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We report the first case of Chrysosporium zonatum infection in a 15-year-old male with chronic granuloma-
tous disease who developed a lobar pneumonia and tibia osteomyelitis while on prophylaxis with gamma inter-
feron. The fungus was isolated from sputum and affected bone, and hyphae were observed in the bone by his-
topathology. Therapy with amphotericin B eradicated the osteomyelitis and pneumonia, but pneumonia recurred in
association with pericarditis and pleuritis during therapy with itraconazole. These manifestations subsided,
and no recurrences occurred with liposomal amphotericin B therapy. Infections caused by Chrysosporium spe-
cies are very rare, and C. zonatum has not previously been reported to cause mycosis in humans. This species,
the anamorph of the heterothallic ascomycete Uncinocarpus orissi (family Onygenaceae), is distinguished by its
thermotolerance, by colonies which darken from yellowish white to buff, and by club-shaped terminal aleurio-
conidia borne at the ends of short, typically curved stalks. The case isolate produced fertile ascomata in mating
tests with representative isolates. The median (range) MICs for our isolate as well as those for two other hu-
man isolates and a nonhuman isolate determined by the National Committee for Clinical Laboratory Stan-
dards method adapted for moulds were <0.06 mg/ml (<0.06 to 0.25 mg/ml) for amphotericin B, 0.687 mg/ml
(0.25 to 2 mg/ml) for itraconazole, >128 mg/ml (>128 mg/ml) for flucytosine, and 48 mg/ml (32 to >128 mg/ml)
for fluconazole.

Fungal infections are a major cause of morbidity and mor-
tality in immunocompromised patients including those with
chronic granulomatous disease (CGD), a congenital disease
that causes immunodeficiency. GCD is due to a phagocytic
defect in NADPH-mediated oxidative burst that induces sus-
ceptibility of the host to many catalase-positive organisms in-
cluding certain fungi. Aspergillus fumigatus is the single most
common cause of fungal infections in these patients (5). Other
rare and emerging fungi can, however, cause significant dis-
eases (2, 6, 12, 13, 23, 33, 34, 38).

Members of the genus Chrysosporium are common soil sa-
probes, many of which are keratinophilic fungi involved in the
breakdown of shed keratinous substrates. Such fungi are oc-
casionally encountered in the diagnostic laboratory predomi-
nantly as contaminants of cutaneous or respiratory specimens,
in which they may mimic true dermatophytes or the dimorphic
pathogens (27). In humans, there are only rare reports of deep
infection caused by species of Chrysosporium, and most of
these are difficult to evaluate because the etiologic agent has
not been well described (9, 15, 31, 35–37). Moreover, some
confusion has occurred among reports in the literature con-
cerning adiaspiromycosis because the etiologic agents of this
infection were formerly considered to be members of the genus
Chrysosporium. Adiaspiromycosis, characterized by the devel-

opment of large, thick-walled spores (adiaspores), occurs pri-
marily as a pulmonary infection in rodents and other small
mammals and rarely in humans. The infection is caused by
species of the genus Emmonsia, E. crescens and E. parva (25).
Emmonsia species have been shown to be biological relatives
of the dimorphic fungi Blastomyces dermatitidis and Histoplas-
ma capsulatum, as judged by the formation of meiotic (sexual)
stages in the genus Ajellomyces and by comparison of nucleic
acids (3, 10, 22, 25, 26).

The fungus isolated from our patient’s disseminated infec-
tion is Chrysosporium zonatum. This organism recently has
been proven to have a meiotic stage in the ascomycete genus
Uncinocarpus (family Onygenaceae), the type species of which
has Coccidioides immitis as a close relative (3, 21, 30). To our
knowledge, this is the first case of infection due to C. zonatum
reported in humans and the first case of infection caused by a
Chrysosporium species in a CGD patient. We use this patient’s
case to review other reports of non-Aspergillus fungal infec-
tions in CGD patients.

CASE REPORT

A 15-year-old male with X-linked chronic granulomatous
disease was admitted to the hospital for a lobar pneumonia.
His past history was significant for a staphylococcal pneumonia
at the age of 8 years and a granulomatous soft-tissue infection
due to Serratia marcescens with a fever of several months’
duration at the age of 12 years. The last infection was also the
one that led to the diagnosis of CGD in him and his younger
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brother. Prophylactic therapy with 50 mg of gamma interferon
per m2 three times weekly had been initiated 2 months earlier.

The patient presented with pain in his right shoulder and an
infrequent cough of approximately 1 month in duration and
with a fever for the last 24 h. On physical examination at
admission, a temperature of 39°C was found and crepitant
rales were audible above his right lung. A chest X ray revealed
a lobar opacity in the lower right lung field and widening of the
left hilum. The initial laboratory findings included a mild leu-
kocytosis (9,300 leukocytes/mm3 with 80% neutrophils) and an
erythrocyte sedimentation rate of 119 mm in the first hour.
Intravenous antibacterial therapy consisting of cefuroxime and
clindamycin was promptly initiated, and the patient exhibited
improvement of his symptoms. A chest computed tomography
(CT) scan showed a well-demarcated large mass in the right
lower lobe, enlarged left hilar lymph nodes, and lingular pneu-
monitis (Fig. 1). A culture of a sputum sample taken at admis-
sion grew a Chrysosporium species.

During the second week of antibacterial therapy, the patient
complained of pain of the distal part of his right tibia, where
swelling and warmth were also evident. A tibia X ray was
diagnostic for osteomyelitis. A biopsy of the tibia lesion re-
vealed granulomatous tissue. In addition, a few short and thick

hyphae were observed in the bone site by histopathology (Fig.
2). Cultures of the bone biopsy specimen yielded the same
fungus that had grown from the patient’s sputum and were
negative for bacteria. Both isolates were subsequently identi-
fied as C. zonatum. Antifungal therapy with 1 mg of ampho-
tericin B per kg of body weight daily was initiated, and the
antibacterial drugs were discontinued.

After 4 weeks of therapy with amphotericin B, the patient’s
pulmonary infection was improved. His tibia osteomyelitis was
resolved and did not recur during follow-up of more than a
year. A new chest CT scan showed almost complete disappear-
ance of the right lower lobe mass and decrease of the lymph
nodes. Amphotericin B was discontinued, and oral therapy
with 8 mg of itraconazole/kg/day was initiated. However, in-
fection recurred, as evidenced by a new fever and increased
opacities on the left thorax, and therapy was changed to am-
photericin B. Three and a half months after the initial presen-
tation, a chest CT scan showed that the lobar pneumonia was
totally resolved except for very small linear opacities consid-
ered to be fibrotic tissue. Due to entire healing of the osteo-
myelitis and pulmonary infection as well as renal impairment,
therapy with amphotericin B was discontinued and itracon-

FIG. 1. Chest CT. (A) Enlarged left hilar lymph nodes and lingular pneumonitis. (B) Right lower lobe mass.

VOL. 37, 1999 C. ZONATUM AND CHRONIC GRANULOMATOUS DISEASE 19



azole was again initiated with instructions for maximal absorp-
tion.

The MICs for the bone isolates (median of five determina-
tions), as measured by a modification of the National Com-
mittee for Clinical Laboratory Standards (NCCLS) method
adapted for moulds (8), were 0.25 mg/ml for amphotericin B, 2
mg/ml for itraconazole, .128 mg/ml for flucytosine, and 32
mg/ml for fluconazole. Serum itraconazole concentrations were
not measured. After 5 weeks of therapy with itraconazole,
thoracic infection recurred and was manifested as pneumonia,
pericarditis, and pleuritis. Itraconazole was discontinued and
therapy with amphotericin B and methylprednisolone was
promptly initiated. Studies for infection due to coxsackievirus
and other viruses were negative. Due to a rapid increase in the
patient’s serum creatinine level to .176 mmol/liter (.2.0 mg/
dl), conventional amphotericin B was replaced by liposomal
amphotericin B at a dosage of 5 mg/kg every day. No recur-
rences occurred after that. Methylprednisolone was gradually
discontinued after 15 days. The patient’s condition improved,
and approximately 4 weeks after the initiation of liposomal
amphotericin B, therapy with this compound started to be

gradually decreased to 5 mg/kg every other day for 4 additional
weeks, three times a week for 6 weeks, two times a week for 4
weeks, and once a week to the completion of a total of 1 y of
antifungal therapy. Eight months after the discontinuation of
therapy, the patient is doing well and continues to receive
prophylactic gamma interferon.

MATERIALS AND METHODS

Identification. The isolate from bone was sent to the University of Alberta
Microfungus Collection and Herbarium (UAMH), where it was deposited as
strain UAMH 8936. Strain UAMH 8936 was included in a taxonomic and mating
study assessing the relationship among and between 20 wild-type isolates pre-
liminarily identified as Pseudoarachniotus orissi, Gymnoascus arxii, C. zonatum,
Chrysosporium gourii, or Chrysosporium sp. strain IX and 4 single-ascospore
isolates derived from a cross of UAMH 4427 and UAMH 6500 (30). Colonial
morphology and growth rate were assessed on potato dextrose agar (PDA; Difco
Laboratories, Detroit, Mich.) at 25 and 37°C, and tolerance to cycloheximide at
400 mg/ml was tested by measuring the growth rate at 25°C on Mycosel agar
(Becton Dickinson Microbiology Systems, Cockeysville, Md.). Terms for colony
colors are from Kornerup and Wanscher (14). Microscopic morphology was
examined in slide culture preparations with pablum cereal agar (27). The pa-
tient’s isolate was also evaluated for its growth on BCP-milk solids-glucose agar
and in Christensen’s urea broth (11) and for its capacity to degrade human hair

FIG. 2. Histopathological findings from tibia osteomyelitis. (A) Silver methenamine stain. Magnification, 3680. Polymorphic fungal elements can be seen in the
midst of inflammatory infiltrate of tibia lesion. (B) Hematoxylin-eosin stain. Magnification, 31,600. In the midst of inflammatory cells, fungal elements (three of them
in the lower part of the picture) with a thin capsule and a fine basophilic internal structure can be recognized.
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by previously described methods (27). Because the case isolate was received near
the completion of the larger taxonomic study, it was evaluated in mating tests
involving only plus (UAMH 6635) and minus (UAMH 6636) mating strains and
two wild-type isolates from human sources (strains UAMH 9067 and UAMH
9068) by previously described methods (30).

In vitro susceptibility testing. Antifungal susceptibility testing was performed
in the Infectious Diseases Laboratory at the University of Thessaloniki with the
case isolate, two isolates (strains UAMH 9067 and UAMH 9068) that colonized
the lung cavities of patients (32), and an isolate from a nonhuman source (strain
UAMH 6635). The MICs of amphotericin B, flucytosine, itraconazole, and
fluconazole were determined by a modification of the NCCLS method adapted
for moulds (8, 19). Briefly, isolates and controls were grown on PDA at 35°C for
2 to 3 days and were then conidiated at room temperature for a total of 7 days.
Stock drug solutions to be used were placed in the wells of 96-well plates.
Twofold dilutions of the drug solutions were made in RPMI 1640 containing 2%
glucose buffered with morpholinepropanesulfonic acid (MOPS) to pH 7.0. A
suspension of 5 3 104 conidia of each isolate per ml was prepared after counting
of the conidia with a hemocytometer. The suspension was added to the wells, and
the mixtures were incubated at 35°C. Each row of the plates contained 10 twofold
serial dilutions of each antifungal agent and drug-free medium in wells 11 and 12
as a sterility check and as a growth control, respectively. Plates were examined
for growth at 24, 48, 72, and 96 h. Results are the recordings at 72 h, which were
considered optimal. MICs were defined as the lowest concentration of the anti-
fungal agent that completely inhibited visible fungal growth. As standard quality
control strains, A. fumigatus ATCC 9197 and Paecilomyces variotii ATCC 22319
(kindly provided by Juan-Luis Rodriguez-Tudela) were included in the assay. Op-
tically clear wells were cultured on Sabouraud dextrose agar plates and incubated at
35°C for 72 h. Minimum lethal concentrations were defined as the lowest concen-
tration of the antifungal that completely inhibited the growth of fungal colonies.

RESULTS

The case isolate (UAMH 8936) was identified as C. zonatum
by its colonial and microscopic features. Colonies (Fig. 3) on
PDA at 37°C were flat and coarsely powdery and initially
appeared yellowish white (4A2) but darkened by 14 to 21 days
to buff (greyish [5B] or brownish [6C4] orange) with a light
brown reverse (numbers in parentheses and brackets refer to
color numbers from reference 1). Colony topography and color
on PDA were similar at 37 and 25°C, but darkening of the
colony obverse and growth rate were slightly faster at 37°C
(diameter, 73 mm in 14 days) than at 25°C (diameter, 66 mm).
The isolate was resistant to cycloheximide, as judged by its
growth on Mycosel medium (diameter, 58 mm in 14 days at
25°C), and it produced urease and vigorously digested hairs,
with the formation of perforating bodies. On BCP-milk solids-
glucose agar after 11 days, it grew profusely and showed no pH
change.

Microscopically, the isolate forms solitary aleurioconidia

that are borne at the ends of short, typically curved stalks or
that are sessile (borne on the sides of the hyphae) (Fig. 4).
Conidia are single celled, rarely two celled, smooth to slightly
roughened, and clavate (club shaped) to broadly obovoid (egg
shaped) and have a rounded tip and a broad, flat basal scar.
They measure (3.5) 4 to 8 (13) mm long and (2.5) 3 to 5 mm
wide. Intercalary arthroconidia may be formed but are uncom-
mon. Racquet hyphae (hyphae showing swellings near the
septa) are common. In mating tests, the case isolate was de-
termined to be of the minus mating type as a result of its
formation of ascomata and ascospores (Fig. 5 and 6) in a
pairing with a plus mating strain (UAMH 6635) of Uncinocar-

FIG. 3. Colony of C. zonatum UAMH 8936 (case isolate) on PDA after 14
days at 37°C. Magnification, 30.8.

FIG. 4. Microscopic appearance of C. zonatum in slide culture preparations
showing aleurioconidia borne at the tips of short, typically curved stalks (curved
arrow) or sessile (straight arrow). (A) Case isolate (UAMH 8936). Magnifica-
tion, 3580. (B) Isolate with a single ascospore (UAMH 6635). Magnification,
3460.
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pus orissi and with a wild-type isolate from another human
source (UAMH 9068).

The MICs for the human and nonhuman isolates are pre-
sented in Table 1. By current methods, the four tested isolates
are susceptible in vitro to amphotericin B (MIC range, #0.06
to 0.25 mg/ml) and resistant to flucytosine and fluconazole
(MIC range, .128 mg/ml and 32 to .128 mg/ml, respectively).
The itraconazole, MIC range was 0.25 to 2 mg/ml, and the MIC
for the isolate from our patient was the highest one.

DISCUSSION

C. zonatum has not previously been reported to cause infec-
tions in humans and the case of C. zonatum infection described
here constitutes the first report of an infection caused by a
Chrysosporium species in a CGD patient. C. zonatum caused in
our patient a disseminated infection that included pneumonia,
pleuritis, pericarditis, and osteomyelitis. The pneumonia ap-
peared to be solitary, although during recurrence, the infec-
tious process was also manifested as inflammation of the sur-
rounding tissues, i.e., pericarditis and pleuritis.

The infection may have been acquired by exposure to air-
borne conidia, since the patient had many outdoor activities in
the yard of his family’s countryside house, where he was ex-
posed to soil organisms. Pulmonary colonization by C. zonatum
has been observed in two Japanese patients with suspected
prior tuberculosis (32). In these patients, chest X ray or CT
scan revealed opacities consistent with possible fungal infec-
tion, and C. zonatum was isolated from respiratory specimens.
Similarly to our patient, both Japanese patients received itra-
conazole therapy without improvement, but one patient’s
symptoms resolved following cavitary infusion of amphotericin
B. The other patient died during the course of therapy, and no
autopsy was done.

Our susceptibility data suggest that the organism is suscep-
tible to amphotericin B but moderately resistant to itracon-
azole, as judged by NCCLS interpretative guidelines for yeasts
(19); however, standardized values are not yet available for

filamentous fungi, and evaluation of the relationship between
in vitro drug susceptibility results and in vivo outcome is under
intense research (8, 20). For the four isolates tested, itracon-
azole MICs were 0.25 to 2 mg/ml, and the MIC for our patient’s
isolate was the highest one. This finding appears to correlate
with the course of his infection, since therapy with itraconazole
was twice followed by exacerbation of his disease. However, it
is uncertain that exacerbation was due to a lack of in vivo
activity of itraconazole because (i) drug concentrations were
not measured (although the patient received the drug accord-
ing to instructions for maximal absorption) and (ii) the exac-
erbation of symptoms might have been due to excessive in-
flammation rather than to a recurrence of infection. It is
known that CGD causes excessive inflammation even in re-
sponse to dead hyphae (17). Because our data suggest that the
current azoles may not be clinically active against the organ-
ism, we recommend that they should not be used empirically or
even on the basis of in vitro antifungal susceptibility results
until susceptibility testing methods for moulds are well stan-
dardized and their results are correlated with the clinical out-
come. Investigational antifungal agents that have no significant
toxicity and that can be used as an oral formulation, including
the new azole voriconazole, also need to be studied for activity
against this rare filamentous fungus to determine if they can be
used as alternatives to amphotericin B.

FIG. 6. Scanning electron microscopic appearance of oblate ascospores of a
cross of strains UAMH 6499 and UAMH 6500 reveals minute surface pits
(puncta) and a shallow equatorial furrow (arrow). Bar, 4 mm.

TABLE 1. Drug susceptibility data for human and
nonhuman isolates of C. zonatuma

Isolate
source Isolate

MIC (mg/ml) MLC (mg/ml)

AmB 5FC Flu Itra AmB 5FC Flu Itra

Human UAMH 8936b 0.25 .128 32 2 0.25 .128 ND ND
UAMH 9067 ,0.06 .128 .128 1 ,0.06 .128 ND ND
UAMH 9068 ,0.06 .128 .68 0.56 ,0.06 .128 ND ND

Nonhuman UAMH 6635 ,0.06 .128 .68 0.25 ,0.06 .128 ND ND

a AmB, amphotericin B; 5FC, flucytosine; Flu, fluconazole; Itra, itraconazole;
ND, not determined.

b Case isolate.

FIG. 5. Oblate (appearing flattened in the side view and spherical in the face
view) ascospores (straight arrow) of the sexual stage of U. orissi and detached
conidia of the C. zonatum stage (curved arrow). Ascospores were formed in a
mating between the case isolate (UAMH 8936) and an isolate with a single
ascospore (UAMH 6635). Magnification, 3580.
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Excluding reports concerning adiaspiromycosis (25), there
are few reports of deep infection that have involved Chryso-
sporium species (31). Endocarditis in a prosthetic aortic valve
(36); disseminated infection that involved the brain, lungs,
sinuses, liver, and kidneys in a bone marrow recipient (37) and
that has subsequently been mentioned incidentally (9, 18);
osteomyelitis in an immunocompetent host (35); and sinusitis
(15) have been reported. However, none of these reports iden-
tified the etiologic agent to the species level or mentioned
whether the case isolates were deposited so that further eval-
uations could be done. Toshniwal et al. (36) described the hy-
phal swellings present in a histologic section of the valve veg-
etation as adiaspores, but their Fig. 1 shows abundant hyphae
and the general appearance of the structures is not compatible
with typical adiaspores. Although the fungus illustrated and
described by Warwick et al. (37) clearly represents a species of
Chrysosporium, its restricted growth at 37°C compared with
growth at 25°C suggests that their isolate was not C. zonatum,
nor was it similar to E. parva, as they stated. The fungus caus-
ing the osteomyelitis reported by Stillwell et al. (35) has been
attributed to E. parva in several subsequent papers (e.g., see
reference 37), but the original authors neither mentioned this
species nor reported the presence of adiaspores. Rather, they
reported the presence of “budding cells and septate mycelia.”
The report by Echavarria et al. (7) is the only one identifying
E. parva as a causative agent of osteomyelitis in a patient with
AIDS. Chrysosporium species (15) and Myriodontium kerati-
nophilum (16, 27) have been implicated as agents of sinusitis,
but Sigler and Kennedy (31) have suggested that the fungi
involved may have been misidentified Schizophyllum commune,
a basidiomycete that has invasive potential and that is being
recognized as an emerging agent of sinusitis (24, 31).

Patients with CGD suffer from frequent and serious bacte-
rial and fungal infections. A. fumigatus is the leading cause of
fungal infection (5). Reports of other fungal infections are very
few. In Table 2 we review eight cases of non-Aspergillus fungal
infections previously reported in CGD patients together with
the case described here. Of these, four were caused by species
of Paecilomyces, making this mould the second most frequent
cause of fungal infection in CGD patients; however, the reason
for this frequency is unclear. The remaining five infections were
caused by a variety of filamentous or yeast-like fungi. While
four of the infections were disseminated to multiple body sites,
in general they affected lungs (six cases), soft tissues and skin
(four cases), bones (three cases), and brain (one case). All nine
patients suffered from CGD; three patients had CGD of the
X-linked form, three had CGD of the autosomal recessive
form, and three had CGD of unreported form. Only two of
them had been treated with gamma interferon prophylactically
for 2 and 6 months, respectively, before the infection. Of note,
none of the patients who suffered from a non-Aspergillus fungal
infection had been treated with gamma interferon for longer
than 6 months. In the patient described here, it is possible that
the mould had infected the patient at about the time of or
before the initiation of prophylactic therapy since he was com-
plaining of infrequent cough and pain in his right shoulder for
at least a month before his admission to the hospital.

The diagnosis of fungal infection was suspected and is made
without major difficulty in CGD patients. Diagnosis was based
on histopathologic examination and culture of the biopsy spec-
imen in all patients (Table 2). All patients were treated with
conventional amphotericin B, with the total dose administered
ranging between 25.5 mg/kg and 1.5 g/kg. In addition to am-
photericin B, four patients received itraconazole, three were
treated with miconazole and/or ketoconazole, and one re-
ceived flucytosine and fluconazole. Additionally, three under-

went various surgical procedures, three were started on gamma
interferon in combination with antifungal agents, and 2 re-
ceived leukocyte transfusions. Amphotericin B was adminis-
tered for a duration ranging from 4 weeks to 1 year. Only one
patient (the patient described here) was treated with liposomal
amphotericin B due to the nephrotoxicity of conventional am-
photericin B therapy.

C. zonatum is a poorly known, thermotolerant and keratino-
philic species with a broad distribution. Initially discovered by
horse hair bait from horse dung collected in Kuwait (1), the
fungus has subsequently been recovered from India, southern
Europe (Greece, Italy), the southern United States (Florida),
and Japan (30). Mating tests have proven that C. zonatum is
the anamorph (asexual or mitotic stage) of a heterothallic
ascomycete, U. orissi (synonyms, Pseudoarachniotus orissi and
Gymnoascus arxii) (family Onygenaceae) (30), and confirmed
the identity of the case isolate (UAMH 8936) by production of
ascoma-containing ascospores (Fig. 5) in pairings with compat-
ible mating partners. Ascocarps of U. orissi are solitary, glo-
bose, and reddish brown and are composed of pale reddish
brown ascospores surrounded by thin-walled hyaline racket
hyphae and conidia. Ascospores are oblate (appearing like
flattened disks) with truncate ends and appear smooth under a
light microscope to slightly pitted (punctate) under a scanning
electron microscope (Fig. 6). The anamorph C. zonatum (syn-
onym, C. gourii) differs from other members of the genus
Chrysosporium by its faster growth at 37°C than at 25°C (Fig.
3), by colonies which darken to buff, and by clavate, broadly
truncate aleurioconidia typically borne on short, curved stalks
(Fig. 4). Chrysosporium queenslandicum, another thermotoler-
ant and keratinophilic species, is similar, but colonies do not
darken, and intercalary arthroconidia are common. Because of
similarities between their anamorphs and teleomorphs (sexual
or meiotic stages), the teleomorph of C. queenslandicum has
also been placed in the genus Uncinocarpus as Uncinocarpus
queenslandicus (synonyms, Apinisia queenslandica and Brun-
neospora reticulata) (30).

The genus Uncinocarpus was described in 1976 for the het-
erothallic species Uncinocarpus reesii, which formed ascomata
composed of a loose network of uncinate appendages. Its dis-
tinctive arthroconidial anamorph (Malbranchea stage) as well
as its habitat in desert soils have suggested some affinity with
the dimorphic pathogen Coccidioides immitis (28, 29). Support
for this relationship has come from recent molecular phyloge-
netic analyses which found that U. reesii is a close relative of
C. immitis (3, 21), from molecular evidence of recombina-
tion in C. immitis (4), and from the finding of helically coiled
hyphae in some isolates of C. immitis (30). Although the mei-
otic stage of C. immitis remains elusive, the development of
uncinate, helically coiled, or spiral appendages (setae) often
occurs independently of the sexual stage, and such structures
are recognized as markers of potential sexual reproduction in
onygenalean and other fungi. Further support for a relation-
ship between members of the genus Uncinocarpus and C. im-
mitis comes from the fact that one of the species, U. orissi
(C. zonatum), as reported here, has the potential to be a weak
opportunistic pathogen.

C. zonatum, a catalase-positive filamentous fungus, is now
added to the list of human pathogens as a new pathogen,
having caused disseminated infection including pneumonia
and osteomyelitis in a CGD patient. Despite the phagocytic
defect of this patient, the outcome of his infection due to
C. zonatum was favorable. Of note, the outcome of the infec-
tion was favorable in all CGD patients with non-Aspergillus
fungal infections reviewed here except for one who recovered
from Paecilomyces lilacinus infection but who finally suc-
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TABLE 2. Non-Aspergillus fungal infections in CGD patientsa

Patient
no.

Refer-
ence

Age (yr)
at time of
infection

Sex Genetic type
of CGD IFN-gb Infection Fungus Mode of diagnosis Antifungal therapy Outcome

1 6 18 M No Multifocal osteomyelitis
and multiple skin
lesions

Paecilomyces
variotii

Culture (SDA and BHI) and histo-
pathology of bone biopsy specimen

AmB (1.5 g/kg total dose) plus IFN-g
(50 mg/m2 three times/wk); subsequently,
Itra (200 mg/day) plus IFN-g for 1 yr

Alive

2 38 8 M Autosomal recessive Yes (started
6 mo prior)

Soft tissue swelling in the
right heel

Paecilomyces
variotii

Culture (SDA) and histopathology
of soft tissue biopsy specimen

AmB (40 mg/kg total dose in 7 wk);
subsequently, Itra (200 mg/day for 12 mo)

Alive

3 34 4 M X linked No Abdominal wall abscesses Paecilomyces
lilacinus

Positive culture of two biopsy speci-
mens with granulomatous tissue
but not fungal elements on histo-
pathology

AmB (25.5 mg/kg total dose in 2 mo) Recovered but died
4 mo later from
A. fumigatus
infection

4 33 12 M Autosomal recessive
(p67-phox deficient)

No Pulmonary infection Paecilomyces
species

Positive culture of lung biopsy speci-
men with several granulomata on
histopathology

AmB for 4 wk; IFN-g started Alive

5 23 10 M No Disseminated infection
(lung, scalp abscess,
vertebral osteomye-
litis)

Pseudallescheria
boydii

Culture of open lung biopsy specimen
and histopathology showing necrotiz-
ing granulomata and rare branching
fungal forms

Miconazole (30 mg/kg/day for 4 wk);
subsequently, ketoconazole (7 mg/
kg/day for 3 mo); at recurrence, mico-
nazole and debridement; IFN-g
(50 mg/m2 three times/wk); AmB
(1.5 g in 3 mo); subsequently, Itra
(7 mg/kg/day) plus IFN-g

Alive

6 2 15 M No Pulmonary infection Acremonium
strictum

Culture (SDA) of open lung biopsy
specimen and histopathology with
invasive fungal forms

AmB (3 g in 3.5 mo) followed by
ketoconazole

Alive

7 13 18 M X linked (gp91-phox
deficient)

No Pneumonia Sarcinosporon
inkin

Culture and histopathology of lung AmB (2 g in 8 wk), lobectomy, and
leukocyte cell transfusions for 8 wk;
subsequently, Itra

Alive

8 12 21 F Autosomal recessive
(p47-phox deficient)

No Pulmonary and CNS
infection

Exophiala
dermatitidis

Culture and histopathology of
thoracotomy

Resection of thoracic mass, AmB
(2 g total) and 5FC (2 g/day) or
ketoconazole (200 mg/day) plus
leukocyte transfusions for 4 mo,
followed by Flu (300 mg/day for 2 yr)

Alive

9 Present case 15 M X linked Yes (started
2 mo prior)

Pneumonia, pleuritis,
pericarditis, osteo-
myelitis

Chrysosporium
zonatum

Culture and histopathology of bone
biopsy and sputum culture

AmB (30 mg/kg total dose in 4 wk);
Itra (8 mg/kg/day); at recurrence,
AmB for 5 wk, LipAmB (20.3 g
total dose) to completion of 1 y
of therapy

Alive

a Abbreviations: CNS, central nervous system; AmB, amphotericin B; 5FC, flucytosine; Flu, fluconazole; Itra, itraconazole; LipAmB, liposomal amphotericin B; M, male; F, female; IFN-g, gamma interferon; BHI, brain
heart infusion.

b Prophylaxis with gamma interferon was administered prior to fungal infection.
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cumbed to an A. fumigatus infection 4 months later. The
infections due to non-Aspergillus fungi in CGD patients are
curable if one diagnoses them promptly and treats them ap-
propriately.
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