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Nine isolates of filamentous fungi previously tested in 11 different laboratories for their susceptibilities to
amphotericin B and itraconazole in vitro were injected intravenously into mice and guinea pigs, and responses
to treatment with both agents were studied. The experiments were done in a single laboratory. Mean survival
times, the percentages of animals surviving 12 days after infection, and culture results for samples of deep
organs obtained postmortem were used as markers of antifungal efficacy. Because of variations in organism
pathogenicity, interpretable test systems in vivo could not be established for Fusarium spp. in mice or guinea
pigs or for Pseudallescheria boydii in mice, even with the use of immunosuppressive pretreatments. Among the
infections that could be evaluated, some degree of response to the corresponding treatment in vivo was seen in
animals infected with each of two Rhizopus arrhizus isolates susceptible to amphotericin B at <0.5 mg/ml and
Aspergillus spp. isolates susceptible to itraconazole at <1.0 mg/ml. Conversely, no responses were apparent with
infecting strains for which MICs were >2 mg/ml (amphotericin B) or >1 mg/ml (itraconazole). However, the
limitations of the intravenous challenge systems studied mean that no firm conclusion relating MICs in vitro
to the lowest effective doses in vivo could be drawn.

The National Committee for Clinical Laboratory Standards
Subcommittee on Antifungal Susceptibility Tests has published
a standard method, method M27-A, for determining the MICs
of five antifungal agents for yeasts of clinical importance (15).
Interpretive breakpoints for Candida spp. have been proposed
for fluconazole and itraconazole on the basis of a comparison
of the clinical outcome of treatment of infected patients with
these agents at the MICs for the yeast(s) isolated (16). The
importance of susceptibility testing with pathogenic filamen-
tous fungi (molds) has been less thoroughly studied than the
importance of susceptibility testing with yeasts, but the topic
has not been overlooked. Studies of standardization of conidial
inoculum suspensions (9) have progressed to collaborative in-
terlaboratory evaluations of the M27 reference method
adapted to the testing of molds (11). A large-scale study in-
volving 11 laboratories and 30 isolates representing six species
of opportunistic mold pathogens has shown a high level of
interlaboratory agreement among the MICs determined by a
broth microdilution adaptation of the M27 method (10).

The clinical importance of mold infections in immunocom-
promised hosts cannot be overstated (8, 14, 18). However, the
incidence of infections with most opportunistic mold patho-

gens is too low to permit a large-scale prospective comparison
of antifungal MICs for molds with the clinical results of anti-
fungal treatment. For this reason we sought confirmation of
the relevance of mold susceptibilities in vitro with the results of
treatment in animal test systems for mold infections. The nine
isolates studied were selected from those already tested in vitro
in 11 different centers (10) to represent ranges of mold species
and susceptibilities in vitro that were as broad as possible. Two
antifungal agents, amphotericin B and itraconazole, were
tested in the experiments since these are the two drugs in
current clinical use for the treatment of opportunistic mold
infections. The experiments were carried out in the laboratory
of F. C. Odds; the experimental design and evaluation of the
results were done in collaboration with the National Commit-
tee for Clinical Laboratory Standards Subcommittee on Anti-
fungal Susceptibility Testing.

MATERIALS AND METHODS

Fungi. Aspergillus flavus 01, Aspergillus fumigatus 10, Fusarium oxysporum 15,
F. oxysporum 15a, Fusarium solani 16, Pseudallescheria boydii 24, P. boydii 25,
Rhizopus arrhizus 26, and R. arrhizus 27 were received in the course of a collab-
orative study on mold susceptibility testing (10). They were chosen to represent
strains for which the MICs of amphotericin B and itraconazole in vitro covered
a broad range, as indicated in Table 1. The fungi were grown at 30°C on
potato-dextrose agar (Difco Laboratories, Detroit, Mich.) until they were judged
to have formed maximal numbers of conidia (4 to 14 days). The conidia were
suspended in sterile physiologic saline containing one drop of Tween 80 per 100
ml. The numbers of CFU per milliliter in the suspensions were determined by
plating dilutions of the suspensions on Sabouraud agar (Oxoid, Basingstoke,
United Kingdom). Suspensions were stored at 270°C in small lots, and individual
lots were thawed for use.
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Antifungal agents. Amphotericin B was purchased as Fungizone intravenous
suspension (Bristol Myers-Squibb, Brussels, Belgium) and was resuspended for
use in sterile water according to the manufacturer’s instructions. Itraconazole
(Janssen Pharmaceutica, Beerse, Belgium) was formulated in 40% hydroxypro-
pyl-b-cyclodextrin. A 40% solution of hydroxypropyl-b-cyclodextrin was used as
a placebo. All agents were administered intraperitoneally (i.p.) in these experi-
ments. This route of administration was chosen to allow both agents to be given
by the same route and to overcome the known problems of toxicity when am-
photericin B is given to mice intravenously (i.v.) (5, 12). In guinea pigs, repeated
i.v. dosing is technically impossible, so that i.p. injections were also deemed the
most appropriate way to allow both drugs to be given to this animal by a common
route.

Animal test systems. Albino Pirbright guinea pigs and outbred Swiss White
mice were used as animal hosts for the fungal challenges. Guinea pigs were
housed individually and were supplied with guinea pig food pellets (Hope Farms,
Woerden, The Netherlands) and water ad libitum. Mice were housed in groups
of 10 and were supplied with rodent food pellets (Pavan Service, Oud Turnhout,
Belgium) and water ad libitum.

In a series of pilot experiments, different concentrations of conidial suspen-
sions were injected i.v. via a lateral vein of the penis in guinea pigs and a lateral
tail vein in mice to establish the mean survival time for each inoculum concen-
tration. The goal was to determine the inoculum levels that gave a mean survival
time of approximately 7 days. With the Fusarium spp. in both animal hosts and
with P. boydii in mice, even concentrations of conidia as high as 5 3 107 to 1 3
108 per kg of body weight given i.v. failed to establish a lethal infection. Animals
were therefore subjected to immunosuppressive pretreatments. In mice, cyclo-
phosphamide was injected at a dose of 150 mg/kg i.p. 24 h before infection (13).
In guinea pigs, pretreatments with cyclophosphamide (20 mg/kg given i.p.) and
mechlorethamine hydrochloride (0.25 mg/kg given i.p.) were used. Cyclophos-
phamide was injected on days 5, 4, and 1 before infection and on the day of
infection itself. Mechlorethamine hydrochloride was injected on days 5 and 4
before infection.

Antifungal treatments were begun 1 h after infection in all experiments, and
the treatments were repeated once daily for 10 days. Animals still alive on day 12
were killed. All animals were autopsied. Entire lungs, liver, spleen, and kidneys
were homogenized in sterile saline, and samples were plated on Sabouraud agar.
The cultures were incubated at 30°C for 5 days and were recorded as positive if
one or more colonies of the fungus used for infection appeared in the culture.
Guinea pigs were tested in groups of 5, and mice were tested in groups of 10. For
some combinations of fungus and antifungal agent, experiments were repeated
up to four times. Run-to-run reproducibility was generally good; data from all
experiments were therefore pooled for analysis.

Three measurements were used to assess the outcome of infection and treat-
ment: the mean survival time, the percentage of infected animals that survived to
day 12, and the percentage of tissues negative for the infecting fungus at autopsy.

Measurement of itraconazole concentrations in plasma. Samples of blood
were taken from the retroorbital plexus of groups of two animals before and at
intervals after i.p. injection of itraconazole. Levels of itraconazole and its active
metabolite, hydroxy-itraconazole, in plasma prepared from these samples were
determined by high-performance liquid chromatography as described previously
(25).

RESULTS

In guinea pigs, inocula of Fusarium spp. as high as 1 3 108

CFU/kg (an average of 5 3 107 CFU per animal) failed to

induce either a lethal infection or any fungus-positive cultures
from liver, spleen, lung, or kidney samples obtained postmor-
tem, even in animals pretreated with cyclophosphamide or
mechlorethamine hydrochloride to induce neutropenia. Anti-
fungal treatment effects could therefore not be assessed in
guinea pigs with the F. solani and the two F. oxysporum isolates.

Amphotericin B given by repeated i.p. administration has
been found to be safe and efficacious for a large range of
experimental fungal infections in mice (see, e.g., references 1,
5, and 12). A dose of 10 mg/kg given i.p. to mice produces peak
levels in serum of 1.94 mg/ml (1). Both amphotericin B and
itraconazole have previously been demonstrated to have effi-
cacy in many guinea pig models of fungal infection when given
by the i.p. route (17). In the present studies, measurement of
combined levels of itraconazole plus hydroxy-itraconazole af-
ter i.p. treatment showed a mean peak concentration in mouse
serum of 3.53 mg/ml 2.5 h after injection of 20 mg/kg and 0.30
mg/ml after injection of 5 mg/kg, falling to 1.72 and 0.05 mg/ml,
respectively, at 8 h. In guinea pigs, the corresponding figures
were 2.25 and 0.37 mg/ml (peak) and 1.21 and 0.14 mg/ml at 8 h.

Table 2 lists the results of challenge and treatment of guinea
pigs with the test isolates of A. flavus, A. fumigatus, P. boydii,
and R. arrhizus. The Aspergillus and Rhizopus isolates caused
fatal infections by i.v. administration at the doses indicated in
Table 2, whereas the two isolates of P. boydii seldom killed
infected animals but led to uniformly culture-positive internal
organs. For A. flavus 01, none of the test doses of amphotericin
B led to the prolongation of survival, an increase in the per-
centage of animals surviving, or an increase in the frequency of
negative cultures of samples from organs obtained at autopsy
relative to the results for placebo-treated controls. Itracon-
azole, by contrast, showed positive effects for all three param-
eters. With A. fumigatus 10, both antifungal agents at all test
doses prolonged survival and led to increases in the percentage
of culture-negative organs.

For both test isolates of P. boydii, neither amphotericin B
nor itraconazole treatments led to any significant increase in
negative cultures of samples from the organs of infected ani-
mals. Almost all animals, regardless of their treatment, sur-
vived for the 12 days of the experiment. With the two R.
arrhizus isolates, a rapidly fatal infection was induced, with
placebo-treated guinea pigs surviving only for an average of 3
to 4 days after infection. Treatment with amphotericin B at
0.63 mg/kg and higher doses prolonged survival in this model,
although few animals survived for the full 12 days of observa-
tion. Amphotericin B treatment did not lead to negative cul-
tures of samples from any organs processed postmortem. Itra-
conazole treatments caused no changes in any of the
parameters studied at any of the doses tested.

The results of experimental mold infections and antifungal
treatments in mice are presented in Table 3. In the murine
host, A. flavus 01 induced a level of infection comparable to
that in guinea pigs, and also in this model, itraconazole but not
amphotericin B showed a positive effect on the outcomes of
survival and resulted in culture-negative organs.

Without immunosuppressive pretreatment of mice, the two
isolates of P. boydii produced only a mildly lethal infection
even at an inoculum of 5 3 107 CFU/kg (approximately 1
million to 2 million conidia per animal). Higher inocula could
not be used because the amount of conidia produced by these
isolates was too small. Treatment with itraconazole and am-
photericin B was attempted for P. boydii 24 and P. boydii 25,
respectively, but with equivocal results since the mean survival
times for placebo-treated animals were already high (Table 3).
When mice were pretreated with cyclophosphamide, they be-
came highly susceptible to infection with both P. boydii isolates.

TABLE 1. MICs of amphotericin B and itraconazole for nine mold
isolates used to treat infections in animalsa

Fungal isolate

Amphotericin B MIC
(mg/ml)

Itraconazole MIC
(mg/ml)

Mode Range Mode Range

A. flavus 01 1 0.5–4 0.5 0.12–0.5
A. fumigatus 10 1 0.5–2 0.25 0.12–1
F. oxysporum 15 2 1–4 .16 4–.16
F. oxysporum 15a 2 1–4 .16 8–.16
F. solani 16 1 0.5–2 .16 .16
P. boydii 24 4 2–8 1 0.25–1
P. boydii 25 4 4–16 1 0.5–4
R. arrhizus 26 0.25 0.12–0.5 2 0.5–4
R. arrhizus 27 0.25 0.25–0.5 .16 2–.16

a The modal MICs and ranges were recorded in 11 laboratories after 24 h of
incubation (R. arrhizus) or 48 h of incubation (other species) and colorimetric
endpoint determination (10). At least 76% and usually .90% of each set of MIC
determinations were within 61 dilution of the mode MIC.
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At an i.v. inoculum of 2,000 CFU/g, the mean survival time of
the mice was between 9 and 10 days, a figure similar to that
measured with a much higher inoculum in unpretreated ani-
mals (Table 3). However, at an inoculum doubled to just 4 3
106 CFU/kg, all of the infected mice died within 3 to 4 days,
and neither of the antifungal agents tested showed an effect on
survival or organ positivity at any dose tested.

The results for the two R. arrhizus isolates in studies with
mice were similar to those obtained in studies with guinea pigs,
with itraconazole being ineffective and with amphotericin B
treatment at all test concentrations leading to the prolongation
of survival (Table 3). No culture-negative organ from mice
infected with either R. arrhizus isolate was found, regardless of
treatment with amphotericin B or itraconazole.

In mice, unlike guinea pigs, pretreatment with cyclophos-
phamide rendered the animals susceptible to infection with the
three Fusarium isolates studied. However, for both F. oxyspo-
rum isolates few deaths occurred even with an inoculum of 108

CFU/kg (Table 3), and most organs were culture positive for
the infecting species, regardless of the antifungal treatment.
With F. solani 16, an inoculum of 108 CFU/kg led to fatal
disseminated infections in pretreated mice, with a mean sur-
vival time of about 7 days. Neither of the antifungal agents
tested produced curative effects in animals infected with F.
solani in terms of either survival or the percentage of negative
organs.

DISCUSSION

These experiments have reemphasized the difficulties of
achieving reproducible, fatal experimental challenges with
molds that resemble the situations that arise naturally in im-
munocompromised human hosts. The difficulties mean that a
fewer than expected number of valid comparisons could be
made between antifungal effects in vitro and in vivo. The goal
of the study was to allow comparison of the MICs of two
antifungal agents for nine molds in vitro with the minimum
effective doses of those agents against experimental challenges
with the same nine molds in vivo. For this purpose a range of
four doses of each agent was chosen, and two animal hosts
were used in case different effects of the compounds were
found between guinea pigs and mice. Under ideal circum-
stances and to achieve scientific standardization, for all nine
fungi a mean survival time of 7 days would have been achieved
with the same infecting dose in unmodified hosts: such circum-
stances in vivo would have come closest to those used to de-
termine MICs in vitro. In practice, different infecting doses
were required for each fungus, and some isolates caused no

TABLE 2. Effects of infection and antifungal treatment for guinea
pigs inoculated with molds i.v.

Organism (inoculum
[CFU/kg]) and treatment

and dose (mg/kg)

No. of
animals
infected

MST
6 SEM
(days)

%
Survivors
on day 12

%
Negative
organs

A. flavus 01 (2.5 3 10)
Placebo (0) 15 5.9 6 0.5 0 0
Amphotericin B

0.31 5 3.8 6 0.2 0 0
0.63 5 4.2 6 0.2 0 0
1.25 5 4.4 6 0.3 0 0
2.5 5 4.6 6 0.7 0 0

Itraconazole
2.5 15 9.3 6 1.0 67 18
5.0 15 9.6 6 1.0 67 27

10 15 11.3 6 0.5 87 33
20 15 11.7 6 0.2 87 47

A. fumigatus 10 (1 3 107)
Placebo (0) 15 6.7 6 0.8 13 3
Amphotericin B

0.31 10 11.4 6 0.3 70 25
0.63 10 11.4 6 0.4 80 35
1.25 10 10.9 6 0.8 80 38
2.5 10 11.1 6 0.9 90 45

Itraconazole
2.5 5 10.6 6 1.0 60 25
5.0 5 10.6 6 1.6 80 50

10 5 12.0 6 0.0 100 70
20 5 11.4 6 0.4 60 65

P. boydii 24 (5 3 107)
Placebo (0) 10 12.0 6 0.0 100 0
Amphotericin B

0.31 ND ND ND ND
0.63 5 12.0 6 0.9 100 15
1.25 5 11.2 6 0.0 80 5
2.5 5 12.0 6 0.0 100 15

Itraconazole
2.5 5 12.0 6 0.0 100 0
5.0 10 12.0 6 0.0 100 5

10 10 12.0 6 0.0 100 5
20 10 11.7 6 0.3 90 0

P. boydii 25 (5 3 107)
Placebo (0) 10 12.0 6 0.0 100 0
Amphotericin B

0.31 5 12.0 6 0.0 100 0
0.63 10 12.0 6 0.0 100 0
1.25 10 12.0 6 0.0 100 0
2.5 10 12.0 6 0.0 100 0

Itraconazole
2.5 ND ND ND ND
5.0 5 12.0 6 0.0 100 0

10 5 12.0 6 0.0 100 0
20 5 11.4 6 0.7 80 0

R. arrhizus 26 (2.5 3 107)
Placebo (0) 5 3.0 6 0.6 0 0
Amphotericin B

0.31 5 5.4 6 0.3 0 0
0.63 5 6.6 6 1.6 20 0
1.25 5 6.2 6 1.7 20 0
2.5 5 5.0 6 0.7 0 0

Itraconazole
2.5 5 3.2 6 0.4 0 0
5.0 5 3.0 6 0.4 0 0

10 5 3.0 6 0.7 0 0
20 5 3.8 6 0.7 0 0

R. arrhizus 27 (2.5 3 107)
Placebo (0) 10 3.9 6 0.3 0 0

Continued

TABLE 2—Continued

Organism (inoculum
[CFU/kg]) and treatment

and dose (mg/kg)

No. of
animals
infected

MST
6 SEM
(days)

%
Survivors
on day 12

%
Negative
organs

Amphotericin B 5 5.0 6 1.0 0 0
0.31 5 6.8 6 1.7 20 0
0.63 5 5.6 6 2.9 20 0
2.5 5 7.2 6 2.8 20 0

Itraconazole
2.5 5 3.6 6 0.3 0 0
5.0 5 3.8 6 0.2 0 0

10 5 3.4 6 0.3 0 0
20 5 4.6 6 0.4 0 0

a Results are for daily i.p. treatments with 40% cyclodextrin placebo and with
amphotericin B and itraconazole at the indicated doses. MST, mean survival
time; ND, not determined.
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TABLE 3. Effects of infection and antifungal treatment for mice
infected with molds i.v.a

Organism (inoculum
[CFU/kg]) and treatment

and dose (mg/kg)

No. of
animals
infected

MST
6 SEM
(days)

%
Survivors
on day 12

%
Negative
organs

A. flavus 01 (5 3 107)
Placebo (0) 29 7.6 6 0.6 17 6
Amphotericin B

0.31 10 4.5 6 0.5 0 ND
0.63 10 7.5 6 1.0 20 ND
1.25 20 7.0 6 0.9 35 3
2.5 20 5.5 6 0.7 15 6

Itraconazole
2.5 10 10.7 6 0.8 70 18
5.0 10 11.3 6 0.5 80 10

10 10 10.9 6 0.6 70 10
20 10 12.0 6 0.0 100 20

A. fumigatus 10 (5 3 107)
Placebo (0) 40 10.5 6 0.3 58 8
Amphotericin B

0.31 30 11.7 6 0.2 90 35
0.63 30 10.4 6 0.5 70 25
1.25 30 10.5 6 0.5 77 28
2.5 30 11.0 6 0.5 77 43

Itraconazole
2.5 20 10.1 6 0.7 65 16
5.0 20 9.9 6 0.6 50 18

10 20 11.2 6 0.5 80 19
20 20 10.0 6 0.9 75 18

P. boydii 24 (5 3 107)
Placebo (0) 10 9.4 6 1.0 50 0
Amphotericin B

0.31 ND ND ND ND
0.63 ND ND ND ND
1.25 ND ND ND ND
2.5 ND ND ND ND

Itraconazole
2.5 10 10.6 6 0.8 70 0
5.0 10 12.0 6 0.0 100 0

10 10 12.0 6 0.0 100 0
20 10 10.6 6 0.7 60 0

P. boydii 24 (2 3 106)b

Placebo (0) 10 9.1 6 1.0 40 0
Amphotericin B

0.31 10 10.8 6 0.7 70 0
0.63 10 8.9 6 1.2 50 0
1.25 10 10.6 6 1.0 80 0
2.5 10 7.4 6 0.9 20 0

Itraconazole
2.5 10 11.0 6 0.7 80 0
5.0 10 8.6 6 1.2 50 0

10 10 10.4 6 0.9 70 0
20 10 9.6 6 1.3 70 0

P. boydii 24 (4 3 106)b

Placebo (0) 10 4.2 6 0.2 0 0
Amphotericin B

0.31 10 4.3 6 0.2 0 0
0.63 10 4.2 6 0.1 0 0
1.25 10 3.7 6 0.2 0 0
2.5 10 4.0 6 0.0 0 0

Itraconazole
2.5 10 4.3 6 0.2 0 0
5.0 10 4.1 6 0.1 0 0

10 10 4.4 6 0.2 0 0
20 10 4.5 6 0.2 0 0

Continued

TABLE 3—Continued

Organism (inoculum
[CFU/kg]) and treatment

and dose (mg/kg)

No. of
animals
infected

MST
6 SEM
(days)

%
Survivors
on day 12

%
Negative
organs

P. boydii 25 (5 3 107)
Placebo (0) 10 11.0 6 1.1 90 0
Amphotericin B

0.31 10 11.5 6 0.5 90 0
0.63 10 11.0 6 0.7 80 0
1.25 10 11.0 6 0.7 80 0
2.5 10 10.3 6 0.8 60 0

Itraconazole
2.5 ND ND ND ND
5.0 ND ND ND ND

10 ND ND ND ND
20 ND ND ND ND

P. boydii 25 (2 3 106)b

Placebo (0) 10 8.5 6 1.2 40 0
Amphotericin B

0.31 10 10.6 6 0.8 70 0
0.63 10 9.4 6 1.0 50 0
1.25 10 11.9 6 0.1 90 0
2.5 10 10.8 6 0.7 70 0

Itraconazole
2.5 10 10.0 6 0.8 50 0
5.0 10 7.3 6 0.9 20 0

10 10 6.9 6 0.3 0 0
20 10 8.7 6 0.9 36 0

P. boydii 25 (4 3 106)b

Placebo (0) 10 3.3 6 0.3 0 0
Amphotericin B

0.31 10 3.5 6 0.2 0 0
0.63 10 3.4 6 0.2 0 0
1.25 10 3.2 6 0.2 0 0
2.5 10 3.0 6 0.0 0 0

Itraconazole
2.5 10 3.2 6 0.1 0 0
5.0 10 3.1 6 0.1 0 0

10 10 3.1 6 0.2 0 0
20 10 2.9 6 0.1 0 0

R. arrhizus 26 (5 3 106)
Placebo (0) 20 4.9 6 0.5 5 0
Amphotericin B

0.31 10 6.5 6 0.8 10 0
0.63 10 7.4 6 0.9 20 0
1.25 10 9.7 6 0.8 40 0
2.5 10 10.9 6 0.9 80 0

Itraconazole
2.5 10 4.3 6 0.4 0 0
5.0 10 3.6 6 0.2 0 0

10 10 3.7 6 0.3 0 0
20 10 4.0 6 0.4 0 0

R. arrhizus 27 (5 3 106)
Placebo (0) 10 5.3 6 0.2 0 0
Amphotericin B

0.31 10 11.9 6 0.1 90 0
0.63 10 12.0 6 0.0 100 0
1.25 10 12.0 6 0.0 100 0
2.5 10 12.0 6 0.0 100 0

Itraconazole
2.5 10 4.1 6 0.1 0 0
5.0 10 5.1 6 0.5 0 0

10 10 4.4 6 0.4 0 0
20 10 4.3 6 0.3 0 0

Continued on following page
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disseminated infections or they infected only modified hosts
pretreated to achieve immunosuppression.

Others have commented on the difficulties of establishing
reproducible disseminated infections in animal hosts by intra-
venous injection of molds known to be pathogenic only for
severely immunocompromised human patients. We copied the
cyclophosphamide pretreatment recommended by Legrand et
al. (13) for establishing disseminated infections with F. solani
in mice, but we did not achieve the same high levels of mor-
tality, even though our infecting doses were higher than those
used by the previous investigators. One reason for the differ-
ence might be our use of outbred rather than defined inbred
murine hosts. Since mouse strains vary in their susceptibilities
to disseminated infection with moderately pathogenic species
such as Candida albicans (3, 7), it is likely that they also vary in
their susceptibilities to less virulent molds. Moreover, different
strains of pathogenic fungi also vary in their inherent virulence
for animals (2, 4, 19). Thus, to optimize experimental test
systems in vivo for any given fungal isolate, it is necessary to
investigate the result of variations in host strain types, pretreat-
ment regimens, infecting doses, and routes of infection. How-

ever, the performance of so many titrations on the scale nec-
essary to allow statistical comparisons of the MICs for fungi
with treatment outcomes prohibits optimization of the model
conditions for logistic, economic, and practical reasons.

Because filamentous fungi tend to be less virulent than spe-
cies such as C. albicans in vivo, endpoints based on survival and
the numbers of samples that are culture positive may be too
austere to allow detection of differences in response to anti-
fungal therapy, particularly when subtleties in susceptibility are
evaluated. More sensitive indicators, such as quantitative or-
gan sample cultures and markers of fungus-mediated tissue
injury (e.g., pulmonary infarct scores and lung weights in pul-
monary aspergillosis), may reveal more subtle differences in
antifungal activity. These markers have been used in a pro-
foundly neutropenic rabbit model of invasive pulmonary as-
pergillosis (20).

The fact that the infections caused by most filamentous fungi
produced minimal lethality may be related to the host re-
sponse. Patients developing infections due to opportunistic
filamentous fungi are usually profoundly immunocompro-
mised, with profound and persistent neutropenia being the
most critical factor. Such depths and durations of neutropenia
are not usually achievable without supervening bacterial infec-
tions analogous to those that develop in patients. Moreover,
the higher doses of antineoplastic therapy often require closer
hematologic monitoring than is feasible in most models. The
next step may be to examine these infections in the profoundly
neutropenic rabbit models of Aspergillus, Fusarium, and Pseu-
dallescheria infections. Bacterial infections are prevented and
hematologic toxicity is monitored during intensive chemother-
apy in these models, resulting in lethality and fungus-mediated
tissue injury (20–22).

Our choice of i.p. administration of antifungal treatment was
based on a desire to use the same route for both agents and
both animal hosts and the logistic considerations of performing
repeated parenteral treatment regimens with large numbers of
animals. Published data for i.p. amphotericin B treatments in
mice and guinea pigs have shown this route to be efficacious (1,
5, 12, 17). The i.p. route has also been used successfully with
experimental itraconazole treatments in guinea pigs (17). Our
data show that itraconazole administration by this route in
mice produces high peak levels of drug in plasma that remain
high after dosing at 20 mg/kg. At 5 mg/kg, levels of active
antifungal azoles were still detectable, but they were low 8 h
after i.p. administration.

The limitations of the infection outcomes markedly reduced
the value of comparisons between MICs and minimum effec-
tive doses in the present study. From the data presented in
Tables 2 and 3, it can be seen that itraconazole given i.p. at 2.5
mg/kg and higher doses showed antifungal activity in vivo, by at
least one of the parameters used, against A. flavus 01 and A.
fumigatus 10. It was inactive against two isolates of R. arrhizus
at all concentrations tested. The results obtained with this
agent against infections caused by the other mold isolates were
too equivocal to allow an interpretation to be made. The
modal itraconazole MICs were less than 1 mg/ml for the two
Aspergillus isolates and 2 mg/ml or higher for the isolates of R.
arrhizus. These observations suggest a theoretical breakpoint
for the resistance of molds to itraconazole of between 1 and 2
mg/ml if the inherent susceptibility of the fungus to the anti-
fungal agent is assumed to be the only variable affecting the
outcome of treatment in the test systems used.

The efficacy of amphotericin B at 0.31 mg/kg was seen in vivo
(by at least one parameter) against A. fumigatus 10 (MIC, 1
mg/ml) but efficacy was not seen against A. flavus 01 (MIC, also
1 mg/ml) at any dose tested. The compound also showed anti-

TABLE 3—Continued

Organism (inoculum
[CFU/kg]) and treatment

and dose (mg/kg)

No. of
animals
infected

MST
6 SEM
(days)

%
Survivors
on day 12

%
Negative
organs

F. oxysporum 15a (1 3 108)b

Placebo (0) 10 10.8 6 0.9 80 0
Amphotericin B

0.31 10 8.0 6 0.9 20 0
0.63 10 9.2 6 0.9 30 0
1.25 10 10.8 6 0.7 60 3
2.5 10 10.1 6 1.0 60 0

Itraconazole
2.5 10 9.5 6 0.9 40 0
5.0 10 10.2 6 1.3 80 8

10 10 10.3 6 0.9 60 10
20 10 11.2 6 0.3 60 5

F. oxysporum 15 (1 3 108)b

Placebo (0) 10 12.0 6 0.0 100 0
Amphotericin B

0.31 10 11.7 6 0.3 90 0
0.63 10 11.9 6 0.1 90 0
1.25 10 11.5 6 0.4 80 0
2.5 10 10.6 6 1.0 80 0

Itraconazole
2.5 10 12.0 6 0.0 100 0
5.0 10 11.7 6 0.3 90 0

10 10 11.7 6 0.3 90 0
20 10 12.0 6 0.0 100 0

F. solani 16 (1 3 108)b

Placebo (0) 10 6.7 6 1.4 30 0
Amphotericin B

0.31 10 4.6 6 0.4 0 0
0.63 10 6.6 6 1.1 10 0
1.25 10 6.4 6 0.9 0 0
2.5 10 8.1 6 1.3 40 0

Itraconazole
2.5 10 6.6 6 1.3 30 0
5.0 10 5.8 6 1.2 20 0

10 10 5.5 6 1.1 20 0
20 10 5.7 6 1.1 20 0

a See footnote a of Table 2.
b Mice were pretreated with cyclosphosphamide at 150 mg/kg i.p. before in-

fection.
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fungal effects in vivo against the two R. arrhizus isolates (MICs,
0.2 mg/ml), although with R. arrhizus 26 such effects were less
evident at the lowest test dose (0.31 mg/kg) than at higher
doses in both mice and guinea pigs. Infections with F. solani 16
(amphotericin B MIC, 1 mg/ml) in cyclophosphamide-pre-
treated mice showed no response to amphotericin B treatment
apart from a small increase in survival at 2.5 mg/kg (Table 3).
These results do not suggest any obvious predictive association
between amphotericin B MICs for various molds in vitro and
the outcome of treatment of experimental infections with those
molds.

Perhaps, as has been suggested elsewhere (6, 24), the min-
imum fungicidal concentrations (MFCs) of amphotericin B
may correlate better with the outcome of treatment than the
MIC. The in vitro-in vivo correlation has been demonstrated
previously for Trichosporon beigelii, an organism for which the
MIC of amphotericin B is #0.5 mg/ml (which is considered
susceptible), but for which the MFC is markedly greater (.16
mg/ml; which is considered resistant). Time-kill assays demon-
strated that T. beigelii was inhibited but not killed by safely
achievable levels of amphotericin B (23). Studies in vivo dem-
onstrated that amphotericin B given at 1 mg/kg/day i.v. failed
in the treatment of a persistently neutropenic animal model of
disseminated Trichosporon infection (21). By comparison, sim-
ilar doses of amphotericin B, also in persistently neutropenic
animals, successfully treated disseminated C. albicans infec-
tions in which both the MIC and the MFC for the infecting
isolates were #0.5 mg/ml. Thus, perhaps MFCs may have pre-
dictive value for profoundly compromised hosts, in which the
antifungal agent may be the only means of clearing tissue in the
absence of intrinsic host defenses.

Table 4 provides an interpretive summary of the results of
the animal experiments in which the activities of the test com-
pounds could be determined in relation to the modal MICs
previously determined for the infecting isolates (10). For both
amphotericin B and itraconazole the treatment responses
judged as showing some activity of the agent were associated
with lower MICs than the responses judged as showing no
activity in vivo. For the fungi for which the amphotericin B or
the itraconazole MIC was less than 1 mg/ml, a response of
some kind was seen in the experimental infections. For the
fungi for which the amphotericin B MICs were at or above 2
mg/ml or the itraconazole MICs were at or above 1 mg/ml, no
response was seen. However, the overlap (amphotericin B) and
1-dilution difference (itraconazole) in MICs associated with a
response judged as active and inactive suggest that such MICs

could not be interpreted as predicting treatment outcome in
these animal models.

The conclusion of this study must be that a limited associa-
tion between MIC and treatment outcome was seen but that
such associations could be determined with confidence for only
four of nine test fungi because of the limitations of the models
used. More definitive evaluation of the predictive worth of
MICs for molds in vitro must await further experimentation in
studies with animals and the accumulation of data from case
histories for humans with opportunistic mold infections.
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