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Voriconazole, a new azole antifungal agent, showed potent activity against clinical isolates of Aspergillus spp.
in vitro. For A. fumigatus, the MIC range was <0.03 to 0.5 mg/ml and the MIC at which 90% of isolates are
inhibited was 0.25 mg/ml. In an experimental model of invasive pulmonary aspergillosis which mimics infection
in humans, oral voriconazole at dosages of 30 mg/kg of body weight per day significantly delayed or prevented
mortality.

Invasive aspergillosis is an important cause of morbidity and
mortality in the immunocompromised host, particularly in pa-
tients with acute leukemia and bone marrow transplant recip-
ients (4, 5, 8, 11, 13, 19, 20, 24). Despite variable efficacy and
considerable toxicity, amphotericin B remains the treatment of
choice for this condition (5, 8). Itraconazole, a triazole anti-
fungal agent, is active against Aspergillus spp. in vitro and has
been used successfully to treat invasive aspergillosis in immu-
nocompromised patients (6, 14). However, the lack of an in-
travenous preparation and variable absorption following oral
administration in patients receiving chemotherapy or bone
marrow transplant recipients limits the utility of itraconazole in
many patients. Low levels of the drug in serum have been
associated with therapeutic failure and poor outcome (6, 14).
Voriconazole (UK-109,496) is a potent new triazole deriva-

tive with a broad spectrum of antifungal activity against many
opportunistic fungal pathogens including Candida, Cryptococ-
cus, and Aspergillus species (1, 2, 15). In an experimental model
of disseminated aspergillosis, oral voriconazole prevented
mortality in infected animals (12). In this study, we evaluated
the in vitro activity of voriconazole against a range of clinical
isolates of Aspergillus spp. and its efficacy in a rat model of
invasive pulmonary aspergillosis (IPA).
(This work was presented, in part, at the 9th Symposium on

Infections in the Immunocompromised Host, Assisi, Italy,
June 1996.)
For antifungal susceptibility testing we used a modification

of the microdilution method that has been proposed by the
National Committee for Clinical Laboratory Standards as the
standard reference method for yeasts (10). Clinical isolates
from the Memorial Hospital Microbiology Laboratory were
subcultured on Sabouraud dextrose agar and were incubated at
308C for 3 to 4 days. Conidia were harvested with a 0.02%
Tween 80 solution, centrifuged (10 min, 1,500 3 g), suspended

in distilled water, and counted in a hemacytometer. Conidia
were diluted with RPMI medium (American Biorganics, Inc.,
Niagara Falls, N.Y.) to obtain approximately 2 3 104 CFU/ml
or two times the final test inoculum. Stock drug solutions of
voriconazole (5 mg/ml; Pfizer-Limited, Sandwich, United
Kingdom), itraconazole (1 mg/ml; Janssen Pharmaceutica Inc.,
Piscataway, N.J.), and amphotericin B (5 mg/ml; Bristol-Myers
Squibb, Princeton, N.J.) were prepared in dimethyl sulfoxide.
Stock solutions were diluted with RPMI medium to obtain
twofold strengths of the final test concentrations (64 mg/ml) for
the broth microdilution assay. The broth microdilution tests
were performed with sterile, disposable, multiwell microdilu-
tion plates (96-well U-shaped Nunclon MicroWell Plate;
Fisher Scientific, Pittsburgh, Pa.). Twofold serial dilutions of
test drug concentrations were made. Portions of conidial sus-
pensions (100 ml) were combined with an equal volume of drug
solution to give a final inoculum concentration of 104 conidia/
ml. The plates were incubated at 358C for 48 h. The lowest
concentration of drug that prevented visible growth was con-
sidered the MIC.
All animal research procedures were approved by the Insti-

tutional Animal Care and Use Committee of Memorial Sloan-
Kettering Cancer Center. Male Sprague-Dawley rats (Charles
River Breeding Laboratories, Willmington, Mass.) weighing
125 to 150 g received cortisone acetate (100 mg/kg of body
weight) subcutaneously thrice weekly, tetracycline via drinking
water, and a low-protein (8%) diet (Dyets Inc., Bethlehem,
Pa.) throughout the course of the trials. Following the admin-
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TABLE 1. Results of tests of in vitro susceptibilities of Aspergillus
spp. to voriconazole, itraconazole, and amphotericin B

Drug

MIC (mg/ml)a

A. fumigatus
(n 5 21)

A. flavus
(n 5 10)

A. niger
(n 5 10)

Range 90% 50% Range 90% 50% Range 90% 50%

Voriconazole ,0.03–0.5 0.25 0.03 0.25–0.5 0.5 0.5 0.25–1.0 0.5 0.25
Itraconazole ,0.03–1.0 0.5 0.06 0.125–0.25 0.25 0.25 0.5–2.0 1.0 1.0
Amphotericin B 0.5–2.0 2.0 1.0 1.0–4.0 4.0 2.0 0.5–1.0 1.0 0.5

a 90% and 50%, MICs at which 90 and 50% of isolates, respectively, are
inhibited.
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istration of a single oral dose (30 mg/kg) of voriconazole or
itraconazole, blood samples were obtained at timed intervals
over 8 h. The levels of voriconazole and itraconazole in serum
were determined by modifications of a previously reported
agar diffusion bioassay incorporating Candida kefyr (MSK
strain; CPS-2) (3, 16, 18). The concentrations of the test sam-
ples in serum were calculated by an equation, derived by linear
regression, relating the diameters of zones of inhibition to the
log of the drug concentrations in the standards. After 2 weeks
of this immunosuppressive regimen, groups of rats were in-
fected via the trachea with a suspension of 106 conidia of A.
fumigatus H11-20 in 0.1 ml of sterile saline under enflurane
(Ethrane; Anaquest) anesthesia. In trial 1, beginning at the
time of infection, groups of rats (n 5 8 rats per group) were
treated once daily for 5 days with oral doses of 10, 20, or 30 mg
of voriconazole per kg suspended in corn oil, an equal volume
of corn oil (controls), or intraperitoneal doses of amphotericin
B (4 mg/kg in 5% dextrose water). In trial 2, the effectiveness
of voriconazole and itraconazole was compared at doses of 30
mg/kg administered by gavage (n 5 12 per group); doses (in
corn oil) were given at the time of infection and then daily for
5 days. Outcome was determined by survival analysis by using
Kaplan-Meier plots and the log rank test. Histological exami-
nation of the lungs from representative samples of each group
was made.
Table 1 presents the MICs of voriconazole, itraconazole,

and amphotericin B. Voriconazole had lower MICs than am-
photericin B for all clinical isolates of Aspergillus spp. Voricon-
azole was more active than itraconazole against strains of A.

fumigatus and A. niger and was slightly less active against
strains of A. flavus. The MICs of amphotericin B, itraconazole,
and voriconazole for the H11-20 strain of A. fumigatus used in
the animal experiments were 0.25, 0.125, and 0.25 mg/ml, re-
spectively.
In the rat model of IPA, voriconazole was better absorbed

than itraconazole following oral administration of 30 mg/kg in
corn oil. The maximum concentration of drug in serum was
4.56 6 0.68 mg/ml for voriconazole, compared to 0.43 6 0.23
mg/ml for itraconazole. In the first trial, a dose-response sur-
vival rate was observed in animals treated with voriconazole
(Fig. 1). At 7 days postinfection, survival rates were 62.5, 75,
and 100% for groups receiving 10, 20, and 30 mg of voricon-
azole per kg, respectively; the survival rate was 37.5% for

FIG. 1. Kaplan-Meier plots showing survival of rats with pulmonary aspergil-
losis after treatment with placebo, amphotericin B (AmB; given intraperitone-
ally), or escalating oral doses of voriconazole.

FIG. 2. Kaplan-Meier plots showing survival of rats with pulmonary aspergil-
losis after treatment with placebo, voriconazole, or itraconazole (30 mg/kg given
orally).

FIG. 3. Gomori methenamine silver stains of lung sections from control rats
(A) and from rats treated with itraconazole (B) and voriconazole (C). Magnifi-
cation, 340.
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controls (for the group receiving voriconazole at 30 mg/kg
versus the controls, P , 0.02). The survival rate was 100% for
the group treated with high doses of amphotericin B (P ,
0.02).
In the second trial, voriconazole and itraconazole were com-

pared (at dosages of 30 mg/kg/day given orally) (Fig. 2). The
survival rates were 100% for the voriconazole-treated group
(P , 0.01) and 75% for the itraconazole-treated group (P ,
0.10), compared to a survival rate of 41.6% for the control
group. Representative histological sections of lung tissues from
necropsied animals demonstrated abundant mycelia and exten-
sive consolidation in control animals, but for animals treated
with voriconazole or itraconazole only rare mycelia that were
notable for their stunted, aberrant morphology were found
(Fig. 3).
Voriconazole is a new broad-spectrum triazole antifungal

agent with fungicidal activity against Aspergillus spp. (15). It
appears to have good bioavailability and is well tolerated by
humans (21), and early clinical studies of invasive aspergillosis
have provided encouraging results (7, 9). In this study, we
demonstrated that voriconazole has potent in vitro activity
against a range of clinical isolates of Aspergillus spp. Voricon-
azole was well absorbed following oral administration and was
highly effective in preventing or delaying mortality in an ex-
perimental model of pulmonary aspergillosis. Survival was
greater with voriconazole treatment compared to that with
itraconazole treatment, although this difference was not statis-
tically significant. Previous studies with our model of IPA have
validated its predictive value in assessing the efficacies of an-
tifungal compounds for the treatment of pulmonary aspergil-
losis (17, 22, 23). Voriconazole is a promising agent for the
treatment of this life-threatening disease of the immunocom-
promised host.

We are grateful to Fitzroy Edwards, Microbiology Laboratory, Me-
morial Sloan-Kettering Cancer Center, for advice on in vitro suscep-
tibility and bioassay studies.
This research was supported by a grant from Pfizer Pharmaceuticals,

New York, N.Y.

REFERENCES

1. Barchiesi, F., M. Restrepo, D. A. McGough, and M. G. Rinaldi. 1995. In vitro
activity of a new antifungal triazole: UK-109,496, abstr. F71, p. 125. In
Program and abstracts of the 35th Interscience Conference on Antimicrobial
Agents and Chemotherapy. American Society for Microbiology, Washing-
ton, D.C.

2. Barry, A. L., and S. D. Brown. 1996. In vitro studies of two triazole antifungal
agents (voriconazole [UK-109,496] and fluconazole) against Candida spe-
cies. Antimicrob Agents Chemother. 40:1948–1949.

3. Bernard, E. M., H. J. Donnelly, M. P. Maher, and D. Armstrong. 1985. Use
of a new bioassay to study pentamidine pharmacokinetics. J. Infect. Dis.
152:750–754.

4. Bodey, G., B. Bueltmann, W. Duguid, et al. 1992. Fungal infections in cancer
patients: an international autopsy survey. Eur. J. Clin. Microbiol. Infect. Dis.
11:99–109.

5. Denning, D. W., and D. A. Stevens. 1990. Antifungal and surgical treatment
of invasive aspergillosis: review of 2,121 published cases. Rev. Infect. Dis.
12:1147–1201.

6. Denning, D. W., J. Y. Lee, J. S. Hostetler, et al. 1994. NIAID Mycoses Study

Group multicenter trial of oral itraconazole therapy for invasive aspergillo-
sis. Am. J. Med. 97:135–144.

7. Denning, D. W., A. del Favero, E. Gluckman, D. Norfolk, M. Ruhnke, S.
Yonren, P. Troke, and N. Sarantis. 1995. UK-109,496, a novel, wide-spec-
trum triazole derivative for the treatment of fungal infections: clinical effi-
cacy in acute invasive aspergillosis, abstr. F80, p. 126. In Program and
abstracts of the 35th Interscience Conference on Antimicrobial Agents and
Chemotherapy. American Society for Microbiology, Washington, D.C.

8. Denning, D. W. 1996. Therapeutic outcome in invasive aspergillosis. Clin.
Infect. Dis. 23:608–615.

9. Dupont, B., D. Denning, H. Lode, S. Yonren, P. Troke, and N. Sarantis. 1995.
UK-109,496, a novel, wide-spectrum trizole derivative for the treatment of
fungal infections: clinical efficacy in chronic invasive aspergillosis, abstr. F81,
p. 127. In Program and abstracts of the 35th Interscience Conference on
Antimicrobial Agents and Chemotherapy. American Society for Microbiol-
ogy, Washington, D.C.

10. Espinel-Ingroff, A., K. Dawson, M. Pfaller, E. Anaissie, B. Breslin, D. Dixon,
A. Fothergill, V. Paetznick, J. Peter, M. Rinaldi, and T. Walsh. 1995. Com-
parative and collaborative evaluation of standardization of antifungal sus-
ceptibility testing for filamentous fungi. Antimicrob Agents Chemother. 39:
314–319.

11. Fisher, B. D., D. Armstrong, B. Yu, and J. W. M. Gold. 1981. Invasive
aspergillosis. Progress in early diagnosis and treatment. Am. J. Med. 71:571–
577.

12. George, D., P. Miniter, and V. T. Andriole. 1996. Efficacy of UK-109,496, a
new azole antifungal agent, in an experimental model of invasive aspergil-
losis. Antimicrob. Agents Chemother. 40:86–91.

13. Gerson, S. L., G. H. Talbot, S. Hurwitz, B. L. Strom, E. J. Lusk, and P. A.
Cassileth. 1984. Prolonged granulocytopenia: the major risk factor for inva-
sive pulmonary aspergillosis in patients with acute leukemia. Ann. Intern.
Med. 100:345–351.

14. Grant, S. M., and S. P. Clissold. 1989. Itraconazole. A review of its phar-
macodynamic and pharmacokinetic properties, and therapeutic use in su-
perficial and systemic mycoses. Drugs 37:310–344.

15. Hitchcock, C. A., G. W. Pye, G. P. Oliver, and P. F. Troke. 1995. UK-109,496,
a novel, wide-spectrum triazole derivative for the treatment of fungal infec-
tions: antifungal activity and selectivity in vitro, abstr. F72, p. 125. In Pro-
gram and abstracts of the 35th Interscience Conference on Antimicrobial
Agents and Chemotherapy. American Society for Microbiology, Washing-
ton, D.C.

16. Jorgensen, J. H., G. A. Alexander, J. R. Graybill, and D. J. Drutz. 1981.
Sensitive bioassay for ketoconazole in serum and cerebrospinal fluid. Anti-
microb. Agents Chemother. 20:59–62.

17. Kurtz, M. B., E. M. Bernard, F. M. Edwards, J. A. Marrinan, J. Dropinski,
C. M. Douglas, and D. Armstrong. 1995. Aerosol and parenteral pneumo-
candins are effective in a rat model of pulmonary aspergillosis. Antimicrob.
Agents Chemother. 39:1784–1789.

18. McGinnis, M. R. 1980. Susceptibility testing and bioassay procedures, p.
411–446. In Laboratory handbook of medical mycology. Academic Press,
Inc., New York, N.Y.

19. Meyers, J. D. 1990. Fungal infections in bone marrow transplant patients.
Semin. Oncol. 17(Suppl. 6):S10–S13.

20. Morrison, V. A., R. Haake, and D. J. Weisdorf. 1994. Non-Candida fungal
infections after bone marrow transplantation: risk factors and outcome.
Am. J. Med. 96:497–503.

21. Patterson, B. E., and P. E. Coates. 1995. UK-109,496, a novel, wide-spectrum
triazole derivative for the treatment of fungal infections: pharmacokinetics in
man, abstr. F78, p. 126. In Program and abstracts of the 35th Interscience
Conference on Antimicrobial Agents and Chemotherapy. American Society
for Microbiology, Washington, D.C.

22. Schmitt, H. J., E. M. Bernard, M. Hauser, and D. Armstrong. 1988. Aerosol
amphotericin B is effective for prophylaxis and therapy in a rat model of
pulmonary aspergillosis. Antimicrob. Agents Chemother. 32:1676–1679.

23. Schmitt, H. J., F. Edwards, J. Andrade, Y. Niki, and D. Armstrong. 1992.
Comparison of azoles against Aspergilli in vitro and in an experimental
model of pulmonary aspergillosis. Chemotherapy (Basel) 38:118–126.

24. Walsh, T. J. 1990. Invasive pulmonary aspergillosis in patients with neoplas-
tic diseases. Semin. Respir. Infect. 5:111–122.

698 NOTES ANTIMICROB. AGENTS CHEMOTHER.


