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BMS-433771 is a potent inhibitor of respiratory syncytial virus (RSV) replication in vitro. Mechanism of
action studies have demonstrated that BMS-433771 halts virus entry through inhibition of F protein-mediated
membrane fusion. BMS-433771 also exhibited in vivo efficacy following oral administration in a mouse model
of RSV infection (C. Cianci, K. Y. Yu, K. Combrink, N. Sin, B. Pearce, A. Wang, R. Civiello, S. Voss, G. Luo,
K. Kadow, E. Genovesi, B. Venables, H. Gulgeze, A. Trehan, J. James, L. Lamb, I. Medina, J. Roach, Z. Yang,
L. Zadjura, R. Colonno, J. Clark, N. Meanwell, and M. Krystal, Antimicrob. Agents Chemother. 48:413-422,
2004). In this report, the in vivo efficacy of BMS-433771 against RSV was further examined in the BALB/c
mouse and cotton rat host models of infection. By using the Long strain of RSV, prophylactic efficacy via oral
dosing was observed in both animal models. A single oral dose, administered 1 h prior to intranasal RSV
inoculation, was as effective against infection as a 4-day b.i.d. dosing regimen in which the first oral dose was
given 1 h prior to virus inoculation. Results of dose titration experiments suggested that RSV infection was
more sensitive to inhibition by BMS-433771 treatment in the BALB/c mouse host than in the cotton rat. This
was reflected by the pharmacokinetic and pharmacodynamic analysis of the efficacy data, where the area under
the concentration-time curve required to achieve 50% of the maximum response was �7.5-fold less for mice
than for cotton rats. Inhibition of RSV by BMS-433771 in the mouse is the result of F1-mediated inhibition,
as shown by the fact that a virus selected for resistance to BMS-433771 in vitro and containing a single amino
acid change in the F1 region was also refractory to treatment in the mouse host. BMS-433771 efficacy against
RSV infection was also demonstrated for mice that were chemically immunosuppressed by cyclophosphamide
treatment, indicating that compound inhibition of the virus did not require an active host immune response.

Respiratory syncytial virus (RSV), a single-stranded RNA
virus of negative genome polarity, is a member of the Pneu-
movirus genus of the Paramyxovirus family. RSV was first de-
scribed as occurring in humans in 1957, after being recovered
from two infants hospitalized with severe lower respiratory
tract infections (7). Today, RSV is recognized as a leading
agent involved in lower respiratory tract disease in infants, as
well as a significant respiratory tract pathogen in the elderly. In
humans, RSV-induced disease typically begins in the naso-
pharynx after a 4- to 5-day incubation period (19, 32). Upper
respiratory tract infection proceeds with severe nasal conges-
tion and profuse rhinorrhea, advancing to a cough and phar-
yngitis. Progression to lower respiratory tract infection may
follow, leading to pneumonia in the most serious cases.

In efforts to understand RSV pathogenesis and treat the
infection, several animal models have been established (5).
Although no animal model exactly reproduces the viral disease
states of infected humans and it is unclear whether efficacy in

animals will translate to efficacy in humans, each animal spe-
cies does offer unique advantages for in vivo experimentation
(5, 9). Bovine and ovine RSV are common pathogens of cattle
and sheep, respectively, and share some common disease char-
acteristics with human RSV (16, 37). However, human RSV
does not infect these species. Primate models, including chim-
panzee, rhesus monkey, and African green monkey, provide
genetically related hosts that are permissive to human RSV
infection, but their high maintenance costs prohibit the use of
statistically significant numbers of animals (5). Small-rodent
models provide for the practical concerns of maintenance cost,
ease of handling, and statistically significant cohorts. Studies of
rodent models of RSV infection (28, 29), chiefly using inbred
BALB/c mouse and cotton rat (Sigmodon hispidus), have con-
tributed to the understanding of the pathogenesis and immu-
nobiology of human RSV disease (1, 11, 15). The BALB/c
mouse host model of RSV infection has been examined exten-
sively, foremost to provide insights into the immunology of
RSV disease (16). The establishment of highly characterized
inbred mouse strains and an extensive repertoire of specific
immunological reagents make the murine model attractive for
experimental infection. However, no RSV antiviral formula-
tions have been licensed based upon mouse studies alone. As
a host species for RSV, the cotton rat was estimated to be
100-fold more permissive for infection per inoculum dose of
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virus and immunologically 10-fold more responsive to the virus
than the BALB/c murine host (22, 25). Cotton rat studies were
used to demonstrate the efficacy of ribavirin and RSV immu-
noglobulin against RSV infection; these were prerequisite stud-
ies to the subsequent clinical trials leading to their licensure as
therapeutic and prophylactic agents, respectively (17, 27).

Antiviral in vivo efficacy in the cotton rat or BALB/c host
models of RSV infection was reported for several RSV fusion
inhibitors, although oral dosing was not used in those studies
(2, 18, 24, 36). The discovery of BMS-433771, a novel azaben-
zimidazolone small-molecule RSV fusion inhibitor, which in
preliminary experiments exhibited in vivo efficacy against RSV
infection in the BALB/c mouse host model by the oral route of
administration, was reported previously (8). This report pre-
sents results of experiments that further explore the in vivo
antiviral activity of BMS-433771 in the BALB/c mouse and
cotton rat host models of RSV infection.

MATERIALS AND METHODS

Viruses. The Long strain of RSV was obtained from the American Type
Culture Collection (Rockville, Md.). A variant of the Long strain of RSV,
designated K394R, was also used to infect mice. K394R was obtained in vitro by
selection for resistance to our panel of RSV fusion inhibitors and has a lysine-to-
arginine change at amino acid position 394 within the F1 region of the RSV fusion
protein. K394R was shown to be 1,250-fold more resistant to BMS-433771 in vitro
than the wild-type, parental Long strain (8). All viruses were propagated in HEp-2
cells, and infectious RSV titers were determined for the viral stocks by 50% infective
cytopathic end point tissue culture dose (TCID50), as described previously (8).

Animal host models of RSV infection. The in vivo antiviral efficacy of BMS-
433771 by oral administration in the BALB/c mouse host model (14, 28, 35) and in
the cotton rat (Sigmodon hispidus) host model (29) of RSV infection was examined.
In addition, chemically immunosuppressed BALB/c mice were also used as RSV-
infected hosts (34). These mice were chemically immunosuppressed by intraperito-
neal injection of 100 mg of cyclophosphamide (Sigma Chemical, St. Louis, Mo.)/kg
of body weight 5 days and 1 day prior to RSV inoculation. Female BALB/c mice
were purchased from Charles River Laboratories (Wilmington, Mass.) and used at
a body weight of 16 to 20 g at 12 to 16 weeks of age. Cotton rats (either male or
female) were purchased from Harlan Sprague Dawley (Indianapolis, Ind.) and used
at a body weight of 90 to 100 g at 14 to 18 weeks of age. All animals were housed in
certified specific-pathogen-free rooms in cages covered with barrier filters, with
cages of sentinel animals to monitor for contagious agents. All animals were fed and
watered ad libitum. Protocols for use of animals were approved by the Bristol-Myers
Squibb Pharmaceutical Research Institute Animal Use and Care Committee, ac-
cording to National Institutes of Health Guidelines (USPHS) as spelled out in the
Guide for the Care and Use of Laboratory Animals (25a).

For oral administration to all animals, BMS-433771 was dissolved in sterile
water, and the solution was adjusted to pH 2 to 3.5 with HCl (0.1 N). In some
studies, the compound was dissolved in a solution of 50% PEG400 (Sigma) in
water. All animals were treated with 0.2 ml of dissolved BMS-433771, delivered
by oral gavage. Unless indicated otherwise, oral compound treatments were
usually given 1 h prior to RSV inoculation. For virus infection, mice were
anesthetized by an intraperitoneal injection of ketamine (70 mg/kg) and xylazine
(20 mg/kg) and inoculated by the intranasal route, drop-wise, with 105 TCID50 of
RSV in a 50-�l cell culture medium. Cotton rats were anesthetized by methoxy-
flurane gas inhalation and were inoculated by the intranasal instillation of 2 �
105 TCID50 of the Long strain of RSV in 100-�l cell culture media drop-wise.

Assay for determination of infectious RSV titers. On day 4 after RSV inocu-
lation, all test animals were euthanized by CO2 gas asphyxiation, and the lungs
were excised, weighed, and prepared as homogenates for viral titration. Lungs
were homogenized (10%, wt/vol) in a Hanks balanced salt solution containing
0.21 M sucrose, 25 mM HEPES, and 5 mM sodium L-glutamate, supplemented
with 20 U of penicillin G/ml, 20 �g of streptomycin/ml, and 0.05 �g of ampho-
tericin B (GIBCO/BRL, Carlsbad, Calif.)/ml. Lung homogenates were frozen on
dry ice, thawed to release cell-associated virus, and then held on ice until clar-
ification by centrifugation at 300 � g for 10 min at 4°C. The resulting supernatant
samples were immediately titrated for RSV infectivity in HEp-2 cells as de-
scribed previously (8). Final RSV lung titers for each animal were calculated as
the reciprocal of the log10 dilution of TCID50 and were expressed as log10

TCID50 per gram of lung. Infectious RSV lung titers for animal treatment
groups, or cohorts, were calculated as the geometric mean titers and also ex-
pressed as log10 TCID50 per gram of lung. The lower limit of infectious RSV
detection for this assay was �2.3 log 10 TCID50 per gram of lung.

Pharmacokinetic studies of cotton rats and mice. The systemic exposure of
BMS-433771 was evaluated for nonfasted cotton rats following oral administration
of 25, 50, 100, and 200 mg/kg. Serum samples were obtained by cardiac puncture
before dosing and 15, 60, 240, and 420 min after dosing. There were three cotton rats
per time point for oral doses of 50, 100, and 200 mg/kg and one cotton rat per time
point for the 25-mg/kg oral dose. Samples were stored at �20°C until analysis.

In order to evaluate the systemic exposure of BMS-433771 in BALB/c mice,
the compound was administered to nonfasted animals (n � 2 per time point) at
oral (p.o.) doses of 1, 10, and 50 mg/kg. Pharmacokinetic doses were lower in
mice than in cotton rats because it was observed that efficacy was obtained at
lower doses in the BALB/c mouse host model. Serum samples were taken by
cardiac puncture before dosing and 15, 30, 60, 120, and 240 min after dosing and
were stored at �20°C until analysis.

Serum samples from mouse and cotton rat studies were treated with 2 volumes
of acetonitrile containing an internal standard. After centrifugation to remove
precipitated proteins, a 10-�l portion of the clear supernatant was injected onto
a liquid chromatography (LC)-tandem mass spectrometer for analysis. The LC
system, which consisted of two Shimadzu LC10AD pumps (Columbia, Mass.), a
Perkin-Elmer Series 200 autosampler (Norwalk, Conn.), and a Hewlett-Packard
Series 1100 column compartment (Palo Alto, Calif.), was interfaced to a Micro-
mass Quattro LC tandem mass spectrometer (Beverly, Mass.) equipped with an
electrospray interface. The column used was a Keystone Hypersil C18, 2 by 20
mm, 3-�m-diameter particles (Bellefonte, Pa.), maintained at 60°C with a flow
rate of 0.3 ml/min. The mobile phase consisted of 10 mM ammonium acetate in
water-methanol (75:25), with pH adjusted to 5.5 with glacial acetic acid (here-
after in this paragraph referred to as A) and 10 mM ammonium acetate in
methanol (hereafter in this paragraph referred to as B). The initial mobile phase
composition was 95% A and 5% B. After injection of the sample, the mobile
phase was changed to 15% A and 85% B over 0.1 min and held at that compo-
sition for one additional minute. The mobile phase was then returned to the
initial conditions and the column was reequilibrated for 0.9 min. The total
analysis time was 2 min. An 11-point standard curve was constructed from 3.9 to
4,000 ng/ml and was fitted with a quadratic regression weighted by reciprocal
concentration (1/x). Standards were analyzed in duplicate. Quality control sam-
ples at three concentrations within the range of the calibration curve were
analyzed in triplicate with each analytical set. For BMS-433771, the observed
concentrations of at least two-thirds of quality control samples were generally
within 20% of theory, indicating acceptable assay performance.

The area under the concentration-time curve (AUC) following oral adminis-
tration of BMS-433771 was calculated by using the linear trapezoidal rule. A
pharmacokinetic-pharmacodynamic (PK-PD) correlation between the viral titer
reduction (measured as log10 TCID50 in lung homogenates) and systemic expo-
sure (plasma AUCs) in mouse and cotton rat was established by using the Emax

model equation, E � (Emax � AUC)/(EAUC50 � AUC), where E is a pharma-
cologic response (i.e., viral titer reduction), Emax is the maximum pharmacologic
response, and EAUC50 is the plasma AUC that achieves 50% of Emax. Some oral
AUC data for mice (i.e., 1.5, 5, and 15 mg/kg) were obtained by interpolation
from a curve fit of the dose-AUC relationship established from the oral doses of 1,
10, and 50 mg/kg. Curve fitting was performed by using KaleidaGraph software
version 3.51 (Reading, Pa.). Goodness of fit was assessed by the coefficient of
determination (R2), chi-square value (�2), the standard error associated with the
parameter estimated (Error), and visual inspection of the fitting and residual plots.

RESULTS

Single-dose and multiple-dose prophylactic efficacy of BMS-
433771 in rodent models of RSV infection. The effects of BMS-
433771 were examined in both models of infection to compare
the 4-day b.i.d. dosing regimen to the single-dose treatment. In
one group of cotton rats, BMS-433771 was administered as a
single oral 50-mg/kg dose given 1 h prior to inoculation of
virus. For another group, it was administered b.i.d. at a 50-mg/
kg/dose for 4 days, with the first dose given 1 h before virus
inoculation. Animals were sacrificed 4 days later, and their
lungs were assayed for infectious RSV (Fig. 1A). A single-dose
treatment, given orally 1 h prior to RSV inoculation, was as
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effective against infection as the multiple-dose b.i.d. regimen.
In this experiment, the single and multiple b.i.d. dose treat-
ment regimens achieved �0.5 log10 TCID50 reduction in the
infective RSV titers in cotton rat lungs (Fig. 1A).

BMS-433771 also exhibited efficacy against RSV in the
BALB/c mouse host model of infection (Fig. 1B). Similar re-
sults were observed with the treatment consisting of a single
oral 50-mg/kg/dose given 1 h prior to virus inoculation and with
a 4-day b.i.d. oral treatment regimen using a 50-mg/kg/dose, in
which the first dose was given 1 h prior to RSV inoculation.
The magnitude of RSV inhibition in the mice was greater than
that in the cotton rats. The RSV lung titers of all but one of the
treated mice were below the detection limit for this assay, i.e.,
�2.3 log10 TCID50 per gram (Fig. 1B). As there was no sig-
nificant difference in antiviral efficacy between the single-oral-
dose and the multiple-b.i.d.-dose treatment regimens, the sin-
gle dose BMS-433771 treatment, given 1 h prior to virus
inoculation, was used as the standard dosing routine for sub-
sequent studies.

Dose range titration of BMS-433771 against RSV in rodent
host models. In order to examine whether inhibition of RSV by
BMS-433771 in the cotton rat was dose dependent, a dose-rang-
ing study was performed (Fig. 2A). Cohorts of five cotton rats
were administered single oral doses of 25, 50, 100, or 200 mg of
BMS-433771/kg 1 h prior to virus inoculation, and 4 days later,
homogenized lung samples of sacrificed animals were assayed for
RSV titers. Compared to the titers of untreated, control animals,
reductions of �0.5 to �1.2 log10 TCID50 in infective RSV titers
were noted in lung homogenates of cotton rats treated with any
dose of BMS-433771 (Fig. 2A). For the BMS-433771 treatment
cohorts, at the doses of 25, 50, 100, and 200 mg/kg respective
reductions of 80, 91, 93, and 92% in geometric mean titers of
RSV were noted. The reductive antiviral effect of BMS-433771 in
the cotton rats appeared to be limited to slightly more than 1 log10

TCID50 per g of lung, as the treatments at the higher dose ranges
from 50 to 200 mg/kg were comparably active.

In order to determine the dose of BMS-433771 required for

FIG. 1. Oral treatment efficacy of BMS-433771 against RSV in the
cotton rat (A) and in the mouse BALB/c (B) host models of infection.
Animals were inoculated intranasally with the Long strain of RSV. The
compound (50 mg/kg) was administered by oral gavage, either as a
single dose given 1 h before RSV inoculation or as a 4-day b.i.d.
regimen (25 mg/kg/dose) in which the first dose was given 1 h before
virus inoculation. Treatment cohorts are shown on the abscissa; ani-
mals of the infection control group were virus inoculated but not
treated with BMS-433771. The infectious RSV lung titers are shown on
the ordinate as log10 TCID50 per gram of lung. Each data point symbol
represents the RSV titer for each individual animal of the respective
treatment cohort. The horizontal line, drawn in each cohort, marks the
geometric mean RSV titer of the group, with the viral titer number in
parentheses. The horizontal hatched line, across the graph, represents
the RSV titer at the limit of assay detection.

FIG. 2. Oral treatment dose titration of BMS-433771 in cotton rats
(A) and BALB/c mice (B). Single oral doses of BMS-433771 were
given by gavage to cohorts of six animals 1 h prior to intranasal
inoculation of Long strain. The cohorts are shown on the abscissa; the
bar for the animal group inoculated with virus but not treated with
BMS-433771 is labeled Control. Infectious RSV titers of each respec-
tive cohort are presented as bars on the ordinate, as percentages of the
geometric mean viral titer (log10 TCID50 per gram of lung) of the
control group. The geometric mean RSV titer for each respective
cohort is listed as the number in parentheses.
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efficacy against RSV in the BALB/c host model of infection,
cohorts of six animals were treated with single oral doses of 1.5,
5, 15, and 50 mg/kg. Reductions in RSV lung titers in treated
mice were dose dependent (Fig. 2B). The most significant
reductions in infectious RSV titers were evident at the 50-, 15-,
and 5-mg/kg doses of BMS-433771. At these doses, respective
reductions in the geometric means of treated cohorts com-
pared to those of untreated animals were 97, 96, and 95%,
respectively, with two animals in each of the 50- and 15-mg/kg
cohorts exhibiting virus levels below the detectable limit (	2.3
log10 TCID50). The 1.5-mg/kg dose of BMS-433771 reduced
geometric mean viral titers by 60%. Thus, in the BALB/c
mouse host model, the effective dose range of BMS-433771
needed to significantly reduce infectious RSV lung titers by
�1.0 log10 TCID50 per gram was estimated to be �5 mg/kg
when administered 1 h prior to virus inoculation.

For mice, a single 5-mg/kg treatment dose of BMS-433771
caused a �1.0 log10 TCID50 reduction in RSV lung titers,

whereas in the cotton rat model this level of inhibition was ob-
served at or above the 50-mg/kg dose (Fig. 2). In order to under-
stand this differential response to BMS-433771, a pharmacoki-
netic and pharmacodynamic analysis of the viral titer reduction
(TCID50) and oral systemic exposure (plasma AUCs) was per-
formed with the RSV-infected mouse and cotton rat models (Fig.
3). The maximum pharmacological response (Emax) of cotton rats
and that of mice were comparable (1.05 log10 TCID50 and 1.38
log10 TCID50, respectively). However, the EAUC50 (a parameter
that measures in vivo potency of compounds’ values) of the two
species were significantly different (2.0 and 0.26 �g-h/ml for cot-
ton rats and mice, respectively). The data suggest that there are
considerable pharmacodynamic differences between the two ro-
dent models, which may explain the difference in dose require-
ment for efficacy.

Antiviral mechanism of RSV inhibition by BMS-433771 in
vivo. RSV Long strain variants resistant to BMS-433771 were
previously identified through in vitro selection in cell culture

FIG. 3. Pharmacokinetic-pharmacodynamic correlation between viral titer reduction and systemic exposure (plasma AUC) of BMS-433771 in
cotton rats (A) and mice (B). See Materials and Methods for an explanation of parameters and symbols.
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(8). One of these resistant viruses contained a mutation in the
F gene corresponding to a single lysine-to-arginine change in
amino acid 394 of the F protein. Proof that this amino acid
change in F1 alone induced resistance to BMS-433771 was
demonstrated through the use of reverse genetics by showing
that wild-type virus altered only at this position was resistant to
inhibition by the compound (8). This finding verified that the
mechanism of action of BMS-433771 in vitro is through inhi-
bition of viral fusion and involves the F1 polypeptide. How-
ever, in vivo, the antiviral mechanism of BMS-433771 treat-
ment has not been elucidated. Thus, an experiment using the
K394R Long strain virus variant for mouse infection was con-
ducted. In this study, mice were treated orally with BMS-
433771 for 4 days by a b.i.d. dosing regimen at 50 mg/kg/day,
with the first dose given 1 h before virus inoculation. Whereas
this treatment regimen was effective against infection by wild-
type virus (Fig. 1B), infection by the K394R variant was
refractory to this treatment (Fig. 4). The results of this exper-
iment support the hypothesis that the antiviral effect of BMS-
433771 functions in vivo through the same mechanism of virus
fusion inhibition as that observed in vitro.

Efficacy of BMS-433771 against RSV in immunosuppressed
mice. In the BALB/c mouse host model, it has been shown that
an intact immune response mediates viral clearance (6, 13, 26,
41). Without antiviral treatment, healthy immunosufficient
BALB/c mice clear RSV by 8 days postinoculation (14). Ex-
periments were conducted to determine if an active host im-
mune response was required for the antiviral efficacy of BMS-
433771 against RSV infection in mice (Fig. 5). To this end,
BALB/c mice were rendered immunosuppressed by cyclophos-
phamide treatment. Immunosuppressed mice were treated
with a single oral 50-mg/kg dose of BMS-433771 administered
1 h prior to RSV inoculation and were sacrificed after 4 days,
and lung homogenates were used to determine RSV titer.
Infectious RSV titers from the lung homogenates of immuno-
suppressed mice treated with BMS-433771 were reduced by
�1.2 log10 TCID50 compared to the titers from immunosup-
pressed, but untreated, infection control mice (Fig. 5). These
results indicated that the antiviral effect of BMS-433771 in
mice did not depend on an active host immune response.

Evaluation of BMS-433771 for therapeutic efficacy against
RSV in mice. An inhibitory effect on RSV growth by BMS-

433771 in mice was clearly observed when the compound was
dosed in a prophylactic regimen. Experiments were then con-
ducted to determine the therapeutic potential of BMS-433771
against RSV in the BALB/c mouse model of infection. The
compound was administered at 50 mg/kg in a single oral dose
either 1 h or 5 min before virus inoculation or 1 h postinocu-
lation (Fig. 6). Prophylactic treatment with BMS-433771, ei-
ther at 5 min or 1 h prior to infection, was efficacious, reducing
infectious lung titers in most animals to the assay detection
limit. However, when BMS-433771 treatment was adminis-
tered 1 h after virus inoculation, only a small reduction in
infectious titers (�0.2 log10 TCID50) compared to those of
untreated, infection control mice was observed (Fig. 6).

DISCUSSION

BMS-433771, an azabenzimidazolone derivative, is a novel
small-molecule inhibitor of RSV fusion with oral efficacy in
two rodent models of RSV infection. The compound was ef-
fective in reducing viral titers in the lungs of both cotton rats
and BALB/c mice when administered 1 h before inoculation
with RSV (Fig. 1 and 2). Interestingly, with regard to oral

FIG. 4. Mechanism of action of BMS-433771 against RSV in vivo.
Mice were treated orally with a single dose of BMS-433771 at 50 mg/kg
1 h prior to the intranasal inoculation of the K394R Long virus variant.
There were six mice for each cohort group. Symbols and lines are as
defined in the legend to Fig. 1.

FIG. 5. Efficacy of BMS-433771 against RSV in immunosuppressed
mice. BALB/c mice, chemically immunosuppressed by cyclophospha-
mide treatment, were given BMS-433771 in a single oral dose of 50
mg/kg 1 h prior to intranasal inoculation with the Long strain of RSV.
There were six mice per cohort group. Symbols and lines are as defined
in the legend to Fig. 1.

FIG. 6. Evaluation of BMS-433771 treatment of BALB/c mice for
therapeutic efficacy against RSV infection. Mice were treated with a
single oral dose of BMS-433771 at 50 mg/kg 1 h before (�1 h) RSV
inoculation, 5 min before (�5 min), or 1 h after (�1 h) RSV inocu-
lation. Mice were inoculated intranasally with the Long strain of RSV.
Symbols and lines are as defined in the legend to Fig. 1.
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treatment dosing regimens in both rodent host species, BMS-
433771 was just as effective when administered in a single oral
dose 1 h before virus inoculation as it was when administered
in a b.i.d. regimen for 4 days, with the first dose administered
1 h before virus (Fig. 1). Single-dose prophylactic efficacy in
animal models was reported for a number of antiviral agents.
These include the RSV inhibitor RFI-641, administered intra-
nasally in cotton rats (18), and the viral attachment inhibitor
PAMPS, administered intranasally against both RSV and mea-
sles virus in cotton rats (39). Furthermore, the nucleoside
analogs cidofovir (31) and acyclovir (30) were effective against
cowpox virus and herpes simplex virus, respectively, in mouse
models of infection using a single-dose regimen.

BMS-433771 oral treatment dose titration studies per-
formed with mice showed that a measurable effect upon RSV
replication was observed at a dose as low as 1.5 mg/kg when
given 1 h before virus inoculation (although ranges overlapped
with those of the control cohort). However, significant reduc-
tions (�1.0 log10 TCID50) in viral titers were repeatedly ob-
served at the 5.0-mg/kg dose (Fig. 2 and unpublished observa-
tions). In similar treatment experiments performed with cotton
rats, higher doses of BMS-433771 were needed to obtain a
�1.0 log10 TCID50 reduction in viral lung titers and the results
were more variable (Fig. 2 and unpublished observations).
There could be several reasons for the compound dose range
differences between the two rodent host species. Cotton rats
have been reported to be more permissive to RSV infection
and produce higher titers than those observed in the BALB/c
mouse host model (Fig. 1) (14, 28). The lower level of repli-
cation in BALB/c mice than in cotton rats may result in an
increased antiviral effect in mice. This difference between the
two animal models may also be reflected by the pharmacoki-
netic and pharmacodynamic data analysis of the efficacy re-
sults. The AUC that is required to achieve 50% of the maxi-
mum response was �7.5-fold lower for mice than for cotton
rats. This is probably not due to the difference in protein
binding between the two species, since the levels of serum
protein binding were similar across species (data not shown).
Differences in the pathogenesis and compartments of RSV
infection in the respiratory tracts of these animals may also be
relevant factors in the prophylactic efficacy of BMS-433771.
The cotton rat is more susceptible to RSV infection in both the
upper and lower portions of the respiratory tract, where the
virus replicates in the nasal epithelium and the bronchiolar
epithelium but not in the trachea or the alveoli of the lungs (20,
29). For mice, RSV replication was reported to be predomi-
nate in the alveolar cells of the lung (15, 35). Exposure to
BMS-433771 could vary in the different compartments of the
lung. Accordingly, the dynamics of compound interaction and
exposure within the different tissues and cell types of the re-
spiratory tract of these animals may be important variables
affecting the antiviral efficacy of BMS-433771.

The mechanism of action for BMS-433771 in vitro was
proven to be fusion inhibition through a variety of tests, in-
cluding time of addition studies, temperature shift experi-
ments, and generation of resistant viruses (8). BMS-433771
inhibited two fusion protein-mediated functions: (i) early-stage
fusion between the cell membrane and viral envelope during
entry and (ii) late-stage syncytia formation. To confirm that the
mechanism of action in vivo was also through inhibition of

fusion, the K394R virus variant, selected for resistance to
BMS-433771 in vitro (8), was tested in the BALB/c mouse host
model for sensitivity to antiviral inhibition by compound treat-
ment. In vivo infection by K394R was refractory to BMS-
433771 treatment in a dose regimen that effectively suppressed
viral infection by the parental wild-type virus (Fig. 4). This
result provided evidence that in vivo, the mechanism of action
of BMS-433771 was consistent with the in vitro antiviral mech-
anism of RSV fusion inhibition. BMS-433771 was also found to
be effective against RSV in mice that were chemically immu-
nosuppressed, indicating that an active host immune response
was not a factor involved in the antiviral efficacy observed with
BMS-433771 (Fig. 5).

BMS-433771 was effective when orally administered up to 5
min before RSV inoculation but was generally ineffective when
given 1 h after inoculation (Fig. 6). Possible explanations could
be related to the pathogenesis of the virus in this animal model
and/or the mechanism of action of BMS-433771 consisting of
inhibition of the early step of membrane fusion. Interestingly,
similar findings were obtained for RFI-641 (CL387626), an-
other small-molecule RSV fusion inhibition that targets the F
protein (3, 10, 12). Although it was effective when adminis-
tered intranasally to cotton rats 1 h prior to virus inoculation,
there was no demonstrable therapeutic effect by RFI-641 when
administered postinfection in this small animal model (40).
However, evidence for the therapeutic efficacy of RFI-641
against RSV was obtained in studies with experimentally in-
fected African green monkeys, whereby intranasal administra-
tion of this compound at 12 and 24 h postinfection reduced
viral titers in both nasal and throat washings (18). With con-
sideration of the in vivo findings with RFI-641, the lack of an
antiviral therapeutic effect by BMS-433771 against RSV in
mice may reflect limitations by poorly understood factors in-
volved in the dynamics of host species-virus interactions during
the course of infection at the cellular and/or physiologic level.
The lack of therapeutic efficacy was consistent with the results
of treatment experiments in which a single oral prophylactic
dose of BMS-433771 was as effective in reducing RSV lung
titers as a multiple 4-day b.i.d. dosing regimen in which only
one dose was given before virus inoculation (Fig. 1). In addi-
tion, no evidence of selection of virus resistant to BMS-433771
was observed when samples obtained from infected and
treated animals were examined in cell culture (data not
shown). However, it should be noted that in a recent study
prophylactic and therapeutic efficacy against RSV in cotton
rats was demonstrated by using a different fusion inhibitor, JNJ
248068, delivered by small-particle aerosol (38).

The availability of animal models for RSV infection enables
evaluation of potential inhibitor compounds in vivo. However,
the uniquely predictive value of these models for human in-
fections is not proven and may have inherent limitations (5).
Nonetheless, for a new chemical entity with inhibitory activity
against RSV in vitro, the mouse and cotton rat models of RSV
infection can provide in vivo proof of principle for the antiviral
efficacy of compounds, spurring further interest towards clini-
cal development. BMS-433771 is a potent, selective, small-
molecule inhibitor of RSV fusion in vitro and in two rodent
host models of RSV infection. Although a number of small-
molecule RSV fusion inhibitors have been disclosed recently
(2, 18, 23, 24, 33, 38), BMS-433771 is distinguished from these
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compounds by its property of efficacy after oral administration
in rodent hosts of RSV infection. Currently, Synagis, an inject-
able humanized monoclonal antibody, is approved as a pro-
phylactic agent against RSV (21), whereas the only antiviral
compound available for the treatment of hospitalized patients
with RSV infection is ribavirin. The therapeutic administration
of ribavirin to patients is clinically cumbersome, as it is deliv-
ered in aerosol formulation. Furthermore, such treatment by
ribavirin has been at best clinically supportive, as it has been
difficult to clearly assess its efficacy (4). There is a need for
effective, easy-to-administer prophylactic and therapeutic
agents against RSV infections in humans, and BMS-433771
may be a candidate for this unmet medical need, pending
additional assessments.
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