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PUrPOSE: To define the role of lower—respiratory-
tract cultures in the diagnosis of invasive pulmonary
aspergillosis (IPA) in immunocompromised hosts.

METHODS: Immunocompromised patients with a
positive, nonbiopsy, lower-respiratory-tract culture
for Aspergillus species were classified as having
definite, probable, indeterminate, or no IPA. Culture
data, positive predictive values (PPVs), correlation
with clinical and radiographic findings, and the rela-
tionship between the number of specimens submit-
ted and the likelihood of recovering Aspergillus
were assessed.

ResuLTs: Definite or probable IPA was diagnosed in
72% of episodes from patients with hematologic
malignancy, granulocytopenia, or bone-marrow
transplant; in 58% of those with solid-organ trans-
plant or using corticosteroids; and in 14% of those
with human immunodeficiency virus infection. The
PPV of cuttures ranged from 14% in the latter
group to 72% in the first group (bone-marrow-
transplantation subgroup, 82%). Fungal cultures
were more often positive than were routine cultures
(P <0.001). Clinical and radiographic findings
suggestive of IPA were present more frequently in
infected than uninfected patients (59% versus 24%,
P <0.025); and 73% versus 6%, (P <0.0001,
respectively). Infected patients with >1 positive
node had more cultures submitted than a control
group of patients with no positive cultures (5.8 =
4.7 versus 2.1 + 2.2 cultures, P <0.001). -

concLusion: Recovery of Aspergillus species from
high-risk patients is associated with invasive infec-
tion. Clinical and radiographic correlations help to
separate true- from false-positive cultures. At least
3 sputum specimens should be submitted for fun-
gal culture whenever fungal infection is suspected.

cute, invasive pulmonary aspergillosis (IPA) is a
serious infection of immunocompromised hosts.
Patients at the highest risk for invasive aspergillosis are
those with hematologic malignancies or granulocyto-
penia,'® bone-marrow transplantation (BMT),%® solid-
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organ transplantation,*? or corticosteroid use.!> More
recently, persons infected with the human immuno-
deficiency virus (HIV) also have been shown to be at
increased risk.'*® The mortality associated with
Aspergillus infections in patients with these risk fac-
tors remains high, and can approach 90% in neu-
tropenic patients or BMT recipients. 131719 Much of this
high mortality may reflect the difficulty in establishing
an early, definitive diagnosis. Some authors have ob-
served improved survival from invasive aspergillosis
when high-dose amphotericin is initiated early, that is,
before or within a few days of the appearance of pul-
monary infiltrates.” 12182025 [nvasive procedures to es-
tablish a definitive diagnosis are associated with a high
risk of complications. Noninvasive methods such as an-
tibody or antigen detection remain investigational
Thus, therapeutic decisions are frequently based solely
on presumptive diagnoses.'32628

Sputum cultures have been reported to be insensitive
for the diagnosis of IPA in immunocompromised hosts.
In studies that predominately involved patients with
acute leukemia or BMT, 15% to 63% of patients with IPA
had positive cultures before death, with the higher fig-
ures coming from the most recent reports. 31724252930 A
slightly greater sensitivity of respiratory cultures (78%)
was reported a large series of IPA in recipients of liver
transplants,? but Weiland et al'® found that only 40% of
21 kidney transplant recipients with IPA had positive
sputum cultures. Cultures of nonbiopsy materials ob-
tained at bronchoscopy, such as lavage fluid, washings,
or brushings, also have been found to be insensitive;
yielding positive results in <50% of cases of IPA3% A
number of investigators have shown that positive cul-
tures are usually specific for aspergillosis when taken
from patients at high risk, such as leukemic patients who
are neutropenic after receiving chemotherapy.?3637 Yet
the positive predictive value (PPV) of respiratory-tract
cultures for Aspergillus in patients with other IPA risk
factors remains imprecise. Furthermore, earlier studies
have not included BMT or HIV-infected patients. The
present investigation was undertaken to further define
the predictive value of positive respiratory cultures, eval-
uate the role of clinical variables in interpreting culture
results, and identify ways to improve the use of respi-
ratory-tract cultures in the diagnosis of IPA in im-
munocompromised hosts.

METHODS

Patients. Records from the microbiology laboratory
of Vanderbilt University Hospital were searched for all

171



RESPIRATORY-TRACT CULTURES AND ASPERGILLOSIS/HORVATH AND DUMMER

reports of Aspergillus species isolation from January
1980 through November 1993. Patients >10 years old
who had a positive culture of a lower-respiratory-tract
specimen for Aspergillus were identified. These speci-
mens included sputa, endotracheal aspirates, bronchial
washings or brushings, and bronchoalveolar lavage
fluid, but excluded biopsy samples. Upper-respiratory-
tract specimens, such as nasal or throat swabs, were ex-
cluded because there were too few to analyze. Charts
of patients were then reviewed to determine the pres-
ence or absence of one or more of the following
conditions: (1) active leukemia or lymphoma; (2) gran-
ulocytopenia, defined as <1,000/mm? circulating granu-
locytes for 27 days immediately prior to the first posi-
tive culture; (3) solid-organ or bone-marrow trans-
plantation; (4) corticosteroid usage, equivalent to >10
mg per day for each of the 30 days immediately prior to
the first positive culture; or (5) HIV infection. Patients
with risk factors for chronic invasive aspergillosis, such
as chronic granulomatous disease or chronic obstruc-
tive lung disease, were not included unless one of the
above five conditions also existed. Patients with a pos-
itive respiratory-tract culture were then grouped as fol-
lows: group I—leukemia, lymphoma, BMT recipients, or
those with granulocytopenia; group II—solid-organ
transplant recipients; group IIl—those using corticoste-
roids; or group IV—those with HIV infection.
Diagnosis of IPA. Patient records were reviewed
to establish the presence of the following clinical or
radiologic features previously shown to be suggestive
of acute IPA in immunocompromised hosts.?22627.38
These included (1) any degree of hemoptysis; (2)
pleuritic chest pain; (3) pleural rub; and (4) new pul-
monary infiltrates described as alveolar, nodular, cav-
itary, or wedge shaped. Data were collected regard-
ing the onset of these features, as well as the use of
and initiation of amphotericin at doses above and be-
low 0.8 mg/kg per day, in relation to the submission
day of the first culture positive for Aspergillus.
Each patient was assigned to one of four diagnostic
categories as follows: (1) Definite [IPA—This necessi-
tated a histologically proven invasive pulmonary in-
fection; patients with nonpulmonary sites (eg, skin)
demonstrating forms consistent with Aspergillus
species on histologic examination and having pul-
monary infiltrates were not considered definite unless
IPA was also demonstrated in lung tissue. (2) Probable
IPA—these patients had suggestive pulmonary infil-
trates without another apparent cause and no response
to broad spectrum antibacterial agents (patients meet-
ing these criteria, who experienced recovery without
receiving 2500 mg of amphotericin B, were considered
indeterminate). (3) Indeterminate—these patients had
interstitial or lobar infiltrate(s) or pleural effusions, but
without a pattern suggestive of aspergillosis, as defined
above, and with no apparent cause (patients with a po-

tential pathogen [besides Aspergillus] isolated from
sputum or blood were also placed in this category, re-
gardless of type of infiltrate). Patients were also placed
in the indeterminate category if their pulmonary
process resolved completely with the administration
of <500 mg of amphotericin B, or if they had absence
of Aspergillus species at autopsy, if death occurred af-
ter >2 months of therapy with amphotericin B or itra-
conazole. (4) Uninfected—these patients did not
demonstrate IPA at autopsy or after lung biopsy, or
had a full recovery from the pulmonary process with-
out any amphotericin B therapy.

Respiratory-tract culture. Specimens for routine
bacterial pathogens (routine culture) were plated on
blood, chocolate, and MacConkey agar, and read at
both 24 and 48 hours. Specimens for fungal culture
were placed on each of four slants: Sabouraud dex-
trose, pH 6.8, with and without gentamicin and chlo-
ramphenicol, and brain-heart infusion agar with 10%
sheep blood, with and without gentamicin and chlo-
ramphenicol. Slants were incubated at 30°C and read
weekly for 4 weeks. Isolates were usually reported as
Aspergillus fumigatus, Aspergillus species, or Asper-
gillus species not fumigatus.

In determining the number of positive and negative
cultures for each possible episode of IPA, all speci-
mens obtained within 30 days before and after the
first positive culture were considered. One specimen
submitted for both routine and fungal culture was
considered as two cultures.

Comparisons with patients with proven IPA but
without positive antemortem cultures. Pathology
records from 1983 to 1993 were reviewed and revealed
26 patients who had confirmed IPA and one of the five
iImmunocompromising conditions mentioned earlier,
but did not have any positive respiratory-tract cultures
for Aspergillus. The number of cultures obtained from
these 26 patients was compared to that from the defi-
nite-IPA group to determine if the absence of a posi-
tive culture antemortem could have been due to less-
frequent culturing.

Positive predictive values. Calculating the PPVs
for any group or subgroup requires identification of all
true-positive cases. In this study, the total number of
true-positive cases could not be precisely defined, be-
cause the number of patients who actually had IPA in
the probable and indeterminate groups was unknown.
Thus, PPVs were calculated using different estimates
for the number of true-positive cultures (numerator)
and number of true- plus false-positive cultures (de-
nominator). Method A assumes that all positive cul-
tures from definite and probable cases are true-posi-
tive results, while those from indeterminate and
uninfected cases are false-positive results. Method B
calculates the PPVs using only those cultures that are
known with certainty to be true-positive results (defi-
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TABLE |
Underlying Diseases Associated With Positive
Lower-Respiratory-Tract Cultures for Aspergilius
Group Underlying Disease No. of Patients
| Hematologic/Oncologic/BMT 47
BMT 22
Allogeneic 16
Autologous 6
Acute leukemia 17
Other” 8
il Solid-organ transplants 16
Kidney 8
Single lung 5
Heart or heartlung 3
1] Corticosteroid use, no transplant 8
1\ HIV infection 7
Total 78
“Chronic leukemia (n = 3), aplastic anemia (n = 2}, and 1 each of re-
fractory anemia with excess blasts, oligodendroglioma, and lymphoma.
BMT = bone-marrow transplantation; HIV = human immunodeficiency virus.

nite cases) or false-positive results (uninfected cases).
Methods C and D provide extreme estimates of PPVs,
assuming that all probable and indeterminate cases
have either true-positive results (method C) or false-
positive results (method D). It is likely that the esti-
mates derived with methods A and B—for which val-
ues lie between the estimates derived from methods C
and D—are the most accurate.

Statistical analysis. Means of continuous vari-
ables were compared using Student’s i-test. Medians
were compared with the Mann-Whitney U test.
Proportions were compared with the chi-square test
with Yates’ correction. Values of P <0.05 were con-
sidered significant.

RESULTS

Eighty patients at risk for acute IPA had 82 episodes
with a lower-respiratory-tract culture positive for
Aspergillus species. Four episodes in 4 patients were
excluded because of incomplete medical records.
There were 47 episodes among 46 patients from group
I (leukemia, lymphoma, neutropenia, or BMT), 16
episodes from 15 patients from group II (solid-organ
transplantation), 8 from group III (steroid use), and 7
from group IV (HIV infected). None of the HIV-infected
patients had received corticosteroids. The underlying
diseases within each group are shown in Table I. Mean
age was 43 + 164 years. There were 49 men and 27
women. Twenty-eight isolates were identified to the
species level; 25 were A fumigatus and 3 were A niger.

Diagnostic category. Patients were grouped into
diagnostic categories as shown in the Figure. Among
the 78 episodes, there were 29 (37%) definite, 20 (26%)
probable, and 12 (15%) indeterminate diagnoses of IPA,
while in 17 patients (22%), there was no IPA. A posi-
tive respiratory-tract culture was associated with a di-
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Figure. Proportion of patients in the four risk-factor groups with
positive respiratory cultures for Aspergillus who had definite,
probable, indeterminate, or no invasive disease. Riskfactor groups
are: | = granulocytopenia or bone-marrow transplantation; Il = solid-
organ transplantation; Il = corticosteroid use; IV = human
immunodeficiency virus infection.

agnosis of definite or probable IPA in 34 of 47 (72%)
episodes in group I patients. Within group I, BMT re-
cipients with positive cultures had definite or proba-
ble IPA in 18 of 22 (82%) instances. Positive cultures
were less predictive of IPA for groups II and III, only
14 of 24 (58%) episodes from these groups were clas-
sified in the definite or probable category. Only 1 of 7
(14%) HIV-infected patients had probable IPA, and
none had definite IPA. The patient with probable IPA
recovered with amphotericin therapy. All HIV-infected
patients in the uninfected group made a complete re-
covery without any antifungal therapy.

Positive predictive values. The PPVs calculated
by using different estimates for the number of true-pos-
itive cases (numerator) and number of true- plus false-
positive cases (denominator) are shown in Table II.

Comparison of fungal and routine cultures. Our
survey found that many positive cultures for
Aspergillus were obtained on routine cultures. There
were 132 instances when a single specimen was simul-
taneously plated for both fungal and routine
pathogens. Routine and fungal results were concor-
dant for 88 (67%) of these 132 specimens. However, in
42 (32%) instances, Aspergillus species were recovered
solely from the fungal culture. Isolation exclusively
from routine culture occurred only twice (7 <0.0001).

173



RESPIRATORY-TRACT CULTURES AND ASPERGILLOSIS/HORVATH AND DUMMER

TABLE Il

Estimates of Positive Predictive Value (PPV)
of Lower-Respiratory-Tract Cultures for
Aspergillus by Method of Calculation of PPV"

Method (%)
Patient Group N A B C D
Neutropenic or BMT 47 72 75 87 38
BMT alone 22 82 86 91 55
Solid-organ transplant 16 56 60 75 38
Steroid use 8 63 83 8 63
HIV infected 7 14 0 14 0
Total 78 63 63 78 37

‘A: Definite and probable = true positives; indeterminate and uninfected =
false positives. B: Definite = true positives; uninfected = false positives. C:
Definite and probable and indeterminate = true positives; uninfected = false
positives. D: Definite = true positives; probable and indeterminate and un-
infected = false positives.

BMT = bone-marrow transplantation; HV = human immunodeficiency virus.

Also, the mean percentage of fungal cultures positive
per patient (67% + 37%) was significantly greater than
the mean percentage of routine cultures positive per
patient (31% + 37%; P <0.001).

Culture results by IPA diagnostic category. The
rate of recovery of Aspergillus from all cultures (rou-
tine and fungal) from patients with definite or proba-
ble IPA was compared with the rate of recovery from
uninfected patients. The number of fungal or routine
cultures submitted from patients in these groups was
not significantly different. The number of positive rou-
tine cultures per patient was identical in these two
groups. In contrast, the number of positive fungal cul-
tures per patient with definite or probable IPA was
nearly two fold greater than that from uninfected pa-
tients (1.7 + 1.1 per patient, versus 0.9 + 0.5 per patient,
P = 0.02). Similarly, the mean percentage of positive
fungal cultures per patient was significantly greater in
definite or probable IPA (75% + 33% per patient, ver-
sus 50% + 35% per patient for uninfected patients, P =
0.02). Multiple positive fungal cultures were also as-
sociated with definite or probable IPA. Only 1 of 17
(6%) patients in the uninfected group had more than
one positive fungal culture (this patient had bronchiec-
tasis of a transplanted lung). In contrast, 18 of 49 (37%)
patients with definite or probable IPA had multiple pos-
itive fungal cultures (P <0.05).

In an attempt to control for the tendency to order
more cultures from patients with a greater suspicion
of IPA, only those patients who had two or more spec-
imens submitted were considered. Multiple positive
cultures remained predictive of IPA. Sixteen of 32
(50%) patients with definite or probable IPA, versus
1 of 12 (8%) uninfected patients, had two or more pos-
itive fungal cultures (P <0.05). Thus, multiple positive
fungal cultures predicted IPA, though this criterion
was satisfied in only one half of the cases.

Culture results from bronchoscopy. Forty-one
of the 76 patients had 51 bronchoscopic evaluations.

Overall, 28 of the 41 (68%) patients had a positive cul-
ture for Aspergillus (routine or fungal) from BAL,
bronchial washings, or brushings. The yield from
bronchoscopic cultures was 20 of 26 (77%) from pa-
tients with definite or probable IPA versus 8 of 11
(73%) from uninfected patients (P = NS). Thus, bron-
choscopic cultures did not help distinguish between
infected and uninfected patients. Specimens obtained
at bronchoscopy also did not appear to be more sen-
sitive than sputum samples. Of the 26 patients with
definite or probable IPA who underwent broncho-
scopy, 12 had at least 1 sputum sample submitted
within 10 days before or after bronchoscopy. Five
(42%) of these 12 were sputum-negative, but bron-
choscopy-positive, whereas 4 (33%) had positive spu-
tum cultures, but negative bronchoscopic cultures.

Clinical correlation. The presence of clinical
findings suggestive of IPA was determined for each
group. These included hemoptysis, pleuritic chest
pain, and pleural rub (Table III). At least one of these
signs or symptoms was found in 29 (59%) of the 49
patients with definite or probable IPA compared to 4
of 17 (24%) of the uninfected patients (P <0.025). The
presence or absence of infiltrates highly suggestive of
IPA (nodules, cavities, or wedge-shaped infiltrates)
also was analyzed. Alveolar infiltrates, suggestive of,
but not specific for, IPA, were excluded. Thirty-six of
49 patients (73%) with definite or probable IPA had
at least one highly suggestive infiltrate, while 1 of 17
uninfected patients (6%) had such infiltrates (P
<0.0001); this patient had tumor nodules that were
present prior to transplantation.

Relationship to granulocytopenia. Twenty-seven
patients in group I had granulocytopenia («1,000/mm?
neutrophils) within 10 days prior to the isolation of
Aspergillus. A diagnosis of definite or probable asper-
gillosis was not more common in patients with recent
neutropenia than in patients without neutropenia (70%
versus 75%; P = NS). There was also no difference in
the onset time or frequency of clinical or radiographic
findings between those patients with and without re-
cent neutropenia. Twenty-one patients had <500/mm?
neutrophils and 14 had <100/mm? neutrophils at the
time of isolation of Aspergillus, but these low white
blood cell counts were not associated with a signifi-
cantly higher probability of the diagnosis of definite or
probable aspergillosis. Among granulocytopenic pa-
tients, there was no significant difference in the median
duration of neutropenia before isolation of Aspergillus
in patients with definite or probable aspergillosis ver-
sus those with indeterminate or no aspergillosis (24
days versus 13.5 days; P = 0.26).

Impact of cultures on diagnosis and outcome of
IPA. To determine whether respiratory-tract cultures
contributed to the early diagnosis of IPA, the timing of
the first positive culture in patients with definite or
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TABLE Il

Clinical and Radiographic Findings in Patients at Risk for Invasive Aspergillosis
Who Had Lower-Respiratory-Tract Cultures Yielding Aspergillus

Number (%) with Findings

Diagnostic Category Radiographic Clinical Both
Definite (n = 29) 22 (76) 16 (55)f 16 (55
Definite or probable (n = 49) 36 (738 29 (59p 29 (59)1
Indeterminate (n = 12) 7 (58) 5 (42) 5 (42)
Uninfected (n = 17) 1(6)8 4 (24 3(18#

P <0.0001.
P <Q.1.

P <0.05.
SP <0.0001.
1P <0.02.

Radiographic findings were nodular, cavitary, or wedge-shaped infiltrates. Clinical findings were hemopt-
ysis, pleural rub, or pleuritic chest pain.

probable IPA was compared with the onset of sugges-
tive signs, symptoms, and pulmonary infiltrates.
Hemoptysis, pleuritic chest pain, or a pleural rub oc-
curred a mean of 11.8 + 16.4 days before the first pos-
itive culture, while infiltrates suggestive of IPA oc-
curred a mean of 8.8 + 15.0 days prior to the first
positive culture. In only 4 patients with definite or prob-
able IPA did the positive culture antedate both clinical
and radiographic findings. Of the 36 patients with def-
inite or probable IPA who died, the median survival af-
ter the first positive culture was 7.5 days, and 42% of
all deaths occurred within 4 days of culture positivity.
Thus, positive cultures were late findings in many pa-
tients. However, this may have reflected delay in ob-
taining specimens rather than an inability to recover
Aspergillus early in the course of infection. Indeed, 32
(65%) of the patients with definite or probable IPA had
Aspergillus grown from their first submitted specimen.
Mortality was 72% among these 32 patients with no ear-
lier specimen submission, compared to 53% among pa-
tients in the definite or probable groups who had ear-
lier specimens (P >0.2). Taken together, these obser-
vations show that an aggressive strategy of culturing
for Aspergillus was not undertaken for many patients
early in the course of IPA, despite the presence of sug-
gestive clinical findings.

To determine whether culture data influenced
treatment decisions, the timing of administration of
amphotericin in relation to first positive cultures was
analyzed. Forty-five of the 49 patients with definite or
probable IPA received amphotericin, beginning a
mean 8.3 + 14.5 days prior to the first positive cul-
tures. High-dose (>0.8 mg/kg per day) amphotericin
was begun for 27 of these patients a mean of 2.6 =
12.8 days after the first positive culture. Eighteen pa-
tients were considered to have had inadequate treat-
ment in that they never received amphotericin (4 pa-
tients), or never received high-dose amphotericin (14
patients). In 12 of the 18 patients, however, death oc-
curred within a week of positive cultures. There was
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a trend toward better outcomes in patients who re-
ceived high-dose amphotericin. Thirteen (76%) of 17
survivors with definite or probable IPA received high-
dose amphotericin versus 14 (44%) of 32 patients who
died (chi-square = 3.5, P <0.1).

Recovery rate of Aspergillus species in rela-
tion to culture frequency. The patients we identi-
fied with definite or probable IPA likely represented
only a fraction of all cases of IPA occurring at our in-
stitution during the study period. To determine if iso-
lation of Aspergillus might be improved by more fre-
quent submission of specimens, two subsets of
patients with histologically proven IPA were com-
pared. Data for 29 patients with histologic evidence
of Aspergillus and positive antemortem respiratory
cultures (definite IPA, group A) were compared to
data for 26 patients who had IPA at postmortem ex-
amination or on biopsy, but did not have any positive
respiratory cultures (group B). The group of patients
with documented aspergillosis and positive ante-
mortem cultures for Aspergillus had significantly
more specimens submitted than the group of patients
with documented aspergillosis but no positive cul-
tures before tissue diagnosis (5.8 + 4.7 versus 2.1 +
2.2 cultures submitted; P <0.001). If patients who did
not have any specimens submitted were excluded
from group B, the difference remained significant.
Submission of three specimens was needed to detect
IPA in >90% of the patients in group A.

COMMENTS

Previous studies have established that the isolation
of Aspergillus from sputum or nonbiopsy broncho-
scopic cultures in patients with recognized risk factors
for acute IPA frequently reflects invasive infection
rather than airway colonization. 0122932343657 Nalesnik
and coworkers® demonstrated a significant associa-
tion between the isolation of Aspergillus species from
patients with severe granulocytopenia, leukemia, or
corticosteroid usage, and the presence of IPA. In ad-
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dition, the detection of Aspergillus in multiple positive
cultures, %236 speciation of the fungus as A fumiga-
tus or Aspergillus flavus,'*® and the appearance of
moderate-to-heavy growth® have been reported to dis-
tinguish between invasive disease and colonization or
contamination. In the largest of these series, Yu and
colleagues®™ studied 108 patients who had Aspergillus
isolated from sputum or bronchoalveolar lavage fluid
(BAL). These patients were classified into three
groups: nonimmunocompromised patients (n = 54); pa-
tients being treated with corticosteroids, including
solid-organ-transplant recipients (n = 17); and
leukemic and/or granulocytopenic patients (n = 37).
Among those patients who eventually had tissue ex-
amination, IPA was documented in 17 out of 17 pa-
tients with leukemia/granulocytopenia, but in none of
9 immunocompetent patients. Of the 54 patients from
the two immunocompromised groups, 20 (37%) had tis-
sue-proven IPA, 9 (17%) survived without antifungal
therapy, and 1 did not have aspergillosis on tissue ex-
amination. In the remaining 24 patients, the likelihood
of IPA could not be rigorously assessed. Nineteen of
these 24 patients did not receive antifungal therapy and
died within 6 months. Thus, the PPV of respiratory-
tract cultures, while possibly high, could not be defin-
itively established. Kusne et al’® found that the pre-
dictive value of positive respiratory-tract cultures for
Aspergillus was 72% in liver-transplant recipients. In
another recent study of solid-organ recipients, Weiland
et al'® found that the PPV of respiratory-tract cultures
was only 45%. In summary, while all of the above stud-
ies show a strong association of positive respiratory-
tract cultures with IPA, particularly in granulocyto-
penic patients, the PPVs for individual high-risk groups,
including BMT recipients, remains uncertain. In addi-
tion, the use of clinical criteria to augment the predic-
tive value has not been investigated.

In our study group, we found that 49 (63%) of the 78
episodes with a positive, lower-respiratory-tract cul-
ture were associated with definite or probable IPA. The
strongest association was among BMT recipients, in
whom 18 of 22 (82%) patients with a positive culture
had definite or probable IPA. To accurately determine
the PPVs, both the total number of positive cultures
and the proportion which are true- and false-positive
results must be known. Although the presence or ab-
sence of IPA with a positive culture could not be de-
termined with certainty for 33 (42%) of our patients (ie,
those with probable and indeterminate IPA), reason-
able estimates and ranges could be calculated.

We believe that the majority of the probable group
truly had IPA. Nodules, cavities, wedge-shaped infil-
trates, and a syndrome mimicking pulmonary embolus
with infarction have all been shown to be highly asso-
ciated with IPA, especially in patients with leuke-
mia. 22263940 Sterjle pulmonary embolism is rare in neu-
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tropenic or BMT patients.*"4? Bacterial pathogens such
as Staphylococcus aureus can cause nodular or cavi-
tary infiltrates, but patients with the recovery of bacte-
rial pathogens or a response to broad spectrum antibi-
otics would have been placed into the indeterminate or
uninfected groups. Lastly, other angioinvasive fungi
such as Zygomycetes and Pseudallescheria can be clin-
ically and histologically indistinguishable from
Aspergillus.3* However, our patients were identified
initially by cultures, and simultaneous invasive disease
due to a different fungus would be unusual. If all of the
definite and probable group patients truly had IPA, the
PPV of respiratory-tract cultures from the entire study
group would range from 63% to 78%, depending on how
many of the indeterminate group patients actually had
IPA. Five of 12 cases were classified as indeterminate
because of concomitant bacteremia. Pneurmonia due to
concurrent bacterial and Aspergillus infection was ini-
tially reported in up to a third of cases of IPA diagnosed
at autopsy in leukemic patients, although rnore recent
data, collected largely from BMT populations, suggest
that the incidence of simultaneous bacteria and
Aspergillus pneumonia is lower, 41733394445

Previous studies have shown that clinical and radi-
ographic findings such as hemoptysis, pleuritic chest
pain, pleural rub, and nodular, cavitary, or wedge-
shaped infiltrates are highly suggestive of IPA in pa-
tients with leukemia.25273839 However, in these stud-
ies, the use of respiratory cultures was not; evaluated.
Likewise, studies of positive cultures for Aspergillus
in high-risk patients have not reported on the use of
clinical findings to help interpret culture results. Our
analysis showed that highly suggestive clinical signs
and symptoms increased the PPV to 73%, and sugges-
tive radiographic findings increased the PPV to 82%.
Although these increases in PPV are modest, they may
force a decision to treat in some instances.

Ninety-two percent of patients with definite or prob-
able IPA had their first positive culture obtained more
than a week after the onset of suggestive clinical find-
ings, and in the majority of cases, just a few days prior
to death. While these results suggest that respiratory
cultures do not yield information early enough to af-
fect outcome, they may also reflect delayed or infre-
quent specimen submission. Indeed, 32 (65%) of the
patients with definite or probable IPA had Aspergillus
recovered from their first submitted specimen. Some
of these patients may have had positive cultures ear-
lier, if specimens had been submitted at the onset of
fever. Although submission of seven specimens was re-
quired to detect Aspergillus for the group of all 49 pa-
tients with definite or probable IPA, submission of only
3 specimens detected 91% of the cases. Thus, submis-
sion of at least 3 fungal cultures would be reasonable
when Aspergillus infection is suspected. Moreover, a
group of patients with definite IPA but without posi-
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tive antemortem cultures had significantly fewer spec-
imens submitted. These findings suggest that multiple
specimens should be obtained as early in the course
of suspected infection as possible. These should be
prompted by any clinical abnormalities, such as unex-
plained fever, without waiting for findings more sug-
gestive of aspergillosis. Finally, some patients with fa-
tal outcomes did not receive aggressive amphotericin
therapy, despite positive culture results and other find-
ings suggestive of Aspergillus. Some of these patients
may have been saved by more aggressive treatment.

Fungal cultures were superior to routine cultures
for the recovery of Aspergillus. They also discrimi-
nated better than routine cultures between patients
who had definite infection and those who were
proved free of infection. Only 1 patient without IPA
had more than one positive fungal culture, and she
had bronchiectasis, a known risk factor for fungal
colonization.

In series reporting >10 cases of IPA, the sensitivity
of respiratory-tract cultures has ranged from 15% to
69%.1317.24262931 Thigs wide range probably reflects
variability in inclusion criteria as well as the small
number of cases in some series. At our hospital, 48
cases of IPA were documented histologically between
1983 and 1993. In 39 of these, respiratory-tract spec-
imens were submitted antemortem, and 22 had posi-
tive cultures, yielding a sensitivity of 56%. Most of the
above data reflect the results of sputum cultures.
Nonbiopsy specimens obtained during bronchoscopy
have yielded sensitivities ranging from 21% to 50%.3%
In our study, BAL and bronchial washings or brush-
ings were positive in 20 (77%) of 26 patients with def-
inite or probable IPA. Interestingly, bronchoscopic
cultures were also positive in 8 (73%) of 11 uninfected
patients. This might suggest that specimens obtained
during bronchoscopy are no more specific than spu-
tum specimens. However, the decision to perform
bronchoscopy was not controlled, and patients with
positive sputum cultures and obvious clinical disease
may have been less likely to undergo bronchoscopy.
Some authors have found that careful cytologic analy-
sis on BAL specimens enhanced the sensitivity for de-
tection of IPA.>* We could not evaluate cytology in
our series, because examination was performed in-
frequently and positive results were reported as “fun-
gal elements” without clear distinction between
Candida and Aspergillus.

Surveillance cultures during a defined high-risk pe-
riod, for example, chemotherapy-related granulocy-
topenia, would theoretically enable earlier recovery
of Aspergillus. With the exception of one study,*" sur-
veillance cultures of the nares or throat have not been
useful in predicting invasive aspergillosis.”!"1#4 Data
on the usefulness of sputum cultures either have been
drawn from small numbers of patients or do not
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clearly distinguish between true surveillance cultures
and aggressive culturing prompted by fever or respi-
ratory findings.?243049 Strategies aimed at early de-
tection may be facilitated by antigen or polymerase
chain reaction assays currently being developed.?:50

Several limitations of a retrospective study of as-
pergillosis are apparent in this report. The timing and
frequency of specimen submission were uncontrol-
led, and the frequency of signs, symptoms, and radi-
ographic findings may have varied considerably be-
tween observers. Furthermore, many of our results
were derived from patients with BMT or profound
granulocytopenia. These patients are more likely to
receive empiric therapies and less likely to undergo
definitive procedures than are other patients at risk
for IPA. Thus, the impact of culture data in these pa-
tients could also be more difficult to dernonstrate.
Also, the lack of speciation and quantitation of growth
may have eliminated potentially useful information
for interpreting culture data.

In summary, the isolation of Aspergillus species
from nonbiopsy, lower-respiratory-tract cultures was
associated with acute, invasive infection among pa-
tients with granulocytopenia, hematologic malignan-
cies, BMT, solid-organ transplantation, or corticos-
teroid use in nearly two thirds of instances. The
estimated predictive value for positive cultures varied
according to risk group, being highest (82%) for BMT
recipients, 72% for hematologic malignancies, and 56%
to 63% for patients with solid-organ transplants or cor-
ticosteroid usage, respectively. Fungal culture media
were superior to routine bacterial culture media for
the recovery of Aspergillus. The correlation of culture
data with clinical and radiographic findings helped to
distinguish invasive infection from colonization or
contamination. We suggest that at least three sputum
specimens should be submitted for fungal culture
whenever fungal infection is suspected.
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