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oronavirus (SARS-CoV), killed more than 800 people and
osed significant challenges for the public health systems and
ospital workers during the outbreak in 2002–2003. SARS may
till remain a threat to the public health since the natural reservoir
f SARS-CoV remains largely unknown and there are no spe-
ific treatments and effective vaccines available for SARS-CoV
nfection. To further identify molecular targets for the devel-
pment of novel strategies against SARS-CoV infection, we
ave employed siRNA mediated RNA interference technology
o examine the potential effects of a panel of siRNA molecules
n the viral entry and/or replication of SARS-CoV by targeting
he genes encoding the human angiotensin-converting enzyme

(ACE2) receptor or the viral nucleocapsid protein (NP). We
rst found that some of the siRNA duplexes that were treated by
an Xin Life Science and Technology (YXLST) could dramati-
ally and specifically down-regulate the cellular ACE2 receptor
r viral NP expression in a dose-dependent manner in human
93T cells. We then showed that the siRNA directed against
CE2 receptor could potently suppress the viral entry of the

pike protein pseudotyped viruses. We further demonstrated that
hese siRNA molecules targeting ACE2 or NP genes could also

arkedly suppress the cytopathic effect (CPE) of the SARS-
oV infected cells, and potently inhibit the viral replication.
herefore, our study has identified two highly conserved molec-
lar targets for the siRNA-mediated RNA interference against
ARS-CoV infection.

oi:10.1016/j.antiviral.2007.01.018
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hiazolides: A New Class of Broad-Spectrum Antiviral
rugs Targeting Virus Maturation

. Gabriella Santoro 1,∗, Alessandra Ciucci 1, Patrizia
ianferretti 1, Giuseppe Belardo 1, Simone La Frazia 1,
tefania Carta 1, Jean-Francois Rossignol 2

Department of Biology, University of Rome Tor Vergata,
ome, Italy; 2 Division of Gastroenterology and Hepatol-
gy, Department of Medicine, Stanford University School of
edicine, Stanford, CA, USA

itazoxanide [2-acetolyloxy-N-(5-nitro-2-
hiazolyl)benzamide, NTZ] is a new anti-infective thiazolide
sed in the United States for treating Giardia- and
ryptosporidium-originated enteritis. We have recently

hown that NTZ is effective in reducing clinical symptoms in
ospitalized pediatric patients with severe rotavirus infection
Rossignol, J.F., et al., 2006. Lancet 368, 124–129). We now
eport that NTZ and its active circulating metabolite tizoxanide
2-hydroxy-N-(5-nitro-2-thiazolyl)benzamide, TIZ], have a
road-spectrum antiviral activity, effectively inhibiting the
eplication of several RNA and DNA viruses in experimental in
itro models. The thiazolides were found to be effective at low

icromolar concentrations, which were non toxic to uninfected

ells, against viruses belonging to seven different families
ncluding: simian SA11 and human Wa G1P1A rotaviruses,
nfluenza A (PR8 and WSN strains) viruses, Sendai virus

T
e
m
o
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SV), respiratory syncytial virus (RSV), coronavirus (CCoV),
esicular stomatitis virus (VSV), adenovirus (Ad5) and herpes
implex virus type 1 (HSV-1). IC50 and S.I. varied between
.5 and 2 �g/ml and, 25 and >100, respectively, in the different
xperimental models examined. In the case of rotavirus and
aramyxovirus infection, both drugs were found to protect the
ost cell from the cytophatic effect caused by the virus for at
east 24 h p.i. Approximately, 20 NTZ derivatives have now
een tested for antiviral activity, some of which were found to be
ore effective than the parent compound. The mechanism of the

ntiviral activity was studied in cells infected with rotaviruses
nd influenza viruses. Thiazolides do not inhibit viral RNA
ranscription and do not cause a general block of virus protein
ynthesis, but act at post-translational level interfering with
he correct processing of selected viral glycoproteins, thus
indering the formation of mature viral particles.

oi:10.1016/j.antiviral.2007.01.019
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seltamivir-Ribavirin Combination Therapy for Highly
athogenic H5N1 Influenza Virus Infection in Mice

atalia A. Ilyushina ∗, Robert G. Webster, Elena A. Govorkova

St. Jude Children’s Research Hospital, Memphis, TN 38105,
SA

he unusual severity of disease caused by H5N1 influenza
iruses in humans raises concern that contemporary antivi-
al drugs may be ineffective against systemically replicating
ighly pathogenic viruses. Combination therapy with drugs that
nterfere with different stages of the virus replication cycle
nd/or affect different aspects of virus pathogenicity may pro-
ide several advantages over single-drug treatment. To test this
ypothesis, we studied the effect of combinations of oseltamivir
neuraminidase inhibitor) and ribavirin (non-specific inhibitor of
iral polymerases) against two highly pathogenic H5N1 viruses
A/Vietnam/1203/04 and A/Turkey/15/06) representing two dif-
erent clades of the H5 phylogenetic tree. BALB/c mice were
reated with oseltamivir (10, 50 or 100 mg/kg/day), ribavirin
37.5, 55 or 75 mg/kg/day), or combinations of the two drugs
wice daily for 8 days by oral gavage, starting 4 h before inocula-
ion with 5 MLD50 of each H5N1 virus. Single-drug oseltamivir
roduced a dose-dependent antiviral effect against both H5N1
iruses (P < 0.01). A higher dose was required for the great-
st effect against A/Turkey/15/06 virus (90% survival rate),
hereas oseltamivir 10 mg/kg/day resulted in 70% survival of
ice infected with A/Vietnam/1203/04 virus. Single-drug rib-

virin showed a similar dose-dependent effect against both
trains: dosages of 37.5 and 75 mg/kg/day significantly delayed
eath and provided 10% and 50% survival rates, respectively
P < 0.01). The mode of drug interaction in vivo was character-
zed by the three-dimensional model of Prichard and Shipman.

he combination of two drugs produced additive-to-synergistic
ffects against A/Turkey/15/06 (H5N1) virus, with no enhance-
ent of host toxicity. Combination treatment with 10 mg/kg/day

seltamivir and 37.5 mg/kg/day ribavirin completely inhibited

dx.doi.org/10.1016/j.antiviral.2007.01.018
dx.doi.org/10.1016/j.antiviral.2007.01.019
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irus replication in mice infected with A/Vietnam/1203/04 virus
P < 0.05 compared to single-drug treatment) and protected
00% of the animals from death. Our results suggest that drugs
ith different antiviral mechanisms can exert a beneficial fash-

on of interactions with respect to inhibition of H5N1 influenza
irus infection in vivo.

oi:10.1016/j.antiviral.2007.01.020
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ntramuscular Administration of Neuraminidase Inhibitor
eramivir Promotes Survival Against Lethal H5N1
nfluenza Infection in Mice

avid A. Boltz 1,∗, Natalia A. Ilyushina 1, C. Shane Arnold 2, Y.
udhakar Babu 2, Robert G. Webster 1, Elena A. Govorkova 1

St Jude Children’s Research Hospital, Memphis, TN 38105,
SA; 2 BioCryst Pharmaceuticals, Inc., Birmingham, AL
5244, USA

uman H5N1 influenza virus infections have been documented
n 10 Eurasian countries, with a mortality rate >50%. Although,
erson-to-person transmission remains limited, the rapid evo-
ution, genetic diversity, unprecedented geographic spread and
hanging ecology of the virus raise pandemic concerns. Antiviral
rugs will be an important intervention strategy at early stages
f a pandemic when strain-specific vaccines are unavailable.
he objective of this study was to achieve complete protection
gainst lethal H5N1 virus infection in mice by examining dif-
erent schedules of administration of neuraminidase inhibitor
eramivir. Five drug schedules were evaluated that differ by:
1) duration of administration (1 day versus 8 days); (2) route
f administration (intramuscular [i.m.] injections alone or i.m.
njections followed by oral administration); (3) frequency of
dministration on first day (once versus twice). In all regimens
tudied, BALB/c mice were administered peramivir 1 h after
ntranasal inoculation with 5 MLD50 of A/Vietnam/1203/04
H5N1) influenza virus. A single i.m. injection of peramivir at
0 mg/kg resulted in 40% survival rate of mice with a mean
urvival of 12.8 days. Survival of mice increased to 60% when
dministered two i.m. injections of 30 mg/kg of peramivir. The
ingle i.m. injection did not completely inhibit H5N1 virus repli-
ation in the lungs and spleen, but did decrease spread of virus
o the brain. The analysis for the emergence of variants resis-
ant to peramivir is in progress. The most beneficial protection
as achieved when peramivir was administered i.m. for 8 days.
his drug schedule inhibited the replication of virus in lung,
rain and spleen at days 3, 6, 9 post-inoculation and resulted in
00% survival rate with no weight loss. These results indicate
hat duration of treatment is directly related to survival rate in
his model of H5N1 influenza infection. Peramivir is an effective
reatment when injected i.m. to control H5N1 infection in mice,

upporting the use of this drug to control influenza in the event
f pandemic.

oi:10.1016/j.antiviral.2007.01.021
Research 74 (2007) A1–A97
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reatment of Paralysis Caused by West Nile Virus in Ham-
ters

ohn D. Morrey 1,∗, Venkatraman Siddharthan 1, Hong Wang 1,
aron L. Olsen 1, Ramona Skirpstunas 1, Jeffery O. Hall 1,
ua Li 2, Scott Koenig 2, Syd Johnson 2, Jeffrey L. Nordstrom 2,
icole Marlenee 3, Richard A. Bowen 3, Michael S. Diamond 4

Institute for Antiviral Research, ADVS Depart, Utah State Uni-
ersity, UT, USA; 2 Macrogenics, Inc.; 3 Department of Biomed
ci, Colorado State University, CO, USA; 4 Department of Mol
icro, Medicine, and Pathol & Immunol, Washington Univ, St.

ouis, USA

NV-specific humanized monoclonal antibody (hE16) was
sed to treat WNV-induced poliomyelitis and fatal WNV-
erosolization when administered as a single intraperitoneal
i.p.) injection days after the virus had infected the spinal cord of
odents. The 50% effective dose was 0.25 mg/kg when admin-
stered at 5 days post-subcutaneous (s.c.) viral injection (dpi).
he hE16 was effective when administered at 5 dpi either i.p.
r by direct delivery into the pontine of the mid brain after the
irus had infected neurons. It lost activity when delivered i.p.
t 6 dpi, but retained activity when delivered into the brain at 6
pi, which demonstrated that the antibody was acting directly
n the brain and not by simply inhibiting peripheral virus. The
E16 improved survival of mice aerosolized with WNV when
dministered i.p. at 5 days post-exposure long after the brain
ad been infected. Since disease signs of hamsters injected s.c.
ith WNV varied widely, a rodent model of uniform paralysis
as developed. WNV was injected directly into the spinal cord

t T8–T9 vertebra. At 6–8 dpi, all rodents developed overt hind
imb paralysis. The WNV-infected neurons of paralyzed animals
ere stained strongly by TUNEL assay, a marker for apopto-

is, whereas the inflammatory response compared to other viral
ncephalitides was mild. In this paralysis model, hE16 remark-
bly improved paralysis and survival when administered i.p. as
ate as 3–4 dpi when there was a robust WNV infection in the
pinal cord. Overall, the versatility of hE16 was demonstrated
y treatment of West Nile virus in rodents that was introduced
y three routes of infection; subcutaneously, intra-spinal cord
njection, and aerosolization. The efficacy of hE16 was limited
hen treatment was delayed further during advanced stages of
eurological disease were apparent.
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