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The in vitro activity of BMS-207147 against 80 clinical isolates of Aspergillus was compared with that of
itraconazole and amphotericin B, using a validated microtiter method. Geometric mean MICs (in mg/ml) were
as follows: 1.71 for BMS-207147, 0.67 for itraconazole, and 0.63 for amphotericin B. The range of concentra-
tions of each drug was 0.125 to >16 mg/ml. Aspergillus fumigatus was significantly more susceptible to
BMS-207147 (P < 0.05) than A. terreus and A. flavus. No BMS-207147-resistant A. fumigatus isolates were
identified, though eight itraconazole-resistant (MIC, >8 mg/ml) isolates were. BMS-207147 is active against
Aspergillus spp. at slightly high concentrations compared with itraconazole and amphotericin B.

Aspergillus infections are the most prevalent non-Candida
fungal infections, causing 70% of such infections in bone mar-
row transplantation patients in a recent study (10). Estimates
of prevalence in different immunocompromised patient groups
range from 25 to 40% in patients with chronic granulomatous
disease, from 20 to 25% in lung transplant and high risk leu-
kemia patients, and as low as 1% in patients with systemic
lupus erythematosus (2). Other patient risk groups include
cancer patients, solid organ transplant recipients, burn pa-
tients, and AIDS patients. The intravenous treatment of choice
is amphotericin B, although the use of this drug is problematic,
with many toxicity problems and a high failure rate (4). How-
ever, newer, less-toxic formulations of this drug are now avail-
able. Itraconazole therapy is also problematic. The drug can be
difficult to absorb, although the oral solution and possibly the
new intravenous formulation may help address this issue.
There is therefore a need to develop new, safe, effective anti-
fungal agents.

BMS-207147 was originally discovered by Easai Co in Tsu-
kuba, Japan, and called ER-30346 (6, 7). Structurally, it has
more in common with fluconazole and voriconazole than the
other two azoles active against Aspergillus available for clinical
use, itraconazole and SCH 56592 (http://www.aspergillus.man
.ac.uk/secure/images/antifungaldrugs.htm). It has potent activ-
ity against Candida albicans (5, 7, 14) and non-albicans Can-
dida spp. although it is somewhat less active against Candida
glabrata (5, 14) and Candida tropicalis (5). It has good activity
against Cryptococcus neoforms (5, 6). Activity against Aspergil-
lus has been reported in vitro (5; A. Espinell-Ingroff, A. Pala-
cio, and A. Carillo-Munoz, Abstr. 38th Intersci. Conf. Anti-
microb. Agents Chemother., abstr. F-154, 1998) as well as in
vivo (K. Shock, S. Marino, T. Baumgartner, and V. Andriole,
Abstr. 38th Intersci. Conf. Antimicrob. Agents Chemother.,
abstr. J-54, 1998).

In this study, we directly compared the in vitro antifungal
activity of BMS-207147 with that of itraconazole and ampho-
tericin B against four different species of Aspergillus. We se-
lected a population of isolates with a disproportionate number

resistant to itraconazole. In addition, we examined the fungi-
cidal activity of BMS-207147 and compared it directly with that
of itraconazole and amphotericin B.

A total of 80 clinical Aspergillus isolates comprising 50 As-
pergillus fumigatus isolates and 10 isolates each of Aspergillus
terreus, Aspergillus flavus, and Aspergillus niger were used in this
study. Almost all the isolates were from the United States and
the United Kingdom, with the greater proportion of itracon-
azole-resistant isolates coming from the United Kingdom. In-
cluded in the test panel were isolates AF65, AF91, AF210, and
AF294, for which the MICs of amphotericin B and itracon-
azole are known (3, 8, 12). All cultures were cultivated from
frozen stock on Sabouraud dextrose agar (Oxoid, Basingstoke,
United Kingdom) for 3 to 4 days at 30°C.

BMS-207147 (Bristol-Myers Squibb Company, Princeton,
New Jersey) and itraconazole (Janssen Pharmaceuticals, Beerse,
Belgium) were both provided in pure powder form by their
respective manufacturers. Amphotericin B with desoxycholate
was obtained from E. R. Squibb & Sons Limited, Middlesex,
United Kingdom.

BMS-207147 was dissolved in dimethyl sulfoxide, with the
weight adjusted to allow for the potency of the drug, to pro-
duce a stock solution of 3,200 mg/ml. Itraconazole was sus-
pended in 1:1 acetone and 0.2 M HCl to produce a final
concentration of 3,200 mg/ml. Amphotericin B with desoxy-
cholate was dissolved in sterile distilled water to produce a
stock solution of 3,200 mg/ml, after adjusting for potency. All
drugs were then dispensed into aliquots and stored in glass
vials, protected from the light, at 220°C until required.

Testing for MICs was performed by a microtiter method
with RPMI 1640 medium (Sigma, Poole, United Kingdom)
supplemented with 2% glucose and buffered to a pH of 7.0
with morpholinepropanesulfonic acid (MOPS; Sigma). The en-
tire study, including reproducibility, was performed using the
same batch of RPMI 1640 medium. Drug concentrations
ranged from 0.03 to 16 mg/ml for all antifungal agents.

The inoculum was prepared by suspending Aspergillus
conidia in phosphate-buffered saline containing 0.05% Tween
80. The conidia were counted using a hemocytometer and then
diluted into the growth medium to a concentration of 106

conidia/ml. The final inoculum was 5 3 105 conidia/ml (as has
been previously validated) (3, 12). A positive control (drug
free) was included for each isolate. Microtiter trays were in-
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cubated in moist chambers at 37°C for 48 h. The MICs were
read visually and were defined using a no-growth end point.
Prior animal model work has demonstrated itraconazole MICs
of $16 mg/ml correlate with failure of itraconazole in vivo (3,
12). A correlation with outcome was not demonstrable for
amphotericin B MICs (8), although A. terreus isolates are usu-
ally resistant in vitro and may be so in vivo (8).

Minimum fungicidal concentrations (MFCs) of all drugs
were also determined. A 100-ml volume was removed from
every well containing no growth and transferred to a blood
agar plate. The sample was allowed to soak into the agar and,
when dry, was streaked to separate any conidia present and to
remove them from the drug source. The plates were incubated
at 37°C for 48 h. The MFC was defined as the lowest drug
concentration that allowed the growth of five or fewer colonies
($99.99% killed). MICs or MFCs of .16 mg/ml for itracon-
azole were assumed to be 32 mg/ml for the purpose of analysis.
Some of the isolates (16 of 80 isolates [20%]) were randomly

selected and retested to assess the reproducibility of the sus-
ceptibility tests.

The MIC results for all 80 isolates for all three drugs are
summarized in Table 1. The MIC ranges of all the drugs were
the same, 0.125 to .16 mg/ml. Ten isolates were resistant to
itraconazole (MIC, $16 mg/ml), and these were slightly less
susceptible to BMS-207147 over a wide range of concentra-
tions (0.125 to 32 mg/ml). The geometric mean (GM) MICs for
all isolates and the MICs at which 90% of the isolates tested
were inhibited were, respectively, as follows: BMS-207147, 1.71
and 4 mg/ml; itraconazole, 0.67 and .16 mg/ml; and ampho-
tericin B, 0.63 and 4 mg/ml.

Isolates of A. fumigatus (n 5 50) were found to be signif-
icantly more susceptible to BMS-207147 than isolates of
A. terreus (n 5 10) and A. flavus (n 5 10) (P , 0.05). Isolates
of A. niger (n 5 10) were also found to be significantly more
susceptible to BMS-207147 than isolates of A. flavus (P ,
0.05). The activity of each drug against each species is shown in
Table 1. Only one isolate was resistant to BMS-207147, an
A. flavus isolate for which the MICs of all three drugs were
.16 mg/ml. This isolate has a trailing end point.

The MFCs are depicted in Fig. 1. The GM-MFCs (range of
MFCs) of each drug were as follows (in mg/ml): BMS-207147,
27.9 (2 to .16); itraconazole, 25.8 (0.5 to .16); and ampho-
tericin B, 8.5 (0.5 to .16). For all isolates, BMS-207147 was
fungicidal against 10% of the isolates, itraconazole was fungi-
cidal against 15% of the isolates, and amphotericin B was
fungicidal against 69% of the isolates at concentrations of #16
mg/ml, using the stringent cutoff of 99.99% fungicidality.

Reproducibility studies showed that for BMS-207147 and
itraconazole, 15 of 16 (94%) isolates retested, and for ampho-
tericin B, 14 of 16 (88%) isolates retested, produced either

TABLE 1. GM MICs and MIC ranges of BMS 207147,
itraconazole, and amphotericin B for each species

Species or isolate
type (no. of

isolates tested)

GM (range) MICa

BMS-207147 Itraconazole Amphotericin B

A. fumigatus (50) 1.27 (0.13–8) 0.77 (0.13–.16) 0.38 (0.13–0.5)
A. terreus (10) 3.03 (2–4) 0.33 (0.25–0.5) 4.0 (2–8)
A. flavus (10) 2.83 (1–32) 0.5 (0.25–.16) 2.46 (0.5–32)
A. niger (10) 2.64 (1–8) 0.93 (0.5–4) 0.29 (0.13–0.5)
Itraconazole

resistant (10)
5.9 (0.13–32) .16 2.3 (0.25–32)

All 1.71 (0.13–32) 0.67 (0.13–.16) 0.63 (0.13–32)

a Values are in micrograms per milliliter.

FIG. 1. MFC values for BMS-207147 (light grey bars) compared with those for itraconazole (dark grey bars) and amphotericin B (unshaded bars).
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identical MIC results or yielded a result that differed by only
one twofold dilution.

Industry studies with BMS-207147 have shown good activity
against Aspergillus, with MICs for 16 isolates varying from 0.06
to 2 mg/ml (5) and MICs for 3 isolates varying from 0.2 to 0.39
mg/ml (6). Our data from a much larger collection of isolates
from four pathogenic species confirms activity, but at concen-
trations slightly higher than those observed with itraconazole.
Although the data sets are not exactly the same, the GM MICs
for SCH 56592 (11), itraconazole, voriconazole (13), and BMS-
207147 were 0.09, 0.25, 0.4, and 1.71 mg/ml, respectively. We
identified a degree of cross-resistance in A. fumigatus between
itraconazole and SCH 56592 (confirmed in an animal model
[11]) but not between itraconazole and either BMS-207147 or
voriconazole in vitro. This is potentially important, as the in-
cidence of itraconazole resistance in A. fumigatus in the United
Kingdom is approximately 5% (unpublished data). The lack of
cross-resistance of BMS-207147 with itraconazole probably re-
flects the substantial structural differences between the two
molecules.

In aspergillosis, many factors determine therapeutic out-
come. Aside from speed of diagnosis, pace and extent of dis-
ease at diagnosis, and underlying patient factors, the relative
activity of the antifungal drug and drug exposure is probably
important. With respect to the azoles, limited experimental
data are in support of there being a pharmacodynamic rela-
tionship which determines outcome for azole therapy (1, 9, 11).
BMS-207147 is remarkable amongst the azoles available or in
development in that it has a long half-life in volunteers, 83 to
145 h (Investigator’s Brochure, BMS-207147, Bristol-Myers
Squibb, Princeton, N.J.). This compares with approximately
32 to 96 h for itraconazole (http://www.aspergillus.man.ac
.uk/secure/treatment/antifungaldrugs/itraconazole.htm), 19 to
31 h for SCH 56592 (M. Laughlin, S. Pai, S. Menon, A. No-
meir, R. Colucci, M. Affrime, and T. Kosoglou, Abstr. 37th In-
tersci. Conf. Antimicrob. Agents Chemother., abstr. A-87, 1997),
and 6 to 20 h for voriconazole (T. F. Patterson, http://www
.aspergillus.man.ac.uk). The in vitro activity of BMS-207147
which is slightly lower than that of the other azoles with activity
against Aspergillus spp. could well be compensated for by a
better pharmacodynamic profile. Careful animal model work
could address this, as could clinical studies in more chronic
types of Aspergillus infection.
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