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Introduction

Hyalohyphomycosis is a designation used to describe fun-
gal infection caused by moulds with hyaline (clear or light
colored) septate hyphae as seen microscopically in clini-
cal samples. This terminology is similar to the use of pha-
eohyphomycosis to designate infections caused by fungi
with dark-colored hyphae (Chap. 12). Perhaps the best use
of this terminology is to describe diseases where hyaline
hyphal elements are seen on smear or histopathology, but
a specific fungus is not recovered by culture. Hyalohypho-
mycosis commonly includes infections caused by species of
Fusarium, Pseudallescheria, Scedosporium, Paecilomyces,
Purpureocillium, Acremonium, Gliomastix, Sarocladium,
Penicillium, Scopulariopsis, Beauveria, and Trichoderma.
Although Aspergillus also produces hyaline septate hyphae,
and is considered a hyalohyphomycetes, infections second-
ary to this genus are typically termed aspergillosis and dis-
cussed separately as in this text (Chap. 10). Scedosporium
and Scopulariopsis are commonly included in the hyalo-
hyphomycoses, but some species produce dark hyphae and
may be included in the phaeohyphomycoses. While Penicil-
lium marneffei also produces hyaline hyphae, its dimorphic
nature and geographical localization make placing it in the
endemic mycoses also correct.

This group of fungi may cause superficial or localized in-
fection in immunocompetent hosts (usually as a result of di-
rect inoculation of the fungus following trauma) and invasive
or disseminated infections in immunocompromised hosts. In
the latter setting, the clinical infection may be indistinguish-
able from that of invasive aspergillosis. A remarkable fea-
ture of some of these hyaline moulds is their ability to cause
fungemia (and thus be diagnosed with blood culture) and
to disseminate hematogenously causing numerous embolic
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skin lesions. These infections may be clinically suspected on
the basis of a constellation of clinical and laboratory find-
ings. Definitive diagnosis requires isolation of these fungi
from culture (or molecular methods) or from tissue. Identi-
fication to species level is ideal as these fungi have variable
susceptibility to antifungal agents (Table 11.1). An impor-
tant component of therapy of localized infection is surgical
excision or debridement and removal of infected prosthetic
devices. Outcome is usually favorable in immunocompetent
hosts, but remains poor in the setting of persistent profound
immunosuppression. Guidelines for the diagnosis and man-
agement of these fungal infections have recently been pub-
lished [1].

Fusarium Species

Fusarium species have emerged as a common cause of dis-
seminated fungal infections in neutropenic patients and
those undergoing allogeneic hematopoietic stem cell trans-
plantation (HSCT). Fusarium represents the second most
common fungal pathogen, after Aspergillus, as the cause
of life threatening infection in recipients of hematopoietic
transplant [2]. Because of this, Fusarium infections are
sometimes discussed separately from hyalohyphomycosis
as fusariosis. Fusarium causes a broad spectrum of infec-
tions in humans, including superficial and local infections
in immunocompetent hosts; disseminated infections are seen
almost exclusively in immunosuppressed patients.

Etiologic Agents

Four species are most commonly involved in human infec-
tions: F. solani (most common), F. oxysporum, F. verticil-
lioides (moniliforme), and F. proliferatum [3]. F. solani spe-
cies complex also includes F. falciforme (formerly Acremo-
nium falciforme) and F. lichenicola (formerly Cylindrocar-
pon lichenicola). Fusarium species are septate filamentous
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Table 11.1 Overall susceptibility of hyaline fungi to available antifungals®

Genus/Species AmB  Itraconazole Voriconazole  Posaconazole Anidulafungin  Caspofungin ~ Micafungin Ref.
Fusarium spp. ++ + ++b ++ 0 0 ND [59, 60]
F oxysporum ++ + ++++ ++ ND ND ND [59, 61]
F. solani + + + + ND ND ND

Scedosporium spp. 0 0 0 0 0 ND ND [60]

S. prolificans 0 ++ ++++ +++ 0 0 ND [60, 61]
S. apiospermum

Paecilomyces spp. ++ +++ +++ +++ ++ +++ ND [59, 60]
Acremonium spp. ++ 0 ++ ND 0 ND ND [60]
Scopulariopsis spp. 0 0 0 0 + + 4+ [55]
Trichoderma spp. ++ 0 + 0 +++ +++ +++ [58]

++++, drug of choice; +++, alternative choice; ++, some strains are susceptible (<50%); +, rarely susceptible (<10%); 0, always resistant; ND,

no data available
2 Susceptibility based on MICs,
b In USA, the only agent indicated for invasive fusariosis

fungi that produce conidiophores, phialides, macroconidia,
and microconidia. Fusarium species are readily and rapidly
recovered in almost all fungal media. On potato dextrose
agar (PDA), the colonies have a velvety or cottony surface,
and are white, yellow, pink, purple salmon, or gray on the
surface, with a pale red, violet, brown, or sometimes blue
reverse. The characteristic sickle- or banana-shaped multi-
septate macroconidia with a foot cell at the base are used in
identifying the genus and species of Fusarium (Fig. 11.1).
Molecular methods may also be used for rapid identification
of Fusarium to the species level. In tissue, the hyphae are
similar to those of Aspergillus species, with hyaline and sep-
tate filaments that typically dichotomize in acute and right
angles. In the absence of microbial growth, distinguishing
fusariosis from aspergillosis and other hyalohyphomycoses
is difficult, and requires the use of in situ hybridization in
paraffin-embedded tissue specimens [4]. Fusarium species
are toxigenic, and may cause mycotoxicosis in animals and
humans [3].

Epidemiology

Fusarium is ubiquitous in soil and water, taking part in
water biofilms, and is a human and plant pathogen [5]. Fu-
sarium species are causative agents of superficial and local-
ized infections in immunocompetent hosts, most commonly
onychomycosis and cutaneous and subcutaneous infections,
including mycetoma and keratitis, the latter in contact lens
wearers [6]. A recent large outbreak of Fusarium keratitis
was reported in contact lens wearers in the USA and was
linked to contaminated contact lens rinse solutions. Other
risk factors for keratitis are trauma and use of topical cortico-
steroids and antibiotics [7]. Fusarium endophthalmitis may
arise from keratitis or by direct inoculation after cataract
surgery or trauma [8]. Fusariosis may also result from skin
breakdown, such as burns and wounds, or the presence of
foreign bodies, such as peritonitis in patients receiving con-
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Fig. 11.1 Fusarium oxysporum macroconidia. Characteristic fusiform
to sickle-shaped, multiseptate mostly with an attenuated apical cell and
a foot-shaped basal cell. (Courtesy of www.doctorfungus.org © 2000)

tinuous ambulatory peritoneal dialysis (CAPD), catheter-as-
sociated fungemia, and thrombophlebitis [9-11]. A hospital
outbreak of F. verticillioides fungemia in immunocompetent
patients has been recently reported [12]. Other infections
include sinusitis, pneumonia, cutaneous and subcutaneous
infections, septic arthritis, and osteomyelitis [13—17].

Immunosuppressed patients may develop locally inva-
sive and disseminated fusariosis [18]. Risk factors include
prolonged neutropenia, such as following chemotherapy for
acute leukemia, and T cell immunodeficiency, which occurs
most commonly after HSCT [18-20]. In HSCT, infection
may develop early during neutropenia or months after neu-
trophil recovery following the treatment of chronic extensive
graft versus host disease (GvHD). Localized infections may
also develop among solid organ transplant recipients (SOT),
usually as a late infection [21].

Portals of entry are the respiratory tract and skin, the lat-
ter playing a significant role in patients with tissue break-
down such as onychomycosis. Hospital water systems are
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a potential reservoir for Fusarium; transmission may occur
from inhalation of conidia aerosolized in the shower or from
direct contact of contaminated water with sites of skin break-
down [22-24].

Pathogenesis and Immunology

Similar to Aspergillus, this organism is highly angioinvasive
and leads to tissue infarction. In contrast to Aspergillus, how-
ever, Fusarium is frequently isolated from the bloodstream,
likely as a result of intravascular adventitious sporulation
[25]. Phagocytes appear to be the predominant line of de-
fense against fusarial infections [18-20].

Clinical Manifestations

Infection with Fusarium in immunocompetent hosts may
be superficial or locally invasive, involving the skin, eyes,
sinuses, lungs, and joints and bones. In immunosuppressed
patients, the infection may be locally invasive, usually pneu-
monia and/or sinusitis, or more commonly disseminated
[18-20]. The clinical picture resembles that of invasive
aspergillosis. Unlike aspergillosis, however, fungemia and
skin lesions are common (up to 40% of patients with dis-
seminated disease). Skin lesions may represent the primary
site of infection (onychomycosis) or secondary to dissemi-
nated infection [18-20]. Recovery of Fusarium from preex-
isting skin or nail lesions has been reported as a risk factor
for invasive disease in high-risk patients [26]. Metastatic
skin lesions evolve from subcutaneous painful lesions to er-
ythematous induration followed by ecthyma gangrenosum-
like necrotic center, which may be surrounded by a rim of
erythema [18-20].

Diagnosis

Two characteristics suggest the diagnosis of disseminated
fusariosis in the severely immunocompromised host: met-
astatic skin lesions and positive blood cultures for mould
[18-20]. Definitive diagnosis relies on cultures (tissue and/
or blood) and histopathology which show a pattern common
to all hyalohyphomycosis (invasion by acute-branching,
septate hyaline hyphae). The use of PCR techniques and/
or in situ hybridization may be required to reach the cor-
rect diagnosis in tissues [4, 27]. The 1,3-B-D-glucan test is
usually positive in invasive fusarial infections, but it cannot
distinguish Fusarium from other fungal infections (Can-
dida, Aspergillus, and others) which are also detected by
the assay [28].

Treatment

Localized infections, particularly in immunocompetent
hosts, usually respond well to treatment consisting of topi-
cal therapy for fungal keratitis or excision of involved tis-
sue (sinuses, eye, soft tissue, bone). Removal of an infected
intravascular catheter may be needed in the rare cases of
catheter-related fungemia.

Outcome of invasive and disseminated fusariosis in im-
munosuppressed patients remains quite poor, but appears
to have improved with the introduction of voriconazole and
posaconazole [18-20, 29, 30]. Predictors of poor outcome
are persistent neutropenia and recent therapy with corticoste-
roids for chronic GvHD [19]. Treatment options are limited
by the lack of reliable and consistent activity of antifungal
agents against Fusarium species. Susceptibility varies among
the various species, with resistance seen to all three major
classes of antifungal agents [31]. Rapid species identification
may be helpful, but antifungal susceptibility testing should
be considered because of this variable in vitro susceptibility
among Fusarium species (Table 11.1). The echinocandins do
not appear to be active against any Fusarium species

Pseudallescheria and Scedosporium Species

Previously, only two Scedosporium species, S. apiospermum
(sexual state name, Pseudallescheria boydii) and S. prolifi-
cans (formerly S. inflatum), were described as human fungal
pathogens [32, 33]. The fungi previously denoted P. boydii
(asexual state name, S. apiospermum) have now been divided
into at least four species—P. boydii (S. boydii), P. minutispo-
ra, S. aurantiacum, and S. dehoogii [34]. Some have called
these newly described (renamed) fungi the P. boydii com-
plex. In this text, we refer to this group as P. boydii. A spec-
trum of disease, ranging from respiratory tract colonization
to superficial and deep infections, in both immunocompetent
and immunosuppressed hosts, has been reported. Rarely, dis-
seminated infection with high mortality is seen in the setting
of severe immunosuppression. S. prolificans belongs to the
group of fungi which causes phaeohyphomycosis (dematia-
ceous fungi), but will be briefly discussed because of its rela-
tion to P. boydii.

Etiologic Agents

Scedosporium species are identified by their characteristic
macroscopic (wooly to cottony, dark gray to dark brown)
and microscopic (characteristic conidia, conidiophores, and
hyphae) appearance. S. prolificans is distinguished from P,
boydii by the production of terminal annelloconidia with
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inflated bases (cylindrical in S. apiospermum) and growth
inhibition by cycloheximide or actidione. In tissue sections,
PseudallescherialScedosporium appear as septate hyaline
hyphae that cannot be reliably distinguished from Aspergil-
lus or Fusarium unless conidia are present.

Epidemiology

Pseudallescheria/Scedosporium have been isolated from
soil, potting mix, compost, animal manure, and stagnant or
polluted water. Infections occur worldwide, though a large
number of reports come from Northern Spain [32]. Patients
at risk for invasive and/or disseminated infection include
those with HIV infection, acute leukemia, and recipients of
allogeneic HSCT or SOT [35, 36].

Infection is thought to be secondary to direct inoculation
(such as after trauma) or inhalation of airborne conidia. In
normal hosts, P. boydii causes infection after penetrating
trauma, including keratitis, endophthalmitis, cutaneous and
subcutaneous infections, bursitis, arthritis, and osteomyeli-
tis. Following near-drowning accidents, sinusitis, pneumo-
nia, meningoencephalitis, and brain abscesses may develop.
Allergic bronchopulmonary disease due to P. boydii may
also occur. Like P. boydii, S. prolificans causes localized in-
fections (usually of bone or soft tissue) in immunocompetent
patients following trauma, and deeply invasive infections in
immunocompromised hosts, sometimes as a nosocomial out-
break [32, 35, 36].

Clinical Manifestations

Mycetoma is the most common P. boydii infection in nor-
mal hosts (see Chap. 22), usually occurring after penetrat-
ing injury and presenting as lower extremity swelling with
draining sinuses. Other infections include non-mycetoma
cutaneous and subcutaneous infections, keratitis, and endo-
phthalmitis [36]. Invasive P. boydii infection is usually seen
in immunocompromised patients, most commonly as pneu-
monia. Disseminated infection is mainly associated with S.
prolificans, and is characterized by refractory fever, pulmo-
nary infiltrates (diffuse or nodular), central nervous system
involvement (present in one third of patients), fungemia,
renal failure, erythematous, and nodular skin lesions with
central necrosis.

Diagnosis

The diagnosis relies on the combination of clinical signs and
symptoms and recovery of Pseudallescheria/Scedosporium
from blood and/or infected tissue, with or without demon-
stration of colorless septate hyphae.

Treatment

Localized infections, particularly in immunocompetent
hosts, usually respond well to surgical debridement. Pseud-
allescheria boydii is resistant to fluconazole and flucytosine,
but susceptible to the newer azoles—voriconazole, posacon-
azole, and ravuconazole (Table 11.1). Voriconazole is ap-
proved for use in P. boydii infections [37, 38]. Caspofungin
appears to be more active than itraconazole or amphotericin
B. Variable strain-to-strain susceptibility to amphotericin B
can be seen [39]. Surgical resection remains the only defi-
nite therapy for S. prolificans infections, as this organism is
resistant to all available antifungal agents in vitro. In vitro
synergism between terbinafine and either voriconazole or
itraconazole has been reported [40].

Paecilomyces and Purpureocillium Species

Paecilomyces and Purpureocillium species are frequent air-
borne contaminants in clinical microbiology laboratories but
have been increasingly reported as cause of human infection.

Etiologic Agents

Two species, Purpureocillium lilacinum (formerly Paecilo-
myces lilacinus) and Paecilomyces varioti, account for most
human infections. Paecilomyces marquandii and P. javani-
cus have also been reported to cause human disease. These
fungi grow rapidly on various agar media including blood,
chocolate, Sabouraud dextrose (SDA), and PDA. P. varioti
is thermophilic and grows well at temperatures as high as
50°C. The color of the colony and certain microscopic fea-
tures help differentiate these fungal species from each other.
The colonies are flat and velvety. The color is initially white
and becomes yellow-green, yellow-brown, pink, or violet ac-
cording to species.

Epidemiology

Paecilomyces and Purpureocillium are found worldwide
in soil, food products, and water and causes infection in
both immunocompetent and immunosuppressed patients. A
strong association of these fungi with prosthetic implants
may be due to their inherent resistance to most sterilizing
techniques. Prosthetic implant-related infections include
keratitis in contact lens wearers and after corneal implants
(rarely endophthalmitis), and in recipients of CAPD, cardiac
valves, and ventriculoperitoneal shunts. Other infections in-
volve the nails, skin, subcutaneous tissues, bones and joints,
sinuses, and lungs, while disseminated infections only occur
in immunosuppressed patients [41].
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Clinical Manifestations

The most common infections due to Paecilomyces and Pur-
pureocillium involve the eye and eye structures (keratitis
and endophthalmitis), followed by the nails (onychomyco-
sis) and skin and soft tissues. Skin infections are character-
ized by erythematous macules, nodules, pustules, vesicular
lesions, or necrotic crusts [41]. Sporotrichosis-like skin in-
fection has also been described. Other reported infections in
the competent host include peritonitis in CAPD, prosthetic-
valve endocarditis, catheter-related fungemia, and arthritis/
osteomyelitis. In immunocompromised patients, pneumonia
and disseminated disease are most commonly observed.

Diagnosis

These fungi grow readily on routine fungal media, includ-
ing SDA. Like all hyalohyphomyecetes, they produce hya-
line septate hyphae in tissue and can be seen with periodic
acid—Schiff (PAS) staining in histopathology. Both may exist
in various forms in tissue (conidia and phialides) and can
therefore be misdiagnosed as candidiasis.

Treatment

Treatment of invasive Paecilomyces and Purpureocillium
infections relies on surgical debridement and removal of
infected prosthetic materials. Because of different suscepti-
bilities to antifungal agents, these fungi should be identified
to the species level (Table 11.1). P. varioti is susceptible to
amphotericin B, flucytosine, itraconazole, voriconazole, and
posaconazole, whereas P, lilacinum is only susceptible to the
latter two triazoles [42].

Acremonium (and Gliomastix and Sarocladium)
Species

Acremonium species are filamentous fungi of low pathoge-
nicity commonly isolated from the environment (soil, in-
sects, sewage, plants, and water) [43].

Etiologic Agents

Many species of Acremonium have been reported to cause
human infection. Several of these have been transferred to
the genera Gliomastix and Sarocladium. A. strictum is the
most common of these species to cause of human infection,
but infection has been attributed to 4. alabamensis, A. potro-
nii, A. recifei, G. roseogrisea, S. kiliense, and S. strictum [1].
One of the other more common species, 4. falciforme, has

been reclassified Fusarium falciforme. Acremonium species
grow on SDA, forming white, salmon, or yellowish-green
colonies that are usually velvety or cottony with slightly
raised centers. This genus is distinguished by formation of
narrow hyphae bearing solitary, unbranched needle-shaped
phialides. Like other hyaline moulds, septate colorless hy-
phae are found in tissue.

Epidemiology

Most infections occur in immunocompetent hosts and in-
clude mycetoma following trauma, keratitis in contact lenses
wearers, and endophthalmitis [43—45]. Fungal colonization
of humidifier water in a ventilator system was thought to be
the source of infections in an outbreak of endophthalmitis.
Invasive disease is almost exclusively seen in immunocom-
promised patients.

Clinical Manifestations

Mycetoma is the most common infection due to Acremonium
and presents in a manner similar to that of mycetoma caused
by S. apiospermum. Keratitis and endophthalmitis constitute
the second most common infections. Colonization of soft con-
tact lenses may proceed to corneal invasion. Other reported
infections include onychomycosis, peritonitis, dialysis fistu-
lae infection, pneumonia, empyema, septic arthritis, osteomy-
elitis, meningitis (following spinal anesthesia in an otherwise
healthy individual), cerebritis in an intravenous drug abuser,
and prosthetic valve endocarditis. Disseminated infection oc-
curs exclusively in immunosuppressed hosts and has been
characterized by endocarditis, meningitis, and bloodstream
infection. In vivo sporulation can occur, facilitating dissemi-
nation and perhaps explaining the high rate of metastatic skin
lesions and positive blood cultures with Acremonium.

Diagnosis

Acremonium species grow slowly on SDA. Hence, cultures
must be kept at least 2 weeks. Blood cultures may isolate
Acremonium in cases of disseminated disease. Like other
hyaline moulds, septate colorless hyphae that stain with PAS
are found on histopathologic examination [45]. Acremonium
may be difficult to identify in tissue because of morphologic
similarities with other moulds, such as Fusarium.

Treatment

Acremonium species have a variable susceptibility to antifun-
gal agents [43] (Table 11.1). In vitro activity of amphotericin
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B and itraconazole against Acremonium is variable, while
resistance to fluconazole and 5-fluorocytosine is uniform.
The newer azoles, voriconazole and posaconazole, appear
promising.

Penicillium (Talaromyces) marneffei

Although most Penicillium species are recovered only as
laboratory contaminants, P. marneffei has emerged as a sig-
nificant pathogen, most commonly as an opportunistic infec-
tion in HIV-infected patients residing or traveling to South-
cast Asia [46].

Etiologic Agents

Penicillium marneffei is a facultative intracellular pathogen
that is the only known thermally dimorphic fungus of the
genus Penicillium. With the change in rules governing fun-
gal taxonomy, it has been proposed that P. marneffei be re-
named Talaromyces marneffei. Throughout this text, we will
continue to use the name P. marneffei. At room temperature,
P. marneffei exhibits the characteristic morphology of the
genus, in contrast, it grows as a yeast when found in infected
tissue or at 37°C.

Epidemiology

Infection due to Penicillium marneffei constitutes the third
most common opportunistic infection in HIV-infected pa-
tients in certain parts of Southeast Asia. Infection is most
commonly reported from Thailand and Vietnam, but it is also
endemic to the Guangxi province of China, Hong Kong, and
Taiwan [47]. The incidence of penicilliosis has increased
significantly, paralleling the incidence of HIV infection.
Although penicilliosis is most commonly seen in adults in-
fected with HIV, the disease has also been detected in chil-
dren and adults without immunodeficiency [48]. The mode
of transmission is thought to be due to ingestion or inhalation
of the fungus. Soil exposure, especially during rainy season,
has been suggested to be a critical factor.

Clinical Manifestations

P. marneffei can clinically resemble tuberculosis, molluscum
contagiosum, cryptococcosis, and histoplasmosis. The most
common clinical manifestation in penicilliosis includes low-
grade fever, anemia, weight loss, cough, lymphadenopathy,
and hepatosplenomegaly [49-51]. Skin lesions are present
in up 70% of the cases and are characterized by a central

necrotic umbilication resembling molluscum contagiosum.
Palatal and pharyngeal lesions can also be present. Blood-
stream infection is present in approximately 50% of the
cases, in 77 % of HIV-infected, and 47 % of HIV-uninfected
patients in one recent report [48]. Pulmonary involvement
has been described as being diffuse or focal with either a re-
ticulonodular or alveolar pattern. The mean number of CD4"
T lymphocytes at presentation is 64 cells/ul [47].

Diagnosis

Diagnosis of P. marneffei infections is usually made by
identification of the organism from smear, culture, or histo-
pathologic sections. Rapid diagnosis of suspected infection
could be obtained by direct examination of bone marrow as-
pirate, lymph node, or skin biopsy. Microscopic examination
of Wright-stained smears reveals yeast forms both within
phagocytes and extracellularly. The intracellular forms re-
semble those seen with Histoplasma capsulatum infection.
The demonstration of characteristic central septation and
clongated “sausage-shaped” forms by methenamine silver
stain, clearly distinguishes P. marneffei from H. capsulatum
(see Fig. 4.10, Chap. 4).

Treatment

Penicillium marneffei is usually susceptible to both ampho-
tericin B and the azole antifungals. Amphotericin B is effec-
tive in the majority of the cases, whereas the azoles are pre-
ferred for mild-to-moderate infections. In a nonrandomized
trial of 74 HIV-infected patients with disseminated penicil-
liosis [52], high response rate (97 %) was demonstrated with
a regimen of amphotericin B (0.6 mg/k/d) for 2 weeks, fol-
lowed by itraconazole (400 mg/d) for 10 weeks. Relapse is
common 6 months after discontinuation of therapy in as high
as 50% of patients who do not receive maintenance anti-
fungal therapy. Long-term suppressive therapy with itracon-
azole has been recommended in patients with HIV infection
and penicilliosis [53]. Recent noncontrolled trials, however,
demonstrated safe discontinuation of secondary prophylaxis
for penicilliosis in HIV-infected patients who were respond-
ing to highly active antiretroviral therapy (HAART) [49, 54].

Other Agents of Hyalohyphomycosis

Scopulariopsis species are common soil saprophytes and have
been isolated worldwide (see Fig. 2.12, Chap. 2). Of the many
Scopulariopsis (sexual state Microascus) species, S. brevi-
caulis is the most common cause of human infection [55].
Disease in immunocompetent hosts includes onychomycosis
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(most common), keratitis, and rarely, post-traumatic endo-
phthalmitis or subcutaneous infection. Rare cases of endocar-
ditis associated with valvuloplasty or prosthetic valves have
been described. Invasive and disseminated infections, partic-
ularly with S. brevicaulis, may occur in immunosuppressed
patients, manifesting as pneumonia or disseminated infec-
tion with skin lesions and fungemia. Patients at risk include
those with acute leukemia and HSCT [56]. Typically resistant
to amphotericin and the azole antifungal, prognosis is often
related to immune reconstitution and the ability to perform
surgical debridement on localized infections. In vitro, echi-
nocandins appear to have some activity [55].

Beauveria are ubiquitous fungi commonly found in soil.
Because of their pathogenicity to many insect species, the or-
ganisms are incorporated into pesticides worldwide. Rarely,
Beauveria may cause infections in humans, including kerati-
tis and subcutaneous mycosis. Disseminated infections have
occurred in patients with leukemia and HSCT [57]. The or-
ganism appears to be susceptible to itraconazole and ampho-
tericin B.

Trichoderma species are also common environmental
fungi. They are rarely reported as the cause of fungal in-
fection, including disseminated or localized disease (e.g.,
keratitis, sinusitis, peritonitis, pulmonary infections, endo-
carditis, and brain abscess). Reported risk factors for these
infections include hematologic malignancy, solid organ
transplantation, and peritoneal dialysis. 7. longibrachiatum
is the most common species to cause human disease. Based
on in vitro susceptibilities, the echinocandin antifungal drugs
or amphotericin are most likely to be effective against these
fungi [58].
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