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Allergic Fungal Sinusitis Associated with Trichoderma longibrachiatum
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We describe allergic fungal sinusitis caused by Trichoderma longibrachiatum in a patient with a history of
atopy and asthma. A Gram stain of a sinus biopsy specimen was initially thought to contain yeast cells, but
when Trichoderma was recovered in culture, these cells were subsequently recognized as chlamydospores. The
patient was successfully managed with a combination of sinus lavage, oral corticosteroids, itraconazole, and
allergen immunotherapy. This case also points out that careful scrutiny of direct smears is required to ensure
that fungal structures are not misinterpreted.

CASE REPORT

A 52-year-old woman was diagnosed with chronic sinusitis in
1997 after complaining of nasal congestion, sinus pressure, and
headaches. She had a history of atopy and asthma since child-
hood. Since 1997, she required low-dose oral corticosteroids
for the asthma. A CT scan of the sinuses done in September
1997 showed pansinusitis without evidence of polyps. Both
osteomeatal units were opacified, and mucosal thickening was
seen. She had eosinophilia and her serum immunoglobulin E
(IgE) level was elevated at 2,227 �g/liter. Endoscopy revealed
edema of the mucosal membranes in both middle meatii with
thick mucus. No polyps or masses were visualized.

Because of frequent acute episodes of sinusitis requiring
therapy with various antibiotics, it was felt that she would
benefit from sinus surgery. She underwent bilateral endoscopic
ethmoidectomy and antrostomy in December 1998 with signif-
icant relief of her nasal symptoms. However, her symptoms
returned in May 1999 and she was sent for allergy testing.
Through skin testing, she was found to be allergic to various
environmental agents but not to molds. At this time, her blood
count was normal with no eosinophilia. However, her serum
IgE level was still elevated (2,190 �g/liter). She required a
bilateral endoscopic maxillotomy and revision ethmoidectomy
in January 2000. The tissue showed edema with chronic mu-
cosal inflammation. Inflammatory polyps were also removed
from the left ethmoid sinus. Fungal elements were not ob-
served in periodic acid-Schiff stains of the tissue. She had
transient relief of her symptoms until April 2000 when her
nasal congestion returned.

The presence of inflammatory polyps and mucosal changes
in her sinuses was consistent with an allergic etiology, so she
was reinvestigated for allergies in April 2000. Repeat skin
testing now showed a reaction to Aspergillus spp. and several
other common molds. Allergic fungal sinusitis (AFS) was sus-
pected and she was started on nebulized itraconazole and a

leukotriene receptor antagonist. These were discontinued in
June 2001, as she had no improvement.

Bilateral endoscopic antral lavage was done in January 2002.
A large amount of tenacious yellow mucus was removed from
both maxillary sinuses. Biopsy specimens were taken from the
left and right antrum for direct microscopy and culture. A
fast-growing mold was isolated in pure culture and identified as
a Trichoderma species. Given the high propensity for relapse of
AFS, a trial of allergen immunotherapy and oral itraconazole
was also initiated with some improvement. The patient’s symp-
toms are presently well controlled with low-dose corticoste-
roids and intranasal itraconazole. Her sinuses remain free of
any inflammatory polyps or mucosal changes.

AFS is the most common form of fungal sinusitis. Patients
afflicted with AFS are immunocompetent but often have a
history of atopy and asthma exacerbated by their sinusitis (26).
AFS is analogous to allergic bronchopulmonary aspergillosis in
that the fungus acts as an allergen to elicit an intense immune
response (1). There is no invasion of the mucosa, granuloma
formation, or tissue necrosis.

The diagnosis of AFS is often missed in cases of unexplained
chronic sinusitis. Approximately 6 to 7% of chronic rhinosi-
nusitis cases requiring surgery are caused by AFS (13, 28). The
primary etiologic agents described in AFS are dematiaceous
fungi, especially Bipolaris spicifera or Curvularia lunata in some
geographic regions (20, 26), Aspergillus species (8, 13), and the
basidiomycete Schizophyllum commune (12, 30, 31). Presum-
ably, the disease begins with colonization of the paranasal
sinuses by spores of an airborne fungus. In a susceptible pa-
tient, this leads to a fungal-specific IgE and IgG response (8,
9). The result is sinus obstruction due to buildup of allergic
mucin and hypertrophy of the sinus mucosa, often with polyp
formation (19).

Treatment for this disease usually involves surgical debride-
ment to remove the hypertrophic tissue and mucinous concre-
tions (1). Nasal and oral corticosteroids are often used to
modulate the immune response (27). In refractory cases, a trial
of systemic antifungal therapy may be warranted (5, 19, 30, 34).

* Corresponding author. Mailing address: Department of Microbi-
ology, Mount Sinai Hospital, 600 University Ave., Toronto, Ontario,
Canada M5G 1X5. Phone: (416) 586-4695. Fax: (416) 586-8746. E-mail:
tmazzulli@mtsinai.on.ca.

5333



The role of fungal-specific allergen immunotherapy is promis-
ing but still remains under evaluation (18). However, this is a
chronic disease with frequent recurrences and none of these
therapies has been highly effective.

While Trichoderma species are usually regarded as sapro-
phytes, there are rare reports of serious infections in immuno-
compromised hosts. It has become apparent that most reports
of infection implicate the thermotolerant species T. longibra-
chiatum, as determined through a better understanding of spe-
cies concepts and by molecular reevaluation of published case
isolates (3, 7, 14, 25). Furukawa et al. (6) described acute
invasive sinusitis secondary to T. longibrachiatum in an immu-
nocompromised patient, and Kuhls et al. (14) briefly men-
tioned a case of maxillary sinus infection. We have described
here a case of colonization of the paranasal sinuses by T.
longibrachiatum in a patient with AFS.

Microbiology. The left- and right-antrum biopsy specimens
from our patient were inoculated on sheep’s blood, MacCon-
key, and chocolate agar media for bacteria and on inhibitory
mold agar, esculin base medium, and special blood agar for
fungi. Gram stains of the specimens revealed polymorphonu-
clear cells, bacteria, and round cells initially reported as yeast
cells (Fig. 1). Septate hyphae and round to oval yeast-like cells
were seen with calcofluor staining.

Within 48 h, a thin, spreading, fragile, flaky, and granular
mold began to appear on all culture media. The fungus was
bright yellow on blood agar and chocolate agar but uncolored
on MacConkey agar. In a scotch-tape lactophenol aniline blue
(LPAB) preparation, structures consistent with Trichoderma
species were observed. With the recovery of a mold, the Gram
stain was reexamined and the presence of oval to round non-
budding cells was confirmed. Septate hyphae were also found
in different fields (Fig. 2).

The fungus was subcultured on potato dextrose agar (PDA).
Several days later, a tuft of dense white cottony mycelium,
touching the lid of the petri dish, appeared above the existing
yellowish-green growth, suggesting the possible presence of a
second fungus. A LPAB preparation of the cottony growth
revealed oval structures (Fig. 3) resembling the conidia of

Scedosporium apiospermum. However, a subculture on Littman
oxgall agar yielded a fungus with the characteristic Tricho-
derma morphology and the oval structures were later identified
as chlamydospores.

Cultures from the biopsy specimens were referred to the
University of Alberta Microfungus Collection and Herbarium
(Edmonton, Canada) where they were retained as UAMH
10147 and 10147A. The fungus was identified as T. longibra-
chiatum based on the following features: a radius of 60 mm on
PDA after 65 h at 35°C (radius of 55 mm at 30°C); a yellow
diffusing pigment absent at 35°C but present at 30°C; phialides
that were mostly solitary, cylindrical, and tapered at the neck;
and conidia that were smooth and ellipsoidal and measuring
3.5 to 5 �m long and 2.5 to 3 �m wide on PDA. Chlamydo-
spores were common, appearing either terminal or oval to
globose or intercalary and cylindrical to barrel shaped and
measuring 6 to 10 �m long and 3 to 5 �m wide. These features
agree with criteria described by Samuels et al. (25), which

FIG. 1. Gram stain of antral biopsy specimen showing globose cell
initially thought to represent a nonbudding yeast.

FIG. 2. Gram stain of antral biopsy specimen revealing septate
hyphae.

FIG. 3. LPAB preparation showing chlamydospores of T. longi-
brachiatum.
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include fast-growing yellowish-green colonies on PDA with a
radius greater than 35 mm at 40°C in 65 h; a yellow diffusing
pigment present at 30°C but absent at 40°C; and hyphae spar-
ingly branched and forming phialides that are mostly solitary,
not typically in whorls. Phialides are usually cylindrical and
gradually tapered with smooth, oblong to ellipsoidal conidia.
Chlamydospores are commonly present. The typical micro-
scopic features of T. longibrachiatum are illustrated in Fig. 4
and in recent publications (3, 24). Identity of the case isolate
(UAMH 10047) was confirmed by sequencing of the nuclear
ribosomal internal transcribed spacer region, which revealed
100% homology with GenBank sequences of T. longibrachia-
tum.

Discussion. T. longibrachiatum is a member of the Tricho-
derma section longibrachiatum and is the main human patho-
genic species in the genus (3, 14, 25, 32). Members of this
section are connected to teleomorphs in the Hypocrea schwein-
itzii complex though no teleomorph is known for T. longibra-
chiatum (25). The close relative T. citrinoviride (teleomorph H.
schweinitzii) has been linked to one report of infection (14).
Both species have worldwide distributions, but neither has
been isolated from Australasia (25). They occur in soil, wood,
decaying vegetation, or other cellulose-containing substances.
Trichoderma species may also be cultured from materials in
water-damaged buildings (14). A Danish study determined
that almost half of the Trichoderma isolates obtained from
building materials represented T. longibrachiatum and T. citri-
noviride (17).

T. longibrachiatum is an uncommon cause of invasive, some-
times fatal infection in immunocompromised patients (3, 32).
Sites involved include brain (7, 21, 24, 29), skin (21), and
peritoneum (33). A recent case of otitis externa in an otherwise
healthy 12-year-old boy was resolved following treatment with
topical nystatin (10). Acute invasive sinusitis secondary to T.
longibrachiatum was reported in a patient who received a liver
and small-bowel transplant (6). In that case, the infection was
successfully treated with surgical debridement followed by ad-
ministration of amphotericin B and oral itraconazole. Previous

reports on T. longibrachiatum infections have documented in
vitro resistance to various antifungals including itraconazole
and amphotericin B (6, 21, 24, 29). The relationship between in
vitro MIC for various antifungals and in vivo response has not
been established for Trichoderma species. The previously de-
scribed cases of Trichoderma disease have been in profoundly
immunocompromised patients, and the poor outcomes were
likely independent of treatment with a susceptible or nonsus-
ceptible drug. We elected to use oral itraconazole in our pa-
tient as previous studies have shown it to be the oral antifungal
agent with the lowest MIC against T. longibrachiatum. High
MICs are not necessarily predictive of outcome, as in cases of
Acremonium (now Fusarium) falciforme infection which re-
spond to itraconazole even though the in vitro MIC was mea-
sured as 32 �g/ml (3). However, given the possibility of in vivo
resistance, we cannot attribute the patient’s recovery to the use
of oral itraconazole.

AFS has been associated with several different fungi but not
previously with T. longibrachiatum. The etiology of T. longibra-
chiatum in our patient’s case was confirmed by the presence of
characteristic fungal elements in the surgical specimen and by
growth of the fungus in pure culture. No other pathogens were
identified. Direct microscopic visualization of the fungal ele-
ments in the sinus biopsy sample suggests that the fungus was
indeed growing in the sinus rather than existing as a dormant
conidium. The Gram stain was useful in identifying the fungal
elements even though the round to oval nonbudding cells were
initially misinterpreted as yeast cells. Retrospective examina-
tion revealed that these cells were actually chlamydospores,
which are a notable microscopic feature of T. longibrachiatum
growing in culture. Rare septate hyphae were also observed
near the chlamydospores.

The exact pathophysiology of AFS is still unknown. It is
thought that certain individuals are more susceptible to nasal
sinus colonization with fungus due to changes in the os-
teomeatal complex or composition of the mucin (1). In the
atopic patient, a reaction ensues leading to the development of
AFS, whereas in a nonreactive individual, the formation of a
fungus ball or “sinus mycetoma” may occur. AFS remains an
underdiagnosed condition due to not only a lack of awareness
among physicians but also the inability to demonstrate the
presence of fungi in many suspected cases. The current diag-
nostic criteria for AFS are (i) chronic rhinosinusitis; (ii) the
presence of allergic mucin; and (iii) the presence of fungi
within that mucin, confirmed by histology, culture, or both (4,
20, 23). Establishing a causal relationship between the fungal
culture results and the clinical presentation of AFS can be
difficult, since many of the fungi isolated are ones that are
more commonly considered as contaminants. Sometimes,
more than one fungus may be grown. Clinical correlation is
often necessary for interpretation of direct smears and fungal
cultures from such patients.

The role of individual fungi, including Trichoderma species,
in causing AFS remains to be elucidated (2, 22). Although
exposure to T. citrinoviride in damp buildings has been associ-
ated with an increased risk of developing adult asthma, as
determined by increased concentrations of IgG antibody levels,
the findings do not correlate with a causal relationship (11). T.
viride has been shown to produce volatile trichothecene com-
pounds which can induce histamine release from human mast

FIG. 4. Slide culture preparation showing the cylindrical phialides
and conidia of T. longibrachiatum.
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cells (15). In addition to these mycotoxins, fungal-specific IgE
may also contribute to the inflammatory response (16). Fur-
ther work in identifying the agents of AFS may help in eluci-
dating the common mechanisms of this disease.

L. Sigler thanks the Natural Sciences and Engineering Research
Council of Canada for financial support and C. F. C. Gibas for se-
quencing the case isolate.
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