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Use of Circulating Galactomannan Screening for Early Diagnosis of Invasive
Aspergillosis in Allogeneic Stem Cell Transplant Recipients
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Screening for galactomannan (GM) has been adopted by many European centers as part
of the management plan for allogeneic stem cell transplant recipients. However, the temporal
onset of GM antigenemia remains unknown. A series of allogeneic stem cell transplant re-
cipients were monitored prospectively, and the relationship between antigenemia and other
diagnostic triggers for initiation of antifungal therapy was analyzed. GM detection had a
sensitivity of 94.4% and a specificity of 98.8%. Positive and negative predictive values were
94.4% and 98.8%, respectively. This statistical profile was better than that of other triggers,
including unexplained fever, new pulmonary infiltrates, isolation of Aspergillus species, and
abnormalities seen on computed tomography. Antigenemia preceded diagnosis on the basis
of radiologic examination or Aspergillus isolation by 8 and 9 days in 80% and 88.8% of patients,
respectively. Antigenemia preceded therapy in 83.3% of patients. Detection of GM was es-
pecially useful when patients were receiving steroid treatment or when coexisting conditions
masked the diagnosis of invasive aspergillosis. Prospective screening for GM allows earlier
diagnosis of aspergillosis than do conventional diagnostic criteria.

Allogeneic hematopoietic stem cell transplantation (ASCT)
has become a valuable treatment option for an increasing num-
ber of patients with malignant and nonmalignant blood dis-
orders [1]. However, this procedure may be complicated by life-
threatening conditions, including the development of invasive
aspergillosis (IA) [2–4]. The crude mortality rate of this infec-
tion is dramatically high and may—at least among allogeneic
stem cell transplant recipients—still exceed 80%, despite the
introduction of itraconazole and/or the use of lipid-based for-
mulations of amphotericin B [5–7]. This high fatality rate re-
flects partly the difficulty of establishing a reliable diagnosis at
an early stage of the disease; definite diagnosis is not straight-
forward and usually requires (semi-)invasive procedures that
are often precluded by thrombocytopenia or by the critical con-
dition of the patient [8]. Therefore, diagnosis is rarely estab-
lished during the stages of infection in which the patient has a
low fungus burden, when therapy may be most effective. More-
over, autopsy surveys have revealed that a significant portion
of cases of IA remain undiagnosed and untreated at death [9,
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10]. It has been suggested that survival might be improved by
earlier diagnosis followed by prompt treatment [11].

Given the lack of diagnostic certainty, and considering the
mortality rate associated with established disease, empirical ini-
tiation of antifungal therapy has been advocated, in particular
for neutropenic patients with fever who do not respond to
broad-spectrum antibiotics [12, 13]. However, this recommen-
dation has never been firmly validated [14, 15] and will, almost
inevitably, result in overtreatment, additional toxicity and cost,
and alterations of microbial ecology [16–18].

Over the past decade, 2 advances in the diagnosis of IA have
been made, especially for diagnosis in patients with hemato-
logical disorders [19]. First, the use of high-resolution computed
tomographic (HRCT) scanning of the chest may reveal a so-
called “halo” sign. This lesion occurs early in the course of IA
and corresponds to a central fungal lesion surrounded by a rim
of coagulation necrosis and hemorrhage [20]. But, although the
presence of this sign is strongly suggestive, it is not patho-
gnomonic for aspergillosis and can also be found in other fun-
gal, as well as bacterial, infections. Second, several European
groups have advocated serial screening for galactomannan
(GM), a fungal exoantigen released by all pathogenic Asper-
gillus species during growth. Circulating GM can now be de-
tected by a sandwich ELISA that has become commercially
available outside the United States [21–23].

However, analyses that have looked at the performance and
temporal onset of antigenemia relative to other clinical and
microbiological triggers for initiation of antifungal therapy are
lacking. The present study complements a study of ours pub-
lished elsewhere [24] and examines these characteristics, focus-
ing on allogeneic stem cell transplant recipients, who frequently
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Table 1. Characteristics of 100 allogeneic stem cell trans-
plant recipients included in a study of the value of galac-
tomannan screening in diagnosis of aspergillosis.

Characteristic Value

Male sex 67
Age at transplantation

Mean years (range) 35.6 (17–58)
Age group distribution

!20 years 12
20–29 years 23
30–39 years 22
40–49 years 31
150 years 12

Underlying disease
Acute leukemia 39
Chronic myelogenous leukemia 21
Myelodysplastic syndrome 14
Lymphoma 16
Myeloma 4
Aplastic anemia 4
Othera 2

Risk status at transplantation
Standard risk 45
Poor risk 55

Duration of neutropenia, mean days (range) 18.7 (7–45)
Stem cell source

Bone marrow 50
Peripheral blood stem cells 50

Conditioning regimen
Cyclophosphamide/TBI 32
Cyclophosphamide/busulfan 22
Cyclophosphamide/cytarbine/TBI 34
Other 12

Receipt of TBI 75
Donor

Matched, related donor 74
HLA-mismatched or unrelated donor 26

Receipt of steroids (120 mg/day of prednisolone
equivalent) at stratification 63

NOTE. Data are no. of patients, unless otherwise indicated. TBI,
total body irradiation.

a Thalassemia or polycythemia.

suffer from dual infections or concomitant conditions, which
makes correct diagnosis even more troublesome.

Patients and Methods

Study population. Between January 1997 and February 2001,
100 consecutive adult patients with hematological disorders un-
derwent myeloablative ASCT at the University Hospital Gasthuis-
berg in Leuven, Belgium. Patients who received transplants before
February 2000 were included in a previous analysis that examined
only the statistical profile of the GM assay [24]. Patients !16 years
of age, recipients of an autologous transplant, and patients un-
dergoing nonmyeloablative conditioning were excluded. Patient
characteristics, including demographic data, underlying disease,
donor type, source of stem cells, conditioning regimen, risk strat-
ification, and use of corticosteroids for treatment of graft-versus-
host disease (GVHD), are shown in table 1. The mean duration
of neutropenia (absolute neutrophil count, !500 neutrophils/mL)
was 18.7 days (median, 18 days; range, 7–45 days); the mean num-
ber of days patients had a neutrophil count !100 neutrophils/mL
was 14.1 (median, 13.5 days; range, 4–39 days). Patients with acute
leukemia (AL) in first remission, chronic myelogenous leukemia
(CML) in first chronic phase, myelodysplastic syndrome (MDS)
with refractory anemia, and MDS with ringed sideroblasts were
considered to be at standard risk. Patients with all other diagnoses
and with more-advanced AL, CML, and MDS were considered to
be at high risk for transplant-related complications.

The study population was followed up until 1 July 2001 (median
follow-up time, 333 days; range, 10–1551 days). The overall mor-
tality rate during the 54-month study period was 59%. Autopsy
was performed for 56 (95%) of 59 patients who died during the
study period. Eleven patients died within the first month after trans-
plantation, 29 patients died between posttransplantation days 30
and 180, and 19 patients died 16 months after transplantation. The
early (within 100 days) transplant-related mortality (all causes of
nonrelapse death) was 30%.

Study procedures. All patients were hospitalized in single
rooms in a unit supplied with high-efficiency particulate air filters
from the beginning of the conditioning regimen until stable en-
graftment had been achieved. Patients readmitted to the hospital
for management of complications could be housed in rooms with-
out air filtration. Antimicrobial prophylaxis during neutropenia
consisted of ofloxacin (200 mg every 12 h) and antifungal prophy-
laxis with either itraconazole capsules (400 mg daily; no dose adap-
tation according to serum levels) or a combination of aerosolized
and low-dose intravenous conventional amphotericin B (0.1 mg/
kg). If patients were unable to tolerate oral medication, oral itra-
conazole could be replaced by intravenous fluconazole (400 mg
once daily). Antifungal prophylaxis was continued until the ab-
solute neutrophil count reached at least 500 neutrophils/mL for 3
consecutive days. However, prophylaxis was prolonged or reinsti-
tuted in patients who received steroids for the treatment of GVHD.
Health care workers and visitors carried out hand washing pro-
cedures before entering the room and wore gloves, masks, and
gowns. Most medical procedures were performed in the room; if
a procedure had to be done outside the room, gowns and masks
were placed on patients before they left the unit.

Patients were monitored daily for the development of signs and
symptoms of infection. Temperature was measured at least every
6 h. Oropharyngeal washes, as well as stool and urine specimens,
were analyzed weekly for the detection of colonization with gram-
negative bacteria or fungi. Portable chest x-rays were done weekly
in the rooms. Additional x-rays were done at the first day of a
febrile episode and when clinically indicated. In cases of persistent
fever, chest x-rays were repeated 2–3 times weekly. Antibacterial
monotherapy with ceftazidime or meropenem was started at the
onset of neutropenic fever (according to published guidelines [25]),
after clinical examination was done and samples were obtained for
culture of blood, urine, and other specimens. Blood cultures were
performed daily until defervescence. In patients who remained feb-
rile after 48–72 h, a glycopeptide antibiotic was added to the treat-
ment regimen. Antifungal therapy was started when fever persisted
after 5–7 days of adequate antibiotic therapy or when 1 of these
criteria was fulfilled: development of a new infiltrate on chest x-
ray in a patient receiving antibacterial therapy; presence of ab-
normalities on CT with features of invasive mycosis; isolation of
molds from any respiratory tract specimen; sudden intracranial
event compatible with invasive fungal infection (IFI); and relapse
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of neutropenic fever after an afebrile interval of at least 48 h [26].
Patients with preexisting renal impairment (serum creatinine level
12 mg/dL) who received prophylaxis with fluconazole or low-dose
amphotericin B could receive itraconazole intravenously on a com-
passionate-use basis; all others were treated with conventional am-
photericin B (0.7–1.0 mg/kg).

In cases of clinical suspicion of IFI, HRCT scans were per-
formed. The HRCT scans were done on a General Electric Hispeed
CT/i (General Electric) scanner, using a thin-section technique and
a high-speed reconstruction algorithm. Scanning was done during
breath holding at full inspiration. Scan collimation was 1 mm, and
scan interspacing was 10 mm. Additional expiratory scans (breath
hold at full expiration) were performed for most patients, using
20-mm interspacing. Bronchoscopy and guided bronchoalveolar
lavage were performed for patients without severe hypoxemia. No
endobronchial biopsy samples were obtained during cytopenia. BAL
fluid samples were submitted for bacterial, fungal, mycobacterial,
and Legionella cultures, immunofluorescent staining for Pneumocys-
tis carinii, acid-fast staining, silver staining, and viral cultures. Other
diagnostic procedures were done as clinically indicated.

Patients who were seropositive for human herpes virus type 1
or varicella-zoster virus received prophylaxis with acyclovir (5 mg/
kg 3 times daily). Patients who were seronegative for cytomega-
lovirus (CMV) received transfusions of blood and/or platelets that
were obtained from CMV-seronegative donors. CMV-negative pa-
tients who received a graft from CMV-positive donors and CMV-
positive recipients of allografts received high doses of prophylactic
acyclovir. Ganciclovir was administered preemptively when CMV
was detected in blood samples or from at least 2 consecutive urine
samples (shell-vial assay). Trimethoprim-sulfamethoxazole or aero-
solized pentamidine was given for the prevention of P. carinii
pneumonia.

Standard GVHD prophylaxis included cyclosporin A and metho-
trexate; recipients of HLA-mismatched or unrelated donor trans-
plants also received antithymocyte globulin (ATG). Patients with
acute GVHD were treated with methylprednisolone at an initial dos-
age of 2 mg/kg/day. The dose was increased to 15 mg/kg if disease
progressed. Nonresponding patients were given a course of ATG.
Patients with extensive chronic GVHD were treated on an outpatient
basis with steroids and cyclosporin A or tacrolimus.

Unless the family refused, autopsy was pursued for all patients
who died during the study period. Tissue specimens were stained
with periodic acid–Schiff or Gomori methenamine silver stain for
the detection of hyphal elements.

Definitions. Fungal disease was classified as proven, probable,
or possible, according to European Organization for Research and
Treatment of Cancer/National Institute of Allergy and Infectious
Diseases Mycoses Study Group (EORTC/MSG) definitions (ELISA
results were not included) [27]. “Proven IA” referred to the his-
topathologic evidence of tissue invasion by filamentous fungi and
positive results of culture for Aspergillus species or the isolation of
Aspergillus species from a sample (excluding BAL fluid and sinus
aspirate) from a normally sterile but clinically infected body site
obtained by a sterile procedure. Identification of a non-Aspergillus
mold (e.g., Fusarium) in identical settings was considered to be
“proven non-Aspergillus fungal infection.” Cases in which histo-
pathologic evidence of invasion was present but culture results were
negative were classified as “proven fungal infection.” “Probable

pulmonary IA” implied the presence of positive culture results or
cytologic evidence for Aspergillus species from a lower respiratory
tract specimen, in conjunction with 1 major (halo sign or “air
crescent” sign on CT scan) or at least 2 minor (symptoms of lower
respiratory tract infection, pleural rub, and presence of any new
infiltrate in a patient who did not fulfill the major criterion but for
whom no alternative diagnosis was available) clinical findings. The
fulfillment of a microbiological criterion or 1 major clinical crite-
rion (or 2 minor clinical criteria) in the appropriate host setting
defined “possible IFI.” Study patients with neither clinicoradiologic
nor microbiological evidence of fungal disease were classified as
having “no evidence of fungal infection.” “Colonization” was de-
fined as positive results of culture for molds from a nonsterile site
in patients without any other evidence of fungal infection during
follow-up. Classification of patients with probable or possible dis-
ease could be upgraded after autopsy or surgical procedures.

Clinical samples. Serum samples for the detection of GM were
prospectively collected at least twice weekly from admission until
death or discharge. In the posttransplantation period, patients were
screened at least once weekly as outpatients, until resolution of
GVHD and/or cessation of immunosuppressive drugs. Serum sam-
ples could be obtained more frequently when the diagnosis of IA
became probable or proven. The ELISA (Platelia Aspergillus; Bio-
Rad Laboratories) was performed according to the manufacturer’s
instructions, as described elsewhere [22]. An OD of �1.0 was con-
sidered to be a positive result; however, a result was considered to
be true-positive only when 2 consecutive samples for a patient
tested positive. Serum samples were stored at �70�C and analyzed
weekly by the same technicians. The results of the ELISAs were
reported back to the clinicians once weekly, but decisions regarding
treatment or preemptive therapy were left to the discretion of the
attending physician.

Statistical analysis. Continuous variables were described by
use of statistical characteristics (mean, median, and ranges). Dis-
crete variables were described as counts and percentages. To eval-
uate the value of GM detection as screening test for IA, sensitivity,
specificity, and predictive values were calculated from tables.2 � 2
Patients without signs indicating IA and those with autopsy-proven
absence of IA were considered true control patients; specificity was
calculated from this group. Sensitivity was calculated from patients
with proven IA. Positive and negative predictive values were es-
timated from the combination of the 2 groups. The true disease
status of patients with probable or possible IA for whom neither
biopsy nor autopsy samples were tested could not be accurately
validated.

Results

Stratification of patients. On the basis of antemortem find-
ings and following the EORTC/MSG criteria, patients could re-
ceive a diagnosis of proven IA ( ), probable IA ( ), orn p 5 n p 8
possible IFI ( ). We also identified 6 patients with provenn p 34
non-Aspergillus IFI (2 with mucormycosis, 1 with Alternaria in-
fection, and 3 with candidemia). IFI was not evident in the re-
maining 47 patients. In 47 (88.7%) of 53 patients with proven,
probable, and possible infection, 13 cases could be upgraded after
postmortem examination, resulting in 18 proven cases of IA (fig-
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Figure 1. Classification, at study entry (for all patients) and postmortem examination (for 59 patients), of 100 allogeneic stem cell transplant
recipients included in a study of the value of galactomannan screening in diagnosis of aspergillosis. IA, invasive aspergillosis; IFI, invasive fungal
infection.

ure 1). These additional cases had previously been categorized
as probable IA ( ), possible IFI ( ), and proven non-n p 6 n p 4
Aspergillus IFI ( ; representing dual fungal infections). Al-n p 3
ternative diagnoses in the remaining patients initially classified
as probable IA or possible IFI included disseminated toxoplas-
mosis, necrotizing viral pneumonia, Fusarium species infection,
bacterial pneumonia, marantic endocarditis, malignancy, pul-
monary thromboemboli, alveolar proteinosis, diffuse alveolar
hemorrhage, and diffuse alveolar damage. Given the absence of
autopsy data for 6 patients with possible IFI, the true status of
disease in these patients could not be determined. However, open-
lung biopsy specimens and brain biopsy specimens from 2 of
these patients demonstrated no fungal invasion. Clinicoradiolog-
ic evidence of fungal infection was absent in 47 patients, of whom
10 eventually died; autopsies were performed in 9 of these cases.
Causes of death included hepatic veno-occlusive disease ( ),n p 2
malignancy ( ), CMV pneumonia ( ), and pulmonaryn p 5 n p 1
hemorrhage ( ); no patient showed signs of IFI. After in-n p 1
corporation of these postmortem findings into the analysis, pa-
tients were reclassified as follows: 18 patients had proven IA,
none had probable IA, 6 had possible IFI, and 76 were without
IA. The “no IA” control group also included 3 patients with
proven non-Aspergillus IFI (Alternaria species sinusitis, dissem-
inated Candida albicans infection, and C. glabrata fungemia).

ELISA screening. Of a total of 2695 serum samples ana-
lyzed by ELISA (mean, 26.9 samples/patient; range, 4–81 sam-
ples/patient), 240 samples (8.9%) tested positive and 2455 (91%)
tested negative. However, positivity was not confirmed by test-
ing of a subsequent consecutive sample for 12 serum samples
(5% of all positive results). Two hundred twenty-eight consec-
utive serum samples (8.5%) in 18 patients tested positive.

When the criterion of 2 consecutive positive results was used,
all 5 patients with proven IA (based on antemortem classifi-
cation) had positive results of ELISA (median, 13 positive se-
rum samples/patient; range, 2–19 positive samples/patient). Six
of 8 patients with probable IA were ELISA positive (median,
12 positive serum samples/patient; range, 4–54 positive samples/
patient) and 4 of 34 patients with possible fungal infection tested
positive (median, 4 positive serum samples/patient; range, 3–16
positive samples/patient). Consecutive positive assays were also
found for 3 patients with proven non-Aspergillus fungal infection
(median, 5 positive serum samples/patient; range, 3–7 positive
samples/patient). None of the 47 control patients had 2 con-
secutive positive ELISA results.

Reanalysis of the data after incorporation of the autopsy find-
ings showed that 17 (94.4%) of 18 patients with proven IA tested
positive (median, 10 positive serum samples/patient; range, 2–54
positive samples/patient). Thus, aspergillosis had been detected
by ELISA screening before death in 12 of 13 patients whose
condition was upgraded to proven IA after autopsy. The re-
maining seropositive patient who had 3 consecutive positive
ELISA results (initially classified as having possible IFI) re-
ceived a diagnosis of catheter-related Penicillium infection (1
false-positive case); testing of open-lung biopsy and autopsy
specimens showed no signs of IA. Conversely, an ELISA-neg-
ative patient who had been classified as having possible fungal
infection proved to be culture and tissue examination positive
for Aspergillus at autopsy (1 false-negative case). These results
are summarized in table 2.

Patients with proven IA. Characteristics of patients with
IA are shown in table 3. The median time to onset of asper-
gillosis after transplantation was 98 days (range, 1–814 days).
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Table 2. Results of ELISA screening for galactomannan in 100 allogeneic stem cell transplant
recipients.

Data collection point, type of data Proven IA
Proven non-

Aspergillus IFI Probable IA Possible IFI No IA

Antemortem
No. of patients 5 6 8 34 47
No. of ELISA-positive patients 5 3 6 4 0
ELISA-positive serum samples,

median no./patient (range) 13 (2–19) 5 (3–7) 12 (4–54) 4 (3–16) NA
Combined ante- and postmortem

No. of patients 18 3 0 6 73
No. of ELISA-positive patients 17 0 0 0 1
ELISA-positive serum samples,

median no./patient (range) 10 (2–54) 0 0 0 NA (3)

NOTE. IA, invasive aspergillosis; IFI, invasive fungal infection; NA, not applicable.

Two-thirds of cases were diagnosed after posttransplantation
day 50. Aspergillus fumigatus was isolated from 17 patients and
Aspergillus versicolor from 1 patient. Central nervous system
involvement was present in 8 patients (44%); this was confirmed
by biopsy in 2 patients and by autopsy in 1 patient. In the
remainder, brain involvement was presumed on the basis of CT
or magnetic resonance imaging findings and Aspergillus infec-
tion documented at other sites. At diagnosis of IA, 7 patients
(39%) were neutropenic, but only 4 (22%) patients received a
diagnosis of IA during the pretransplantation neutropenic pe-
riod. Thirteen patients (72%) with IA received steroids. The all-
cause mortality rate was 100% among patients with IA, com-
pared with 50% among control subjects. The median length of
survival after the first positive ELISA result was 14 days (range,
2–106 days).

Comparison of GM screening with other diagnostic tools.
The validity of serial screening for GM was compared with
other clinical triggers of presumption of IA, such as the presence
of fever that does not respond to broad-spectrum antibiotics,
the development of new infiltrates on chest x-ray in a patient
receiving antibacterial therapy, and the appearance of abnor-
malities on HRCT that are consistent with infection. Compar-
ison of GM screening with isolation of Aspergillus species from
BAL fluid and with isolation of Aspergillus species from any
lower respiratory tract specimen (BAL fluid, bronchial aspirate,
or sputum) was also done.

Eleven (61.1%) of 18 patients with proven IA presented with
fever refractory to adequate antibacterial therapy, whereas 7 pa-
tients (all of whom received steroids) remained persistently afeb-
rile. Twenty-six of 82 control patients also had persistent fever,
resulting in a specificity of 68.3%. The positive predictive value
of this criterion was only 29.7%, and the negative predictive value
was 88.8%. All but 1 patient with IA (94.4%) developed new
pulmonary infiltrates visible on conventional chest x-ray. In the
control group, new infiltrates were seen in 33 patients, resulting
in a specificity of 59.7%. The positive and negative predictive
values were 34% and 98%, respectively.

Bronchoscopy with BAL was only performed in patients who
fulfilled at least the criterion of having possible fungal infection.
Aspergillus was isolated from BAL fluid from 9 of 16 patients

with IA who underwent bronchoscopy. BAL fluid yielded A.
fumigatus in 2 patients who had no evidence of fungal infection
on testing of open-lung biopsy and subsequent autopsy spec-
imens. The sensitivity of a positive culture on BAL fluid, cal-
culated using the results of 42 bronchoscopic procedures, was
56.2%; the specificity was 92.3%, the positive predictive value
was 81.8%, and the negative predictive value was 77.4%. Iso-
lation of Aspergillus species from any lower respiratory tract
specimen (including BAL fluid) had a sensitivity of 61.1%, a
specificity of 96.3%, a positive predictive value of 78.5%, and
a negative predictive value of 91.9% (table 4).

HRCT was performed for 30 patients. Fourteen of 15 pa-
tients with IA had abnormalities on CT scan. However, only
5 patients had the characteristic “halo” sign. All of these pa-
tients had a neutrophil count !500 neutrophils/mm3 at the time
of CT scanning. In the 9 other patients with IA and CT ab-
normalities, including 7 who were nonneutropenic, ill-defined
nodular infiltrates and nonspecific consolidations were ob-
served. In 1 of these patients, follow-up CT scan demonstrated
the formation of an “air crescent” lesion. Fourteen of 15 pa-
tients without IA also had lesions visible on CT that were com
patible with fungal infection, such as ground-glass opacities, ill-
defined nodules, and consolidations; however, the typical “halo”
sign was observed in 1 patient only. Diagnoses included nocar-
diosis ( ), disseminated Candida infection ( ), CMVn p 1 n p 1
pneumonia ( ), adenovirus pneumonia ( ), dissemi-n p 1 n p 1
nated toxoplasmosis ( ), P. carinii pneumonia ( ), leu-n p 1 n p 1
kemia ( ), lymphoma ( ), alveolar hemorrhage (n p 1 n p 1 n p
), bronchiolitis obliterans with organizing pneumonia (BOOP;4

), diffuse alveolar damage ( ), and microthrombin p 2 n p 3
( ); some patients had multiple diagnoses. This resulted inn p 2
a sensitivity of 93.3%, a very low specificity of 6.6%, and positive
and negative predictive values of 50% for CT. However, the pres-
ence of a “halo” sign yielded a sensitivity of 33.3%, a specificity
of 93.3%, a positive predictive value of 83.3%, and a negative
predictive value of 58.3% (table 4).

Seventeen patients with IA had at least 1 positive ELISA
result, compared with 12 patients in the control group. The
sensitivity and specificity of an unconfirmed positive test result
were 94.4% and 85.4%, respectively. The positive predictive
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Table 3. Clinical characteristics of 18 patients with proven invasive aspergillosis (IA).

Patient
Fungal disease
classificationa

Sex, age
in years

Underlying
disease

Type of
transplant

ANC,
cells/mm3

Receipt
of steroid
therapy

Onset,b

days after
transplantation

Survival,c

days Treatmentd

1 Proven (brain) M, 35 ALL RD 2139 Yes 108 32 AmB/AmB � 5-FC
2 Proven (brain) M, 35 AML RD 700 Yes 65 44 AmB/liposomal Nys
3 Proven (lung) M, 48 AML RD 4700 Yes 727 39 Casp
4 Proven (abscess) F, 26 NHL MUD 7300 Yes 272 2 Vor/AmB
5 Proven (lung) M, 27 AML MUD 200 Yes 551 18 Amb/Vor
6 Probable F, 51 AML RD !500 No 1 85 Itr capsules/AmB/liposomal Nys
7 Probable M, 33 CML RD 1056 Yes 122 17 AmB
8 Probable M, 42 MDS MUD 0 No 11 106 AmB/Itr oral solution/AmB
9 Probable F, 34 NHL MUD 400 Yes 205 17 AmB/Casp
10 Probable F, 35 ALL RD 2200 Yes 41 14 Liposomal AmB
11 Probable F, 48 ALL RD 1000 Yes 58 8 AmB/liposomal AmB
12 Possible M, 24 NHL RD !100 No 10 10 AmB
13 Possible M, 19 CML RD 5000 Yes 88 7 AmB
14 Possible M, 42 MDS RD !500 Yes 132e NA AmB
15 Possible F, 35 AML RD 16,900 No 29 13 Itr oral solution
16 No IA M, 38 AML RD 3100 Yes 814 14 AmB
17 No IA M, 37 AML MUD 0 No 5 5 Liposomal AmB
18 No IA F, 35 CML MUD 1100 Yes 250 6 Intravenous Itr

NOTE. ALL, acute lymphoblastic leukemia, AmB, amphotericin B; AML, acute myelogenous leukemia; ANC, absolute neutrophil count; Casp, caspofungin;
CML, chronic myelogenous leukemia; Itr, itraconazole; MDS, myelodysplastic syndrome; MUD, matched unrelated donor; NA, not applicable; NHL, non-Hodgkin
lymphoma; Nys, nystatin; RD, related donor; Vor, voriconazole; 5-FC, 5-fluorocytosine.

a Stratification was based on antemortem data. The classification system of the European Organization for Research and Treatment of Cancer/National Institute
of Allergy and Infectious Diseases Mycoses Study Group was used [27].

b Day of first positive ELISA or (patient 11) first isolation of Aspergillus from sterile site.
c Measured from collection of the first of at least 2 consecutive positive samples.
d Slashes indicate a change in treatment.
e Day of autopsy; no antemortem diagnosis (negative results of ELISA).

value was 58.6%, and the negative predictive value was 98.6%.
Using the criterion of 2 positive ELISA results, specificity and
positive predictive value increased to 98.8% and 94.4%, re-
spectively (table 4).

Temporal relationship between GM antigenemia and other trig-
gers. In all 7 patients with proven IA who persistently re-
mained afebrile, a positive antigen test was the first indication
of Aspergillus infection. Antigen detection preceded ( ) orn p 4
coincided with ( ) the development of fever in 6 of then p 2
remaining 11 patients; fever preceded antigenemia in 4 patients
by 10, 5, 4, and 3 days, respectively. One febrile patient with
aspergillosis remained antigen negative. Antigen detection pre-
ceded radiologic changes on conventional chest x-rays for 12
of 15 evaluable patients by a median of 8 days (range, 4–22
days). A positive ELISA result preceded the demonstration of
abnormalities on CT scan (typical as well as nonspecific) in 12
of 15 evaluable patients by a median of 6 days (range, 1–12
days). With regard to the isolation of Aspergillus, antigenemia
preceded the day of collection of the first specimen with a pos-
itive culture result in 16 patients by a median of 9 days (range,
2–96 days). One patient had Aspergillus isolated from an abscess
59 days before the first detection of GM. Positive ELISA results
preceded the initiation of antifungal therapy in 15 patients by
a median of 6 days; for 1 patient, initiation of therapy coincided
with collection of the first positive sample. In the vast majority
of cases (88.8% and 94.4%, respectively), antigenemia preceded
a definite diagnosis (based on histopathologic examination and

culture) and death due to or during IA by a median of 14 days
(table 5).

Confounding factors. Invasive aspergillosis frequently co-
incided with other medical conditions that mimicked or masked
the clinical diagnosis of aspergillosis. Confounding factors,
both infectious and noninfectious, that could also explain the
presence of fever and/or the development of pulmonary infil-
trates were present at the time that antigen positivity was found
in 15 patients. These factors are described in table 6.

Discussion

Although significant center-to-center variation exists, the in-
cidence of IA following ASCT has increased steadily since 1990
and now surpasses the number of invasive Candida infections
[28, 29]. The high incidence seen in our series has also been
reported at other health care centers—both in Europe and in
the United States—and can be explained by several findings
[29, 30]: First, one-fourth of our patients received a graft from
an alternative donor, a group known to be at greater risk of
developing IFIs than patients with matched, related donors [3].
Second, established risk factors for early and late IA were pres-
ent in the majority of our patients, including age 140 years
(43%), use of steroids (63%), prolonged pretransplantation neu-
tropenia (mean, 18.7 days), and poor underlying disease status
at transplantation (55%) [29]. Third, given the aggressive nature
of the reference diagnostic standard, the true incidence remains
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Table 4. Comparison of galactomannan antigenemia relative to clinical triggers of invasive as-
pergillosis (IA) and results of respiratory tract specimen cultures.

Indicator

No. of patients Value of indicator in diagnosing IA

With proven IA
(n p 18)

Without IAa

(n p 82) Sensitivity Specificity PPV NPV

Persistent fever 11 26 61.1 68.3 29.7 88.8
Infiltrate visible on chest x-ray 17 33 94.4 59.7 34.0 98.0
Positive culture for Aspergillus

BAL fluidb 9 2 56.2 92.3 81.8 77.4
Any specimen 11 3 61.1 96.3 78.5 91.9

Results of CTc

Any abnormality 14 14 93.3 6.6 50.0 50.0
“Halo” sign 5 1 33.3 93.3 83.3 58.3

Positive results of 1 ELISA 17 12 94.4 85.4 58.6 98.6
Positive results of 11 ELISA 17 1 94.4 98.8 94.4 98.8

NOTE. BAL, bronchoalveolar lavage; NPV, negative predictive value; PPV, positive predictive value; CT,
computed tomography.

a Including 6 patients with possible fungal infection (final analysis); no autopsy data were available.
b Sixteen patients with IA and 26 patients without IA underwent bronchoscopy.
c A CT scan was done for 15 patients with IA and 15 patients without IA.

Table 5. Temporal onset of antigenemia in patients with proven in-
vasive aspergillosis (IA).

Time point

No. of
evaluable
patients

No. (%) of
patients with

antigena

Days between
antigen detection
and time point,
median (range)

First day of fever 11b 6 (54.5) 3.5 (0–19)
First indication on chest x-ray 15c 12 (80) 8 (4–22)
High-resolution pulmonary

CT scan 15d 12 (80) 6 (1–12)
Collection of first sample with

positive culture results 18 16 (88.8) 9 (2–96)
Initiation of antifungal

therapy 18 16 (88.8) 6 (0–14)
Definite diagnosis of IA 18 16 (88.8) 14 (5–106)
Death 18 17 (94.4) 14 (2–106)

NOTE. CT, computed tomography.
a At or before time point.
b Seven patients remained afebrile.
c One patient had residual lesions from a previous episode of IA, and 2 patients

were not evaluable because of preexisting abnormalities visible on chest x-ray
(pulmonary non-Hodgkin lymphoma and bronchiolitis obliterans).

d A high-resolution pulmonary CT scan was not performed for 3 patients
receiving mechanical ventilatory support.

undetermined and undoubtedly is underestimated in many epi-
demiological surveys. However, by maintaining a high rate of
autopsy performance (95%), we were able to discriminate be-
tween presumed diagnoses of IFI and other etiologies in a series
of clinically highly suspected patients, and we confirmed 13
additional cases of IA. Fourth, construction and renovation
activities in and around the hospital may have further increased
the risk of infection during the study period [31].

As has been found in other reports, the survival rate of pa-
tients with IA was dramatically low in the present study, de-
spite the empirical use of amphotericin B and the implemen-
tation of investigational antifungal agents [32, 33]. This high
case-fatality rate reflects partly the detrimental delay in diag-
nosis of pulmonary disease, which leads to a high frequency of
extrapulmonary dissemination. It is hypothesized that earlier
diagnosis, followed by earlier therapy, could reverse the dismal
outcome of IA [34]. The present study demonstrates that pro-
spective screening for serum GM by a sandwich ELISA tech-
nique makes earlier diagnosis possible and contributes more
than other diagnostic criteria to the final diagnosis.

To date, a high index of clinical suspicion for IA, based on
knowledge of risk factors and local epidemiology, remains of
the utmost importance. Signs of angioinvasion are frequently
absent at the early stages of disease, and attempts to make a
diagnosis may be thwarted by blunted host inflammatory re-
sponses [35]. Therefore, a considerable proportion of invasive
fungal infections remain undiagnosed until after death [9, 10,
36]. In the mid-1980s, Gerson et al. [37] developed a discrim-
inant scorecard for the diagnosis of pulmonary aspergillosis in
neutropenic patients with leukemia. Many of these criteria still
trigger a diagnostic workup in stem cell transplant recipients.
Unfortunately, as was also demonstrated in the present study,
some of these triggers have low positive predictive value. Per-
sistent fever is a highly imprecise criterion, especially in non-
neutropenic ASCT recipients; it may be related to GVHD or

a malignancy, or it may be caused by inadequately treated or
undiagnosed nonfungal infections. In addition, fever is fre-
quently absent in patients receiving steroid treatment [38]. Plain
chest x-ray lacks specificity, and, although the sensitivity ap-
pears to be high, infiltrates only develop at advanced stages of
disease or after neutrophil recovery [39, 40]. Aspergillus species,
although frequently isolated from respiratory tract products,
are not always implicated in pathologic processes. Among se-
verely immunocompromised patients, positive predictive values
for isolation of Aspergillus from respiratory tract specimens
range from 70% to 80% (78.5% in our study) [41, 42]. However,
the sensitivity is low, especially among patients with focal pul-
monary disease; most allogeneic stem cell transplant recipients
who present with Aspergillus in respiratory specimens have al-
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Table 6. Alternative explanations of fever and/or pulmonary infiltrates in 18 patients with invasive aspergillosis.

Patient Concomitant conditions

1 Staphylococcus epidermidis bacteremia and probable toxoplasmosis
2 CMV pneumonia and persistent CMV viremia
3 Streptococcus sanguis bacteremia, CMV viremia, HHV-6 infection, and isolation of Nocardia species from BAL fluid
4 Relapse of pulmonary non-Hodgkin lymphoma and bronchiolitis obliterans with organizing pneumonia
5 Posttransplantation lymphoproliferative disorder
7 Uncontrolled GVHD grade III treated with ATG, alveolar proteinosis, and CMV pneumonia
8 S. epidermidis bacteremia
9 Escherichia coli bacteremia, isolation of Nocardia asteroides from pleural fluid, and CMV viremia
10 CMV pneumonia, prolonged S. epidermidis bacteremia, and TTP
11 Legionella pneumophila pneumonia, Enterococcus faecium bacteremia, and CMV viremia
12 Relapse of anaplastic non-Hodgkin lymphoma
13 Klebsiella pneumoniae bacteremia and pneumonia, Candida peritonitis, uncontrolled GVHD treated with ATG, probable toxoplasmosis, and

isolation of HHV-6 from BAL fluid
16 S. epidermidis bacteremia, proven mucormycosis, CMV viremia, and isolation of Mycobacterium scrofulaceum from BAL fluid and sputum
17 Candida tropicalis fungemia, isolation of Cryptococcus and Herpesviridae from BAL, and hepatic veno-occlusive disease
18 Proven mucormycosis and uncontrolled GVHD grade IV

NOTE. ATG, antithymocyte globulin; BAL, bronchoalveolar lavage; CMV, cytomegalovirus; GVHD, graft-versus-host disease; HHV-6, human
herpes virus type 6; TTP, thrombotic thrombocytopenic purpura.

ready progressed to frank invasive disease with multifocal or
bilateral radiologic abnormalities [41, 42]. Of note, our data
on the diagnostic yield of bronchoscopy and BAL (56%) match
well with data from a recent EORTC survey (59%) [43] and
findings published by Jantunen et al. (57%) [44].

Therapy is often initiated on the basis of these low–predictive
value and poorly sensitive criteria. However, not all allogeneic
stem cell transplant recipients have the same risk of developing
IFI; therefore, such an approach may be associated with sig-
nificant overtreatment and may result in increased toxicity, in-
duction or selection of drug resistance, and higher medical costs
[45]. A higher index of diagnostic certainty would be welcome.
The availability of more-sensitive methods for detecting early
infection would allow application of more-targeted therapy that
is based on a battery of clinical, radiologic, and microbiological
data (but not histopathologic proof) and directed toward the
highest-risk patients [18].

The early and repeated use of HRCT has been advocated for
the diagnosis of pulmonary infections [19]. The “halo” sign ap-
pears to be highly indicative of angioinvasive aspergillosis in
neutropenic patients and occurs early in the course of disease
[20, 46]. As suggested by Caillot et al. [47], an HRCT-based
approach improves the diagnosis of probable IA and might have
a beneficial impact on survival in febrile neutropenic patients.
However, the CT findings of airway aspergillosis—an emerging
manifestation—are far less specific; they are similar to the find-
ings seen in patients with bacterial, Mycoplasma, or viral bron-
chiolitis or bronchopneumonia [48]. Moreover, it should be em-
phasized that the usefulness of HRCT has been validated almost
exclusively for neutropenic patients [49]. Our study, as well as
others, indicates that similar CT findings lack specificity and
predictive value in nonneutropenic stem cell transplant recipients
[50]. IA can also manifest as ground-glass opacities or nodular
lesions without “halo” sign. In addition, nodular lesions (even
when “halo” sign is present) may represent parasitic infection,
pulmonary involvement by lymphoma or leukemia, Nocardia

infection, obliterative bronchiolitis, and pulmonary thromboem-
boli [50]. Similarly, diffuse ground-glass opacities can also be seen
in association with viral and parasitic infections, BOOP, acute
respiratory distress syndrome, and GVHD. Hence, although
HRCT may provide more details about the etiology of lung
infiltrates in neutropenic patients [49], most stem cell transplant
recipients are no longer granulocytopenic when the presumed
diagnosis of fungal infection is made. In this case, CT studies
can be helpful in findings signs of pulmonary infection and guid-
ing invasive procedures but may not determine the underlying
etiology or causative microorganism.

Non–culture-based techniques have focused on the detection
of surrogate markers such as fungal DNA [51, 52] and circu-
lating GM, an exoantigen released during invasive disease. A
number of techniques, such as EIAs [53], RIAs [54], and latex
particle agglutination tests [55], have been evaluated for the
detection of GM. However, their routine use has been hampered
by poor sensitivity, resulting in the detection of GM only at
advanced stages of the disease, when antifungal therapy is no
longer useful [56]. Stynen et al. [57] have introduced a sandwich
ELISA technique that has a lower threshold of detection of
GM than does latex agglutination. We have demonstrated, in
the present study, that screening for GM by sandwich ELISA
helps to establish an earlier diagnosis of IA after ASCT in
adults. The high sensitivity and negative predictive value have
been reported elsewhere [21–24, 58]. The positive predictive
value was found to be rather low but could be significantly
improved by using the criterion of 2 consecutive positive ELISA
results, a criterion also used in polymerase chain reaction–based
screening [51]. More important, antigenemia preceded clinical
diagnosis of IA on the basis of radiologic findings by a median
of 8 days and on the basis of a positive Aspergillus isolate by
a median of 9 days in 80% and 88.8% of cases, respectively. A
positive ELISA result preceded the institution of antifungal
therapy in 83.3% of patients by a median of 6 days, and the
median length of survival after the first positive ELISA result
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was 14 days. Whether more-frequent sampling (e.g., 3 times
weekly or even daily) or lowering of the threshold for positivity
(as recently was suggested by the Strasbourg group for patients
at risk of aspergillosis who were not transplant recipients [59])
would further improve the chances of early diagnosis remains
to be investigated.

A broad spectrum of coexisting medical conditions, both in-
fectious and noninfectious, that mask the clinical diagnosis of
IA was present in our group of patients. In all but 1 of these
cases, antigen detection was the first sign of IA. Hence, this test
should be performed sequentially as a screening test, rather than
as a confirmatory test, when fungal infection is anticipated on
clinical grounds. A confirmed positive result (especially an in-
crease in the GM antigen titer) in allogeneic stem cell transplant
recipients should encourage clinicians to start anti-Aspergillus
therapy preemptively, even in the presence of alternative expla-
nations for fever or pulmonary infiltrates [60]. Conversely, if pa-
tients repeatedly have negative results of testing, despite fulfilling
other criteria for probable or possible fungal infection, then the
risk of IA appears to be very low. However, although serologic
testing contributes substantially to the diagnosis of IA, it is not
a substitute for a thorough diagnostic workup, including CT
imaging and bronchoscopy with BAL. In addition, in view of
the species-specific nature of the ELISA, the emergence of non-
Aspergillus mold infections, and the frequent cooccurrence of
fungal pathogens [61], making decisions about treatment solely
on the basis of negative ELISA results is not advisable, although
the chance of incorrectly withholding antifungal therapy is re-
ported to be acceptably low [62]. In addition, a trend toward
non–A. fumigatus isolates of Aspergillus has been observed [29],
including species with decreased susceptibility to amphotericin
B; therefore, one should try to obtain isolates for species deter-
mination whenever feasible. Finally, although the test has been
shown to yield positive results before therapy is initiated on the
basis of clinical parameters, a randomized trial of antifungal
strategy will be needed to investigate whether the incorporation
of ELISA will alter the final outcome of IA.

We conclude that prospective screening for circulating GM
in allogeneic stem cell transplant recipients allows earlier di-
agnosis of IA, especially when this method is compared with
the use of conventional diagnostic criteria. However, this strat-
egy should be incorporated in a multifaceted and highly sen-
sitive and specific approach that combines serial GM detection
and HRCT scanning results. Finally, the presumed beneficial
impact on IA-related mortality still needs to be demonstrated
in properly designed studies on antifungal strategies.
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