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Metarrhizium anisopliae is a common pathogen of insects and has even been used to control insect popula-
tions. It is rarely isolated from human or animal sources, but recently, there have been three reported cases
of disease, two in humans and one in a cat. We present our experience with five isolates from human sources,
including two that were the apparent causes of two cases of sinusitis in immunocompetent hosts. The first
patient was a 36-year-old male with frontal and ethmoid sinusitis, and the second was a 79-year-old female with
chronic sinusitis. Both patients underwent surgery, and pathology of the surgical specimens revealed branch-
ing hyphae. Cultures grew only Metarrhizium species. Neither patient received antifungal therapy, and both did
well postoperatively. The other three isolates were cultured from bronchoalveolar lavage specimens but were
not felt to be clinically significant. Antifungal susceptibility testing using the National Committee for Clinical
Laboratory Standards macrobroth method revealed that all isolates were resistant to amphotericin B, 5-flucy-
tosine, and fluconazole. Itraconazole and newer azole compounds were more active. Metarrhizium species may
cause disease in humans, even those without evidence of immunosuppression, and are apparently highly re-
sistant to amphotericin B in vitro.

Metarrhizium anisopliae is an entomopathogenic fungus with
a wide range of host species (5). It has a worldwide distribution
in soil as well (5). It was described first (under the name
Entomophthora anisopliae) as a pathogen of the wheat cock-
chafer in 1879 by Metschnikoff and later as M. anisopliae by
Sorokin in 1883 (12). It has since been used to control a variety
of insect populations (3). Until recently, it has not been re-
ported as a cause of disease in animals or humans. In 1997, it
was reported as a cause of keratitis in an 18-year-old healthy
male from Colombia, who was successfully treated with topical
natamycin (2). A case in Australia involved a 9-year-old boy
with leukemia who developed skin lesions that repeatedly grew
M. anisopliae, though multiple blood cultures were all negative
(1). Treatment with amphotericin B plus 5-flucytosine (5-FC)
was ineffective and the patient expired. Interestingly, in vitro
susceptibility testing (tablet diffusion method) suggested the
organism was sensitive to amphotericin B but resistant to 5-FC,
fluconazole, ketoconazole, and itraconazole. Another case in
Australia involved a cat with invasive rhinitis due to M. aniso-
pliae (8). No susceptibility tests were performed, but the cat

was treated with itraconazole and had clinical resolution of
the infection. After itraconazole was discontinued, however,
the infection relapsed. We report our experience with two
M. anisopliae isolates that caused sinusitis in immunocompe-
tent hosts and the susceptibility testing of these and three
additional clinical isolates.

CASE REPORTS

UTHSCSA 97-1782. A 36-year-old male from Michigan with
a history of trauma to the left sinus several years ago presented
with complaints of nasal congestion and difficulty breathing
through the left nostril. Computerized tomography scan of the
head showed opacification of the frontal and ethmoid air cells.
The patient underwent surgery, and a yellow, hard gritty ma-
terial was removed from the sinus. Pathology showed fungal
hyphae on silver stain, with cultures growing M. anisopliae. No
antifungal treatment was given, and the patient recovered with-
out complications.

TABLE 1. Susceptibility testing of M. anisopliae by the NCCLS macrobroth method

UTHSCSA
isolate

MFCa (mg/ml) of
amphotericin Bb

MIC (mg/ml) ofb:

Amphotericin B 5-FC Fluconazole Itraconazole Voriconazole SCH 56592

97-1782 .16/.16 8/.16 .64/.64 .64/.64 0.5/2 0.25/1 1/1
95-143 .16/.16 16/.16 .64/.64 64/.64 0.25/2 0.25/0.5 0.5/1
97-864 .16/.16 8/.16 .64/.64 64/.64 1/1 1/1 1/2
94-1246 .16/.16 2/16 .64/.64 .64/.64 0.06/0.125 0.25/0.25 0.125/0.5
93-1475 .16/.16 16/16 .64/.64 32/64 0.125/0.125 0.5/1 0.125/0.125

a MFC, minimum fungicidal concentration.
b Values are the readings taken after 48 and 72 h, respectively.
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FIG. 1. (A) Single colony of M. anisopliae var. anisopliae grown on Sabouraud dextrose agar at 25°C for 3 weeks. Colony size is 7.0 cm. (B) Close-up view of colony
from panel A showing visible columns of conidia. (C) Photomicrograph of chains of conidia of M. anisopliae var. anisopliae (magnification, 3920). Reprinted from
reference 11 with permission of the publisher.
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UTHSCSA 95-143. A 79-year-old female from Minnesota
with a history of allergic rhinitis presented with chronic sinus-
itis of several months’ duration. She had been treated with
multiple courses of antibiotics but continued to have nasal
congestion and postnasal drip. At the time of surgery, a green,
cheesy material along with a polypoid mass was removed from
the ethmoid sinus. Pathology showed branching hyphae, and
culture was positive for M. anisopliae. No antifungal treatment
was given and the patient recovered without complications.

UTHSCSA isolates 97-864, 94-1246, and 93-1475 were all
recovered from bronchoalveolar lavage specimens and were
not considered clinically significant by the managing physi-
cians.

MATERIALS AND METHODS
Isolates. We reviewed our experience at the University of Texas Health Sci-

ence Center at San Antonio (UTHSCSA) with M. anisopliae and found the
following five human clinical isolates (source): UTHSCSA 97-1782 (frontal
sinus biopsy), UTHSCSA 95-143 (ethmoid sinus biopsy), UTHSCSA 97-864
(bronchoalveolar lavage), UTHSCSA 94-1246 (bronchoalveolar lavage), and
UTHSCSA 93-1475 (bronchoalveolar lavage). Clinical histories were obtained
from physicians managing the patients and are presented above in summary form
for two of the patients.

Susceptibility testing. Susceptibility testing was performed according to the
National Committee for Clinical Laboratory Standards (NCCLS) macrobroth
method M27-A (9), modified for filamentous fungi (10) (Table 1). Briefly, iso-
lates were grown on potato flake agar slants which were prepared in-house at
25°C to induce conidial formation. Sterile, distilled water was added to the
cultures, and the colonies were gently scraped to produce a suspension. Using a
hemacytometer, a final inoculum of 104 conidia/ml was prepared (10). Antibiotic
Medium 3 (Difco Laboratories, Detroit, Mich.) was used for testing amphoter-
icin B (Fungizone; Squibb, Princeton, N.J.) (0.03 to 16 mg/ml), and RPMI 1640
buffered with morpholinepropanesulfonic acid (MOPS) (American Biorganics,
Niagara Falls, N.Y.) was used for testing 5-FC (Hoffman-La Roche, Nutley, N.J.)
(0.125 to 64 mg/ml), fluconazole (Diflucan; Pfizer, Sandwich, England) (0.125 to
64 mg/ml), itraconazole (Janssen, Beerse, Belgium) (0.03 to 16 mg/ml), voricon-
azole (Pfizer, Sandwich, England) (0.03 to 16 mg/ml), and SCH 56592 (Schering,
Kenilworth, N.J.) (0.03 to 16 mg/ml). Amphotericin B and fluconazole were
prepared from pharmaceutical solutions in sterile water. 5-FC was prepared from
powder to a stock solution of 6,400 mg/ml in sterile water. Itraconazole, voricon-
azole, and SCH 56592 were prepared from powder to stock solutions of 1,600
mg/ml in 100% polyethylene glycol. Tubes were incubated at room temperature
(25°C) and read at 48 and 72 h.

RESULTS
M. anisopliae belongs to the class Hyphomycetes (11). Iso-

lates were identified based on colony and microscopic mor-
phology. On Sabouraud dextrose agar, colonies were initially
white to tan and then generally turned a dark olive green as
conidia were produced in visible columns (Fig. 1A and B). A
yellow pigment was produced. There are two subspecies, vari-
ety (var.) anisopliae and var. major, distinguished primarily on
the basis of conidial size (12). M. anisopliae var. anisopliae has
smaller conidia (5.0 to 8.0 mm) than var. major (10.0 to 14.0
mm) (12). In our isolates, identified as M. anisopliae var. aniso-
pliae, phialoconidia were elongate and green, had one or both
ends rounded, measured 6.0 to 8.0 by 2.5 to 3.5 mm, and were
arranged in long chains and columns (Fig. 1C). Although slow,
growth was best at 25°C, with colonies reaching 7.0 cm after 3
weeks at 25°C on Sabouraud dextrose agar. Growth was slower
on potato flake agar, with colonies reaching 4.2 cm after 3
weeks, with minimal color production. There was little to no
growth at 35°C.

DISCUSSION
M. anisopliae is a well-known insect pathogen that has re-

cently been the subject of case reports of disease in humans
and a cat. We present two cases of sinusitis in humans due to
this organism and susceptibility testing using the NCCLS mac-
robroth method.

Fungal sinusitis has only recently become well characterized.
Several types are recognized, though these may be divided into
invasive and noninvasive (4, 7). Aspergillus is the most common
organism implicated, though dematiaceous fungi such as Cur-
vularia, Alternaria, and Bipolaris are commonly seen in cases of
allergic fungal sinusitis (4, 7). To our knowledge, Metarrhizium
species have not previously been reported as etiologic agents.

It is apparent that, though rare, M. anisopliae is able to cause
disease in both immunocompromised and immunocompetent
individuals. How infection becomes established in these cases
is not clear, however. As it has a worldwide distribution in soil,
exposure may be common. In addition, M. anisopliae has been
used to control insect populations, though whether this may
lead to increased cases of human disease is not clear. There
have been no documented cases associated with local use in
insect control. To our knowledge, the cases presented in this
report were not associated with use of M. anisopliae for insect
control.

In most cases of noninvasive fungal sinusitis, antifungal ther-
apy is not needed, and surgery with or without steroids (allergic
fungal sinusitis) is effective (4). If needed, amphotericin B or
itraconazole are generally used, though newer azole agents
may prove effective in the future. In the cases of sinusitis
presented here, surgery alone was effective, and antifungal
treatment was not needed.

Susceptibility testing using the NCCLS macrobroth method
modified for filamentous fungi suggests that M. anisopliae may
be resistant to amphotericin B, 5-FC, and fluconazole. Even
minimal fungicidal concentrations for amphotericin B were
.16 mg/ml. This is supported by the observation that treatment
with amphotericin B and 5-FC in a case of disseminated dis-
ease did not produce any clinical improvement. In that report,
the authors used a tablet diffusion method and obtained MIC
results that suggested that the organism was susceptible to
amphotericin B but resistant to azole agents. As antifungal
susceptibility testing of filamentous fungi has not yet been
standardized and many variables affect the results, it is not
possible to directly compare these methods. The NCCLS is
currently evaluating broth methods in order to develop a stan-
dard similar to that approved for yeasts (6).

Using the modified NCCLS method, MICs of itraconazole
are lower, and this may be a more effective agent. In the case
report of a cat with invasive disease, itraconazole did produce
a clinical response, though relapse occurred after the drug
treatment was discontinued. In addition, the newer azoles vori-
conazole and SCH 56592 also demonstrated in vitro activity
comparable to that of itraconazole, and these and other new
antifungal agents may be useful in the future. Further testing
and experience is necessary before more definitive recom-
mendations can be made regarding treatment of this unusual
pathogen.
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