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Reports have focused on the emergence of moulds as pathogens in recipients of hematopoietic stem cell

transplants. To review the incidence of and risks for mould infections, we examined the records of 5589 patients

who underwent hematopoietic stem cell transplantation at the Fred Hutchinson Cancer Research Center

(Seattle) from 1985 through 1999. After 1992, the incidence of invasive aspergillosis increased in allograft

recipients and remained high through the 1990s. Infections with non-fumigatus Aspergillus species, Fusarium

species, and Zygomycetes increased during the late 1990s, especially in patients who received multiple trans-

plants. Although infection caused by Scedosporium species was common in patients who had neutropenia,

infection caused by Zygomycetes typically occurred later after transplantation, when patients had graft-versus-

host disease. The overall 1-year survival rate was equally poor (∼20%) for all patients with mould infections.

The results of the present study demonstrate the changing epidemiology of mould infections, emphasizing

the increasing importance of amphotericin B–resistant organisms and the differences in risks and outcome

of infection with different filamentous fungi.

Mortality rates secondary to invasive infection with

Candida albicans have decreased in hematopoietic stem

cell transplant (HSCT) recipients because of the wide-

spread use of fluconazole for prophylaxis [1, 2]. How-

ever, several centers have reported that infections

caused by moulds have become increasingly common.

A study published elsewhere about Aspergillus infec-

tions that occurred in a cohort of patients who un-

derwent transplantation from 1987 through 1993 at the

Fred Hutchinson Cancer Research Center (FHCRC; Se-
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attle) revealed an increased incidence of invasive as-

pergillosis (IA) in patients who underwent transplan-

tation during the first 6 months of 1993 [3]. Other

reports have noted the emergence of infections caused

by other moulds, such as Fusarium species, Zygomy-

cetes, and dematiaceous fungi [4–7]. These observa-

tions are especially worrisome given the overall poor

prognosis of invasive fungal infection [3, 8].

The results of in vitro susceptibility studies provide

another reason to be concerned about increasing rates

of infection with moulds, because Aspergillus flavus [9],

Aspergillus terreus [10], Scedosporium species, and Fu-

sarium species [11] have been reported to be resistant

to amphotericin B, and because Aspergillus fumigatus

can develop resistance to itraconazole [12]. Although

infection with any mould is associated with a high mor-

tality rate, infection with drug-resistant organisms may

lead to an especially poor outcome [12].

To gain insights into the changes in and the risks of

infection throughout the 1990s, we examined a large
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cohort of HSCT recipients at FHCRC. We specifically sought

to determine whether the incidence of invasive infection caused

by Aspergillus species, Zygomycetes, Fusarium species, Scedo-

sporium species, and other dematiaceous moulds has changed

during the past decade. We attempted to define some of the

clinical factors that might account for the increase in invasive

infections observed during the late 1990s and to determine the

outcome of infection caused by different organisms.

METHODS

Study patients. Patients who received care at the FHCRC

from 1 January 1985 through 31 December 1999 were included

in this retrospective cohort study. To determine the incidence

of infection with non-Aspergillus moulds, the records of all

patients who either underwent cytotoxic chemotherapy or re-

ceived an HSCT during the period of 1 January 1985 through

31 December 1999 were examined. Because we have described

the cohort of patients at FHCRC who developed IA from 1

January 1987 through 1 June 1993 elsewhere [3], we restricted

the IA cohort to those patients who developed IA from 1 Jan-

uary 1993 through 31 December 1999.

Patients who received an HSCT underwent conditioning che-

motherapy, with or without total body irradiation, and prophy-

laxis and treatment of graft-versus-host disease (GVHD), as de-

scribed elsewhere [13, 14]. The antifungal prophylaxis regimen

of fluconazole (400 mg/day) administered for 75 days after the

patient received an HSCT was studied in a randomized protocol

from 1990 through 1992 [15] and was subsequently adopted as

the standard regimen for both allograft and autograft recipients.

Patients with aplastic anemia who received HSCTs from unrelated

donors received care in rooms with laminar airflow (LAF) before

1992. Subsequently, high-efficiency particulate air (HEPA) filtra-

tion (not LAF) was routine. Patients who developed fever while

they had neutropenia routinely received ceftazidime mono-

therapy, with the addition of an aminoglycoside and vanco-

mycin when clinically indicated. Patients who had persistent

fever despite administration of antibiotics received amphoter-

icin B (0.5–1.0 mg/kg or an equivalent dose of a lipid prepa-

ration) until resolution of fever and neutropenia.

As part of pretransplantation evaluation, patients had swabs

from the nose, mouth, vagina, and rectum obtained for sur-

veillance cultures. Culture of samples from other sites and in-

vasive and surgical procedures were performed as clinically in-

dicated. All tissue and lavage samples were evaluated for the

presence of fungi by use of standard histopathologic and mi-

crobiologic techniques. Filamentous fungi were identified ac-

cording to standard protocols [16].

Most patients in this cohort were treated with amphotericin

B deoxycholate or lipid formulations of amphotericin B. A

small number of patients (!20) received an investigational tri-

azole antifungal in 1997–1998, either as part of “salvage” ther-

apy or while enrolled in a randomized trial. It was routine to

administer colony-stimulating factors (granulocyte colony-

stimulating factor or granulocyte-macrophage colony-stimu-

lating factor) to all patients who developed infection while they

had neutropenia. Also, patients who had localized sinus or

pulmonary infection with Zygomycetes underwent debride-

ment or resection of pulmonary lesions.

Identification and definition of cases. We reviewed the

pathology records (from autopsies, sinus, skin, and lung bi-

opsies, and bronchoalveolar lavage [BAL] fluid analyses) from

all patients to identify reports with findings suggestive of in-

fection (i.e., detection of hyphal fragments). A computerized

microbiology database was searched to identify cultures that

yielded Aspergillus species, Zygomycetes (Absidia, Apophyso-

myces, Basidiobolus, Cokeromyces, Conidiobolus, Cunningha-

mella, Mortierella, Mucor, Rhizomucor, Rhizopus, Saksenaea, and

Syncephalestrum species), Hyalohyphomyces (Fusarium, Peni-

cillium, and Paecilomyces species), and dematiaceous fungi

(Pseudallescheria, Scedosporium, Curvularia, Bipolaris, Exsero-

hilum, Alternaria, Dactylaria, Phialophora, Cladosporium, Xy-

lohypha, Wangiella, Cladophialophora, Fonsecaea, Scolecobasi-

dium, Aureobasidium, Acremonium, and Ochroconis species).

Records maintained prospectively by hospital epidemiology

personnel were also examined to identify cases.

Reviews of research and clinical charts were performed for

all patients with microbiologic or histopathologic findings of

fungal infection to classify patients as having “proven,” “prob-

able,” or “possible” invasive disease or colonization/contami-

nation. A modification of the National Institutes of Health

Mycoses Study Group–European Organization for Research

and Treatment of Cancer consensus definitions of invasive fun-

gal infections were used to classify disease [17]. Transplant

recipients or neutropenic patients with clinical signs and symp-

toms and a tissue biopsy specimen that revealed growth of an

organism or positive results of histopathologic tests were con-

sidered to have “proven disease.” Patients with clinical signs

and symptoms and a BAL specimen that yielded growth on

culture or that had positive histopathologic test results were

considered to have “probable disease.” Patients with �3 clinical

signs or symptoms and growth of an organism on culture of

a nonsterile fluid sample (i.e., sputum) were considered to have

“possible invasive disease” [17]. Patients who had no clinical

pulmonary findings and no radiographic abnormalities, but

who had invasive sinus disease proven by examination of biopsy

specimens and culture, were considered to have “isolated sinus

infection.” Dissemination to other organs, such as skin, brain,

and abdominal organs, was considered to be “proven” only if

confirmed by biopsy (or autopsy) and “probable” if clinical or

suggestive radiographic findings were apparent. “Colonization”

was defined as growth of an organism on culture of a sample
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Figure 1. One-year cumulative incidence of proven and probable in-
vasive aspergillosis, by year of transplantation, at Fred Hutchinson Cancer
Research Center (Seattle), 1990–1998. The incidences of invasive as-
pergillosis in allograft recipients (�) and autograft recipients (�) are
shown. Data for years 1990 through 1992 are from a study published
elsewhere [3].

from a nonsterile site in the absence of clinical signs or symp-

toms. Tissue samples that were obtained at autopsy and that

yielded an organism on culture, in the absence of histopath-

ologic confirmation of invasion and in the absence of pre-

mortem signs or symptoms of infection, were considered to be

contaminated.

Patient risks and statistical analysis. The day of diagnosis

of the invasive fungal infection was the day on which the first

diagnostic culture or examination was performed. For patients

with a diagnosis obtained during postmortem examination, the

day of death was considered to be the day of diagnosis. The

1-year cumulative incidence of invasive mould infection was

calculated according to year of transplantation. To compare the

1-year cumulative incidence of IA with that determined in our

previous cohort (January 1987 through June 1993; reported in

[3]), we limited the IA analysis to the cohort of patients who

developed infection after they received their first HSCT. This

cohort was further restricted to patients who underwent trans-

plantation during the period from 1 January 1993 through 31

December 1998, to allow for adequate follow-up time.

Associations in tables were analyzed by use of x2 and2 � 2

Fisher’s exact tests, when applicable [18]. Patient factors (i.e.,

age, sex, and underlying disease) and transplantation variables

associated with the development of invasive infection due to

Aspergillus species, Fusarium species, and Zygomycetes were

analyzed in multivariate Cox regression models. Risk factors

for Scedosporium infection were not analyzed because of the

low numbers of infections. Times to diagnosis of infection were

the outcomes in the models. Transplant variables entered into

the models include year of transplantation, donor type (au-

tologous, human leukocyte antigen [HLA]–matched related, or

HLA-mismatched/unrelated), acute GVHD (grades of �2),

chronic GVHD (clinically extensive), and prolonged engraft-

ment (defined as 120 days until 2 consecutive days with an

absolute neutrophil count of 1750 cells/mm3). Variables entered

into the model were sequentially eliminated in a stepwise back-

ward fashion, whereby any variable with a category factor that

approached significance was retained until all variables with �1

significant category were identified. A 2-sided P value of !.05

was considered statistically significant. Survival after infection

was estimated with Kaplan-Meier curves [19], and the 1-year

survival rate after each infection was compared by use of the

log-rank test.

RESULTS

IA. Initial screening of microbiology, pathology, and epide-

miology records revealed 438 patients with a potential diagnosis

of IA during 1993–1998. A total of 375 cases of IA (218 proven,

124 probable, and 33 possible) were diagnosed in 359 different

patients. Chart review confirmed that proven IA involved the

lungs in 191 patients, sinuses in 22, and other sites (liver, gut,

or skin without other organ involvement) in 5. Probable IA

involved the lungs in 106 patients, sinuses in 16, and other sites

in 2. Possible IA involved the lungs in 27 patients, sinuses in 5,

and liver in 1. Seventy-nine patients were colonized with an

Aspergillus species but never developed possible, probable, or

proven invasive infection. Twenty-seven (34%) of these colonized

patients had received �2 weeks of amphotericin B or itraconazole

therapy “preemptively.”

The 1-year cumulative incidence of proven or probable IA

among autograft and allograft recipients, by year of transplan-

tation, is shown in figure 1. After 1992, the incidence of IA

among allograft recipients increased. Compared with results

from previous years, there was also an increase in IA among

autologous transplant recipients in 1998 (5.3% vs. 1.1%). Two

(40%) of 5 of autologous HSCT recipients who developed IA

in 1998 had received CD34-selected grafts [20].

Most diagnoses were confirmed by culture of tissue or BAL

specimens. Of 297 episodes of proven or probable pulmonary

IA, 230 diagnoses (77.4%) were made with confirmatory cul-

tures. Of 38 cases of proven or probable sinus disease, 25

(65.8%) had positive culture results. Five (71.4%) of the 7

“other” diagnoses were confirmed microbiologically. The As-

pergillus species that caused invasive disease, and those that

were found to be colonizing organisms, are listed in table 1.

A. fumigatus was the most common cause of invasive pul-

monary disease. Compared with A. fumigatus, other Aspergillus

species were more frequently colonizing isolates or were as-

sociated with sinus disease only. However, the incidence of non-

fumigatus Aspergillus species as a cause of invasive lung infection

increased after 1995. From 1993 through 1995, 23 (18.3%) of

126 positive BAL or biopsy cultures yielded a non-fumigatus

Aspergillus species, and, from 1996 through 1998, 35 (33.7%)
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Table 1. Aspergillus species isolated from patients with dif-
ferent infections who underwent hematopoietic stem cell trans-
plantation at the Fred Hutchinson Cancer Research Center (Se-
attle), 1993–1998.

Aspergillus
species
isolated

No. (%) of infections, by site
No. (%) of
colonizing
organisms
(n p 98)

Lung
(n p 230)

Sinus
(n p 25)

Othera

(n p 5)

A. fumigatus 156 (67.8) 15 (60) 2 (40) 40 (40.8)

A. niger 3 (1.3) 4 (16) 2 (40) 34 (34.6)

A. flavus 6 (2.6) 2 (8) 1 (20) 8 (8.2)

A. terreus 5 (2.2) 0 (0) 0 (0) 3 (3.1)

Otherb 2 (!1) 1 (4) 0 (0) 8 (8.2)

NIc 48 (20.9) 3 (12) 0 (0) 4 (4.1)

Multipled 10 (4.3) 0 (0) 0 (0) 1 (1.0)

NOTE. Only cases of proven or probable disease are shown. NI, not
identified.

a Includes 4 cases of cutaneous infection and 1 case of isolated hepatic
infection.

b Includes Aspergillus nidulans (2 invasive and 2 colonizing organisms), As-
pergillus clavatus (1 invasive organisms), Aspergillus versicolor (6 colonizing
organisms), and Aspergillus glaucus (2 colonizing organisms).

c Not speciated (no sporulation).
d Multiple species isolated from 1 culture, including A. fumigatus and A.

niger (in 7 cases), A. fumigatus and A. flavus (in 2), A. fumigatus and A. terreus
(in 1), and A. fumigatus, A. niger, and A. terreus (in 1).

of 104 cultures yielded a non-fumigatus Aspergillus species

( ).P p .01

Non-Aspergillus moulds. The number of non-Aspergillus

moulds isolated from any culture during 1985–1999 and

whether these isolates were considered to be the cause of in-

vasive disease are shown in table 2. Although Scedosporium

species, Fusarium species, and Zygomycetes were considered to

have been the cause of proven or probable disease in the ma-

jority of patients from which they were isolated, all other

moulds were more often found to be colonizing isolates or

contaminants. The most common dematiaceous mould con-

sidered to have been involved in disease, other than Scedo-

sporium species (including Psuedallescheria boydii), was Alter-

naria species, which was implicated in probable pulmonary

infections in 2 patients. Two additional patients were considered

to have had probable pulmonary disease with Scopulariopsis

and Ulocladium species isolated from BAL samples.

Infections with the most common non-Aspergillus moulds

(Fusarium species, Zygomycetes, and Scedosporium species)

were examined further. From 1985 through 1999, 31 patients

developed infection with Fusarium species, 29 with Zygomy-

cetes, and 10 with Scedosporium species (figure 2). Two patients

developed 2 different infections each, 1 with Fusarium species

and Zygomycetes and another with both Fusarium and Sce-

dosporium species. As with Aspergillus species, infections caused

by Fusarium species and Zygomycetes also appeared to increase

in frequency at FHCRC during the late 1990s, whereas invasive

infection with Scedosporium species remained uncommon (fig-

ure 2).

Patient characteristics. Characteristics of patients who de-

veloped proven and probable infection with all organisms are

shown in table 3. The majority of patients who developed

proven or probable infection had received an allogeneic HSCT.

Aspergillosis was more common in patients who had never

received a transplant than was infection with any other mould

( ). More patients who developed infection with theP p .05

potentially amphotericin B–resistant organisms (Fusarium and

Scedosporium species) had undergone multiple transplants (5

of 41 patients with Fusarium or Scedosporium infections vs. 18

of 327 patients with IA received multiple transplants), although

the difference was not statistically significant ( ).P p .16

As shown in table 3, patients were more likely to develop

infection with Scedosporium species in the first 30 days after

transplantation, whereas infection with Zygomycetes more fre-

quently occurred late (i.e., 190 days) after transplantation (14

[56%] of 25 patients), corresponding with periods of GVHD

and its treatment (figure 3 and table 3). Multivariate risk-factor

modeling of patient- and transplant-related variables identified

the following risk factors for IA: age 140 years, underlying

diagnoses of anything other than chronic myelogenous leu-

kemia in chronic phase (CML-CP) or a hematologic malig-

nancy in first remission, and receipt of an HSCT from an HLA-

mismatched or unrelated donor. Underlying myelodysplastic

syndrome and severe GVHD were significant risk factors for

infection with Zygomycetes, whereas multiple myeloma and

receipt of a graft from an HLA-mismatched or unrelated donor

were significantly associated with Fusarium infection. Pro-

longed engraftment was not associated with infections in the

models performed.

Outcome of infection. Most (9 of 10) of the patients with

infection caused by Scedosporium species had documented pul-

monary disease, and dissemination beyond the sinopulmonary

tract was common (6 [60%] of 10 patients). Fusarium species

caused isolated sinus infection in 6 (19%) of 31 patients. The

majority of patients (25 [81%] of 31) had infection involving

the lungs, and dissemination was common (23 [74.2%] of 31).

In contrast, Zygomycetes more frequently caused isolated sinus

disease (12 [41%] of 29). Sixteen (55%) of 29 patients with

Zygomycetes infection had disease involving the lungs, and 1

patient (4%) had infection isolated to the abdomen (liver).

Compared with infection involving Scedosporium and Fusarium

species, infection with Zygomycetes less frequently dissemi-

nated beyond the sinopulmonary tract (8 [27.5%] of 29; P !

). Also, fewer patients with proven pulmonary IA had doc-.001

umented dissemination beyond the sinopulmonary tract (33

[17.3%] of 191).

The 1-year survival rates for patients after diagnosis of each

infection are shown in figure 4. The median duration of survival
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Table 2. Non-Aspergillus moulds isolated from patients who under-
went hematopoietic stem cell transplantation at the Fred Hutchinson
Cancer Research Center (Seattle), 1985–1999.

Pathogen isolated

No. (%) of moulds

No
infectiona

Probable
invasive

Proven
invasive

Scedosporium speciesb (n p 10) 0 (0) 1 (10) 9 (90)

Fusarium species (n p 39) 8 (20.5) 4 (10.3) 27 (87.1)

Zygomycetes (n p 40)

Rhizopus species 1 (6.7) 1 (6.7) 13 (86.7)

Mucor species 9 (52.9) 1 (5.9) 7 (41.2)

Otherc 1 (23.4) 0 (0) 7 (87.5)

Other dematiaceous moulds (n p 41)

Alternaria species 3 (60) 2 (40) 0 (0)

Exophiala species 2 (66) 1 (33) 0 (0)

Ulocladium species 0 (0) 0 (0) 1 (100)

Otherd 31 (97) 1 (3) 0 (0)

Paecilomyces species (n p 14) 13 (92.9) 1 (7.1) 0 (0)

a Patients with isolate recovered but considered to be a contaminant or a colonizing
isolate.

b Includes organisms identified as Pseudallescheria boydii (Scedosporium apio-
spermum).

c Includes Absidia species (in 1 patient with proven disease), Cunninghamellaspecies
(in 2 patients with proven disease), and unknown Zygomycetes (defined as consistent
pathologic findings but no growth on culture; in 5 patients [1 patient was colonized
and 4 had biopsy-proven invasion of Zygomycetes-like hyphae]).

d Includes Scopulariopsis, Cladosporium, Bipolaris, Phialophora, Aureobasidium,
Curvularia, Exserohilum, Chladophialophora, Wangiella, Fonsecaea, Acremonium, and
Chaetomium species.

Figure 2. Frequency of non-Aspergillus mould infections at Fred Hutch-
inson Cancer Research Center (Seattle). The number of patients who
developed proven or probable infection with Fusarium species (�), Zygo-
mycetes (�), and Scedosporium species (�) from 1985 through 1999
are shown.

for patients who received diagnoses before death was longer

for patients with documented zygomycosis (66 days) than it

was for patients with fusariosis (25 days), Scedosporium infec-

tion (19 days), or aspergillosis (29 days). However, the overall

1-year survival rate was ∼20% in all groups, with the exception

of patients who developed infection with Scedosporium species,

who all died within 1 month of infection (figure 4; ).P p .26

DISCUSSION

During a decade in which we have made significant advances

in the prevention of cytomegalovirus and candidal infections,

moulds have emerged as the major cause of mortality related

to infection in HSCT recipients. Our study, which summarizes

the epidemiology and outcome of invasive mould infections in

1 large transplantation center during the past 15 years, shows

that the incidence of IA has at least tripled among both allograft

and autograft recipients. Also, the frequency of infections

caused by amphotericin B–resistant moulds has increased dur-

ing the past 5 years, especially among recipients of multiple,

high-risk transplants.

In our center, in 1993, we began to routinely administer

antifungal prophylaxis with fluconazole (400 mg/day) for 75

days after patients received an HSCT, and this practice has

decreased the incidence of candidemia [1], hepatic candidiasis

[21], and mortality attributed to Candida species [2]. However,

the incidence of invasive infection caused by Aspergillus species

and other moulds increased after 1992. Because we used a very

conservative definition of invasive disease and restricted our

incidence calculations to those patients who developed disease

after receiving a first transplant, the cumulative incidences re-

ported here are probably underestimations.
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Table 3. Characteristics of hematopoietic stem cell transplant (HSCT) recipients with proven and probable infections, by pathogen
recovered, at Fred Hutchinson Cancer Research Center (Seattle), 1985–1999.

Patient characteristic

Patients infected with

Aspergillus
species

(n p 327)
Zygomycetes

(n p 29)

Fusarium
species
(n p 31)

Scedosporium
species
(n p 10)

n (%) HR 95% CI n (%) HR 95% CI n (%) HR 95% CI n (%)

Male sex 201 (61) — NS 21 (72) — NS 16 (52) — NS 8 (80)

Age at transplantation, years

!19 39 (13) 1.0 — 7 (24) 1.0 — 6 (20) 1.0 — 3 (33)

19–40 99 (34) — NS 14 (48) — NS 10 (33) — NS 5 (56)

140 156 (53) 1.8 1.2–2.9a 8 (28) — NS 14 (47) — NS 1 (11)

Underlying diseaseb

CML-CP 47 (15) 1.0 — 4 (14) 1.0 — 4 (13) 1.0 — 0 (0)

Hematologic malignancy

First remission 24 (7) — NS 3 (10) — NS 1 (3) — NS 1 (11)

Other 159 (49) 2.2 1.5–3.2c 13 (45) — NS 17 (55) — NS 7 (78)

Myelodysplastic syndrome 44 (14) 1.8 1.1–3.0a 5 (17) 4.1 1.1–15.4a 1 (3) — NS 1 (11)

Multiple myeloma 20 (6) 4.2 2.3–7.6c 1 (3) — NS 2 (6) 6.9 1.2–40.0a 0 (0)

Other 29 (9) 1.9 1.0–3.4a 3 (10) — NS 6 (19) — — 0 (0)

No transplantd 33 (10) NA NA 0 (0) NA NA 1 (3) NA NA 1 (10)

Multiple transplants 19 (6) NA NA 1 (3) NA NA 3 (10) NA NA 2 (20)

Transplant type

Allogeneic, matched related 110 (37) 1.0 — 13 (45) 1.0 — 10 (33) 1.0 — 3 (38)

Mismatched or unrelated 163 (55) 1.5 1.1–2.0a 16 (55) — NS 17 (57) 2.7 1.1–6.8a 5 (62)

Autologous 21 (7) 0.13 0.07–0.25c 0 (0) — NS 3 (10) — NS 0 (0)

Diagnosed before engraftmente 22 (8) NA NA 2 (9) NA NA 2 (8) NA NA 2 (33)

Graft-versus-host disease

Acutef 216 (83) — NS 21 (78) 3.1 1.0–9.4a 20 (80) — NS 5 (63)

Chronicg 95 (61) — NS 13 (76) — NS 8 (73) — NS 3 (100)

NOTE. Transplant characteristics are shown only for patients who developed infection after receipt of an HSCT at Fred Hutchinson Cancer Research Center
(Aspergillus, n p 294; Zygomycetes, n p 29; Fusarium, n p 30; and Scedosporium, n p 9). Multivariable risk factor analysis for IA included 2077 evaluable
control patients who received an HSCT during 1993–1998, and the multivariable risk factor analyses for Zygomycetes and Fusarium infection included 5146
evaluable control patients who received an HCST during 1985–1999. Hazard ratios (HRs) and 95% CIs are shown for all significant variables. CML-CP, chronic
myelogenous leukemia in chronic phase; HR, hazard ratio; NA, variable not analyzed in the multivariate model; NS, not significant in the multivariate model.

a .P ! .05
b Other diagnoses included aplastic anemia, breast cancer, chronic lymphocytic leukemia, metachromatic leukodystrophy, chronic granulomatous disease,

paroxysmal nocturnal hemaglobinuria, adenocarcinoma, nephroblastoma, eosinophilic syndrome, and aplasia (not specified). Data regarding underlying disease
were not available for 4 patients with invasive aspergillosis and 1 patient from whom a Scedosporium species was isolated; human leukocyte antigen match
data were not available for an additional patient with Scedosporium infection.

c .P ! .001
d Includes patients who developed infection before transplantation.
e “Engraftment” was defined as an absolute neutrophil count of �750 cells/mm3 for 2 consecutive days.
f Grade of �2 for evaluable patients (Aspergillus species were isolated from 260 patients; Zygomycetes, from 27, Fusarium species, from 25; and Scedosporium

species, from 8).
g Includes evaluable patients (Aspergillus species were isolated from 155 patients; Zygomycetes, from 17; Fusarium species, from 11; and Scedosporium

species, from 3).

The reason that the incidence of invasive mould infection

has increased is not entirely clear. Potential explanations include

the possibility that more patients develop disease later after

transplantation because of an increase in the early posttrans-

plantation survival rate, or that fluconazole prophylaxis de-

creases the use of empiric amphotericin B by affecting the

incidence of fever while patients have neutropenia [22]. Other

transplant-related factors that could alter the risk for invasive

mould infections, including conditioning chemotherapy regi-

mens, prophylaxis strategies for cytomegalovirus infection, and

the introduction of different sources of stem cells (e.g., peripheral

blood, cord blood), have also changed during this period.

Our data suggest that the incidence of IA peaked in our

institution during 1998, with an additional small increase in

the incidence of IA occurring among autograft recipients. One

potential explanation for the increase in infection among au-

tologous transplant recipients may be related to the introduc-

tion of CD34 selection, which might increase risks for infection
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Figure 3. Day of diagnosis of non-Aspergillus mould infections. Shown
is the proportion of infections that occurred during each period, with day
0 corresponding to the day of receipt of the hematopoietic stem cell
transplant. Only patients who developed infection after the receipt of
their first hematopoietic stem cell transplant are included (Scedosporium
infection in 8 patients; Zygomycetes infection in 25, and Fusarium infection
in 28).

Figure 4. The 1-year survival rate after proven and probable infection
with Aspergillus species, Zygomycetes, Fusarium species, and Scedo-
sporium species.

by delaying reconstitution of lymphocytes and monocytes [20,

23].

A. fumigatus remains the most formidable Aspergillus path-

ogen, given that it was recovered in the majority of pulmonary

and disseminated infections. Because clinicians did not rou-

tinely screen for sinus disease in the presence of proven pul-

monary disease, our data are likely an underestimation of the

frequency of combined sinus-lung disease. However, consistent

with reports published elsewhere [3, 24], more cases of isolated

sinus infection were caused by the non-fumigatus Aspergillus

species, especially Aspergillus niger and A. flavus. It is possible

that certain non-fumigatus Aspergillus species thrive in the sinus

environment for undefined reasons, such as conidial size or

adherence properties. A particularly low virulence potential of

A. niger, compared with that of other Aspergillus species, may

be reflected by the higher proportion of these organisms ob-

tained as colonizing isolates.

More cases of proven pulmonary disease caused by poten-

tially amphotericin B–resistant non-fumigatus Aspergillus spe-

cies and Fusarium species occurred in our cohort during the

late 1990s. Our data suggest that patients who undergo multiple

transplantations might be at increased risk for infections caused

by these and amphotericin B–resistant moulds (including Sce-

dosporium species). Because FHCRC has performed more sec-

ond and “tandem” (autologous followed by allogeneic) trans-

plantations since 1995 (data not shown), this factor might

account for this small increase. It is unknown whether the risk

is related to a host factor, such as a longer duration until en-

graftment, or to a microbial factor. It is tempting to speculate

that the receipt of increased doses or longer durations of am-

photericin B therapy in highly immunosuppressed patients who

have received multiple transplants might select for infections

with amphotericin B–resistant organisms.

One interesting finding of the present study is the difference

in the timing of the onset of various fungal infections. Else-

where, we have described a “bimodal” timing of IA, with peaks

that correlate with neutropenia (before engraftment) and

GVHD [3]. The results of the present study emphasize the

importance of severe neutropenia in the pathogenesis of disease

caused by Scedosporium species, whereas GVHD and its therapy

(corticosteroids) have a stronger association with Zygomycetes

infection [25].

Consistent with prior studies, analysis of risk factors iden-

tified older age, receipt of an HSCT from an HLA-mismatched

or unrelated donor, and underlying disease as important pre-

dictors of IA [3]. That GVHD was not significant in this model

is likely explained by the inclusion of transplant-type variables

in the overall cohort, causing the effect of GVHD to be over-

whelmed by the HLA-mismatched or unrelated donor trans-

plant-type variable. Indeed, rerunning the analysis in the ab-

sence of a variable for transplant type yielded a significant

impact of GVHD (data not shown). The impact of specific

transplant variables, such as GVHD, its therapy (cortico-

steroids), and time until engraftment, should be assessed in

future analyses of cohorts restricted to allograft recipients.

The risk factor analyses indicate that underlying diseases are

important variables that influence risks for specific fungal in-

fections after receipt of an HSCT. Studies published elsewhere

have shown that patients with a diagnosis of CML-CP have a

lower risk of developing IA than do patients who have other

hematologic malignancies not in first remission [3]. Our data



916 • CID 2002:34 (1 April) • Marr et al.

indicate added risks for IA and Zygomycetes in people who

receive an HSCT for myelodysplastic syndrome and risks for

IA and fusariosis in people who receive an HSCT for multiple

myeloma. These findings are consistent with the severity of

GVHD and transplant-related mortality after HSCT for mye-

lodysplastic syndrome [26] and with the high transplant-related

mortality after receipt of an allogeneic HSCT for multiple my-

eloma [27]. An increased occurrence of IA in nonallografted

patients with multiple myeloma has been described elsewhere,

with risks thought to be attributable to intensified chemother-

apeutic regimens [28]. Identification of specific risks in the

HSCT setting awaits future studies.

Patients who develop infection with Fusarium and Scedo-

sporium species had frequent dissemination of infection to

other tissues. This finding is consistent with reports published

elsewhere and may be related to in vivo sporulation and pro-

duction of “adventitial forms,” which are thought to increase

the overall fungal burden of these infections [4, 11]. Although

a minority of patients with proven IA in this study had doc-

umented disseminated disease, it is important to note that the

lack of standardized screening by clinicians, and our definition

(requirement of biopsy confirmation) may lead to an under-

estimation of actual dissemination. Finally, the particularly poor

outcome of disseminated infection with Scedosporium species

is consistent with the virulence and antifungal drug resistance

of this organism as well as the occurrence of infection during

neutropenia. The longer median duration of survival after in-

fection with Zygomycetes is consistent with the later onset of

disease and a decreased ability of this organism to disseminate

hematogenously [25]. Unfortunately, the 1-year survival rate after

infection with Zygomycetes is still as poor as that for infection

with Aspergillus or Fusarium species, which may be explained by

the severity of GVHD and development of other complications

after transplantation.

That infections caused by other moulds occur infrequently

supports theories regarding the low virulence of these organ-

isms relative to Aspergillus species. The observation that Alter-

naria and Exophiala species were the cause of invasive disease

in several patients is consistent with the findings of studies

published elsewhere [5, 29].

In summary, infections caused by filamentous fungi, espe-

cially A. fumigatus, increased in our center during the 1990s.

Increased numbers of infections caused by amphotericin

B–resistant moulds and poor outcomes emphasize the need to

develop more-effective prevention and treatment strategies.

Such strategies may rely on new antifungal agents that have

increased activity against amphotericin B–resistant moulds (i.e.,

investigational triazoles); however, continued efforts are needed

to develop diagnostic strategies that enable both rapid and mi-

crobe-specific diagnoses.
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