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ields in eggs and in MDCK cells. NA enzyme inhibition assay
evealed differences in IC50 values with A/duck/Laos/25/06
eing the most sensitive and A/Turkey/65-1242/06 less sensi-
ive. Determination of the NA enzyme parameters revealed that
vian-like NAs possess significantly higher levels of enzymatic
ctivity (Vmax) compared to human-like NAs of the same sub-
ype. NA kinetic analysis demonstrated different affinities for
he MUNANA substrate (Km, ranged from 64 to 300 �M) and
or oseltamivir carboxylate (Ki, ranged from 0.1 to 7.9 nM).
n mice, all viruses replicated systemically and caused lethal
nfection, although different lethality was observed. Suscep-
ibility to oseltamivir in mice was dependent at least in part
n the pathogenicity of the H5N1 virus. Oseltamivir treat-
ent with 20 mg/(kg day) for 5 days against less virulent
/chicken/Jogiakarta/BBVet/IX/04 virus resulted in 100% sur-
ival, and prevented death in 60–80% of animals infected with
hree other H5N1 viruses. Higher-dose oseltamivir regimen
as required to achieve protection of mice against infection
ith A/Turkey/65-1242/06 virus. Notably, this H5N1 virus

train was characterized by high expression of pro-inflammatory
ytokines/chemokines (IL-1�, IL-6, INF-�, MCP-1) in mouse
ungs. We conclude that multiple factors can affect the opti-

al strategies of antiviral therapy for infection with highly
athogenic H5N1 influenza viruses.

oi:10.1016/j.antiviral.2008.01.022

n Vivo Synergistic Combination Effect of Rimantadine and
seltamivir Against Influenza A(H3N2) is Manifested in
everal Dose Ratios

ora Simeonova ∗, Angel S. Galabov, Galina Gegova

The Stephan Angeloff Institute of Microbiology, Bulgarian
cademy of Sciences, Sofia, Bulgaria

Objectives: Previous studies of ours demonstrated a marked
ynergistic combination effect of rimantadine and oseltamivir
n 100:1 compounds doses ratios in experimental infection with
nfluenza A(H3N2) in mice when the treatment course onset
as on the day of virus inoculation. Considering these data we

tudied combination effect of both compounds in 50:1 and 25:1
atios in order to determine the dose ratios scope preserving a
igh efficacy.
ethods: Male white mice 16–18 g were inoculated intranasally
ith 0.05 ml/mouse of influenza A/Aichi/2/68 (H3N2) virus.
imantadine hydrochloride and oseltamivir phosphate were
dministered per os in 5-day treatment course beginning 4 h
efore or 24 h post-virus inoculation with 20–30 MLD50. Protec-
ion index (PI) and mean survival time (MST) were determined
hrough 14 days post-infection. Infectious virus titers were deter-

ined in Madine-Darby canine kidney cells. Lung consolidation

core and lung index were evaluated.
esults: Combinations of selected doses of 5, 10 and
0 mg/(kg day) rimantadine and 0.2, 0.4 and 0.8 mg/(kg day)
seltamivir were combined in doses ratio 25:1. PI up to 75%
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nd 79.6% and MST up to 12.9 and 13.1 days for certain combi-
ations were evaluated, while the individual effects of the same
oses were from 0% to maximum 33% PI and 8.2–9.8 days MST,
espectively. Determination of lung virus titers and lung param-
ters in combination-treated groups also proved the synergistic
ffect of both antivirals.
onclusions: Oseltamivir and rimantadine at daily doses up to
0 times lower than optimal effective one for oseltamivir and
–16 times lower for rimantadine in 1:25 ratio demonstrated
ynergistic effect when administered in combination in experi-
ental infection with influenza virus A(H3N2) in mice.

oi:10.1016/j.antiviral.2008.01.023

0
evelopment of Novel Selective Parainfluenza Virus
emagglutinin–Neuraminidase Inhibitors

rina V. Alymova 1,∗, Makiko Watanabe 1, Vasiliy P. Mishin 1,
. Sudhakara Babu 2, Allen Portner 1

Department of Infectious Diseases, St. Jude Children’s
esearch Hospital, Memphis, USA; 2 BioCryst Pharmaceutical,

nc., Birmingham, USA

BCX 2798 and 2855 are novel selective inhibitors of human
arainfluenza viruses (hPIVs), whose design was based on
he three-dimensional structure of the catalytic-binding site of
he hemagglutinin–neuraminidase protein of Newcastle disease
irus. Both compounds are derivatives of Neu5Ac2en in which
he O4 hydroxyl group has been replaced either with an azido
BCX 2798) or a dichloromethanesulfonylamino (BCX 2855)
roup. Inhibitors were characterized for their antiviral activ-
ty in in vitro and in in vivo. Both compounds had a striking
nhibitory effect on a spectrum of hPIVs as determined by
emagglutination and neuraminidase inhibition tests as well
s inhibition of virus growth in LLC-MK2 cells. However,
CX 2798 exhibited highest inhibition toward hPIV-1 while
CX 2855 showed superior activity toward hPIV-3. To eval-
ate efficacy of BCXs in a mouse model, we rescued and
sed the recombinant Sendai viruses whose HN genes were
eplaced with that of hPIV-1 (rSeV[hPIV-1HN]) or hPIV-3
rSeV[hPIV-3FHN]). The ectodomain of F protein was also
ubstituted in rSeV(hPIV-3FHN). Both recombinant viruses
eplicated robustly in the lungs of infected mice causing severe
llness. A dosage of 10 mg/kg daily of BCX 2798 administered
ntranasally (IN) for five consecutive days starting 4 h before
ethal rSeV(hPIV-1HN)-infection protected 100% of mice from
eath and significantly increased both the mean day to death and
urvival in mice infected with a non-lethal dose of rSeV(hPIV-
FHN). Treatment with 10 mg/kg daily of BCX 2855 in the
ame regimen was effective in reducing weight loss and virus
ung titers in mice infected with non-lethal doses of either virus.

n delayed (24, 48 and 72 h) treatment models with either non-
ethal recombinant virus infection, 10 mg/kg daily of either
ompound administered IN significantly lowered the mouse
iral lung titers. However, the effect observed with BCX 2798

dx.doi.org/10.1016/j.antiviral.2008.01.022
dx.doi.org/10.1016/j.antiviral.2008.01.023
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from the Virology Branch, NIAID, NIH and 1-U54 AI06357-01
Rocky Mountain Regional Centers of Excellence, NIH.
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oward rSeV(hPIV-1HN) was superior to that of the effect on
SeV(hPIV-3FHN) as well as the effect of BCX 2855 against
oth recombinant viruses. Our data indicate that BCXs are
ighly potent compounds for prophylaxis/treatment of hPIV
nfections.

oi:10.1016/j.antiviral.2008.01.024

1
valuation of Interferon Inducers, Ribavirin and Mouse
yperimmune Serum in a Pathogenesis/Lethal Mouse
odel Using a Mouse-adapted SARS-CoV

ale Barnard 1,∗, Craig Day 1, Miles Wandersee 1, Yohichi
umaki 1, Andres Salazar 2

Utah State University, Logan, USA; 2 Oncovir, Inc., Washing-
on DC, USA

SARS-CoV causes an untreatable severe acute respiratory
yndrome. Thus, anti-SARS-CoV agents need to be developed
nd tested. In vitro active compounds have yet to be evaluated
n an animal model where death and lung pathogenesis occur
s happens in human disease. Passaging the SARS-CoV human
solate strain Urbani 25 times through mouse lungs and then
laque purifying the virus 3 times yielded a virus causing severe
ung disease and mortality in infected mice. ELISA, PCR analy-
is and RNA sequencing confirmed the SARS-CoV identity. At
east eight amino acid changes throughout the virus genome
ere found. Using this virus, a number of compounds were

ested for efficacy in BALB/c mice. The virus inoculum used
esulted in 70% death of exposed animals, with all deaths occur-
ing from 3 to 5 days after virus exposure. Untreated, infected
ice lost 30% of their initial weight or more from days 3 to 7, but

urvivors gained back the weight by day 14. Lungs of infected
ice at day 3 after virus exposure were characterized by swollen

ells lining the bronchiolar epithelium, hypereosinophilia, neu-
rophil infiltration of area surrounding the bronchioles, scattered
lveolar septae widened by foamy macrophages, aggregates
f neutrophils and macrophages in the airways, and moderate
mounts edema and neutrophils surrounding some of the large
essels. Ampligen and poly IC:LC were effective in reducing
irus lung scores, yet neither compound reduced virus lung titers
t day 3. Both compounds significantly protected mice against
eath. Ribavirin did not protect against death; in fact the drug
rolonged and enhanced virus lung replication. Four of five mice
reated with mouse hyperimmune serum (MHS) diluted 1:100
urvived the 14-day experiment. Animals not losing significant
mounts of weight (>30%) at days 3–7 survived the infection.
he data demonstrate that mice infected with a lethal dose of
ouse-adapted SARS-CoV virus and treated with interferon

timulators were protected from weight loss and death.

cknowledgement: Supported by Contract No. N01 AI-15435

rom the Virology Branch, NIAID, NIH.
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2
herapies and Mechanisms of West Nile Virus Encephalitis
nd Neurological Sequelae

ohn D. Morrey 1,∗, Venkatraman Sidharthan 1, Hong Wang 1,
eil Motter 1, Jeffery O. Hall 1, Robert D. Skinner 2

Institute Antiviral Research, Department of Animal, Dairy,
nd Veterinary Sciences, Utah State University, Logan, USA;
Center for Translational Neuroscience and Department of Neu-

obiology and Developmental Sciences, University of Arkansas
edical Sciences, Little Rock, USA

West Nile virus (WNV) patients can have persistent move-
ent disorders, cognitive complaints, and functional disability

hat can occur during acute viral infection or thereafter. These
isorders include acute flaccid paralysis and limb weakness.
espite the importance of neurological sequelae in WNV infec-

ion, little is known about potential treatments, and the transition
etween acute infection and development of sequelae. The role
f the virus, the immunopathology, and the neuropathology of
equelae are largely unknown because of the lack of a laboratory
nimal model. In this study, we have developed a hamster model
or disease phenotypes, such as acute flaccid paralysis having
oliomyelitis and for neurological sequelae, which to our knowl-
dge is the first neurological sequelae model for investigations
ccurring after resolution of the WNV in rodents, and for that
atter, for any viral encephalitis laboratory animal model. As
direct measure of neurological disease and nerve function,
e performed electrophysiological nerve conduction studies.
pecifically, M-waves or H-reflexes were suppressed or aber-
ant in hind limbs of hamsters during acute viral infection of
he CNS and in later stages after acute infection. We have iden-
ified two antiviral agents and neuroprotective agents with the
otential for treating WN fever, meningitis, encephalitis, and
eurological sequelae in this hamster model.
cknowledgements: Supported by contract NO1-AI-15435
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