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To determine the significance of Aspergillus species isolated from sputum or
other respiratory secretions with respect to the diagnosis of invasive pulmonary
aspergillosis, the clinical records and radiographs of all patients whose respiratory
secretion cultures yielded an Aspergillus species between 1972 and 1978 were

reviewed. All known predispositions to invasive aspergillosis, e.g., presence of
cancer or granulocytopenia, and therapy with corticosteroids, antibiotics, and
cytotoxic drugs, were significantly associated with proven or probable invasive
pulmonary aspergillosis. Most notable were patients with acute leukemia and
granulocytopenia. Prolonged duration of hospitalization between initial isolation
(greater than 2 weeks) and multiple isolates (greater than three isolates) were
also significantly associated with a high frequency of proven or probable disease.
Isolation of A. niger was only rarely associated with proven or probable disease
(one of eight patients). The isolation of A. fumigatus and A. flavus from respi-
ratory secretions does not usually represent laboratory contamination and must
be interpreted in the light of known predispositions to aspergillosis. In some
situations, e.g., granulocytopenic patients with acute leukemia, even a single
isolation carries a high likelihood of invasive aspergillosis.

The incidence of opportunistic fungal infec-
tions has undergone an alarming increase over
the past two decades, generally attributed to the
improved survival of cancer patients through
the use of immunosuppressive and cytotoxic
drugs. Chiefly responsible for these infections
are species of the genera Candida and Asper-
gillus. The relative importance and pathogenic
spectrum of both organisms have been stressed
by many authors (2-7, 9, 10, 12-14, 16, 18, 20, 23,
24). Most agree that the antemortem recovery
of Aspergillus sp. from respiratory secretions in
patients ultimately shown by biopsy or autopsy
to have invasive pulmonary aspergillosis is un-
usual (3, 5-7, 9, 14, 16, 24). Standard textbooks
continue to refer to this fungus as "the weed of
the culture room," indicating that Aspergillus
sp. are frequent laboratory contaminants be-
cause of the ubiquity of their airborne spores
(21). Other authors advocate obtaining "multi-
ple cultures" before considering the isolate sig-
nificant, leaving undefined the exact number of
positive cultures necessary before making such
a conclusion (5, 12, 13). Finally, because of the
high frequency of negative sputum cultures in
patients with proven invasive pulmonary asper-
gillosis, many authors have tended to de-empha-
size sputum culture results, the traditional mode

of diagnosis of pulmonary infection, and to ex-
plore other means of antemortem diagnosis, in-
cluding serological methods (8, 11, 19, 22), nasal
culture (1), and transbronchial or open lung
biopsy (7, 10).
Few investigators have addressed specifically

the issue of interpretation of respiratory secre-
tion cultures which yield an Aspergillus sp.
Pepys et al. (17) evaluated the significance of
sputum isolation of Aspergillus sp., but only
with respect to the allergic form of bronchopul-
monary aspergillosis.
Because of the recent circumstance in our

institution of several patients with autopsy-
proven, invasive pulmonary aspergillosis in
whom positive antemortem sputum cultures for
Aspergillus sp. were not regarded as clinically
significant, a retrospective study of all patients
who had Aspergillus sp. recovered from respi-
ratory secretions at Presbyterian-University
Hospital was undertaken. We wished to deter-
mine the frequency of invasive pulmonary as-
pergillosis in this setting and to identify any
clinical or laboratory determinants which might
be useful in interpreting these culture results.

MATERIALS AND METHODS
The files of the Clinical Microbiology Laboratory of
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Presbyterian-University Hospital were reviewed for
the results of all sputum, transtracheal aspirate, and
bronchial washing cultures for the period of January
1972 through December 1978. Patients were included
in the study if one or more of such cultures grew any
of the species ofAspergillus routinely identified in our
laboratory, i.e., A. fumigatus, A. flavus, or A. niger.
Respiratory secretion cultures are routinely planted
without digestion on the following agar media: Tryp-
ticase soy with 10% rabbit blood, Columbia CNA, eosin
methylene blue, and mycophil with added gentamicin
and penicillin (BBL Microbiology Systems, Cockeys-
ville, Md.). The former three media are incubated at
370C for 48 h. The mycophil with added gentamicin
and penicillin is incubated at room temperature for 4
weeks (cultures observed weekly). All molds, from
either bacteriological or mycological media, are rou-
tinely identified by morphology in lactophenol blue
preparations and by pigment production.
A total of 78 patients with positive cultures of

Aspergillus sp. during the study period were identi-
fied. The year of study and the number of patients,
respectively, were as follows: 1972, 6; 1973, 13; 1974, 6;
1975, 10; 1976, 9; 1977, 19; and 1978, 15. Seventeen
patients were excluded from further analysis because
of unavailable clinical records or chest radiographs.
Most of the excluded patients were from 1972 and
1973. Presbyterian-University Hospital is a 520-bed,
general medical and surgical hospital with no obstet-
ric-gynecological, pediatric, or psychiatric services.
There has been no full-time pulmonary division, so
that patients with chronic obstructive lung disease
(who often culture Aspergillus sp. from sputum) are
not especially frequent. There are active hematology-
oncology, renal transplantation, and rheumatology
services which have many highly immunosuppressed
patients.

Overall, 330 respiratory secretion cultures were ob-
tained from the remaining 61 patients (mean = 5.4 per
patient). Of these cultures, 131 (40%o) yielded an As-
pergillus sp. (mean = 2.1 per patient). A. fumigatus
was recovered from 42 (68%) patients, A. fumigatus
and A. flavus (in separate specimens) was recovered
from 6 (10%) patients, A. flavus only was recovered
from 5 (8%) patients, and A. niger was recovered from
8 (13%) patients. Of those 131 positive cultures, 117
(89%) were from sputum, six (5%) were transtracheal
aspirates, and eight (6%) were bronchial washings
obtained at bronchoscopy. The latter 14 cultures were
obtained from 11 patients, seven ofwhom had concom-
itantly grown Aspergillus sp. from expectorated spu-
tum. Thirty-two (52%) patients had a single culture
positive for Aspergillus sp., 21 (34%) patients had two
or three positive cultures, and 8 (13%) had more than
three positive cultures.
The 61 study patients were grouped into four cate-

gories with respect to the diagnostic likelihood of
invasive pulmonary aspergillosis: (i) proven cases (11
patients), verified by biopsy (1 patient) or autopsy (10
patients); (ii) probable cases (13 patients) with chest
radiographic changes characteristic of invasive pul-
monary aspergillosis, e.g., single or multiple nodules of
recent onset, wedge-shaped (infarct-like) or lobar al-
veolar infiltrates of recent onset, and cavitary infil-
trates of any shape (15). All such infiltrates failed to

resolve with broad-spectrum antibacterial therapy. Of
the 13 patients included in the "probable" category, 7
died during their hospitalization and were not autop-
sied. Of these, four had cavitary lesions on chest X-
ray and three had lobar infiltrates. Of the six patients
who survived, four were treated with amphotericin B
after discovery of a pulmonary cavitation and were
discharged in good condition. It should be noted that
none of these patients had acute leukemia in relapse.
The remaining two patients showed either a nodular
"target" lesion or infarction with cavitation on chest
X-ray. Both patients had acute leukemia and devel-
oped positive cultures and radiographic abnormalities
at a time when their leukemia was remitting with
peripheral granulocytes increasing. They were dis-
charged in good condition without antifungal therapy
despite the radiographic infiltrates and were subse-
quently lost to follow-up; (iii) indeterminate cases (15
patients), including patients with radiographic infil-
trates consistent with, but not characteristic of inva-
sive pulmonary aspergillosis (15), again unresponsive
to antibiotic therapy; (iv) cases with no evidence of
disease (22 patients), composed of patients with no
radiographic infiltrates (12 patients) or with an infil-
trate that responded to antibacterial chemotherapy
(6 patients) or was found at autopsy not to be due to
invasive aspergillosis (4 patients).
The clinical records of all 61 patients were reviewed

to determine the following information: underlying
disease, corticosteroid or cytotoxic chemotherapy or
both, antibacterial and antifungal chemotherapy, total
number of respiratory secretion cultures and those
positive for Aspergillus sp., presence of granulocyto-
penia (<1,000 cells/mm3), total duration of hospitali-
zation and duration before isolation ofAspergillus sp.,
species of the Aspergillus isolate, and the outcome of
the hospitalization (discharge or death). The total
number of patients with autopsy-proven invasive pul-
monary aspergillosis during the study period was also
determined.

Observed differences in distribution of patients with
and without the various factors described above,
among the four diagnostic categories, were tested by
the chi-square method. Differences in proportions
were tested by chi-square with Yates correction.

RESULTS
Patient population. There were 35 males

and 26 females among the study population. The
mean age of the study patients was 57 years
(range = 25 to 79 years; median = 58 years). Of
the study patients, 80% had some serious under-
lying disease known to predispose to invasive
aspergillosis (Table 1). These diseases included
cancer, which occurred in 34 (56%) patients of
whom 14 (23%) had acute leukemia, 12 (19%)
had lymphoproliferative disorders, and 8 (13%)
had one of various types of carcinoma. To deter-
mine whether this distribution of underlying
diseases was representative of all patients having
respiratory secretion cultures at this hospital,
study patients were compared with a group of
52 consecutive unselected hospitalized patients
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having sputum cultures during a 2-week period.
Only 16 (31%) of the unselected patients had an
underlying disease predisposing to aspergillosis,
including 8 (15%) with cancer and 2 (4%) with
acute leukemia (P < 0.01 for all three compari-

TABLE 1. Underlying diseases among the study
patients (n = 61)

Underlying disease No. of patients (%)

All cancers ..................... 34 (56)
Acute leukemia .............. 14 (23)
Non-Hodgkin's lymphoma ..... 6
Hodgkin's disease ............. 2 (20)
Chronic lymphocytic leukemia 4
Carcinoma ................... 8 (13)

Other serious diseases .... 11 (18)
Chronic renal failure ........... 6
Collagen disease ............... 3
Alcoholism ................... 2

Tuberculosis 4 (7)

No underlying disease 12 (20)

Includes lung (five patients), breast (two patients), and
islet cell (one patient) carcinoma.
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sons). The number of patients with other pre-
disposing factors to invasive aspergillosis among
the study population was 51 (83%) receiving
antibiotic therapy, 33 (54%) receiving cortico-
steroid therapy, 27 (44%) undergoing immuno-
suppressive chemotherapy, and 18 (29%) with
granulocytopenia. None of the study patients
had clinical evidence of allergic bronchopulmo-
nary aspergillosis.
Factors associated with a high frequency

of diagnostic significance. To determine
which clinical parameters might select for pa-
tients likely to have invasive pulmonary asper-
gillosis, we examined the distribution among the
four diagnostic categories of patients with or
without several established predisposing factors
to invasive aspergillosis. Patients with the fol-
lowing predisposing factors were associated with
a distribution among the four diagnostic cate-
gories which was significantly weighted in favor
of proven or probable invasive pulmonary asper-
gillosis: cancer, acute leukemia, granulocyto-
penia, or therapy with antibiotics, corticoster-
oids, and cytotoxic drugs (Fig. 1A-F). Most not-
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FIG. 1. Six bar graphs showing the distribution of patients with and without each of six established
predisposing factors to invasive aspergillosis among the four diagnostic categories. Each bar represents the
percentage of patients in each group who were classified in that diagnostic category. The numbers in
parentheses above the bars represent the absolute numbers ofpatients represented by the bar. The X2 test was
used to analyze the difference in distribution among all four categories between patients with and without the
factor being analyzed.
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able were acute leukemia, granulocytopenia, and
chemotherapy.

Since the certainty of diagnosis in patients
with probable or possible disease was most ten-
uous, we also compared patients with proven
aspergillosis with those that had no evidence of
disease (the two most certain diagnostic cate-
gories). The following predisposing factors were
still significantly more frequent among patients
with proven aspergillosis: acute leukemia, gran-
ulocytopenia, antibiotic therapy, and chemo-
therapy (P < 0.02 for all comparisons).

Since virtually all patients with acute leuke-
mia were receiving chemotherapy and were
granulocytopenic and most received corticoster-
oids and broad-spectrum antibiotics, the latter
four factors were analyzed for all nonleukemic
patients. Again, for all but one of these factors,

A CHEMOTHERAPY

nonleukemic patients had a significantly higher
frequency of proven or probable aspergillosis
than did similar patients without these factors
(Fig. 2A-C). The one exception was granulocy-
topenia, where the difference did not quite reach
statistical significance (Fig. 2D).

Interestingly, not all cancer patients had a
high frequency of proven or probable aspergil-
losis. Indeed, four of five patients with lung
carcinoma had no evidence of disease. In addi-
tion, the frequency of cancer among the 37 pa-
tients with indeterminate or no evidence of as-
pergillosis was also high at 15 (41%) and was still
significantly elevated when compared with the
frequency of cancer in the unselected patient
population (P < 0.025).

Several laboratory parameters were also stud-
ied. Seven (87%) of eight patients with A. niger
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FIG. 2. Similar analysis to that described in the legend to Fig. 1 for all studypatients other than those with
acute leukemia.
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isolates had either indeterminate (two patients)
or no evidence (five patients) of disease, despite
the fact that all seven had serious underlying
diseases, including one patient with acute leu-
kemia. All but one of these patients had only a
single isolation. Because of the low frequency of
proven or probable disease, patients with A.
niger isolates were eliminated from further anal-
ysis.
The frequency of multiple Aspergillus sp. iso-

lations was then examined. Patients with proven
or probable invasive aspergillosis did not tend to
have an increased frequency of multiple positive
cultures. Indeed, almost half of such patients
had only a single positive culture. The median
number of positive cultures was approximately
1.5 for all diagnostic categories, despite the fact
that patients with proven or probable disease
were more often cultured than those with inde-
terminate disease or no evidence of disease.
However, the distribution among the diagnostic
categories of the eight patients with more than
three positive cultures was significantly
weighted in favor of proven or probable disease
(Fig. 3A). The presence of cavitary radiographic
infiltrates also did not correlate with multiple
positive cultures, although four of the eight pa-
tients with four or more positive cultures had
cavitary lesions.
The total duration of hospitalization and the

duration of hospitalization before initial Asper-
gillus sp. isolation appeared to be important
variables. The total duration of hospitalization
tended to be longer among patients with proven
or probable disease than among those with in-
determinate or no evidence of disease. Likewise,
the duration of hospitalization before initial As-
pergillus sp. isolation also tended to be longer
among patients with proven or probable disease.
A period of 2 weeks of hospitalization appeared
to best separate patients with proven or proba-
ble aspergillosis from the other study patients.
The distribution of patients whose initial Asper-
gillus sp. isolation occurred after week 2 in the
hospital was significantly weighted in favor of
proven or probable disease (Fig. 3B).
Invasive pulmonary aspergillosis at au-

topsy. Of the study patients who died during
the hospital admission in which an Aspergillus
sp. was isolated, 17 were subjected to postmor-
tem examination. Ten (59%) of these 17 patients
were shown to have invasive pulmonary asper-
gillosis. Six of the seven patients without asper-
gillosis at autopsy also had serious underlying
diseases, including three with chronic renal fail-
ure, two with carcinoma, and one with alcoholic
liver disease. During the study period 1,852 post-
mortem examinations were performed of which
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FIG. 3. Similar analysis to that described in the
legend to Fig. 1 for (A) patients with or without
greater than three positie cultures and (B) patients
hospitalized for more or less than 14 days before
initial Aspergillus sp. isolation.

40 (2.2%) showed invasive pulmonary aspergil-
losis. Thus, the frequency of invasive pulmonary
aspergillosis among autopsy patients with ante-
mortem isolates of Aspergillus sp. from respi-
ratory secretions was far greater than in the
autopsy population at large (P < 0.0001). How-
ever, the frequency of antemortem recovery of
an Aspergillus sp. from respiratory secretions
among patients with autopsy-proven invasive
pulmonary aspergillosis was only 25% (10 of 40).
The morphology of the lesions of invasive asper-
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gillosis was no different among autopsied pa-
tients with antemortem Aspergillus sp. isolates
than among those with negative respiratory se-
cretion cultures. Specifically, there was no tend-
ency toward cavitary disease among those with
positive antemortem respiratory secretion cul-
tures. Interestingly, although the frequency of
antemortem isolation of Aspergillus sp. from
respiratory secretions increased during the study
period (see above), the yearly frequency of au-
topsies with invasive pulmonary aspergillosis re-
mained reasonably constant at about 2% per
year.

DISCUSSION
The results of this retrospective study indicate

that the isolation of A. fumigatus or A. flavus is
usually not a random event due to laboratory
contamination and that such cultures must be
interpreted in the light of known predisposing
factors to invasive pulmonary aspergillosis to
determine their diagnostic significance. All of
the previously defined predispositions to inva-
sive aspergillosis including the presence of can-
cer, granulocytopenia, and treatment with cor-
ticosteroids, antibiotics, and cytotoxic drugs
were significantly associated with a high fre-
quency of proven or probable aspergillosis. Since
all of these predispositions occur in patients
treated for acute leukemia, it is not surprising
that this patient group had the highest fre-
quency of proven or probable disease. These
results suggest that even a single positive spu-
tum culture for A. fumigatus or A. flavus from
such a patient must be regarded as potentially
significant. Other factors, which were signifi-
cantly correlated with a high frequency of
proven or probable aspergillosis, were prolonged
duration of hospital stay and the presence of
multiple positive cultures. The latter factor
should not be overstressed, since most patients
in this series with proven or probable invasive
pulmonary aspergillosis only had a single posi-
tive culture, and therapeutic delay while await-
ing multiple positive cultures could prove costly
(14, 24).
Other investigators have commented upon the

diagnostic significance of sputum cultures yield-
ing Aspergillus sp. in compromised patients.
Bodey (6) reviewed fungal complications in over
400 patients with acute leukemia and noted that
12 of 38 patients in his series with invasive
aspergillosis at autopsy had positive antemortem
sputum isolates of Aspergillus sp. He further
showed that none of 50 patients with acute leu-
kemia without invasive aspergillosis at autopsy
had a positive antemortem Aspergillus isolate.
Thus, no "false-positive" sputum cultures for

Aspergillus occurred in this patient group.
Young et al. (24) noted that antemortem isola-
tion of Aspergillus sp. was accomplished in only
34% of their cancer patients with autopsy-proven
aspergillosis, similar to the 25% frequency in the
present series. These authors described several
patients with pulmonary aspergillosis in whom
positive antemortem sputum cultures had been
disregarded and, therefore, suggested that "in a
patient population predisposed to fungus infec-
tion, the presence of an Aspergillus sp. on a
culture should alert the physician to the possi-
bility of aspergillosis." Meyer et al. (14) showed
that six (67%) of nine patients with hematologi-
cal malignancy and positive sputum cultures for
Aspergillus had invasive aspergillosis at au-
topsy. However, the fact that three of these
patients had no aspergillosis at autopsy empha-
sizes the fact that sputum isolation of an Asper-
gillus sp. is not always diagnostic of invasive
disease, even in the most predisposed patients.
Among compromised patients with diseases
other than cancer, Gurwith et al. (10) described
five cardiac transplant recipients with invasive
pulmonary aspergillosis of whom four had mul-
tiple positive sputum cultures.
Most large series of patients with aspergillosis

have described A. fumigatus and A. flavus as
the most common species causing invasive dis-
ease (24). The findings in the present series are
similar. The lack of association of A. niger with
proven or probable disease in the present series
suggests that, although previously reported as a
rare cause of invasive disease (9), isolation of A.
niger from respiratory secretions is usually not
diagnostically significant.
One of the most interesting findings in this

study was that the frequency of cancer and other
serious diseases among patients with Aspergil-
lus sp. isolates who did not have proven or
probable invasive aspergillosis was still signifi-
cantly higher than in an unselected population
of hospitalized patients having sputum cultures.
This finding may reflect the prolonged hospital-
ization of patients with serious underlying dis-
eases and the increased frequency of antibiotic
usage in such patients. Such compromised pa-
tients are presumably "colonized" by Aspergil-
ius sp.; the significance of such colonization is
unclear. The increasing frequency ofAspergillus
sp. cultured from respiratory secretions during
a period when the frequency of autopsy-proven
aspergillosis remained constant suggests that
such colonization may be more common as im-
provements in survival of patients with cancer
have occurred. Among patients with acute leu-
kemia, Aisner et al. (1) have shown that surveil-
lance nasal cultures positive for A. flavus or A.
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fumigatus were "predictive" of subsequent in-
vasive pulmonary aspergillosis. Only a prospec-
tive study of all patients with respiratory secre-
tion cultures positive for Aspergillus sp. will
define the natural history of colonization by such
fungi among compromised hosts other than
those with acute leukemia. The possibility is
raised that antifungal therapy in suitably predis-
posed patients may reduce the incidence of sub-
sequent invasive aspergillosis.
The successful management of invasive asper-

gillosis in the compromised host is predicated on
early diagnosis (3, 7, 16). Although histopatho-
logical demonstration of invasive aspergillosis
through invasive procedures such as transbron-
chial, percutaneous, or open-lung biopsy is defin-
itively diagnostic, these procedures are contrain-
dicated in many of the most highly predisposed
patients. Serodiagnosis using an immunodiffu-
sion test with antigens prepared from A. fumi-
gatus (22), or from a combination of the latter
plus A. flavus and A. niger (11), has been shown
to have great specificity and reasonable sensitiv-
ity for the diagnosis of invasive aspergillosis,
especially when serial samples are examined at
defined intervals (8, 19). However, sputum or
other respiratory secretion cultures positive for
A. fumigatus or A. flavus in a suitably predis-
posed patient, although occurring in only a mi-
nority of such patients with invasive aspergil-
losis, may allow a presumptive diagnosis with
great enough probability to warrant antifungal
chemotherapy.
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