(60); a presumptive diagnosis of infection due to C. neformans
var. neoformans was made in both patients by histopathological
studies (Table 22).

Presumed mycoses of the posterior segment in patients with
AIDS include multifocal choroiditis (choroidopathy) due to
cryptococcosis, histoplasmosis, candidiasis, and P. carinii infec-
tion (162, 224, 255, 259, 350, 407), and retinitis (162, 357).
Culture-proven endogenous endophthalmitis due to Bipolaris
hawaiiensis, Fusarium sp., S. schenckii and H. capsulatum var.
capsulatum has also been reported (115, 118, 205, 293); com-
plete resolution of lesions was achieved by surgery and ampho-
tericin B and fluconazole therapy only in the patient with B.
hawaiiensis infection (Table 22). Although central nervous sys-
tem infection with C. neoformans var. neoformans is common
in patients with AIDS, actual invasion of the intraocular struc-
tures by this fungus appears to be uncommon. In one study of
80 HIV-seropositive patients with cryptococcal infections, oph-
thalmic manifestations included papilledema (32.5%), visual
loss and abducens nerve palsy (9%) and optic atrophy (2.5%);
interestingly, visual loss caused by optic nerve involvement was
less frequent among the 62 patients who had received oral
ketoconazole, itraconazole, or fluconazole only than among
the 18 patients who had received amphotericin B alone or in
combination with the azoles, and actual invasion of the intraoc-
ular structures was an uncommon complication (185).

OPHTHALMIC MYCOSES ASSOCIATED WITH
OCULAR BIOMATERIALS

The topic of ophthalmic mycoses associated with ocular bio-
materials has been extensively reviewed by Wilson (422). Mi-
crobial colonization of indwelling and implanted biomedical
devices, such as shunts or catheters, can lead to serious, often
lethal, infection. Polymers, silicones, and metals used to fabri-
cate various devices may be implicated (422). The organisms
responsible for such biomaterial-related infections are usually
part of the resident microbial flora at a particular area of the
body and hence pose a constant threat.

Several factors are though to contribute to the mechanisms
of infection associated with biomedical devices (422). Intraop-
erative contamination during surgical implantation, or extralu-
minal migration of organisms, permits potential pathogens to
transcend normal protective barriers. Production of mucoid
substances by microorganisms facilitates the adhesion of colo-
nizing microorganisms and also protects them from various
host defense mechanisms. The presence of plasma proteins
(especially fibronectin) on the surface of the biopolymer may
promote attachment of staphylococci and Candida species to
the surface.

Contact lens plastics and their storage cases and intraocular
lens implants constitute the two most important categories of
biomaterials used in ophthalmology. Infection associated with
contaminated intraocular lenses results in endophthalmitis,
which is beyond the scope of this review.

Contact lens wear is frequently implicated in the occurrence
of bacterial (especially P. aeruginosa) keratitis, and Acan-
thamoeba keratitis, particularly in the United States (217, 218,
348). The likely route for the normal ocular microbiota colo-
nizing contact lenses during wear is via the lid margins,
whereas colonization by gram-negative bacteria, including po-
tential agents of microbial keratitis, is likely to be from the
domestic water supply (217, 421). Contact lens-associated my-
cotic keratitis may be comparatively uncommon because fungi
isolated from the healthy outer eye only transiently colonize
this area and are not normally resident in the outer eye (217,
363). When soft lenses are worn continuously, fungal conidia
adhere to the lens surface and, under favorable conditions,
germinate; fungal hyphae are able to enter the matrix of the
soft lens, project through the posterior surface, and then pen-
etrate the corneal epithelium, resulting in fungal infection
(354). Filamentous fungi of the genera Acremonium, Aspergil-
lus, Alternaria, Cladosporium, Curvularia, and Fusarium were
found to penetrate the matrix of soft contact lenses both during
normal usage and in laboratory studies. Growth of the fungal
hyphae (which were coiled within the lens matrix) increased
with increasing water content of the lens. Some species pene-
trated completely through the lens in 96 h (354). Disinfection
of lenses after exposure to potentially high concentrations of
these fungi in the environment is prudent (93).

Fungal infection was reported in 4 (4%) of 90 contact lens
wearers and in 4 (27%) of 15 patients who wore therapeutic
bandage contact lenses (420). If fungal conidia alight on the
surface of a contact lens, they are normally removed by surface
cleaning of the lens. If lenses are worn for an extended dura-
tion without proper cleaning, fungi may adhere and penetrate
the contact lens (422). This explains why, when such infections
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TABLE 22. Ophthalmic mycoses associated with AIDSa

Ophthalmic lesion and no.
of patients (reference)

Criteria for diagnosis
of fungal infection
(fungus isolated)

Treatment Outcome Comment

Rhino-orbital zygomycosis;
1 patient (Blat et al.,
letter)

CL, CT, HPE, culture
(Rhizopus arrhizus)

Debridement, intravenous
amphotericin B

Orbital lesions improved Died of cytomegalovirus
infection

P. carinii orbital infection;
1 patient (Friedberg et
al., Letter)

CL, CT, HPE (open
biopsy)

Trimethoprim-
sulfamethoxazole

Orbital infection
resolved

Died (19 mo)

Orbital aspergillosis; 1
patient (Vitale et al.,
Letter)

CL, CT, DM and culture of
fine-needle aspirated
material (A. fumigatus)

Sinus surgery, amphotericin B
(intravenous, local)

Orbital infection
resolved

Survived

Orbital aspergillosis; 1
patient (245)

CL, CT, HPE, culture
(A. fumigatus)

Surgery (sinus, orbit),
amphotericin B
(intravenous, local)

Orbital infection did not
respond

Died (1 wk)

Orbital aspergillosis; 4
patients (201)

CL, CT, HPE, culture
(A. fumigatus in all 4)

Surgery (sinus, orbit),
amphotericin B
(intravenous, local), oral
itraconazole

(i) Orbital infection did
not respond in 3
patients

(ii) Response to surgery
and amphotericin B in
1 patient

All 3 died (intracranial
disease)

Survived (no intracranial
disease)

Rhino-orbital zygomycosis;
1 patient (143)

CL, MRI, HPE (no
culture)

Surgery (sinus), debridement,
amphotericin B for 3 mo

Orbital infection
resolved; no
recurrence

Survived (only focal
disease)

Orbital aspergillosis; 5
patients (172)

CL, CT, HPE, culture
(A. fumigatus in all 5)

(i) Surgery, local and
intravenous amphotericin B
in 2 patients

Both died Died (16 mo)

(ii) Only local and
intravenous amphotericin B
in 1 patient

Died Died (7 mo)

(iii) Local and intravenous
amphotericin B, orbital
exenteration, oral
itraconazole in 1 patient

Died Died (28 mo)

(iv) Debridement, ABLC,
orbital exenteration in 1
patient

Survived Factors aiding survival not
elucidated

Rhino-orbito-cerebral
zygomycosis and optic
nerve invasion; 1 patient
(209)

HPE of orbit, sinuses, optic
nerve tissue obtained at
autopsy (no culture)

Intravenous amphotericin B
(6 days)

Died Patient had presented with
blindness of sudden
onset

Optic neuritis; 1 patient
(433)

MRI, CT, HPE, and
culture of biopsy
specimen (H. capsulatum)

No details provided No details provided No details provided

Keratitis; 5 patients (144) CL, culture of scrapes (C.
albicans in all 5)

Topical 0.15% amphotericin
B

Resolved in all 5 (good
vision in 4)

Severity of lesions unclear;
microscopy details not
provided.

Retinitis, uveitis, optic
neuritis; 1 patient (357)

CL, HPE; electron
microscopy of eyes
obtained at autopsy;
blood culture during life
(H. capsulatum)

Intravenous amphotericin B Ocular condition
deteriorated

Died

Limbal nodule and
multifocal choroiditis, 1
patient (259)

HPE (limbal nodule
biopsy); presumptive C.
neoformans (no culture)

No details provided No details provided Presumptive diagnosis of
cryptococcal infection by
HPE

Keratitis; 1 patient (291) Culture; no mention of
microscopy (C.
parapsilosis)

Topical 0.15% amphotericin
B

Keratitis resolved Died of malignant
lymphoma; diagnosis of
AIDS made postmortem

Iris inflammatory mass; 1
patient (60)

DM of aqueous tap, HPE
of enucleated eye;
presumptive C.
neoformans (no culture)

Intravenous amphotericin B,
pars plana vitrectomy

Enucleation Died (7 days)

Retinitis and choroiditis; 1
patient each (162)

HPE of eyes obtained at
autopsy (culture not
done)

No details provided No details provided Presumed fungal retinitis
and choroiditis (autopsy)

Bilateral endogenous
endophthalmitis; 1
patient (293)

Culture of vitreous (B.
hawaiiensis)

Intravitreal and intravenous
amphotericin B, pars plana
vitrectomy, oral fluconazole

Resolved HPE of vitreous biopsy did
not reveal fungal
structures

Bilateral endogenous
endophthalmitis; 1
patient (115)

CL, US, CT, culture of
vitreous; culture of blood
and cerebrospinal fluid;
HPE of enucleated eyes
(Fusarium spp.)

Amphotericin B (intravenous,
intravitreal), vitrectomy,
intravenous fluconazole

Ocular lesions
progressed,
necessitating
enucleation

Died (2 wk)

Endophthalmitis; 1 patient
(205)

CL, DM, and culture of
aqueous tap and vitreous;
HPE of enucleated eye
(S. schenckii)

Amphotericin B (intravenous,
intravitreal, intracorneal),
potassium iodide

Enucleation

Continued on following page
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have occurred, soft lenses for aphakia and therapeutic ex-
tended wear have been the most frequently implicated (140,
218, 365, 420, 423). Interestingly, soft lenses for cosmetic and
aphakic extended wear are frequently associated with infec-
tions due to filamentous fungi whereas soft lenses for thera-
peutic use are frequently associated with yeasts and yeast-like
fungus (420).

Rosa et al. (334) reported that 6 of their 125 patients with
mycotic keratitis in south Florida wore extended-wear contact
lenses; F. oxysporum was isolated from four patients, and C.
albicans and Paecilomyces sp. were isolated from one patient
each. In one patient who wore a bandage contact lens, keratitis
due to C. parapsilosis developed. Liesegang and Forster (216)
had earlier reported the occurrence of fungal keratitis in three
patients who wore soft contact lenses; the fungi isolated were
A. flavus and F. dimerum. Filamentous fungi (A. flavus, F.
dimerum, and Fusarium sp.) had also been isolated from the
corneal scrapes of several other patients in South Florida who
had contact lens-associated fungal keratitis (9, 216).

Perry et al. (296) reported the occurrence of a conjunctival
mass and keratoconjunctivitis in an immunocompetent patient;
detailed examination revealed that at the posterior aspect of
this mass, and covered by mucoid material, was a soft contact
lens. Simple removal of the lens resulted in a resolution of all
signs and symptoms; the contact lens grew Aspergillus fumigatus

(296). Keratouveitis due to Scedosporium prolificans was re-
cently reported in an elderly female patient; the keratouveitis
was associated with the intraocular long-term retention of a
contact lens (19). Although there is no doubt that a fungal
pathogen was involved in this patient, the exact identity of the
fungal isolate has recently been questioned (Guarro and Gené,
letter).

A relationship has been demonstrated between the occur-
rence of contact lens-associated bacterial and Acanthamoeba
keratitis and the presence of bacteria and Acanthamoeba in
contact lens cases (240, 348). Whether such a relationship
occurs in contact lens-associated fungal keratitis is unknown.
However, Wilson et al. (425) demonstrated the adherence of
C. albicans within a biofilm to polyethylene contact lens case
plastic; this species was found to be more resistant to the action
of contact lens disinfectants than bacteria were. A survey of
contact lens cases from 101 asymptomatic daily-wear, cosmetic
contact lens wearers in a domiciliary contact lens practice re-
vealed contamination in 82 (81%) cases; 77% grew bacteria,
24% grew fungi, and 20% grew protozoa (125). These authors
provided electron microscopic evidence of the polymicrobial
nature of the biofilm found in many cases. Ritterband et al.
(328) reported a unique case of keratitis due to C. laurentii and
F. solani in a diabetic male patient who wore a gas-permeable
contact lens; both fungi (and Staphylococcus aureus) were iso-

TABLE 22—Continued

Ophthalmic lesion and no. of
patients (reference)

Criteria for diagnosis
of fungal infection
(fungus isolated)

Treatment Outcome Comment

Bilateral chorioretinitis; 1
patient (224)

HPE of autopsied
organs and eyes,
immunofluorescence
with antisera to H.
capsulatum (no
culture)

Intravenous amphotericin
B

Ocular lesions
did not
respond to
therapy

Died

Endogenous
endophthalmitis; 1
patient (118)

CL and culture of
vitreous (H.
capsulatum var.
capsulatum)

Surgery (pars plana
vitrectomy, scleral
buckle), amphotericin B
(intravenous,
intravitreal)

Improved and
then
deteriorated

Multifocal choroiditis; 14
patients (255)

HPE and electron
microscopy;
presumed C.
neoformans (no
culture) in 7; P.
carinii in 4; H.
capsulatum and
Candida spp. in 1
each; A. fumigatus
in 1 (diagnostic
criteria unclear)

Intravenous amphotericin
B

No details
provided

Study done on
autopsied eyes of
patients with AIDS
dying of various
complications, e.g.,
disseminated
cryptococcosis,
candidiasis,
histoplasmosis; only
HPE—no culture

Choroidopathy; 21
patients (350)

CL,
immunofluorescence
with antisera to P.
carinii, HPE (2
patients);
choroidopathy
presumed to be due
to P. carinii

No details provided No details
provided

These patients had
pneumonia or
disseminated infection
due to P. carniii;
choroidopathy was an
incidental observation

a Abbreviations: CL, clinical features suggestive of mycosis; CT, evidence of sinusitis, bony erosion, and increased soft tissue density within the orbit on computed
tomography; MRI, evidence of sinusitis, bony erosion, and increased soft tissue density within the orbit on magnetic resonance imaging; DM, fungal structures seen
by microscopy of necrotic material or scrapes; HPE, fungal structures seen by histopathological examination; US, ultrasound findings suggestive of space-occupying
lesion; ABLC, amphotericin B-lipid complex.
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lated from the patient’s corneal button, infected toenails, and
contact lens storage case, and enucleation eventually had to be
done. C. parapsilosis keratitis, associated with contact lens
wear, was reported in an elderly Israeli patient who developed
stromal infiltration at the donor-recipient interface 2 years
after penetrating keratoplasty, while wearing a “piggyback”
type of contact lens; the infection resolved after treatment with
amphotericin B and flucytosine (198).

Overnight soaking of soft lenses in 3% hydrogen peroxide
(longer than 4 h), with neutralization in the morning with
thiosulfate solution, catalase solution, or catalase tablets, is
perhaps the safest way to ensure killing of bacteria, Acan-
thamoeba, and fungi (58, 422). However, Gray et al. (125)
reported that 81% of contact lens cases surveyed were con-
taminated with microbes and that 75% of the subjects used
hydrogen peroxide disinfection for their contact lenses. All the
contaminating microorganisms were found to possess catalase
(which breaks down hydrogen peroxide to water and oxygen).
Recommendations for contact lens wearers to prevent micro-
bial contamination of the lens and case include regular scrub-
bing of the interior of contact lens cases to disrupt biofilms,
exposure of the contact lens case to very hot water (�70°C), air
drying of the contact lens case between use, use of a two-step
system for hydrogen peroxide disinfection, and regular re-
placement of the contact lens case (125, 348).

Punctal occluders or plugs are used to facilitate the man-
agement of dry-eye syndrome. Since these devices are left in
situ for a long duration, nonspecific microbial attachment, sur-
face colonization, and biofilm formation may occur (422).
Fungi are rarely implicated. In one instance, in a patient with
mycotic keratitis due to C. lunata, the same fungus was isolated
from the plug on removal (422).

Several alloplastic biomaterials have been used for orbital
floor repair (243) and to restore the anophthalmic socket
(113). Oestreicher et al. (279) described a patient who devel-
oped an Aspergillus abscess within a hydroxyapatite orbital
implant 58 months following uncomplicated implant surgery;
the symptoms resolved following removal of the implant.

Patients with corneal or scleral defects have been treated
with Gore-Tex grafting; although this material offers some
advantages, there are disadvantages, such as poor epithelial-
ization, poor adhesion between the graft and the surrounding
tissue, and the possibility of infection. Huang et al. (153) re-
ported the occurrence of fungal contamination in one such
graft, which ultimately led to fungal endophthalmitis some
months after graft removal and penetrating keratoplasty.

FUTURE RESEARCH IN OPHTHALMIC MYCOSES

Future research in ophthalmic mycoses needs to focus on
improvement in diagnostic techniques, development of new
antifungal compounds and a better understanding of the
pathogenesis of the conditions.

Diagnostic Methods

A rapid and accurate identification of the fungal species
causing an ocular infection will permit the immediate institu-
tion of specific antifungal therapy. The nonspecific fluorescent
staining techniques (55), immunohistochemical methods (311),

and DNA hybridization and DNA amplification techniques
(165) are very promising methods, but they need to be simpli-
fied and standardized before they can be applied on a large
scale. However, culture continues to provide many advantages.
New culture media need to be developed.

New Antifungal Compounds

Amphotericin B continues to be the mainstay of therapy of
many, especially severe, ophthalmic mycoses, since fungicidal
concentrations may be achieved in ocular tissues (267). Re-
search needs to focus on methods to increase the concentra-
tions of other available antifungals in ocular tissues following
administration of therapeutic doses. A change in the vehicle
used, or the method of application, may help to do this (136).
However, to achieve improved outcomes of ocular infections
due to Fusarium spp., various zygomycetes, and P. insidiosum,
new compounds need to be developed. Many new azole anti-
fungals and other compounds against Aspergillus spp. have
been developed (267) but must still be evaluated for their
efficacy in severe ophthalmic mycoses due to Aspergillus spp.
O’Day et al. (277) recently described a model of experimental
keratitis due to C. albicans, where a standardized inoculum of
blastoconidia was placed on the corneal surface and covered
with a contact lens. These workers found that invasive corneal
disease was established by this surface inoculum and that ad-
ministration of corticosteroid increased corneal penetration of
hyphae. This model mimics human disease since the only fungi
present are those actively growing within the cornea. Such a
model may prove valuable in evaluation of antifungals in the
future.

Pathogenesis of Ophthalmic Mycoses

A better understanding of pathogenetic mechanisms in oph-
thalmic mycoses is required. In particular, the possible role of
fungal extracellular proteinases (438) and fungal morphogen-
esis (392) in ophthalmic mycoses requires clarification. The
role of nonspecific inflammatory mechanisms and specific im-
munological mechanisms in the pathogenesis of ophthalmic
mycoses needs to be studied. A better understanding of these
various pathogenetic mechanisms will permit the development
of molecules and methods to neutralize these mechanisms and
to augment antifungal therapy.
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48. Cailliez, J. C., N. Séguy, C. M. Denis, E. M. Aliouat, E. Mazars, L. Polo-
nelli, D. Camus, and E. Dei-Cas. 1996. Pneumocystis carinii: an atypical
fungal micro-organism. J. Med. Vet. Mycol. 34:227–239.

49. Calli, C., R. Savas, M. Parildar, G. Pekindil, H. Alper, and N. Yunten. 1999.
Isolated pontine infarction due to rhinocerebral mucormycosis. Neurora-
diology 41:179–181.

50. Campbell, C. K., E. M. Johnson, C. M. Philpot, and D. W. Warnock. 1996.
Identification of pathogenic fungi. Public Health Laboratory Service, Lon-
don, England.

51. Carlson, A. N., G. N. Foulks, J. R. Perfect, and J. H. Kim. 1992. Fungal
scleritis after cataract surgery. Successful outcome using itraconazole. Cor-
nea 11:151–154.

52. Cartwright, M. J., M. Promersberger, and G. A. Stevens. 1993. Sporothrix
schenckii endophthalmitis presenting as granulomatous uveitis. Br. J. Oph-
thalmol. 77:61–62.

53. Carubell, R., R. E. Nordquist, and J. J. Rowsey. 1990. Role of active oxygen
species in corneal ulceration: effect of hydrogen peroxide generated in situ.
Cornea 9:161–169.

54. Castelino, A. M., S. K. Rao, J. Biswas, L. Gopal, H. N. Madhavan, and S. K.
Kumar. 2000. Conjunctival rhinosporidiosis associated with scleral melting
and staphyloma formation: diagnosis and management. Cornea 19:30–33.

55. Chander, J., A. Chakrabarti, A. Sharma, J. S. Saini, and D. Panigrahi.
1993. Examination of calcofluor staining in the diagnosis of fungal corneal
ulcer. Mycoses 36:243–245.

56. Chander, J., and A. Sharma. 1994. Prevalence of fungal corneal ulcers in
northern India. Infection 22:207–209.

57. Chandler, F. W. 1991. Histologic diagnosis of mycotic diseases, p. 235–242.
In F. Gatti, C. de Vroey, and A. Persi (ed.), Human mycoses in tropical
countries. Health Cooperation Papers no. 13. Organizzazione per la
Cooperazione Sanitaria Internazionale, Bologna, Italy.

58. Chandler, J. W. 1990. Biocompatibility of hydrogen peroxide in soft contact
lens disinfection: antimicrobial activity vs. biocompatibility — the balance.
CLAO J. 16(1 Suppl.):S43–S45.

59. Reference deleted.
60. Charles, N. C., C. A. Boxrud, and E. A. Small. 1992. Cryptococcosis of the

anterior segment in acquired immune deficiency syndrome. Ophthalmology
99:813–816.

61. Chitravel, V., S. Subramanian, B. M. Sundaram, and K. Thiruneelakantan.
1980. Rhinosporidiosis in a south Indian village. Sabouraudia 18:241–247.

62. Choi, D. M., M. H. Goldstein, A. Salierno, and W. T. Driebe. 2001. Fungal
keratitis in a daily disposable soft contact lens wearer. CLAO J. 27:111–112.

63. Chung, M. S., M. H. Goldstein, W. T. Driebe, Jr., and B. Schwartz. 2000.
Fungal keratitis after laser in situ keratomileusis: a case report. Cornea
19:236–237.

64. Clancy, C. J., and M. H. Nguyen. 1998. Invasive sinus aspergillosis in
apparently immunocompetent hosts. J. Infect. 37:229–240.

65. Clinch, T. E., M. J. Robinson, B. A. Barron, M. S. Insler, K. Liang, and
H. E. Kaufman. 1992. Fungal keratitis from nylon line lawn trimmers.
Am. J. Ophthalmol. 114:437–440.

66. Coccia, L., D. Calista, and A. Boschini. 1999. Eyelid nodule: a sentinel
lesion of disseminated cryptococcosis in a patient with acquired immuno-
deficiency syndrome. Arch. Ophthalmol. 117:271–272.

67. Cohen, D. B., and B. J. Glasgow. 1993. Bilateral optic nerve cryptococcosis

790 THOMAS CLIN. MICROBIOL. REV.



in sudden blindness in patients with acquired immunodeficiency syndrome.
Ophthalmology 100:1689–1694.

68. Coriglione, G., G. Stella, L. Gafa, G. Spata, S. Oliveri, A. A. Padhye, and L.
Ajello. 1990. Neosartorya fischeri var. fischeri (Wehmer) Malloch and Cain
1972 (anamorph: Aspergillus fischerianus Samson and Gams, 1985) as a
cause of mycotic keratitis. Eur. J. Epidemiol. 6:382–385.

69. Coskuncan, N. M., D. A. Jabs, J. P. Dunn, J. A. Haller, W. R. Green, G. B.
Vogelsang, and G. W. Santos. 1994. The eye in bone marrow transplanta-
tion. VI. Retinal complications. Arch. Ophthalmol. 112:372–379.

70. Cristol, S. M., E. C. Alfonso, J. H. Guildford, T. J. Roussel, and W. W.
Culbertson. 1996. Results of large penetrating keratoplasty in microbial
keratitis. Cornea 15:571–576.

71. Cuero, R. G. 1980. Ecological distribution of Fusarium solani and its op-
portunistic action related to mycotic keratitis in Cali, Colombia. J. Clin.
Microbiol. 12:455–461.

72. Cunningham, E. T., Jr., S. R. Seiff, T. G. Berger, P. E. Lizotte, E. L. Howes,
Jr., and J. C. Horton. 1998. Intraocular coccidioidomycosis diagnosed by
skin biopsy. Arch. Ophthalmol. 116:674–677.

73. Reference deleted.
74. Daly, A. L., L. A. Velazquez, S. F. Bradley, and C. A. Kauffman. 1989.

Mucormycosis association with deferoxamine therapy. Am. J. Med. 87:468–
471.

75. Dantas, A. M., R. Yamane, and A. G. Camara. 1990. South American
blastomycosis: ophthalmic and oculomotor nerve lesions. Am. J. Trop.
Med. Hyg. 43:386–388.

76. de Garcia, M. C., M. L. Arboleda, F. Barraquer, and E. Grose. 1997. Fungal
keratitis caused by Metarhizium anisopliae var. anisopliae. J. Med. Vet.
Mycol. 35:361–363.

77. del Palacio, A., E. Perez-Blazquez, M. S. Cuetara, M. Garcia-Bravo, D.
Criado, C. Gimeno, and A. R. Noriega. 1991. Keratomycosis due to Sce-
dosporium apiospermum. Mycoses 34:483–487.

78. de Shazo, R. D., M. O’Brien, K. Chapin, M. Soto-Aguilar, L. Gardner, and
R. Swain. 1997. A new classification and diagnostic criteria for invasive
fungal sinusitis. Arch. Otolaryngol. Head Neck Surg. 123:1181–1188.

79. Diaz-Valle, D., J. M. Benitez del Castillo, E. Amor, N. Toledano, M. M.
Carretero, and T. Diaz-Valle. 2002. Severe keratomycosis secondary to
Scedosporium apiosperum. Cornea 21:516–518.

80. Djalilian, A. R., J. A. Smith, T. J. Walsh, H. L. Malech, and M. R. Robin-
son. 2001. Keratitis caused by Candida glabrata in a patient with chronic
granulomatous disease. Am. J. Opthalmol. 132:782–783.

80a.D’Mellow, G., L. W. Hirst, M. Whitby, G. Nimmo, and K. Stallard. 1991.
Intralenticular infections. Ophthalmology 98:1376–1378.

81. Donahue, S. P., C. M. Greven, J. J. Zuravleff, A. W. Eller, M. H. Nguyen,
J. E. Peacock, Jr., M. W. Wagener, and V. L. Yu. 1994. Intraocular candi-
diasis in patients with candidemia. Clinical implications derived from a
prospective multicenter study. Ophthalmology 101:1302–1309.

82. Doorenbos-Bot, A. C., J. M. Hooymans, and L. J. Blanksma. 1990. Perior-
bital necrotising fasciitis due to Cryptococcus neoformans in a healthy young
man. Doc. Ophthalmol. 75:315–320.

83. Dugel, P. U., N. A. Rao, D. J. Foster, L. P. Chong, G. T. Frangieh, and F.
Sattler. 1990. Pneumocystis carinii choroiditis in patients receiving inhaled
pentamidine. Am. J. Ophthalmol. 110:113–117.

84. Duguid, I. G., J. K. Dart, N. Morlet, B. D. Allan, M. Matheson, L. Ficker,
and S. Tuft. 1997. Outcome of Acanthamoeba keratitis treated with poly-
hexamethylene biguanide and propamidine. Ophthalmology 104:1587–1592.

85. Dunlop, A. A., E. D. Wright, S. A. Howlader, I. Nasrul, R. Husain, K.
McClellan, and F. A. Billson. 1994. Suppurative corneal ulceration in Ban-
gladesh: a study of 142 cases, examining the microbiological diagnosis,
clinical and epidemiological features of bacterial and fungal keratitis. Aust.
N. Z. J. Ophthalmol. 22:105–110.

86. Reference deleted.
87. Fairley, C., T. J. Sullivan, P. Bartley, T. Allworth, and R. Lewandowski.

2000. Survival after rhino-orbital-cerebral mucormycosis in an immuno-
competent patient. Ophthalmology 107:555–558.

88. Fekrat, S., J. A. Haller, W. R. Green, and J. D. Gottsch. 1995. Pseudophakic
Candida parapsilosis endophthalmitis with a consecutive keratitis. Cornea
14:212–216.

89. Feman, S. S., and R. H. Tilford. 1985. Ocular findings in patients with
histoplasmosis. JAMA 253:2534–2537.

90. Ferguson, B. J., T. G. Mitchell, R. Moon, E. M. Camporesi, and J. Farmer.
1988. Adjunctive hyperbaric oxygen for treatment of rhinocerebral mucor-
mycosis. Rev. Infect. Dis. 10:551–559.

91. Ferrer, C., F. Colom, S. Frasés, E. Mulet, J. L. Abad, and J. L. Alió. 2001.
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