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We calculated an elastase activity index (EAI) by dividing the diameter of the elastin lysis halo by the fungal
growth diameter. After 10 days’ incubation at 37°C, all strains but one obtained from invasive aspergillosis
showed an EAI > 1. Of the 18 strains obtained from colonized patients, only 4 (22.2%) had an EAI > 1, whereas
neither of the strains isolated from patients with fungus ball reached this value. Overall, 44 out of the 142
strains obtained from the environment had an EAI > 1 (30.9%).

The diagnosis of invasive aspergillosis (IA) relies on the
histologic demonstration of fungal invasion and the isolation of
Aspergillus from normally sterile clinical samples. Different
compounds have been implicated in the pathogenicity of As-
pergillus fumigatus (1, 2, 3, 6, 7, 10, 13, 14, 19), but the presence
of elastase activity has been considered particularly relevant
because elastin constitutes a significant proportion of total
lung protein (18).

In this study, we evaluated the in vitro elastase activity of A.
fumigatus strains obtained from clinical and environmental
samples and the utility of this characteristic for predicting
invasiveness with clinical isolates.

We used 198 strains of A. fumigatus from different sources:
32 from transplant patients with IA, 6 from patients with pul-
monary aspergilloma, 18 from different colonized patients, and
142 from environmental samples.

To classify a patient as having invasive disease, fungus ball,
or simple colonization by Aspergillus spp., we followed diag-
nostic criteria and considerations according to a well-recog-
nized medical reference (4). The identification of an isolate of
A. fumigatus was made according to standard criteria (17).
Environmental samples were obtained from the air outside and
inside the hospital.

Elastase activity was studied in a solid medium described by
Kothary et al. (12), containing the following: 0.05% elastin
(Sigma, St. Louis, Mo.), 0.05% yeast carbon base (Difco Lab-
oratories, Detroit, Mich.), 0.01% rose bengal (Sigma, St. Louis,
Mo.), and 1.5% agar (Merck, Darmstadt, Germany) in 0.05 M
borate buffer, pH 7.6.

Plates were inoculated in a central spot with a loopful of
Aspergillus spore suspension (106/ml) and were incubated for
15 days at 37°C. We measured the diameter of colony growth

and the diameter of the halo of elastin lysis (elastase activity)
on days 7, 10, and 15 of incubation. We calculated an elastase
activity index (EAI) by dividing the elastase diameter by the
growth diameter.

To avoid bias, elastase activity was determined without
knowing the clinical significance or environmental origin of
every isolate. We expressed the EAI as the mean and standard
deviation and used the Wilcoxon test for unpaired data to
compare it among groups because EAI was not normally dis-
tributed.

We determined the sensitivity and specificity of the EAI to
predict the IA for every cutoff point. To do this, we calculated
the receiver operating characteristic (ROC) curve representing
every possible cutoff point of the equation with its sensitivity
and the complement of its specificity. The nearer the area
below the ROC curve is to unity, the better is the validation, or
fit, of the model. For areas near 0.5 the validity is poor or nil
(16).

Fifty-four of the 198 strains did not grow on elastin medium
and consequently did not show elastase activity; two of these
strains were isolated from patients with aspergilloma, six from
colonizing processes, and 46 from the environment. None of
the strains without elastase activity corresponded to a patient
with IA.

When comparing EAIs on days 7, 10, and 15 of incubation,
the optimum reading conditions were obtained on day 10, and
these indexes will be the ones referred to from now on. Figure
1 shows the differential growth characteristics of the different
groups of strains with regard to their elastase activity. In all
three situations the growth temperature was 37°C and the
period of incubation was 10 days.

The EAI of strains causing pulmonary invasion, fungus balls,
colonizer strains, and strains from environmental sources are
summarized in Table 1. All strains but one obtained from
invasive aspergillosis showed an EAI � 1 (range, 0.88 to 1.66).
Of the 18 strains obtained from colonized patients, only 4
(22.2%) had an EAI � 1, while neither strain isolated from
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patients with fungus ball reached this value. Overall, 44 out of
the 142 strains obtained from the environment had an EAI �
1 (30.9%).

The average EAI in patients with pulmonary invasive as-
pergillosis was 1.17 (standard deviation [SD], 0.17) versus 0.54
(SD, 0.45) in patients colonized or suffering from aspergilloma
(Fig. 2). The difference of 0.63 in the EAI between both groups
was significant (95% confidence interval [CI] for the difference,
0.46 to 0.80; Z � �5.26; P � 0.001).

We studied the ability of EAI to detect pulmonary invasive
aspergillosis by means of a ROC curve and by comparing the
test in patients with and without invasive aspergillosis. The best
cutoff point for EAI was 0.9, which corresponded to an area
under the ROC curve of 0.913 (95% CI, 0.807 to 0.972) (Fig.
3). Sensitivity and specificity for detection of invasive aspergil-
losis at this cutoff point were 97% (95% CI, 83.7 to 99.5) and
83.3% (95% CI, 62.6 to 95.2), respectively, with a positive
likelihood ratio of 5.81.

A test capable of differentiating between pathogenic and
nonpathogenic Aspergillus strains could be very useful. Reports
of different determinants of virulence have not been clinically
tested or have failed to show a good correlation with clinical
settings (1, 2, 3, 10, 13, 14, 19). Elastase activity is well known
for A. fumigatus and other species and occurs in at least 36 to
94% of all strains (5, 8, 9, 12, 15). Despite two previous reports
showing occasional correlation between elastase activity in As-
pergillus strains obtained from invasive mycoses (8, 11), so far

FIG. 1. (A) Strain producing invasive aspergillosis, with a wide halo
of elastase activity. (B) Colonizing strain isolated from an individual
with a bacterial respiratory process, in which strain growth is ahead of
elastin degradation. (C) Environmental strain which can grow in the
medium, albeit slowly and without elastase activity. The nondegraded
elastin granules can clearly be seen up to the colony margins. GD,
growth diameter; ED, elastase activity diameter.

FIG. 2. Box plot comparing the EAI between patients with and
without invasive aspergillosis.

TABLE 1. EAI in A. fumigatus strains isolated from different
sources

Source No. of
strains

No. (%)
with

EAI � 1

EAI

Mean SD Range

Invasive pulmonary
aspergillosis

32 31 (96.9) 1.17 0.18 0.88–1.66

Fungus balls 6 0 (0) 0.48 0.37 0–0.77
Colonizers 18 4 (22.2) 0.56 0.48 0–1.3
Environment 142 44 (30.9) 0.67 0.58 0–2.33
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elastase activity has not been clearly linked to pathogenicity in
A. fumigatus.

Our study is the first to demonstrate a clear link between
elastase activity and pathogenicity. Higher EAIs are related to
invasive aspergillosis, whereas if the EAI is �1 the probability
of suffering from invasive disease is very low. If we assume a
prevalence of between 5 and 10%, the positive predictive value
of the test (i.e., the probability that a positive result actually
reflects an IA) would be 23.4 to 39.2%. However, in the same
situation the negative predictive value (i.e., the probability that
a negative corresponds to a true negative) would be 99.8 to
99.6%. In this case, the EAI is very useful to rule out suspected
cases. On the other hand, when the prior probability of pul-
monary IA is high (i.e., bone marrow transplant patient with
new pulmonary nodular infiltrates that are not responding to
broad-spectrum antibiotics), the test could be useful in helping
clinicians to become aware of the potential pathogenicity of
any given isolate of Aspergillus spp.

The significance of the EAI in environmental samples is still
unknown. If there is an epidemiological link between strains
with higher EAI in the hospital air and cases of pulmonary
invasive aspergillosis, it has yet to be determined. However, if
hospital isolates tend to have a higher EAI than outdoor en-
vironmental isolates, that might help to explain the reason that
invasive aspergillosis is such a nosocomial problem.

Results presented in this study confirm those reported by
others (8, 11), that the determination of elastase activity in
clinical and environmental isolates of Aspergillus spp. may lead

to the development of faster laboratory procedures for diag-
nosing IA and helping clinicians make faster and more in-
formed decisions as to the welfare of their immunocompetent
patients.
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FIG. 3. ROC curve showing the best cutoff point for EAI to detect
invasive aspergillosis.
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