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Evaluating new therapeutic agents for invasive aspergillosis requires animal models that are reproducible
among different laboratories. We therefore evaluated a murine model of aerosol infection in two independent
laboratories and found a high level of both intra- and interlaboratory reproducibility of survival, fungal burden
over time, and the efficacy of liposomal amphotericin B.

Murine models of invasive pulmonary aspergillosis have
been invaluable for the assessment of novel therapeutics and
diagnostics, as well as for the study of disease pathogenesis. A
wide variety of these models have been described, including
intravenous (3, 6), intranasal (5), intratracheal (13), and inha-
lation (10–12) infections. Although the availability of such a
diverse group of model systems is useful for many specific
questions, the methodological differences among models have
made direct comparisons of individual studies difficult. Fur-
thermore, there have been very few studies of the interlabora-
tory variability of results obtained with the same animal model.
Demonstration of interlaboratory reproducibility is a critical
benchmark in the development of a standardized model of
invasive aspergillosis. The availability of such a standardized
model would provide a useful benchmark for the evaluation of
new diagnostic and therapeutic strategies across geographically
separated laboratories.

We recently described a simple and reproducible animal
model of invasive pulmonary aspergillosis in which mice are
infected by inhalation using an aerosol chamber (10). To eval-
uate the reproducibility of this model, we used it to compare
the time course of mortality and fungal burden and the efficacy
of liposomal amphotericin B in two different laboratories.

Strains and culture conditions. Aspergillus fumigatus Af293
was used for all studies. To obtain conidia for the infections,
organisms were grown for 10 days on Sabouraud dextrose agar
at 37°C. Conidia were harvested by flooding the plate with
phosphate-buffered saline supplemented with 0.1% Tween 80
and concentrated by centrifugation to the desired concentra-
tion (10).

Animal model. Male BALB/c mice, 20 to 22 g (National
Cancer Institute) were used for all experiments. Mice were
infected in both laboratories by inhalation in an acrylic aerosol

chamber using an identical protocol as described previously
(10). Briefly, mice were immunosuppressed with cyclosphos-
phamide (250 mg/kg on day �2, relative to infection, and 200
mg/kg on day �3) and cortisone acetate (200 mg/kg on day �2
and day �3). On the day of infection, mice were exposed in an
acrylic chamber for 1 h to an aerosol generated from 12 ml of
phosphate-buffered saline supplemented with 0.1% Tween 80
containing 109 A. fumigatus conidia per ml. Mice were moni-
tored daily and sacrificed when moribund. To prevent bacterial
infection, all immunosuppressed mice received ceftazidime (5
mg/day subcutaneously) from days 1 to 6 after infection. For
treatment studies, liposomal amphotericin B (Ambisome; Fu-
jisawa) was administered daily at 10 mg/kg/d by intraperitoneal
injection for 8 days, beginning the day after infection (1, 4). All
procedures involving mice were approved by both institutional
animal care and use committees according to the National
Institutes of Health guidelines for animal housing and care.

For the determination of fungal burden, groups of 10 mice
were sacrificed, and their lungs were removed and homoge-
nized either using blunt crushing of tissue in 5 ml of sterile
0.85% saline within Whirl-Pak plastic sample bags (Fisher
Scientific) (10) or, alternately, in the same volume using a
Wheaton tissue homogenizer (VWR) set at 1,200 rpm. A Safe-
Grind plastic-coated tissue grinder with a Teflon pestle (10 ml;
catalog no. 358007 [Wheaton]) was used for the homogeni-
zation.

Aliquots were removed and serially diluted for quantitative
culture in Sabouraud dextrose agar. Plates were incubated at
37°C, and the CFU were counted after 24 h of incubation. All
homogenizations and cultures were performed on site at each
individual laboratory.

Intra- and interlaboratory reproducibility of survival. We
first compared the survival of untreated mice that were
infected according to the standard protocol at both labora-
tory sites. Seven independent experiments were performed
at laboratory 1, and nine were performed at laboratory 2
over a 1-year period. The overall mortality of untreated,
mice infected with strain Af293 by aerosol was very similar
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over multiple experiments performed in both laboratories
(Fig. 1, overall survival of 42.7% at laboratory 1 versus
33.4% at laboratory 2).

Interlaboratory reproducibility of the response to liposomal
amphotericin B. Next, we compared the ability of systemic
antifungal therapy to improve survival in this model of invasive
aspergillosis at both laboratories. The administration of lipo-
somal amphotericin B at 10 mg/kg/d resulted in a significant
increase in survival at both institutions (Fig. 2). Indeed, the
overall mortality in these treatment groups was identical at
both sites (30%). Collectively, the results suggest a high degree
of laboratory-to-laboratory reproducibility for this aerosol
model of infection, both from the perspective of virulence and
from the perspective of the evaluation of pharmaceutical
agents.

Interlaboratory reproducibility of tissue fungal burden. In
addition to the survival studies, we also performed indepen-
dent experiments to compare the pulmonary fungal burden of
liposomal amphotericin B-treated and untreated mice by the
quantitative culture of lungs harvested after 6 days of infection.
The results from the two laboratories were somewhat different,
with an �0.5-log-higher pulmonary fungal burden in mice in-
fected in laboratory 2 (Table 1). Despite this overall difference,
treatment with liposomal amphotericin B resulted in a modest
but significant reduction in pulmonary CFU in both labora-
tories.

The only difference in experimental protocols between the
two laboratories was that the lungs were homogenized using
the blunt-crush Whirl-Pak method in laboratory 1, whereas a
tissue grinder was used in laboratory 2. Therefore, we hypoth-
esized that the differences in fungal burden were a conse-
quence of differences in the method of tissue homogenization.
To test this hypothesis, we compared the time course of pul-
monary fungal burden using the blunt-crush versus the tissue
grinder methods of tissue disruption at both laboratories in an
independent set of experiments. As we have previously shown,
there was an apparent decrease in fungal burden as deter-

mined by quantitative culture over the first 24 h (9). This
probably represents the decreased efficiency of homogeniza-
tion of large complex hyphal lesions compared to single
conidia and short hyphae that are present in the lungs imme-
diately after infection (9). For both the Whirl-Pak and the
grinder methods, there was no significant difference between
the average fungal burden between the two institutions (P �
0.05 for both methods as determined by the Wilcoxon-rank
sum test). In contrast to the interlaboratory reproducibility of
quantitative culture, we observed a systematic difference be-
tween the results of quantitative culture of homogenates
obtained by the blunt-crush method compared to the tissue
grinder method. The tissue grinder method yielded signifi-
cantly higher quantitative culture results from day 3 of infec-
tion onward (Fig. 3). Importantly, these differences in quanti-
tative fungal burden are similar to the difference in the
baseline pulmonary fungal burden observed in the initial lipo-
somal amphotericin study at 6 days after infection (Table 1).

Collectively, these results suggest that the same method of
tissue homogenization should be used to ensure reproducible
results between laboratories. We found that tissue disruption
using a tissue grinder results in consistently higher fungal CFU
than does the blunt crush method at the later time points of
infection. This observation may reflect more efficient tissue
disruption by the mechanical grinder, which leads to increased
dispersion of fungal aggregates into individual CFU. These

FIG. 1. Intralaboratory reproducibility of the survival of mice in-
fected in the aerosol model at two different laboratories. The compos-
ite survival of mice infected with strain Af293 at two independent
laboratories was charted. The results include seven independent ex-
periments at laboratory 1 and nine experiments at laboratory 2. The
data are presented as the mean � the standard deviation for each
laboratory. Upper dashed curve, laboratory 1 (n � 71); lower dashed
curve, laboratory 2 (n � 87). P � 0.1550.

FIG. 2. Interlaboratory reproducibility of the efficacy of liposomal
amphotericin B. Survival of mice infected with A. fumigatus Af293 by
aerosol and treated with liposomal amphotericin B (AmB) or vehicle
alone (Control). Ten mice were infected in each group at each labo-
ratory. An asterisk indicates a significant difference compared to the
untreated control group at the same laboratory as determined by
log-rank testing with P � 0.05.

TABLE 1. Interlaboratory reproducibility of the effects of liposomal
amphotericin B on pulmonary fungal burden as determined by

quantitative culture 6 days after infection

Laboratory No. of
mice Method

Mean log10 CFU/g of mouse
lung tissue � SEa

MECb

Control AmBisome 10

1 10 Whirl-Pak 2.92 � 0.13 2.13 � 0.11* �0.79
2 20 Grinder 3.81 � 0.09 3.42 � 0.09* �0.47

a *, P � 0.001 versus controls.
b MEC, mean effected change.
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results also highlight the inherent limitations of quantitative
culture methods. The use of alternate techniques, such as
quantitative PCR (2, 7, 9), might prove useful as alternative
measures of disease progression.

In contrast to the aerosol model described here, previous
comparisons of animal models of invasive aspergillosis have
found wide variability across laboratories. Graybill et al. com-
pared an inhalation model of invasive aspergillosis at two dif-
ferent laboratory sites and observed a systematic difference in
quantitative fungal burden between the two laboratories of
over 1 log using this model despite the use of an almost iden-
tical protocol (8). Further, when the efficacy of amphotericin B
was evaluated at both sites, a significant survival advantage was
demonstrated at only one of the two laboratories (8).

The aerosol model of invasive aspergillosis described here
was reproducible between two laboratories with respect to
overall survival, the time course of pulmonary fungal burden,
and the efficacy of liposomal amphotericin B. Collectively,
these results suggest that this model provides a useful tool in
the evaluation of therapeutic agents for invasive aspergillosis.
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FIG. 3. Comparison of two methodologies of tissue homogenization for the determination of pulmonary fungal burden. The fungal burden at
each time point by each method is shown, combining the results from both laboratories (20 mice per homogenization method per time point). Bars
indicate the mean fungal burden. For each laboratory, all mice were infected at the same time and then randomly divided into groups for evaluation
using each method.
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