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Favipiravir, an influenza virus RNA polymerase inhibitor, and peramivir, an influenza virus neuramini-
dase inhibitor, were evaluated alone and in combination against pandemic influenza A/California/04/
2009 (H1N1) virus infections in mice. Infected mice were treated twice daily for 5 d starting 4 h after
virus challenge. Favipiravir was 40%, 70%, and 100% protective at 20, 40, and 100 mg/kg/d. Peramivir
was 30% protective at 0.5 mg/kg/d, but ineffective at lower doses when used as monotherapy. Combina-
tions of favipiravir and peramivir increased the numbers of survivors by 10-50% when the 0.025, 0.05,

- and 0.1 mg/kg/d doses of peramivir were combined with 20 mg/kg/d favipiravir and when all doses of
Drug combination .. . . . - . . R R
Favipiravir peramivir were combined with 4.10 rpg/kg/d favipiravir. Three-dimensional anal.y515.of drug 1ntgr§ct10ns
T-705 using the MacSynergy method indicates strong synergy for these drug combinations. In addition, an
increase in lifespan for groups of mice treated with drug combinations, compared to the most effective
monotherapy group, was observed for the 0.025, 0.05, and 0.1 mg/kg/d doses of peramivir combined with
favipiravir at the 20 mg dose level. Therefore, the 20 mg/kg/d dose of favipiravir was selected for further
combination studies. Increased survival was exhibited when this dose was combined with peramivir
doses of 0.1, 0.25 and 0.5 mg/kg/d (1 mg/kg/d of peramivir alone was 100% protective in this experiment).
Improved body weight relative to either compound alone was evident using 0.25, 0.5, and 1 mg/kg/d of
peramivir. Significant reductions in lung hemorrhage score and lung weight were evident on day 6 post-
infection. In addition, virus titers were reduced significantly on day 4 post-infection by combination ther-
apy containing favipiravir combined with peramivir at 0.25 and 0.5 mg/kg/d. These data demonstrate
that combinations of favipiravir and peramivir perform better than suboptimal doses of each compound
alone for the treatment of influenza virus infections in mice.
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1. Introduction

In 2009 a new strain of influenza A (H1IN1) emerged in Mexico
that soon was transmitted throughout the world (Centers for
Disease Control and Prevention, 2009b).

Although the case mortality rate proved to be less than origi-
nally feared, the pandemic caused significant morbidity and eco-
nomic burden (Shrestha et al., 2011). The recent HIN1 pandemic
highlights the need for effective antiviral therapy for largely
immune-naive populations. This crisis is over, the population is
largely immune to the virus, and the 2009 pandemic virus has
now become the new seasonal HIN1 virus undergoing antigenic
drift. The world will await the emergence of the next pandemic
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virus. But the burden of seasonal influenza caused by influenza A
(HIN1 and H3N2) and influenza B, will ever be with us (Xue
et al., 2010). Additionally, the possibility of avian H5N1, H7N7,
and H9N2 viruses adapting more efficiently for infection and
spread in humans should not be overlooked (Yen and Webster,
2009).

The pandemic virus that emerged is resistant to the antiviral
drugs amantadine and rimantadine (Mossad, 2009), as are the
majority of H3N2 viruses (Deyde et al., 2007; Hata et al., 2007,
Centers for Disease Control and Prevention, 2009a; Zaraket et al.,
2010; Puzelli et al., 2011) and most highly pathogenic H5N1 avian
viruses (Cheung et al., 2006). By the end of the 2009-2010 season,
almost all (98.9%) of tested 2009 pandemic HINT1 viruses were sus-
ceptible to oseltamivir (Fiore et al., 2011). It is fortunate that the
2009 pandemic virus was sensitive to the drug oseltamivir (Hall
et al.,, 2009; Rungrotmongkol et al., 2009), because many seasonal
H1N1 viruses in circulation just prior to that time were resistant
(Besselaar et al., 2008; Dharan et al., 2009; Meijer et al., 2009).
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One of the most effective means of curtailing the emergence of
resistant viruses as well as improving treatment efficacy is to use
compounds in combination (Ilyushina et al., 2006). Compounds
with different modes of action, given in combination, have proven
to be beneficial at improving the outcome of infection. Over the
years a number of combination chemotherapy studies have been
performed against influenza viruses in mouse models (Govorkova
and Webster, 2010). Studies from our laboratory have supported
these conclusions (Smee et al., 2002, 2006, 2009, 2010a,b). Combi-
nation chemotherapy studies in mice are generally performed
using suboptimal doses of the inhibitors so that improvements
can be measured. However, in a clinical setting the drugs will be
used at their approved doses.

Favipiravir (also referred to as T-705) was first reported in 2002
to be effective against influenza virus infections in cell culture and
in mice (Furuta et al., 2002; Sidwell et al., 2007; Kiso et al., 2010).
The compound inhibits influenza virus RNA polymerase (Furuta
et al., 2005). Recently, favipiravir was shown to inhibit various iso-
lates of the pandemic 2009 H1N1 virus, including some oseltami-
vir-resistant H275Y viruses, with 50% inhibitory concentrations
generally ranging from 0.5 to 6 uM (Sleeman et al., 2010). In that
study, there were some viral outliers, such as an A/lllinois/10/
2009 isolate that was inhibited at 22.5 uM in a plaque reduction
assay. However, the A/lIllinois/10/2009 virus had a similar inhibi-
tion profile to other isolates when assayed by virus yield reduction.
Favipiravir is currently in Phase 3 clinical trials in Japan, while
Phase 2 trials in the US are underway. Among the viral neuramin-
idase inhibitors, peramivir is effective against various influenza
virus strains in cell culture at 0.01-1 uM (influenza A viruses)
and 0.1-2.3 uM (influenza B viruses) (Smee et al., 2001). It is also
effective against influenza virus infections in mice (Sidwell et al.,
2001; Bantia et al., 2001, 2006), including the 2009 pandemic virus
(Bantia et al., 2011). The poor oral bioavailability of peramivir in
humans (Barroso et al., 2005) has hindered its clinical develop-
ment, and recent studies have investigated its use by intramuscu-
lar administration (Bantia et al., 2006, 2011; Boltz et al., 2008; Yun
et al., 2008). In Japan, peramivir has been licensed under the trade
name Rapiacta®, while in the US, peramivir is currently in Phase 3
clinical trials.

One combination chemotherapy study in mice has been pub-
lished using favipiravir and oseltamivir to treat infections caused
by seasonal HIN1 and H3N2 viruses, and a low-pathogenic avian
influenza H5N1 virus (Smee et al., 2010a). In that report, synergis-
tic improvements in survival were achieved using low doses of
each inhibitor in combination. In addition, peramivir and ribavirin
were combined for treatment of a seasonal HIN1 virus infection
(Smee et al., 2002), as were combinations of oseltamivir and per-
amivir (Smee et al., 2010b). Improvements in survival and in body
weight were evident at particular doses. The combination of per-
amivir and rimantadine was also shown to provide an improved
treatment outcome against an amantadine-sensitive influenza A
H3N2 virus infection in mice (Bantia et al., 2010).

The present studies investigated the use of favipiravir and per-
amivir in combination for treatment of pandemic H1N1 virus
infections in mice. Survival, mean day of death, mean body weight,
and lung parameters (lung score, lung weight, and virus titers)
were evaluated following a lethal virus infection.

2. Materials and methods
2.1. Compounds

Favipiravir and peramivir were provided by Toyama Chemical
Co. (Tokyo, Japan) and BioCryst Pharmaceuticals (Birmingham,

AL), respectively. Favipiravir was suspended in 0.4% carboxymeth-
ylcellulose, and peramivir was dissolved in sterile water. Favipiravir

was administered in a 0.1 ml volume by oral gavage, whereas per-
amivir was injected (0.05 ml) intramuscularly. Routes of adminis-
tration of each compound were selected based upon known
bioavailabilities and preferred routes of administration (Furuta
et al,, 2002; Barroso et al., 2005; Bantia et al., 2006; Kiso et al.,
2010). The placebo was administered both i.m. (sterile water) and
p.o. (0.4% carboxymethylcellulose) twice daily for 5 days starting
4 h post-virus exposure.

2.2. Virus

Mouse adapted influenza A/California/04/2009 (H1N1) was re-
ceived from Elena Govorkova (St. Jude Children’s Research Hospi-
tal, Memphis, TN). The virus was adapted to replication in the
lungs of BALB/c mice by nine sequential passages through mouse
lungs (Ilyushina et al., 2010). The received virus had been plaque
purified in MDCK cells followed by replication in embryonated
chicken eggs and then in MDCK cells. The virus pool was pre-ti-
trated in mice prior to performing these studies to determine an
appropriate challenge dose.

2.3. Animal experiment design

Female BALB/c mice (18-20 g, Charles River Laboratories, Wil-
mington, MA) were anesthetized by intraperitoneal injection of
ketamine/xylazine (50/5 mg/kg) followed by challenge infection
intranasally with a 90-ul suspension of influenza virus. The chal-
lenge inoculation of approximately 10°3 cell culture infectious
doses (CCIDsg)/mouse equated to three mouse lethal challenge
doses (MLDsg). The compounds were administered twice daily for
5d starting 4 h after infection. Ten drug-treated infected mice
and 20 placebo-treated controls were observed daily for death
through 21 days. Body weights were determined every other day.
An additional 10 mice per group were maintained for determining
lung infection parameters on days 3 and 6 post-infection. On those
days five mice from the placebo and treatment groups were sacri-
ficed, the lungs were weighed and scored for lung hemorrhage on a
scale of 0 (normal) to 4 (maximum plum coloration over the entire
lung) (Sidwell et al., 2007), and then frozen at —80 °C. At a later
date the lungs were homogenized and titrated for the presence
of virus by endpoint dilution method (Reed and Muench, 1938)
in 96-well microplates (Smee et al., 2009). Virus titers are reported
as logqo CCIDs5g/g of tissue.

2.4. Statistical methods and drug combination analysis

Kaplan-Meier survival curves were generated and compared by
the Mantel-Cox log-rank test followed by pairwise comparison
using the Gehan-Breslow-Wilcoxon test. Mean day of death com-
parisons between drug-treated and placebo groups were made by
the two-tailed Mann-Whitney U-test. Mean body weights were
analyzed by one-way analysis of variance (ANOVA) followed by Tu-
key’s multiple comparison test. Mean lung scores, lung weights,
and lung virus titers (on log-transformed values assuming equal
variance and normal distribution) were evaluated by one-way AN-
OVA. Following ANOVA, individual treatment values were com-
pared to placebo controls by Tukey’s pair-wise comparison test.
Comparative analyses of lung parameters (score and weight) by
day post-infection were completed by two-way ANOVA followed
by Bonferroni post-tests. All statistical analyses were completed
using Prism 5.0d (GraphPad Software, Inc., La Jolla, CA).

Drug-drug interactions were analyzed by the three-dimen-
sional model of Prichard and Shipman (1990), using the MacSyner-
gy II software program at 95% confidence limits. Descriptions of
antagonistic, additive, or synergistic interactions using this
computer model have been described for data represented as
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Table 1
Treatment of an influenza A/California/04/2009 (H1N1) virus infection in mice with the combination of favipiravir plus peramivir. Treatments were administered twice daily for
5d starting 4 h after virus exposure.

Compound 1 (mg/kg/d) Compound 2 (mg/kg/d) Survivors/total MDD? + SD Increase in lifespan® (d)
Peramivir (0.5) - 3/10 94+1.7

Peramivir (0.1) - 0/10 8.8+1.6

Peramivir (0.05) - 0/10 72+14

Peramivir (0.025) - 0/10 8.0+1.2

Peramivir (0.0125) - 0/10 7.1+09

Favipiravir (100) - 10/10°"" -

Favipiravir (40) - 7/10”" 11325

Favipiravir (20) - 4/10 8.0+1.1

Favipiravir (10) - 1/10 8.8+1.6

Favipiravir (5) - 1/10 74+12

Peramivir (0.1) Favipiravir (40) 9/10™"" 8.0 0
Peramivir (0.05) Favipiravir (40) 10/10"" - 0
Peramivir (0.025) Favipiravir (40) 10/10"" - 0
Peramivir (0.0125) Favipiravir (40) 9/10™"" 8.0 0
Peramivir (0.1) Favipiravir (20) 6/10" 93+2.1 0.5
Peramivir (0.05) Favipiravir (20) 9/10™"" 9.0 1.0
Peramivir (0.025) Favipiravir (20) 5/10 84+1.1 0.4
Peramivir (0.0125) Favipiravir (20) 4/10 8.0+2.1 0
Peramivir (0.1) Favipiravir (10) 4/10 8319 0
Peramivir (0.05) Favipiravir (10) 1/10 73+1.2 0
Peramivir (0.025) Favipiravir (10) 3/10 71+1.1 0
Peramivir (0.0125) Favipiravir (10) 1/10 79+13 0
Peramivir (0.1) Favipiravir (5) 0/10 75+1.6 0
Peramivir (0.05) Favipiravir (5) 1/10 6.9+13 0
Peramivir (0.025) Favipiravir (5) 0/10 82+1.8 0
Peramivir (0.0125) Favipiravir (5) 0/10 6.5+1.1 0
Placebo - 2/20 6.1+1.9 -

? Mean day of death for mice that died prior to day 21 post-infection.

" Increase in lifespan of mice that died (combination treatment groups compared to monotherapy group that lived the longest time). Example: the MDD for monotherapy
peramivir (0.1) is 8.8 and for monotherapy favipiravir (20) is 8.0, but the MDD for the combination of peramivir (0.1) plus favipiravir (20) is 9.3. Therefore, the increase in
lifespan is 9.3 — 8.8 =0.5d.

" P<0.05 compared to placebo.
" P<0.01 compared to placebo.
" P<0.001 compared to placebo.
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Fig. 1. Three-dimensional (MacSynergy™ II) plot for the interaction of favipiravir and peramivir based upon the mouse survival data presented in Table 1. The net volume of
synergy for this plot was 225 (indicative of strong synergy).
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Fig. 2. Effects of a favipiravir (favipir) at 20 mg/kg/d combined with peramivir (peram) at 0.1, 0.25, 0.5, or 1.0 mg/kg/d for treatment of an influenza A/California/04/2009
(H1N1) virus infection in mice. Oral treatments were administered twice daily for 5 d starting 4 h after virus exposure (*P < 0.05, **P <0.01, ***P<0.0001 compared to

placebo).

percentages (Ilyushina et al., 2008). Briefly, 0-25, 25-50, 50-100,
and >100 um? unit % calculated values in either a positive or neg-
ative direction using MacSynergy software are defined as insignif-
icant synergy or antagonism (indifference), minor synergy or
antagonism, moderate synergy or antagonism, or strong synergy
or antagonism, respectively. The reported values represent the cal-
culated volume of synergy minus the volume of antagonism for
each set of data. Three-dimensional analyses were made using
MacSynergy™ II software (Prichard and Shipman, 1990).

A

1104

-e- Peramavir (1.0)

-e- Favipiravir (20)

- Peram (1.0) + Favipir (20)
-8 Placebo

-+ Normal Control

Body Weight Change (%)

60
60

0 3 6 9 12 15 18 21

Day Post-Virus Exposure

ke
A rn

-e- Peramavir (0.25)

-e- Favipiravir (20)

-a Peram (0.25) + Favipir (20)
-8 Placebo

-« Normal Control

Body Weight Change (%)

0 3 6 9 12 15 18 21

Day Post-Virus Exposure

3. Results

3.1. Antiviral combination study to evaluate survival and antiviral
drug synergy

Survival results following combination treatment using perami-
vir and favipiravir for a lethal infection with influenza HIN1 virus
are reported in Table 1. The concentrations of peramivir used in
this study appear to be suboptimal because even the highest dose,

B
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Fig. 3. Body weight changes as percent of initial body weight during treatment of an influenza A/California/04/2009 (H1N1) virus infection in mice with combinations of
favipiravir (favipir) and peramivir (param). Oral treatments were administered twice daily for 5 d starting 4 h after virus exposure. The data accompany those of Fig. 2

(**P<0.01, ™*P<0.0001 compared to placebo).
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0.5 mg/kg/d, produced only 30% protection following mono-
therapy. Monotherapy with favipiravir provided 40%, 70%, and
100% protection against lethal infection following administration
of 20, 40, and 100 mg/kg/d, respectively. Nine groups treated with
favipiravir (10, 20, and 40 mg/kg/d) combined with peramivir
(0.0125, 0.025, 0.05, and 0.1 mg/kg/d) gave additive results in
which the number of survivors following combination treatment
was greater than monotherapy alone. A three-dimensional (Mac-
Synergy™ II) plot of mouse survival following combination drug
treatment is presented in Fig. 1. The net synergy volume for the
results was 225, which has been defined as strong synergy (Ilyush-
ina et al., 2008). Mean day of death determinations are also shown
in Table 1. The mean day of death increased for all monotherapy
and combination therapy groups when compared to placebo con-
trols. However, the greatest increase was observed for combina-
tions containing favipiravirat 20 mg/kg/d and peramivir at 0.025,
0.05, and 0.1 mg/kg/d. In addition, an increase in lifespan for
groups treated with drug combinations compared to the most
effective monotherapy group is shown in Table 1. The greatest ef-
fects following combination therapy were observed for favipiravir
at the 20 mg dose level.

3.2. Antiviral combination study to evaluate the use of higher drug
doses on survival and lung hemorrhage, weight, and virus titers

Additional studies included the use of higher doses of peramivir
for combination therapy with favipiravir. A second experiment was
completed using low dose (20 mg/kg/d) favipiravir combined with
peramivir at 0.1, 0.25, 0.5, and 1.0 mg/kg/d for evaluation of influ-
enza virus infection parameters. Fig. 2 shows the Kaplan-Meier sur-
vival curves for each treatment group. All mice survived infection in
the treatment group receiving 1.0 mg/kg peramivir and in the
groups receiving combination treatment with favipiravir plus per-
amivir at 0.25, 0.5, and 1.0 mg/kg/d. Some mortality was observed
in all other treatment groups. However, monotherapy with favipi-
ravir (20 mg/kg/d), or peramivir at 0.1 and 0.5 mg/kg/d produced
statistically significant survival results compared to placebo. The
combinations of favipiravir plus peramivir at 0.25 or 0.5 mg/kg/d
increased survival to 100%, whereas survival from monotherapy
with peramivir at 0.25 or 0.5 mg/kg/d, or favipiravir at 20 mg/kg/
d was 40%, 70%, and 80% in Kaplan-Meier survival curves,
respectively.

Body weight changes as percent of initial body weight for
groups receiving combination therapy or monotherapy with favipi-
ravir or peramivir at various doses beginning at 4 h after virus
exposure are shown in Fig. 3. Body weights dropped during the
infection in all treatment groups, reaching a nadir on day 7-9.
However, the extent of weight loss at nadir was not as great and/or
the rebound of weight was more rapid in the drug combination
groups receiving combination treatment with favipiravir plus per-
amivir at 0.25, 0.5, and 1.0 mg/kg/d. The combination containing
the 0.1 mg/kg/d dose of peramivir showed equivalent protection
to the favipiravir monotherapy group.

The effects of treatment on lung hemorrhage score, observed as
tissue discoloration and considered an indicator of gross pathology,
is shown in Fig. 4. Tissue discoloration became apparent on day 4,
although none of the treatment groups showed a significant differ-
ence from placebo controls (Fig. 4A). Significant differences in lung
scores were observed on day 6 for the monotherapy groups treated
with favipiravir, or peramivir (0.5 and 1.0 mg/kg/d), and in the
treatment groups receiving combination therapy at peramivir
doses of 0.25, 0.5, and 1.0 mg/kg/d when combined with favipiravir
(Fig. 4B).

Lung weights, which increase over time as a result of infection,
are presented in Fig. 5. None of the treatment groups were signif-
icantly different from placebo controls on day 4 (Fig. 5A). However,

significant differences in lung weight were observed on day 6 for
the monotherapy groups treated with peramivir (0.25 and
1.0 mg/kg), and the combination therapy groups containing 0.25,
0.5, and 1.0 mg/kg/d peramivir plus favipiravir (Fig. 5B).

Fig. 6 shows the results of virus titer determinations from lung
tissues. Significant differences in virus titers were observed for the
treatment groups receiving 0.25 or 0.5 mg/kg/d peramivir in
combination with favipiravir on day 4 (Fig. 6A). It is not known
why the combination containing the highest dose of peramivir
was not efficacious in reducing the virus titer. On day 6 virus titers
declined in all groups, so significant differences from controls were
not observed on that day.

4. Discussion

These studies are the first, to our knowledge, to evaluate the ef-
fects of combination antiviral drug therapy using favipiravir and
peramivir to treat an infection with pandemic HIN1 influenza
virus. The animal studies presented here demonstrated that the
combination of favipiravir and peramivir at suboptimal doses for
each could provide significant improvements in survival and body
weight. The estimated improvement in survival for the combina-
tion was about 10-50% compared to the use of favipiravir alone,
based upon the 20 and 40 mg/kg/d doses used as monotherapy
(Table 1 and Fig. 2). The effect of the combination treatments on
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body weight indicated that the mice did not get as ill as mice trea-
ted with only one compound, and they recovered sooner from the
infection.

The pandemic H1N1 virus appears to replicate more readily in
the lungs and lower airways than seasonal HIN1 and H3N2
viruses, but lacks many of the mutations associated with the high-
er pathogenicity observed in other influenza viruses (Garten et al.,
2009; Itoh et al., 2009; Bautista et al., 2009). Combination treat-
ment did not have as obvious of a beneficial effect compared to
monotherapy on lung parameters as it did on mortality and weight
loss. On day 4, statistically significant differences in lung virus
titers were observed in the treatment groups receiving 0.25 and
0.5 mg/kg/d peramivir combined with favipiravir, when compared
to placebo. Although, lung virus titer differences by day 6 were less
pronounced. Lung hemorrhage and lung weight were more severe
on day 6 compared to day 4 with minimal differences observed be-
tween treated and placebo groups on day 4. However, a slight
trend in the data indicates an earlier reduction in virus titer and
improvement in lung score and weight at lower doses of peramivir
when combined with favipiravir. In a previous report we demon-
strated that treatment with amantadine plus oseltamivir, amanta-
dine plus ribavirin, and oseltamivir plus ribavirin reduced lung
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viral titers and were more protective from death than placebo-
treated mice (Smee et al., 2009). However, the viral titer data in
that report was not conclusive in showing that drug combination
treatment was more inhibitory than monotherapy. We have yet
to understand what virological or immunological factors are al-
tered (or when they are altered) during treatment that allow for
greater survival and a shortened course of morbidity.

An important advantage to drug combination treatment that is
difficult to assess in vivo is the suppression of emergence of drug-
resistant viruses. It is evident from cell culture studies that drug-
resistant influenza viruses are less likely to emerge with combina-
tion chemotherapy (Ilyushina et al., 2006). Recovery of amanta-
dine-resistant viruses during treatment of immunocompetent
mice has been reported (Oxford et al., 1970), as has the recovery
of oseltamivir-resistant viruses from immunodeficient mice (Ison
et al.,, 2006). We have been unsuccessful in producing favipiravir-
resistant influenza viruses by extensive cell culture passage (data
not published), which may reflect rigid specificity of the amino
acid sequence of the viral RNA polymerase. Future studies will
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Fig. 6. Mean lung virus titers on day 4 (A) and day 6 (B) of an influenza A/California/
04/2009 (H1NT1) virus infection in mice treated with combinations of favipiravir
(favipir) and peramivir (peram). Oral treatments were administered twice daily for
5 d starting 4 h after virus exposure. The data accompany those of Fig. 2 (*P < 0.05,
*P<0.01 compared to placebo).
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evaluate combination treatment with favipiravir plus a neuramin-
idase inhibitor against an oseltamivir-resistant influenza virus
infection.

The doses of favipiravir and peramivir used in these studies to
treat pandemic influenza A H1N1 virus infections in mice provided
a strong synergistic effect over monotherapy. Therefore, such a
treatment, or combination treatment of favipiravir with other sim-
ilarly acting neuraminidase inhibitors, may make a difference be-
tween survival and death in hospitalized patients that are
critically ill. Thus, such treatments should be considered in these
circumstances.

In addition, the recent pandemic highlights the need for better
antiviral therapies for influenza virus infections. These therapies
could include new formulations of conventional antiviral drugs,
earlier intervention in hospitalized patients, and/or development
of novel treatment strategies. One novel therapeutic approach in-
cludes treatment with anti-inflammatory compounds. This ap-
proach, based on the observation that uncontrolled viral
replication and hyperactivated cytokine and chemokine responses
contribute to disease manifestation, lends itself to a treatment
strategy involving the use of inhibitors of inflammation (McAuley
et al., 2010). Recently, combination therapy using anti-inflamma-
tory compounds was evaluated in mice. In this study, it was shown
that “two classes of drugs, peroxisome proliferator-activated
receptor-gamma agonists and AMP-activated protein kinase ago-
nists, provided protection against infection with highly pathogenic
and pandemic strains of influenza virus” (Moseley et al., 2010).
Therefore, future strategies for combination therapy could include
dual or triple combinations containing influenza virus-specific
drugs, or combinations of antivirals and novel agents, like anti-
inflammatory compounds.
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