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Antiviral Strategies: The Present and Beyond
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Abstract: Historically, vaccine strategies have proven to be most effective at eradicating the targeted virus infections. With the advent of
new or re-emerging altered viruses, some of which jump species to infect humans, the threat of viral pandemics exists. The protracted
time to develop a vaccine during a pandemic necessitates using antiviral drugs in the intervening months prior to vaccine availability. An-
tiviral drugs that are pathogen specific, for example Amantidine, Tamiflu® and Relenza®, targeted against influenza viruses, are associ-
ated with the emergence of virus strains that are drug resistant. The use of ribavirin, a more broad spectrum antiviral, in combination
therapies directed against influenza and hepatitis C virus, has proven effective, albeit to a modest extent. Attention is focused on the po-
tential use of interferons (IFN)-a/B as broad spectrum antivirals in acute infections, to invoke both direct antiviral effects against viruses

and activation of specific immune effector cells.
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INTRODUCTION

Newly emerging viral infections represent a major threat to
human health. The 3 major influenza pandemics in the last century
together killed more people than any other natural or man-made
disaster, distinguishing influenza as one of the deadliest acute infec-
tious diseases in human history. An epizootic influenza A virus,
H5N1, that is highly pathogenic in humans poses an increasing
pandemic threat [1-3]. During the last few decades dengue virus has
reemerged in several regions in southeast Asia [4]. Nipah virus is a
recently emergent paramyxovirus that is capable of causing severe
encephalitic disease in both humans and animals [5]. Enteroviruses
are ubiquitous and not normally considered as emerging pathogens,
yet several enterovirus serotypes have been associated with the
emergence of specific diseases to cause outbreaks of major public
health concern: enterovirus 70 associated with acute hemorrhagic
conjunctivitis and enterovirus 71 as the recognized cause of epi-
demic severe central nervous system disease in SE Asia [6]. Severe
acute respiratory syndrome (SARS) emerged in southern China in
late 2002 and spread in the Spring of 2003 to 30 countries, affecting
over 8000 individuals and causing over 800 deaths. The etiologic
agent was identified as a novel coronavirus, SARS-CoV [7]. Ebola
and Marburg viruses are among the best known examples of emerg-
ing and re-emerging pathogens. Although outbreaks have been
sporadic and geographically restricted to areas of central Africa, the
hemorrhagic fevers caused by these viruses are remarkably severe
and are associated with high case fatality rates often exceeding 80
percent [8].

Vaccine development is an extremely effective strategy to pro-
tect from specific virus infections. An appropriate vaccine cannot
be developed before a virus emerges that can be replicated in suffi-
cient quantities to manufacture the vaccine. Notably, newly emerg-
ing viruses exhibit genetic drift or reassortment of genes, such that
targeted vaccines require the virus strain to be first identified and
characterized. Antiviral drugs, that are also pathogen-specific, have
a role in pandemic situations. For example, the neuraminidase in-
hibitor, oseltamivir, constitutes an important treatment option
against H5N1 and stockpiling of this drug is part of pandemic pre-
paredness [9]. However, extensive data on its efficacy are not avail-
able and recent reports of drug resistance in Vietnamese patients
infected with H5N1, raise serious concerns [10]. Indeed, the cost to
develop antivirals targeted against single viruses, the concerns
about stability of drug and development of drug resistance, let alone
affordability, suggest new strategies may be warranted. This review
focuses on current treatment modalities for two global virus infec-
tions — influenza and hepatitis C (HCV)- and addresses the notion
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of alternative immunomodulatory approaches to complement cur-
rent antiviral strategies.

ANTIVIRAL STRATEGIES TARGETED AGAINST INFLU-
ENZA VIRUSES

Influenza viruses, members of the Orthomyxoviridae family,
are classified as types A, B or C, based on antigenic differences in
their nucleoprotein (NP) and matrix protein (M1). Type A viruses
are further subtyped based on the antigenicity of two surface glyco-
proteins: hemagglutinin (HA) and neuraminidase (NA) [11]. Cur-
rently, 16 HA and 9 NA subtypes have been identified among type
A viruses [11, 12]. Type A influenza viruses have been isolated
from various animals, including humans, pigs, horses, sea mam-
mals, cats, dogs and birds [13].

The epizootic influenza A virus, H5N1, that is highly patho-
genic in humans, has crossed the species barrier in Asia and most
recently, Turkey, Iraq, Egypt, Djbouti and Nigeria, to cause many
human fatalities and poses an increasing pandemic threat [1-3]. As
of November 12, 2007, a total of 335 cases of human H5N1 influ-
enza have been reported, with 206 deaths (i.e. 60% case-fatality
ratio) [14].

Emerging influenza viral strains exhibit genetic drift or reas-
sortment of genes [15], such that humans are immunologically na-
ive with respect to the HA. In the context of a pandemic influenza
strain, the virus may also contain a novel NA subtype. Therefore, a
vaccine strategy requires the virus strain to be first identified and
characterized, implying that vaccines are not likely to be available
at an early stage of a pandemic. Although there may be some bene-
fit in developing a vaccine against an H5 influenza virus, the likeli-
hood of a good match with a pandemic strain may be low. Limited
supplies of vaccine against existing HSN1 avian viruses are being
manufactured to test for dosing schedules and the immune response
that might be expected [16-18]. The possibility that such generic H5
vaccines might be used to prime most vulnerable individuals is
under consideration.

During the first months of a pandemic, control measures there-
fore, would rely mainly on antiviral drugs. The adamantine deriva-
tives, amantadine and rimantadine, as M2 ion channel-blockers
were the first antivirals licensed for use against influenza A viruses
[19]. Amantadine-resistant influenza A viruses have emerged, in-
cluding resistant H5N1 influenza variants in Asia [20]. Since 2003,
the frequency of adamantane resistance has risen dramatically from
less than 5% to greater than 90% of isolated influenza A [21]. This
resistance arises within days of treatment in the patient [22, 23], and
is predominantly observed in H3N2 isolates, whereas resistant
H1N1 strains are also increasingly frequent [24]. It has been shown
that the typical mutations at M2 amino acid residues 26, 27, 30, 31
and 34 have not had an abortive effect on the replicative fitness of
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the emerging viruses [25-27]. Thus, resistant strains remain infec-
tious and transmissible. Sequence analysis of 55 avian H5N1 iso-
lates from SE Asia has revealed that close to 90% of the strains bear
mutations that are known to confer adamantane resistance [28].
Given the high prevalence of adamantane resistant strains of influ-
enza, the CDC has discouraged the use of adamantanes for the
2007-2008 influenza seasons [29].

Two other drugs have been licensed globally for specific treat-
ment and prevention of influenza, function as NA inhibitors (Fig.
1). NA inhibitors are structural analogues of sialic acid, and prevent
the dissociation of budding virions from the cell surface that |s
normally mediated by NA cleavage of cellular sialic acid. Relenza®
(zanamivir) was developed based on knowledge of the 3-
dimensional structure of the |nf|uenza virus NA complexed with its
substrate, sialic acid [30]. Tamiflu® (oseltamlwr) was subsequently
developed, based on the structure of Relenza® [31]. Relenza® has
poor bioavailability, it must be delivered topically and is adminis-
tered by means of an inhaler which delivers drug to the upper respi-
ratory tract, the primary site of virus replication. Substitution of the
glycerol side chain with a hydrophoblc side chain enables Tamiflu®
to be orally available. Tamiflu® is taken in an encapsulated form as
a prodrug, which is actlvated by liver esterases to form the active
drug. Stockplllng of Tamiflu® is part of pandemlc preparedness [9].
There |s accumulating evidence of emerging resistance towards
Tamiflu® and to a lesser extent, zanamivir [32]. Moreover, in vitro
experlments have demonstrated the evolution of a zanamivir de-
pendent virus, where the drug enhances infection [33]. Several
clinical studies have revealed Tamiflu® resistance in 1-2% of adults
[10, 34, 35] and a notably higher frequency of 18% in children [36,
37]. A third NA inhibitor, peramivir, has been developed, but failed
to show efficacy in clinical trials when administered orally and is
currently being tested for intramuscular and intravenous administra-
tion efficacy [38]. In 55 avian H5N1 isolates from SE Asia, 2
strains of influenza exhibited in vitro resistance to NA inhibitors.
One of those strains showed 63-, 11- and 4-fold increased ICsqs for
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zanamivir, oseltamivir and peramivir, respectively [28]. A novel
peptide that inhibits attachment of influenza viruses to the HA pro-
tein, the cellular receptor for influenza viruses, has been developed
as an antiviral, but clinical data are not available yet and the likeli-
hood of emerging resistant strains exists [39]. Effective inhibition
of multiple subtypes of influenza A virus is achievable in vitro us-
ing peptide conjugated phosphorodiamidate morpholino oligomers,
single-stranded-nucleic-acid-like antisense agents that can reduce
gene expression by sterically blocking complementary viral RNA
sequences [40].

COMBINATION THERAPIES FOR INFLUENZA

Given the emergence of drug resistant strains of influenza, there
is an increased interest in moving away from monotherapies to
consider combination therapies [41]. Amantadine and ribavirin
exhibit synergistic effects in reducing mortality in mice infected
with lethal doses of influenza type A [42]. Similarly, combination
therapy with oseltamivir and ribavirin revealed that treatment up to
4 days post-infection afforded a 50-80% reduction in mortality from
a lethal infection of either influenza A or B [43]. The application of
an antioxidant, N-acetylcysteine, has been investigated in combina-
tion with oseltamivir [44] or ribavirin [45], conferring 90-100%
protection when doses were administered after a lethal infection
with influenza. In addition to in vitro data that identify synergistic
antiviral effects of rimantadine combined with NA inhibitors [46],
there is evidence that this combination therapy reduces the emer-
gence of resistant strains of influenza.

HEPATITIS C: ACUTE AND CHRONIC DISEASE

Afflicting an estimated 170 million individuals worldwide,
hepatitis C virus (HCV) is more prevalent than HIV [47]. Initially
described as a non-A, non-B hepatitis virus, HCV was identified as
an RNA virus belonging to the family Flaviviridae, separate from
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Fig. (1). Inhibtion of influenza virus with neuraminidase inhibitors and adamantanes.1) Entry of the influenza virions is initiated by the binding of neuramini-
dase to sialic acid residues on the cell surface. Following endocytosis, acidification of the endosomal compartment promotes fusion of the virion and endoso-
mal membranes mediated by hemagglutinin (HA). Further acidification of the virion core allows the release of the viral ribonucleoprotein (RNP) complex into
the cytoplasm. Adamantanes block the M2 channel preventing acidification of the virion core, thus inhibiting release of the viral RNP complex. 2) Egress of a
newly formed influenza virion is mediated by the viral neuraminidase (NA) which cleaves the link formed between the viral HA and sialic acid in the extracel-
lular matrix. Neuraminidase inhibitors competitively bind the active site of NA, thus preventing the cleavage of sialic acid and release of the virus.
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the families of HAV and HBYV, belonging to the families Picor-
naviridae and Hepadnaviridae, respectively. Two major stages of
disease have been delineated: acute and chronic. In the relatively
asymptomatic acute phase of the disease, the onset of which occurs
within 7-8 weeks of exposure to virus, some patients exhibit jaun-
dice, malaise and nausea [48]. Spontaneous resolution of acute
hepatitis has been observed, however most (~85%) untreated cases
progress to chronic disease [49]. Although not all patients experi-
ence the same level of disease severity, over a period of years
chronic HCV leads to fibrosis of the liver, then cirrhosis, end-stage
liver disease and in many cases, hepatocellular carcinoma [50].

HCV THERAPY

Since the mid 1990s, the standard treatment for chronic HCV
has been a combination treatment of interferon (IFN)-c.with ri-
bavirin, to achieve a sustained virological response (SVR) of unde-
tectable viral RNA 6 months after completion of therapy. Pegyla-
tion of IFN-o2a and IFN-o2b has lead to improved pharmacoki-
netic properties and chemical stability [51, 52]. For chronic infec-
tion with HCV, the success rate of combination treatment is clearly
linked to the infecting HCV genotype. Of the 6 known genotypes,
types 2 and 3 HCV are most responsive to combination therapy, for
which SVRs are achieved in 75-90% of cases, whereas only 40-
50% of patients with type 1 HCV infections achieve a SVR [53].
The underlying reasons for this difference in sensitivity of the dif-
ferent HCV genotypes to IFN + ribavirin therapy remains unclear.
Notably, for those patients with acute HCV genotypes 2/3, if treat-
ment is implemented within 8-12 weeks of the initial onset of
symptoms, >90% of patients exhibit a SVR [54, 55].

RIBAVIRIN: MODES OF ACTION

Ribavirin was initially developed as a broad spectrum antiviral
effective against DNA and RNA viruses [56]. Ribavirin inhibits
inosine monophosphate dehydrogenase (IMPDH), an enzyme re-
quired for GTP synthesis, thereby limiting viral replication by de-
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Fig. (2). Cellular and viral targets of ribavirin.

Burke and Fish

pleting available GTP pools. As a nucleoside analogue, ribavirin is
converted to ribavirin triphosphate (RTP) and has the potential to
act as a mutagen. In vitro experiments have shown that the HCV
RNA polymerase incorporates RTP into a nascent strand of RNA
without chain termination. The incorporated ribavirin residues can
then base-pair with cytidine or uridine, contributing further to an
already error-prone replication process [57]. Before its widespread
use for HCV, ribavirin was clinically effective as an aerosol therapy
for respiratory syncytial virus infections in children [58]. As a nu-
cleoside analogue directly inhibiting viral replication, it has been
suggested that ribavirin may also influence the host immune re-
sponse to virus infection (Fig. 2). Specifically, ribavirin will modu-
late the balance between a Thl and Th2 immune response, favour-
ing polarization towards Th1 [59, 60]. Individuals chronically in-
fected with HCV exhibit poor CD8" T-cell responses, whereas
those who mount a robust CD8" T-cell response during the acute
phase of disease clear HCV efficiently [61]. Additionally, in the
context of influenza (see above), because of intracellular accumula-
tion of RTP, ribavirin acts as a competitive inhibitor of ATP and
GTP for the influenza virus RNA polymerase, thus limiting viral
replication [62].

IFNS: CRITICAL FOR AN INNATE IMMUNE RESPONSE
TO VIRUS INFECTION

IFNs are a family of biologically active proteins classified as
type I (IFN-as, -B, -, -1 -k, -€, ), type Il (IFN-y) and type II1 (IFN-
A) [63-66]. Type 1 IFNs mediate diverse biological effects, includ-
ing the largely cell type-independent antiviral and antiproliferative
responses, and several cell type-restricted responses of immu-
nological relevance such as maturation and differentiation of den-
dritic cells and modulation of B, T and NK cell responses [67].
IFNs have widespread clinical application as therapeutic agents for
the treatment of viral infections, especially in the context of hepati-
tis B and C (HCV) infections (see above). IFNs inhibit viral infec-
tion by preventing viral entry into target cells and by blocking dif-
ferent stages of the viral replicative cycle for different viruses [68].

—
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1) The conversion of ribavirin to ribavirin monophosphate (RMP) enables RMP to competitively bind to inosine monophosphate dehydrogenase (IMPDH) and
prevent the conversion of inosine monophosphate (IMP) to guanosine monophosphate (GMP). This inhibition results in the downstream depletion of GTP
pools, thus blocking de novo RNA synthesis. 2) Ribavirin triphosphate (RTP) is able to competitively inhibit the viral RNA dependent RNA polymerase
(RdRp) and prevent the polymerization of other nucleotides into the nascent RNA strand. 3) Alteratively, RTP will incorporate into viral RNA thereby creating
sequence mutations. 4) Ribavirin exerts immudomodulatory effects by promoting the polarization of T cells towards a Th1 bias, thereby promoting a stronger

CD8+ T-cell immune response.
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IFN-o. treatment in hepatitis B and hepatitis C patients, in addition
to directly inhibiting viral replication, also suppresses the associated
hepatocellular carcinoma and liver fibrosis [69]. Additionally, Type
1 IFNs have a critical role in linking the innate and adaptive im-
mune responses to viral challenge. IFN-a/f3 expression occurs as an
early response to viral challenge, preceding other immune respon-
sive cytokines. IFNs-o/f regulate the activities of other cytokines
and their receptors, including IFN-y, IL-1, IL-1 receptor, IL-2, IL-3,
IL-8, TNF-a., IL-18 etc, and chemokines such as MIP-1a, MIP-1,
RANTES, and the CC chemokine receptor, CCR5.

The type | IFNs are critical components of the antiviral innate
immune response, induced as a consequence of activation of pattern
recognition receptors, namely the toll-like receptors (TLRs) and the
cytoplasmic RNA helicases, that recognize viral replicative inter-
mediates and viral nucleic acids in a non-pathogen-specific manner
[70] (Fig. 3). These sensors are involved in coupling recognition of
viruses to the induction of type | IFN genes. Plasmacytoid dendritic
cells (pDCs) produce large amounts of type | IFNs after viral acti-
vation [71, 72]. pDCs express TLR7 and TLR9 which are restricted
to endosomal compartments where they recognize viral nucleic
acids, single stranded (ss) RNA and DNA [73, 74]. TLR3 functions
as a pattern recognition receptor for double stranded (ds) RNA, a
pathogen associated molecular pattern produced by viruses during
replication [75]. TLR3 is localized to intracellular vesicles in
monocyte-derived DCs, whereas fibroblasts express TLR3 on their
cell surface [76]. The RNA helicases, RIG-1 and Mda5, detect ac-
tively replicating virus in the cell cytoplasm, specifically dsSRNA
[77,78].

The high affinity interaction of an IFN-o/f with its cognate cell
surface receptor complex initiates multiple signaling cascades that
include activation of the JAK-STAT, CrkL, p38 MAPK, and
PI3K/mTOR pathways [79, 80] (see inset in Fig. 3). These path-
ways induce the expression of antiviral proteins such as the
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Fig. (3). The virus-inducible IFNo/B response.
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dsRNA-dependent protein kinase R (PKR), 2’-5’-oligoadenylate
synthetase (OAS)/endoribonuclease L (RNase L), the myxovirus
resistance protein  (Mx), RNA-specific adenosine deaminase
(ADARL), the P56 family of proteins, tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL), viperin, phospholipids scram-
blase (PLSCR1), and ISG15. These antiviral effectors coordinately
control virus spread by limiting virus replication, assembly and
egress and by inducing apoptosis in virally infected cells. PKR
senses viral dsRNA, signaling the inhibition of translation via
phosphorylation of elF2a. Activation of 2’-5’0OAS by dsRNA initi-
ates the cleavage of sSRNA by an associated protein RNase L. Mx
GTPases interfere with viral replication by binding to viral compo-
nents, e.g. nucleocapsid-like structures, preventing their transporta-
tion to appropriate cellular compartments, thereby making them
unavailable for the generation of new viral particles [81]. The type
111 IFN-As elicit similar antiviral effects as the IFNs-o/f [64].

IFN-o0 AS A THERAPEUTIC AGAINST SARS-COV

No effective therapeutic strategy has been developed for pa-
tients with SARS. Treatments that were initially used in the last
outbreak of SARS included ribavirin and corticosteroids but recent
reports have shown that these are largely ineffective [82-84]. Sub-
sequently, hyper immune globulin, protease inhibitors, fusion in-
hibitors and IFNs represented alternative therapeutic options for
treating SARS patients [85-88]. In an open-label study, our group
demonstrated the potential efficacy of IFN-o in SARS patients.
Specifically, in this study of 22 patients diagnosed with SARS in
Toronto, 13 patients were treated with corticosteroids alone and 9
with corticosteroids plus IFN-a.. Our data revealed that IFN-o. was
well tolerated clinically, that the IFN treatment group had a shorter
time to 50% resolution of lung radiographic abnormalities com-
pared to the controls and that IFN treatment was associated with
significantly better oxygen saturation. Additionally, IFN-treated
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1) Upon viral infection various pattern recognition receptors (PRRs) (ie TLRs, RIG1/MDAS5, PKR) detect the presence of viral DNA/RNA in the cytoplasmic
or endosomal compartments. Signaling cascades are rapidly activated to initiate transcription of IFN- as well as other proinflammatory cytokines. 2) Release
of IFN-B from an infected cell acts in paracrine to alert surrounding cells of a virus, and to induce an antiviral state. Several pathways including the Jak/STAT,
CrkL, p38 MAPK and PI3K/mTOR upregulate the expression of a number of antiviral proteins (Mx GTPases, 2°-5’0OAS, PKR, IRF3 ). If viral dsSRNA is
detected in the cell, IRF3/7 triggers the expression of IFNa/B which then acts to enhance the antiviral response. 3) IFNa present in the extracellular matrix
activates natural killer (NK) cells by stimulating perforin and IFNy mediated cytotoxicity. 4) In the draining lymph nodes, IFNa produced by activated den-
dritic cells (DC) effects the polarization of CD4" T-lymphocytes: through increased expression of IL-12R and reduced IL-4 and IL-13 expression, ThO cells
are polarized to differentiate towards a Th1 lineage, specifically triggering CD8" cytotoxic T lymphocytes (CTLs) to clear virus.
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patients resolved their need for supplemental oxygen significantly
faster than controls [89].

Broad Spectrum Antivirals

Given the broad-spectrum antiviral activities of type | IFNs, an-
tiviral drug development strategies under consideration now include
TLR stimulatory ligands and activators of IFN-inducible antiviral
effectors as drug targets. Intranasal prophylactic administration of a
TLR3 agonist, poly ICLC, a synthetic dSRNA, completely protected
mice challenged with lethal doses of either influenza A or western
equine encephalitis virus [90]. The prophylactic effects of a
liposomal preparation of poly ICLC were sustained for a period of
21 days prior to infection [91]. Similarly, prophylactic administra-
tion of a TLR4 agonist, a lipid A mimetic, produced a protective
effect against influenza infection [92]. TLR9 agonists, CpG oli-
godeoxynucleotides, likewise exhibit prophylactic effects in a num-
ber of respiratory infections [93]. More recently, TLR7/8 agonists
mimicking dsRNA have been used successfully in the prophylaxis
and treatment of influenza A infection in rats [94]. Notably, each of
these TLR agonists induces IFN-o/p expression to effect antiviral
activity.

dsRNA generated during viral infections activates IFN-
inducible synthetases that produce 5'-phosphorylated 2'5'-
oligoadenylates (2-5A) from ATP. 2-5A activates RNase L thereby
blocking viral replication. Screening for low molecular weight acti-
vators of RNase L that bind to the 2-5A-binding domain of RNase
L led to the identification of two lead compounds exhibiting broad-
spectrum antiviral activity against diverse types of RNA viruses
[95].

Distinct from IFNs and the broad spectrum antivirals that in-
duce IFN production or activate IFN-inducible proteins that inter-
fere with viral replication, are those antiviral agents that interfere
with virus-cell interactions. An example of the latter is arbidol
(ethyl-6-bromo-4-[(dimethylamino)methyl]-5-hydroxy-1-methyl-2-
[(phenylthio)methyl]-indole-3-carboxylate hydrochloride monohy-
drate), that interferes with virus-membrane interactions for a num-
ber of viruses: influenza A and B viruses, parainfluenza virus 3,
HCV, HBV and rhinovirus 14 [96-99].

CONCLUSIONS

Antiviral drug resistance is a major concern when proposing
widespread use of pathogen-specific antiviral medications. Aman-
tadine resistance has been found in human and avian H5N1 strains
in China, Thailand, Vietnam and Cambodia and seasonal
AJH3N2 and A/H1N1 strains are becoming increasingly resistant to
the adamantanes. Although H5N1 is susceptible in vitro to NA
inhibitors, oseltamivir resistant strains of H5N1 have been identi-
fied and recent studies demonstrate that treatment of human
H5N1 infection may require higher doses and longer administration
of oseltamivir to be effective. The paucity of information about the
safety and efficacy of NA inhibitors against H5N1 is a current
cause of concern in pandemic influenza planning. Vaccine devel-
opment for pandemic preparedness requires prior knowledge of
related strains of the anticipated pandemic virus, yet correspon-
dence with the pandemic strain may be low. Moreover, current
pandemic preparedness assumes that the most likely pandemic virus
will be an avian influenza virus. Given the recent global outbreak of
SARS, the potential for a new or re-emerging virus pandemic unre-
lated to influenza exists.

Accordingly, a complementary strategy that focuses on host
factors that mediate broad spectrum antiviral activity is warranted.
IFNs present as ideal candidates, based on their ability to interfere
with multiple stages in viral replicative cycles: viral entry, uncoat-
ing, replication of viral genetic material, viral protein assembly and
egress of viral progeny. Moreover, IFNs are implicated in enhanc-

Burke and Fish

ing the innate immune response to virus infection, activating T
cells, B cells, DCs and NK cells. Drug development focused on
enhancing IFN production or activating IFN-inducible antiviral
effectors is ongoing. Additionally, the development of antiviral
agents that interfere with essential virus-host interactions that are
common to many viruses — broad spectrum antivirals — is under-
way. Viewed altogether, a multi-faceted approach to acquire a panel
of safe, effective and non-cross reactive antiviral agents is both
feasible and appropriate given the potential risk of a viral pandemic.
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ABBREVIATIONS

ADAR1 = RNA-specific Adenosine Deaminase-1

CCR = Chemokine Receptor

CD = Cluster of Differentiation

DC = Dendritic Cell

elF2a = Eukaryotic Initiation Factor-2a

HA = Hemagglutinin

HAV = Hepatitis A Virus

HBV = Hepatitis B Virus

HCV = Hepatitis C Virus

HIV = Human Immunodeficiency Virus

ICLC = Polyriboinosinic and Polyribocytidylic Acids
Stabilized in Poly-L-lysine and
Carboxymethylcellulose

IFN = Interferon

IL = Interleukin

IMPDH = Inosine Monophosphate Dehydrogenase

ISG15 = Interferon Stimulated Gene-15

JAK = Janus Kinase

Mda5 = Melanoma Differentiation Associated Protein 5

MIP = Macrophage Inflammatory Protein

mTOR = Mammalian Target of Rapamycin

Mx = Myxovirus

NA = Neuraminidase

NK = Natural Killer

NP = Nucleoprotein

OAS = 2’5’ Oligoadenylate Synthetase

p38 MAPK = p38 Mitogen Activated Protein Kinase

pDC = Plasmacytoid Dendritic Cell

PI3K = Phosphoinositide 3 Kinase

PKR = Double-stranded RNA Activated Protein Kinase

PLSCR1 = Phospholipid Scramblase-1

RANTES = Regulated Upon Activation, Normal T Cell Ex-
pressed and Secreted

RIG-I = Retinoid Inducible Gene-I

RNaseL = Endoribonuclease L

RTP = Ribavirin Triphosphate

SARS = Severe Acute Respiratory Syndrome
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SARS-CoV = Severe Acute Respiratory Syndrome Coronavirus

STAT = Signal Transducer and Activator of Transcription

SVR = Sustained Virological Response

Th = T Helper

TLR = Toll Like Receptor

TNF = Tumour Necrosis Factor

TRAIL = Tumour Necrosis Factor-related Apoptosis-
inducing Ligand
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