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Appendix 1. Pre-clinical and Clinical Studies of Combinations of Influenza Antivirals

Antiviral
combination
(reference)

Model

Main findings

Comment

Pre-Clinical Studies

Rimantadine or
amantadine +
ribavirin®

(Hayden F.G. et al.,
Antimicrob. Agents
Chemother. 1980)

In vitro. MDCK cells were infected with
A/PR/8/34/H1N1, A/USSR/90/77/H1IN1,
A/New Jersey/76/HSWINI,
A/Texas/1/77/H3N2 or B/Hong Kong/72
virus and incubated for 24h with inhibition-
titrated solutions of rimantadine,
amantadine and ribavirin, alone or in paired
combinations. In certain experiments,
repeat drug incubation was performed with
repeat harvests at 48h and 72h after virus
inoculation. Effect on virus replication was
measured through estimation of cytopathic
effect and titration of infectivity by plaque
assay. Enhancement of antiviral activity was
defined as >90% decrease in virus yield at
24h compared to effect of either drug
alone.

Enhanced antiviral effect was seen with
rimantadine (0-1 to 0-4 ug/ml), +
ribavirin against all of the influenza A
viruses. The effect varied according to
virus strain, drug concentrations and
virus inoculum. Amantadine + ribavirin
also showed similar enhanced activity.
Specific concentrations of rimantadine
+ ribavirin also reported to
demonstrate enhanced effect against
influenza B (data were not shown).

Authors state that for certain
drug combinations the extent of
inhibition of virus multiplication
was greater than the additive
effects of single agents,
suggesting synergy (and not
increased cytotoxicity). Ribavirin
concentrations were 5-10 times
higher than those achievable in
blood following oral
administration in humans.

Amantadine +

Ex vivo ferret tracheal rings containing
ciliated epithelial cells. Following dose-

Each drug alone produced a modest
delay in virus-induced cytopathic effect,

Rings were pre-treated (for 2h)
with agents before being
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ribavirin?

(Burlington D.B. et
al., J. Antimicrob.
Chemother. 1983)

response experiments with single agents,
infected rings were continuously exposed to
amantadine + ribavirin at 0-:25, 0-5 and 1-0
ml/l. After 2h drug incubation, each ring
was inoculated with A/Alaska/6/77 (H3N2)
virus at ten times the determined IDsp.
Controls for drug toxicity were included
with the highest concentration
experiments. Antiviral effect was assessed
by measuring preservation of ciliary activity
(controls had 70% of baseline activity at day
28).

whereas the combination
synergistically delayed cytopathic effect
(75% of rings for the 28-day duration of
the experiment at 1-0 mg/I). Peak virus
production was suppressed >4 logio-
fold by the combination of 1 mg/1 of
each drug, significantly greater
suppression than seen with single
agents.

infected with a relatively small
inoculum. Authors state this is a
model of prophylaxis of
infection.

Rimantadine +
oseltamivir,
zanamivir, or
peramivir®

(Govorkova E.A. et
al., Antimicrob.
Agents
Chemother. 2004)

In vitro. MDCK cells were infected with
A/New Caledonia/20/99 (H1N1) virus or
A/Panama/2007/99 (H3N2) virus, 30
minutes after incubation with ZNV plus
rimantadine, OC plus rimantadine and PMV
plus rimantadine, or each drug alone.
Concentration of NAls was 0-0001 to 0-3 uM
and 2-5 to 80 uM for rimantadine. Antiviral
effects were assessed by virus yield
reduction assay and cell-based ELISA. Both
extracellular virus and cell-associated virus
were assayed.

Reduction of extracellular virus
demonstrated additive and synergistic
effects with no cytotoxicity for all three
combinations. Maximum synergy
against A/New Caledonia/20/99 (H1N1)
virus infection was observed with <25
UM rimantadine paired with low
concentrations of NAls. All
combinations reduced the extracellular
yield of A/Panama/2007/99 (H3N2)
influenza virus synergistically. In
contrast, at some drug concentrations
(both drugs at a low concentration, or
both at a high concentration), the yield

Assays of the cell-associated
virus yield may have
underestimated the efficacies of
the NA inhibitors when used
either alone or in combination.
The authors state that ZNV-
rimantadine and OC-
rimantadine interact similarly to
inhibit recovery of extracellular
H1N1 virus in MDCK cells, but
that PMV interacts with
rimantadine differently to
inhibit extracellular virus.
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of cell-associated virus was inhibited
antagonistically. ZNV-rimantadine and
OC-rimantadine inhibited recovery of
extracellular HIN1 virus in MDCK cells
but PMV-rimantadine inhibited
extracellular virus.

Rimantadine +
oseltamivir®

(Leneva L.A. et al.,
Antiviral Res 2000)

Murine model. Mice were challenged with
100 or 5 LDsg of an adamantane-susceptible
A/Quail/Hong Kong/G1/97(HIN2) virus and
given oral oseltamivir 0-01, 0-1, or 1
mg/kg/day and rimantadine 1 or 10
mg/kg/day starting at 4 hours before virus
inoculation and continuing for total of 5
days.

When administered singly, oseltamivir
and rimantadine were not effective in
preventing the death of mice infected
with high doses of virus but did delay
the time to death. The combination
significantly increased the number of
survivors and the survival time.
Following lower viral inoculum,
monotherapy with OP (0-01 mg/kg/day)
and rimantadine (1 mg/kg/day) did not
prevent weight loss and death of mice
but the combination showed dose-
related protection.

The two inhibitors were more
effective when given in
combination than when given as
monotherapy across a range of
doses. Data on effects on lung
titers were not provided.

Amantadine +
oseltamivir’

(lyushina N.A. et
al., Antiviral Res
2006)

In vitro resistance selection. MDCK cells
were infected with A/Nanchang/1/99
(HIN1) virus, A/Panama/2007/99 (H3N2),
or A/Hong Kong/156/97 (H5N1) virus. MOI
was 0-001 PFU/cell for all five passages
except the second (0-1 PFU/cell). There
were four exposure arms for each strain
experiment: amantadine; OC (0-001, 0-01,

Yields of all strains in were significantly
reduced (P < 0-005) when the cells were
treated with the combination of
amantadine and low doses of OC

(21 uM). Sequential passage in the
presence of single agents was
associated with development of V27A
and S31N/I substitutions in M2 with

Replication of all strains was
completely blocked by specific
concentrations of OC
administered in combination
with amantadine, acting in an
additive and synergistic manner.
Sequencing showed that viruses
were genetically stable after 5




Appendices. Summaries of Pre-clinical and Clinical Combination Studies of Influenza Antivirals, Inmunomodulators, and Chinese Traditional Medicines

0-1, 1 uM, and also 0-:0001 uM for H5N1);
amantadine (10, 31:25, 31-25, 62-5, 125 pm
for the 1st-5th passages, respectively);
combination therapy at the concentrations
outlined above; no agents (control). Drug
sensitivity was determined by plaque
reduction assay. Cytotoxicity, sialic acid
receptor-binding and NA enzyme inhibition
assays were performed. Viral RNA was also
isolated, amplified and sequenced.

amantadine and multiple HA mutations
with OC (>0-001 uM). Viruses bearing
these mutations had reduced efficiency
of SA receptor binding and decreased
sensitivity to NAl in the plaque
reduction assay. Mutations in HA, NA or
M2 were not seen with combination
therapy.

passages.

Amantadine +
oseltamivir®

llyushina N.A. et

al., Antivir. Ther.

2007)

Mouse model. BALB/c mice were
intanasally innoculated with 10 MLDs, of
one of two recombinant, reverse-
engineered A(H5N1)-derived viruses: one
amantadine sensitive (531 in M2) and the
other resistant (N31 in M2). 24h prior to
inoculation, mice commenced amantadine
(1-5, 15 or 30 mg/kg/day) or OP (1 or 10
mg/kg/day) via oral gavage for 5 days, or
amantadine (15 or 30 mg/kg/day) with OP
(10 mg/kg/day) for 5 days. Survival and
weight change were observed. Virus titres
in harvested organs were measured by egg
inoculation. HA, NA and M genes of viruses
from day 9 lungs and brains were

Combination therapy with either dose
of amantadine and 10 mg/kg/day of OP
provided dose-dependent protection
against lethal infection with
amantadine-sensitive virus than seen
with single agents (60% with
15mg/kg/day and 90% with
30mg/kg/day) compared to controls.
With resistant virus, combination
therapy produced similar results to OP
alone. Mutations in HA, NA and M2
were not seen in with combination
therapy, but additionally, mutations did
not occur with monotherapy.

The lack of detectable amino
acid substitutions in viruses
from mice treated with single
agents may reflect the relatively
short course of treatment, or
more limited sequencing.
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sequenced.

Rimantadine +
oseltamivir’

(Simeonova L. et
al., Antiviral Res
2012)

Mouse model. Male white mice (ICR line)
infected with influenza A/Aichi/2/68 (H3N2)
mouse-adapted virus (intranasal
inoculationof 10 MLDsp). Groups of mice
were given OP (0-2 or 0-4 mg/kg/day),
rimantadine (5 or 10 mg/kg/day), both
agents in combination at variable doses, or
placebo. Twice-daily antiviral treatment was
commenced either 4h before or 24h
following virus inoculation and continued
for 5 days. Mice were observed for 14 days
and mortality observed, along with lung
measurement of virus titre and lung
pathology scores in sacrificed animals.
Protection index (Pl) was calculated using
the equation Pl = [(PC—1)/PC] x100, where
PC is the coefficient index =% mortality in
placebo group /% mortality in the drug-
treated group.

In the prophylactic course 5 and 10
mg/kg/day rimantadine with OP 0.2
and 0.4 mg/kg/day (25:1 dose ratio)
oseltamivir showed a protection index
(P1) of 79-6% and 75%, respectively and
a mean survival time (MST) of 13-1 and
12-9 days. By contrast, monotherapy
using the same doses was associated
with Pl values ranging from 0% to
33:3% Pl and MST of 8-2 to 10-3 days
MST, respectively. Reductions in lung
pathology were seen with combination
therapy. When given as treatment,
higher dosage combination therapy
(0-8, 1:6, 3-2 mg/kg OP and 20, 40, 80
mg/kg rimantadine) resulted in PI
ranged from 57:6% to 80-5% and the
MST was 12-8-13-4 days. Used alone at
the same doses the individual
compounds’ protection varied between
10:7% and 71-8% PI, MST 9-8—-12-8 days
(8:7 days in PBS control). Compared to
vehicle and individual treatment, a
decrease in infectious viral titers of up
to 1000-fold and other viral pneumonia

Both prophylactic and
therapeutic courses of
combined oseltamivir and
rimantadine had a significant
protective effect in this mouse
model and optimal dosing
strategies were identified.
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parameters were also observed with
combination treatment.

TCAD (amantadine
+ ribavirin +
oseltamivir)®

(Nguyen J.T. et al,,
Antimicrob. Agents
Chemother. 2009)

In vitro. MDCK cells were infected with
A/California/04/09(H1N1),
A/California/05/09(H1N1) or
A/California/10/09(H1N1) virus. An
amantadine-resistant V27A mutant of
Influenza A/New Caledonia/20/99 (H1IN1)
virus and an A30T amantadine-resistant
variant of A/Duck/1525/81(H5N1) virus
were generated by passaging with
amantadine. Two OC-resistant mutants
were also included:
A/Mississippi/3/01(HIN1) [H274Y] and
A/Hawaii/21/07(H1N1) virus.
Concentrations of amantadine, OC, and
ribavirin ranged in 0-5 logyo dilutions from
0-001 to 100 pg/mL. Each drug was tested
in triplicate at five or six concentrations in
which the highest concentration for each
drug was set to approximate the ECsg of the
drug as a single agent. 50% effective
concentration (ECsg) and 50% cytotoxic
concentration (TCso) was determined for
each drug and synergy analysis was

TCAD regimen was synergistic against
all three susceptible A(H1N1) viruses
over multiple concentrations of all
three drugs, at clinically achievable
levels. Synergy was greater for TCAD
than for double combinations of the
component agents. Synergy plots for
TCAD showed a concentration-
dependent increase in synergy with
respect to amantadine. For each
component, the ECso was reduced with
TCAD compared to the ECsg as a single
agent, indicative that each drug was
active at lower concentrations. TCAD
was also highly synergistic against drug-
resistant viruses. Amantadine and OC
were shown to contribute to the
antiviral activity of the TCAD regimen
against amantadine- and oseltamivir-
resistant viruses, respectively, at
concentrations where they had no
demonstrable activity when given as
single agents.

All three drugs appear to
contribute to synergy. The
mechanisms by which
component agents contribute to
synergy remain unclear,
however.
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performed.

TCAD (amantadine
+ ribavirin +
oseltamivir)?

Nguyen J. T. et al.,
PLoS One 2012)

Mouse model. BALB/c mice infected with
A/Duck/MN/1525/81(H5N1) or mouse-
adapted, amantadine-resistant (S31N in
M2) A/California/04/09(H1N1) virus. Each
mouse received approximately 1x104
CCIDsg of virus (4x LDsg) to achieve 100%
lethality. Clinically- relevant dosage of each
drug (amantadine 46 mg/kg/day, ribavirin
27 mg/kg/day, OP 25 mg/kg/day) was used
alone and in combination for 5 days,
commencing 24h after infection for most
infections. A 3-fold lower and higher dose of
amantadine (15 mg/kg/day and 138
mg/kg/day, respectively) was used alone
and in combination for selected
experiments. The effect of varying
commencement of treatment (4h pre
infection, 24, 48 or 72h post infection) was
also assessed. Mice were observed for
weight loss and death for 21 days. Primary
endpoint was survival benefit. Secondary
end-point was percentage weight change
from baseline (maximum and at day 5).

Treatment with TCAD afforded >90%
survival in mice infected with either
viruses, whereas treatment with dual
and single drug regimens resulted in 0%
to 60% survival. When given as mono-
therapy, no antiviral activity was seen
against amantadine-resistant virus, but
amantadine demonstrated dose-
dependent protection when given as
part of TCAD, even when treatment
was commenced up to 72h post
infection. With susceptible virus,
greatest protection against weight loss
was observed in mice treated with
TCAD (P<0-001) compared to all double
combinations. With resistant virus
infection, greatest protection was seen
with TCAD, which was significant
compared to the amantadine/OP (P=
0-019) and OP/ribavirin (P<0-001)
double combinations. With resistant
virus infection, the dose response slope
for amantadine given in TCAD was
significantly greater than the slope
when given as a single agent,

Virus titres and emergence of
resistant variants were not
reported.
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demonstrating synergy.

TCAD (amantadine
+ ribavirin +
oseltamivir)*®

(Hoopes J.D. et al.,
PLoS One 2011)

In vitro resistance selection. MDCK cells
were infected with
A/Hawaii/31/2007(H1N1)virus and
passaged five times (3 days per passage)
using three different MOls (0-1, 0-01, and
0-001) in the presence of fixed
concentrations of each drug regimen:
amantadine; OC; amantadine + OC; TCAD.
Viruses were screened for V27A, A30T and
S31N amantadine-resistance substitutions.
A similar experiment was conducted with
serial passaging in the presence of
escalating concentrations of: amantadine;
OC; ZNV; ribavirin; amantadine + OC;
amantadine + ZNV; TCAD. Passaging was
continued until TCso for each drug as a
single agent was achieved or 225 days had
passed. The contribution of each
component of TCAD to the suppression of
resistance was determined by passaging the
virus five times in MDCK cells in the
presence of double combinations, with
increasing concentrations of a third drug
titrated into the double combinations.
Virus- induced cytopathic effect was

In the presence of TCAD, there was
sustained suppression of drug resistant
viruses. With amantadine alone or the
amantadine-OC double combination,
rapid selection of resistant variants was
observed (~100% of the population).
Treatment with all three double
combinations resulted in 75-100% virus
breakthrough (>50% cytopathic effect).
Titration of each drug into the
appropriate double combination (at
levels equivalent to those that are
achievable clinically) resulted in the
concentration-dependent decrease in
virus breakthrough.

Sequencing results
demonstrated that multiple
mutations were required to
escape the effects of all the
drugs in the regimen.
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measured by neutral red staining (virus
breakthrough was defined as wells having
greater than 50% CPE).

TCAD (amantadine
+ ribavirin +
oseltamivir)'!

(NguyenJ. T. etal.,
PLoS One 2010)

In vitro. MDCK cells infected with three
A(HIN1)pdmO09 strains as described above.
To determine single agent concentration
response curves, concentrations of
amantadine and ribavirin ranged from 0-001
to 100 pug/mL and OC concentration ranged
from 0-000032 to 100 ug/mL. ECs
determination, combination agent studies,
and a modified synergy analysis were
performed. Amantadine, ribavirin and OC
were also tested as single agents and in
combination against additional amantadine-
and OC-resistant viruses:
A/Caledonia/20/99(H1N1) [V27A];
A/Duck/1525/81(H5N1) [A30T];
A/Mississippi/3/01(HIN1) [H274Y];
A/Hawaii/21/07(H1N1)

TCAD demonstrated synergistic effect
against all three A(H1N1) strains, for all
three agents (>0-1 ug/mL amantadine;
>0-32 ug/ml ribavirin; >0-0032 pg/mL
0C). Amantadine <3:2 ug/mL was
reported to have no significant antiviral
activity as a single agent but
contributed to TCAD activity. Synergy
for TCAD was greater than synergy for
double NAI combinations. Addition of
each third agent to a double
combination was shown to contribute
to synergy. Against OC- and
amantadine-resistant viruses, OC and
amantadine were shown to contribute
to the synergistic effect of TCAD,
respectively. No enhanced cytotoxicitty
was observed. TCAD did not
demonstrate synergistic antiviral effect
against the A(H5N1) virus when
administered at clinically achievable
levels.

The authors state that, with the
exception of TCAD for A(H5N1),
the concentrations of
component agents
demonstrating synergy are
clinically achievable.




Appendices. Summaries of Pre-clinical and Clinical Combination Studies of Influenza Antivirals, Inmunomodulators, and Chinese Traditional Medicines

Oseltamivir +
zahamivir or
peramivir11

(Nguyen J. T. et al.,
PLoS One 2010)

In vitro. MDCK cell culture infected with
A/California/04/09(H1N1) (CA04),
A/California/05/09(H1N1)(CAO05), or
A/California/10/09(H1N1)(CA10) virus. To
determine single agent concentration
response curves, concentrations of OC, ZNV,
and PMV in 0-5 logy, dilutions ranged from
0-000032 to 100 pg/mL. 50% effective
concentration (ECsg) was determined for
each drug. For double NAI studies, each
drug was tested in triplicate at 5-6
concentrations in which the highest
concentration for each drug was set to
approximate the ECsg of the drug as a single
agent. Synergy analysis was performed.

Synergy volume analysis for ZNV + OC
against all three viruses indicated an
additive effect. Synergy volumes for
ZNV + PMV suggested additivity to
moderate antagonism. Synergy plots
for either combination against CA05
demonstrated antagonism at higher
concentrations of ZNV (0-01-0-1 pg/mL)
and at variable concentrations of OC or
PMV.

In vitro testing of paired NAls
was performed alongside
separate evaluation of TCAD in
this study. Evaluation of the ECsq
of first NAl in combination with
a fixed concentration of the
second NAI also revealed that
the antiviral activity of each
drug was not enhanced by
combination, but data were not
shown. Taken together, the
results indicated an absence of a
synergistic effect and potential
for antagonism at high
concentrations for ZNV + OC or
for ZNV + PMV.

Oseltamivir +
peramivir12

(Smee D. F. etal,,
Antiviral Res.
2010)

In vitro and mouse model. Infected MDCK
cells were exposed to OC/PMV at 0-32-100
uM for 3 days. BALB/c mice received
intranasal lethal-dose infection, 104-5
CCIDso/mouse, of A/NWS/33(H1IN1) virus.
Antagonistic, additive and synergistic
effects were assessed using a computer
model. 0-05-0-4 mg/kg/day oral OP/IM
PMV were given to mice at 12h intervals for

In vitro, additivity with a narrow region
of synergy was found In a viral NA assay
with combinations of inhibitors at 0-01—
10 nM, no significant antagonistic or
synergistic interactions were observed
across the range of concentrations. In
mice, twice daily OP (0-4 mg/kg/day)
combined with twice daily PMV (0-1
and 0-2 mg/kg/day) increased survival
significantly (80% and 100% protection,

Over all, selected (sub-optimal)
dosage combinations produced
additive responses.
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5 days, starting 2h before virus challenge

respectively), compared to suboptimal
doses of either treatment alone (sum of
survivors, 20%).

Amantadine +
oseltamivir or
ribavirin®

(Smee D.F. et al.,
Antimicrob. Agents
Chemother. 2009)

In vitro and mouse model. Low pathogenic
A/Duck/MN/1525/81(H5N1) virus, passaged
three times to increase virulence and an
amantadine-resistant (A30T in M2) clone
were used to infect MDCK cells and mice.
Virus yields from cell culture were
determined after 72h. Additive, synergistic,
and antagonistic interactions of
amantadine, OC and ribavirin were analysed
using a computer model. BALB/c mice were
intranasally infected (104 CCIDsgg
amantadine-susceptible virus or 10° CCIDs,
of A30T virus). Treatment groups were
amantadine, OP, and ribavirin, given alone
or sequentially in pairs, and also placebo.
Treatments were given by gavage twice-
daily for 5 days, starting 4h before infection.
Mice were observed for weight loss and
death through 21 days. Lung virus titres
were determined in sub-groups 72h after
infection.

In cell culture, amantadine + OC and
amantadine + ribavirin, but not OC +
ribavirin, showed synergistic effects
over a range of doses against
susceptible virus. OC-ribavirin had
additive effects against amantadine-
resistant virus. Amantadine-containing
combinations did not overcome
resistance. In mice, combination
treatment with amantadine did not
provide additional benefit over OP or
ribavirin alone. However, OP + ribavirin
(25 and 75 mg/kg/day combination) did
significantly improve survival. All three
combination therapies reduced severity
of infection compared to single-agent
treatment of susceptible infection.

In mice, amantadine-containing
combinations were not of
benefit in treating amantadine-
resistant virus, but they
appeared superior to single-
agent therapy in treatment of
amantadine-susceptible virus
infection.

Ribavirin +

In vitro and mouse model. PMV or ribavirin

In cell culture, PMV + ribavirin

Synergistic effects of
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.. 14
peramivir

Smee D. F. et al.,
Chemotherapy
2002)

at 4 x concentration was added alone or
combined to MDCK cells. Cells were then
infected with 100 x 50% cell culture
infectious doses per well of influenza
A/NWS/33(H1N1) virus. Cytopathology was
assessed at 3 days, when drug-free control
wells demonstrated 100% cell destruction.
Extracellular virus titres were measured in
supernatant using end-point dilution in
MDCK cells. BALB/c mice were intranasally
infected with approximately 10* CCIDs, of
the same virus. Groups of mice received
oral ribavirin or PMV alone, or in
combination, using different doses of each
agent (ribavirin 0-20 mg/kg/day; peramivir
0-1-0 mg/kg/day). All treatments were given
twice daily for 5 days, commencing 4h prior
to inoculation with virus. Mice were
observed through day 21 for death and
blood oxygen saturation measurements
were also performed. Toxicity controls
received the highest doses of component
agents, alone and in combination, without
virus exposure. Synergistic effects were
determined for cell culture and animal
studies, using established computer models.

synergistically reduced extracellular
virus yield at low concentrations (1:25
UM ribavirin + 0-03 uM and 0-1 uM
PMV; 2:5-20 uM ribavirin + 0-03-1 uM
PMV). Ribavirin 20 uM alone had a
weak antiviral effect, but when
combined with 0.03-1 uM PMV, virus
became undetectable. In the mouse
experiments, ribavirin alone was not
protective at 6-25 or 20 mg/kg/day.
PMV 1mg/kg/day (but not at other
doses) significantly increased survival
compared to survival in saline-treated
controls (70% survival vs. 20% survival,
respectively, p<0-:05). When given
together, all dose combinations
resulted in greater survival that when
either component agent was given
alone. 100% survival was seen with 1
mg/kg/day PMV with both 6.25 and 20
mg/kg/day ribavirin. Although the
increases in survival demonstrated
statistical significance when compared
with ribavirin monotherapy, this was
not the case when compared with PMV
monotherapy. All dose combinations

combination therapy were
demonstrated, with a notable
increase in survival compared to
monotherapies, especially when
using PMV 1-0 mg/kg/day in
combination with ribavirin.
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delayed the mean day of death and
improved arterial oxygen saturations at
day 11. Although data were not shown,
the authors state that treatments were
non-toxic, as demonstrated by
favourable weight change
measurements, general observations
and survival rates at day 21 in
uninfected mice.

Favipiravir (T-705)
+ oseltamivir™

(Smee D. F. et al,,
Antimicrob Agents
Chemother 2010)

In vitro and mouse model. Influenza
A/NWS/33(H1N1) virus passaged nine times
in MDCK cells, influenza
A/Victoria/3/75(H3N2) virus passaged in
mouse lungs to produce lethality and
influenza A/Duck/MN/1525/81(H5N1) virus
passaged three times in mice to enhance
virulence. Determination of CPE and EC50
for T-705 and OC were determined in MDCK
cells. NA inhibition assays were also
performed. BALB/c mice were infected
intranasally with virus titers of 104.5 to
105.0 CCIDsg per mouse to achieve 100%
lethality. Groups of mice were treated via
oral gavage with OP, T-705 or OP + T-705,
given twice daily for 5 or 7 days. Treatment
commenced 24 h after inoculation

T-705 mono-therapy inhibited viruses in
cell culture at 1-4 to 4-3 uM. OC
inhibited the three viruses in cells at
3-7,0-02,and 0-16 uM and in
neuraminidase assays at 0-94, 0-46, and
2-:31 nM, respectively. In mice infected
with H1N1, addition of 20 mg/kg/day T-
705 to 0.1 and 0.3 mg/kg/day OP
significantly improved survival over OP
monotherapy. Effective treatment of
H3N2 infection required a higher dose
of OP (50 mg/kg/day to achieve 60%
protection). T-705 achieved 270%
protection at 50 to 100 mg/kg/day but
was inactive at 25 mg/kg/day. The
combination of both agents at 25
mg/kg/day increased survival to 90%.

T-705 + OC showed
concentration-related, additive
to synergistic effects for
influenza A viruses in vitro.
Depending on the dose
administered and its timing, T-
705 + OP improved survival in
mice infected with different
influenza A viruses compared to
individual agents.
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(treatment commenced 2h prior in one
experiment). Mice were observed for death
through day 21. Additive, synergistic, and
antagonistic interactions were measured
using a computer model.

OP had no effect against H5N1, but T-
705 was 30-70% protective (25 to 100
mg/kg/day); combination therapy only
improved survival marginally.
Combining ineffective doses of each
agent (20 mg/kg/day of T-705 and 10 to
40 mg/kg/day of OP) afforded 60 to
80% protection and improved body
weights during infection with H5SN1
virus.

Favipiravir (T-705)
+ peramivir16

(Tarbet E. B. et al.,
Antiviral Res.
2012)

Mouse model. BALB/c mice intranasally
inoculated with approximately three MLDsg
of mouse-adapted influenza
A/California/04/2009(H1N1) virus. Groups
of mice received variable doses of oral
(gavage) T-705, IM PMV or both agents
given in combination, twice daily for 5 days,
starting 4 h after infection. Sub-groups of
mice were sacrificed on days 3 and 6 for
lung histopathology and virus titres.
Antagonistic, additive or synergistic
interactions were assessed using a
computer model.

T-705 as mono-therapy was 40%, 70%,
and 100% protective at 20, 40, and 100
mg/kg/day. IM peramivir was 30%
protective at 0.5 mg/kg/d and was
ineffective at lower doses. In
combination, T-705 + peramivir
increased survival to 10-50% according
to the doses given (0.025, 0.05, and 0.1
mg/kg/day doses of peramivir were
combined with 20 mg/kg/d T-705 and
when all doses of PMV were combined
with 40 mg/kg/d T-705). Additionally,
improvements in body weight were
seen, relative to either compound
alone. T-705 + PMV at 0.25 and 0.5
mg/kg/day was associated with

Synergy volume analysis (net
volume) indicated a strong
synergistic interaction for these
two antivirals.




Appendices. Summaries of Pre-clinical and Clinical Combination Studies of Influenza Antivirals, Inmunomodulators, and Chinese Traditional Medicines

significant reductions in lung viral titres
at day 4. Improvements in lung
haemorrhage scores were also seen on
day 6.

Favipiravir +
oseltamivir,
peramivir, or
zanamivir®’

(Tarbet E. B. et al.,
Arch Virol. 2013)

In vitro. MDCK cells were infected with 14
different influenza A(H1N1) viruses,
including OC-sensitive A/California/09/2009
(HIN1) virus and OC-resistant (H275Y)
A/Hong Kong/2369/2009 (H1N1) virus.
Susceptibility of infected cells to the
antiviral action of favipiravir (T-705) alone
or in combination with each of OC, PMV and
ZNV was assessed (ECsg and ECgg values
were computed based on the inhibition of
virus-induced cytopathic effect). Antiviral
concentrations included 0-032, 0-1, 0-:32, 1,
3-2, 10, 32 and 100 uM favipiravir, and
0-0032, 0-01, 0-032, 0-1, 0-32 and 1 pM
oseltamivir, zanamivir, or peramivir.
Sensitivity of viruses to each antiviral agent
was measured using ICsg. A computer
model was used to assess synergy.

With the exception of A/Hong
Kong/2369/2009 virus, all viruses were
shown to be susceptible to all of the
antiviral agents. Dose-response curves
showed that A/Hong Kong/2369/2009
was resistant to OC, partially sensitive
to PMV, but susceptible to ZNV and T-
705. Synergy analysis of drug
interactions showed a synergistic effect
when T-705 was combined with each of
the other three agents in OC-sensitive
H1N1-infected cells and an additive
effect for each combination against
infection with the OC-resistant HIN1
virus.

The authors report that the
combination of 3-:2 uM T-705
and 1 uM PMV in cells infected
with OC-resistant HIN1 virus
showed greater than ten-fold
higher inhibition of replication
than would be expected if the
interaction had been simply
additive. T-705 + ZNV was not
superior to other combinations
against the OC-resistant HIN1
virus and the authors speculate
that this may be due to
antagonism.

Anti-HA
monoclonal
antibody +

In vitro and mouse model. To assess
protection against infection, DBA/J2 mice
were infected intranasally with the

In vitro neutralization studies
demonstrated that 39:29 mAb (and also
81:39 mAb) neutralized all human

Two mAbs, 39-29 and 81-39,
demonstrated neutralization
against a (non-exhaustive)
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oseltamivir'®

(Nakamura G. et
al., Cell host
Microbe 2013)

minimum LD100 of A/Hong
Kong/1/1968(H3N2), A/Port
Chalmers/1/1973(H3N2), or
A/Aichi/2/1968(H3N2) virus. At 48 or 72h
post infection, mice received the identified
broadly-neutralising HA mAb, 39-29,
intravenously at doses of 900, 300 or 100 pg
per mouse. Control mice received an
equivalent dose of a mAb against
glycoprotein D of herpes simplex virus. Mice
were observed for survival and weight loss
through day 21. Balb/C mice were also
infected with A/PR/8/1934 and treated with
one of the following: OP 25mg/kg twice
daily for 5 days, commencing 48 or 72h post
infection; single IV dose of HA antibody
39:29, 100 pg or 300 pg at 48 or 72 h post
infection; combined OP and 39:29. A further
animal model of protection against HSN1
was also included. Ferrets were intranasally
infected with 1 x 10e3 pfu of
A/Vietnam/1203/2004 virus and then
received either25mg/kg mAb 39-29, 25
mg/kg mAb 81-39, control IgG or OP
25mg/kg twice-daily for 5 days, 48 or 72h
post infection. Ferrets were monitored for

influenza A isolates tested (5 x H1, 1 x
H2 and 8 x H3 viruses). In vivo testing of
protection afforded by mAb 39-29 in
mice infected with 4 different influenza
strains revealed that the 900 ug dose
afforded 100% protection against death
(all strains of influenza). The lower
doses were less efficacious in mice
infected with A/Hong Kong/1/1968 or
A/PR/8/1934 virus (approximately 65%
survival and 40-85% survival at day 20,
respectively). In mice infected with PR8
virus, OP given for five days and
commenced 48-72h post infection
protected 37.5% of mice from death
(100% mortality was seen in untreated
controls). A single dose of 900 ug mAb
39.29 was associated with 87.5%
survival and a faster return of lost body
mass. In Balb/c mice infected with a
high lethal dose of A/PR/8/1934 virus,
those that received 100 ug mAb 39-29,
control IgG or OP alone all died by day
13, whereas 80% mice that received OP
and mAb 39-29 combination therapy
survived through day 20. Lost body-

collection of influenza A viruses
in vitro and at the highest dose
tested, treatment with 39-29
was associated with 100%
survival in mice infected with
four different influenza A
viruses of varying HA subtype.
The authors state that
differences seen with varying
mAb dose and influenza subtype
may reflect differences in in vivo
viral growth kinetics and
difference in host immune
responses to different influenza
viruses. Furthermore, inhibitory
levels in vitro were shown not
to correlate with the minimum
efficacious dose of mAb in vivo.
In a separate experiment
involving mice infected with a
high-lethal dose of a PR8 virus,
survival at day 20 was only seen
in mice treated with combined
OP + mAb 39-29 (87.5% survival)
and not with either treatment
given separately. The authors
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mortality and weight loss.

weight was also regained in these
survivors. The effectiveness of mAbs
39:29 and 81:39 were also tested in the
ferret model of
A/Vietnam/1204/2004(H5N1) lethal
infection. Ferrets receiving control IgG
exhibited 90% mortality, compared
with 80% and 90% survival in ferrets
that received mAb 39:29 at 48 or 72h
post infection, respectively. OP alone
was associated with 50% mortality in
this model; combination therapy with
OP was not assessed in ferrets.

hypothesise that the survival
advantage (in this specific
model) may be due to synergy
of two different modes of action
(blocking viral infectivity and
disrupting viral budding), or
possibly by OP increasing the
levels of HA expression on the
surface of infected epithelial
cells, increasing the potential
‘targets’ to which the mAb can
bind.

Ribavirin +
oseltamivir®®

(Smee D.F. et al.,
Antivir. Chem.
Chemother. 2006)

Mouse model. Groups of mice were
infected intranasally with 10° cell culture
infectious doses of mouse-passaged A/New
Caledonia/20/99(H1N1) or 10* cell culture
doses of B/Sichuan/379/99 virus. The
following twice-daily, 5-day regimens were
administered by oral gavage to different
groups of mice, commencing 4h prior to
inoculation with virus: OP 20mg/kg/day;
ribavirin 40 mg/kg/day; OP 20mg/kg/day +
ribavirin 40 mg/kg/day. The chose doses
were deemed to be non-toxic, based on
data from previous experiments. Different

With influenza A virus infection, OP
protected 80-100% of mice from death
and reduced lung consolidation at 10,
20 and 40mg/kg/day. 90-95% of mice in
the placebo group died. Delaying OP
treatment by even one day resulted in
similar survival rates to those seen in
the placebo group. Ribavirin
monotherapy also protected from
death and reduced lung consolidation
scores at 20, 40 and 80 mg/kg/day. In
contrast to OP, delays in treatment
with ribavirin of 1 to 4 days were still

The authors comment that their
results differ from those
reported by previous studies
because of differences in the
antiviral activities of OP and
ribavirin against the strains used
to infect mice in this study and
older strains used in the other
studies.
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groups commenced each treatment at
different days following inoculation (days 1,
2,3,4,5). Afurther group received placebo
from day 1 post inoculation. Subgroups of
mice were sacrificed and lungs were scored
for consolidation and virus titre measured
in homogenates (50% cell culture infectious
dose per 0-1ml, following endpoint dilution
in MDCK cells). Survival in each group was
recorded. A further, low-dose combination
therapy study used lower doses of OP (0O,
1-25, 2-5 and 5 mg/kg/day) with lower
doses of ribavirin (0, 5, 10, 20mg/kg/day),
to assess synergy in mice infected with
influenza B and commencing treatment 24h
following inoculation.

associated with protection from death
(50-80% survival). In combination, OP +
ribavirin failed to demonstrate
consistent benefit and appeared to be
associated with worse survival rates
compared to ribavirin monotherapy.
Against infection with the influenza B
strain, dose-related survival benefits
over placebo were seen for both OP
monotherapy and ribavirin
monotherapy. These survival benefits
were seen even when treatment was
delayed for up to 4 days, although
ribavirin demonstrated greater
protection over all (50-80% survival
with combination therapy, compared to
30-40% survival with OP). Combination
therapy (OP 10 mg/kg/day + ribavirin
40mg/kg/day) was associated with
improved survival over the influenza B
placebo group but similar to that in the
ribavirin monotherapy group. In the
low-dose combination therapy study in
influenza B-infected mice, synergistic
increases in numbers of survivors were
seen using 1-25mg/kg/day OP + 5, 10 or
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20mg/kg/day ribavirin (40%, 60% and
100% survival, respectively). Synergy
was not demonstrated with
combinations that employed higher
doses of OP. A variety of dose
combinations were also associated with
synergistic improvements in lung scores
and lung weights. Lung virus titres were
reduced significantly following
combination therapy, but a synergistic
effect was not evident.

Ribavirin +

oseltamivir®®

(lyushina N.A. et
al., Antimicrob.
Agents
Chemother. 2008)

Mouse model. NAl-sensitive
A/Vietnam/1203/04(H5N1) and
A/Turkey/15/06(H5N1) virus were used to
infect BALC/c mice (intranasal inoculation, 5
MLDso/ml were ~4 PFU and 20 PFU per
mouse, respectively). 4h prior to
inoculation, mice were given either ribavirin
(37-5, 55, or 75 mg/kg/day) or OP (1, 10, 50,
or 100 mg/kg of body weight/day) or both
agents together, for eight days. Survival and
weight change was observed. Subgroups
were sacrificed at day 3 and virus titres
were measured in lung, brain and spleen.
Soluble immune mediators in day 3 lung

homogenates were also quantified by ELISA.

Treatment with either agent alone
produced a dose-dependent antiviral
effect. Synergy analysis revealed a
principally additive effect of
combination therapy, occasionally with
marginal synergy (ribavirin 37-5
mg/kg/day and OP 1 or 10 mg/kg/day,
according to the virus strain used) or
possible antagonism, depending on the
dose of the agents. The optimal doses
were associated with significant
inhibition of virus replication in
harvested organs, restriction of virus to
the respiratory tract and abrogation
(P<0-01) of pro-inflammatory soluble

Combination therapy had
variable positive and negative
effects, depending on the virus
strain and the concentrations of
the component agents.
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A separate, uninfected group was given the
highest dose of each drug for toxicity
monitoring. Theoretical additive
interactions were calculated from the dose-
response curves for each drug used
individually. Volumes of the peaks of dose-
response curved were calculated and used
to quantify the volume of synergy (or
antagonism) produced.

immune mediators (note mediator
induction by A/Vietnam/1203/04
(H5N1) on day 3 was negligible). Over
all, higher doses of agents were needed
for the protection of mice against
A/Turkey/15/06 virus than for the
protection of mice against
A/Vietnam/1203/04 virus.

Tizoxanide + NAls?!

(Belardo G. et al.,
IDSA Annual
Meeting 2011)

In vitro. The effects of nitazoxanide (NTZ)
activity and that of its active metabolite,
tizoxanide (TIZ) were investigated in MDCK
cells after infection (5 HAU/105 cells) with
the following viruses: A/Puerto
Rico/8/34(H1N1) (PRS),
A/Wisconsin/33(H1N1),
A/Firenze/7/03(H3N2), amantadine-
resistant A/Parma/06/07(H3N2), OC-
resistant A/Parma/24/09(H1N1), and low
pathogenicity avian
A//Ck/Italy/9097/97(H5N1),
A/Goose/Italy/296246/03(H1N1) and
A/Turkey/Italy/RA5563/99(H7N1), as well as
B/Parma/3/04/RA5563/99. Virus titres were
determined by hemagglutinin titration and
infectivity assay, and cell viability by MTT

For TIZ, ECsq values ranging from 0.3 -
1.5 pug/ml were recorded with all 8
strains. In A(PR/8)-infected cells, ECs
values for OC and ZNV alone were 11-2
UM and 2:1 uM, respectively. When
combined with NTZ 1.0 ug/ml, there
was a 3- and 7-fold increase in potency
versus OC and ZNV, respectively.

Enhanced antiviral activity was
observed in vitro with TIZ and
NAls in limited testing.
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assay. Effects of combining NTZ with OC or
ZNV were assessed using isobologram
analysis.

AVI-7100 +
oseltamivir®?

(lversen P. L. et al.,

Ferret model. Ferrets were infected
intranasally with 5 x 10° pfu OC-resistant
A/Hong Kong/2369/09(H1N1) virus.
Different groups were treated daily with:

Compared to controls and OP-
monotherapy groups, AVI-7100-treated
ferrets demonstrated reduced
sneezing, nasal discharge, and

Possible additional antiviral
effect for an OC-resistant virus
when OP used in combination
with AVI-7100 but confirmatory

ICAAC 2011) OP 10 mg/kg/day orally; OP 30mg/kg respiratory distress. The cumulative studies needed.
intraperitoneally; OP 3 mg/kg intranasally; viral load in nasal wash from OP and
OP 10mg/kg + AVI-7100 10 mg/kg saline control groups was TCIDs, of 7-6
intraperitoneally. Controls received saline +3:0 (n=14) and 6-1 £ 3.2 (n=14),
and a “scrambled” phosphorodiamidate respectively. Cumulative viral load was
morpholino oligomer (PMO). Ferrets were reduced to TCID50 3:4 + 1-2 (n=16) in
observed and nasal-wash viral loads were the 30mg/kgi.p. and 3-5+ 1.4 (n=8) in
measured at days 1, 3, 5 and 7 post the 10mg/kg i.p. AVI-7100 groups (p <
inoculation. Viral load in BAL was 0.05 for both treated vs. both controls.
determined on day 8. Histological changes In ferrets treated with AVI-7100 + OP,
were assessed in harvested lungs. cumulative viral load was reduced
further to 2:0 £ 0-:8 (n=8; p < 0-05 vs.
both controls)
MBX2329 or In vitro. Two small molecule compounds Mean synergies (uM2 + SD) were: 331 + | Strong synergy of viral inhibition
MBX2546 + that bind to HA and inhibit HA-mediated 112 for MBX2329 + OC; 7-8 for was observed when either agent

oseltamivir or
amantadine®

viral entry (MBX2329 and MBX2546) were
tested alone and in combination with OC or
amantadine. Drugs at different dilutions

MBX2329 + amantadine; 36 + 2.8 for
MBX2546 + OC; 0 for MBX2546 +
amantadine. No drug-related

was combined with OC, but not
when combined with
amantadine. The authors
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(Basu A.etal., )
Virology 2014

alone and in combination were added to
MDCK cells infected with
A/California/10/2009 (H1N1) virus at a low
multiplicity of infection. Cell viability was
determined at 72h using neutral red.
Calculated additive effects were subtracted
from observed effects to identify areas
where inhibition was greater than
predicted. Synergy plots were created and
synergy analysis was performed.

cytotoxicity was observed.

propose that synergy resulted
from a balance between early
inhibition of HA-mediated virus
entry and later NA-mediated
egress. The virus used is OC-
sensitive but amantadine-
resistant.

Clinical Studies

Oseltamivir + IV
zanamivir®*

(Pukrittayakamee
S.etal,
Antimicrob. Agents
Chemother. 2011)

Human PK study. Sixteen healthy Thai
adults, open label, four-period, randomized
two-sequence crossover study; variable-
dose ZNV by IV injection or infusion alone or
with fixed-dose oral OP; serial blood
sampling up to 72h.

No significant difference in maximum
plasma concentrations (AUC) of OP or
its metabolite when OC was given alone
or in combination with ZNV. Maximum
plasma concentrations of ZNV were
10% (95% confidence interval, 7 to
12%) higher when ZNV was infused
concurrently with oral OP than with
infusions before or after oral OP. Two
mild adverse events (AEs), following
OMP only (abnormal LFTs).

No clinically significant PK
interaction identified and no
serious adverse events.

Oseltamivir + IV
peramivir or oral

Human PK study. Sixteen healthy adults in
USA, randomized, open-label, crossover

Assessment of the 90% confidence
interval for the geometric mean ratio of

No clinically significant PK
interaction identified and no
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rimantadine®

(Atiee G. et al., J.
Clin. Pharmacol.
2012)

study; 1 dose of IV PMV 600mg, 1 dose of
oral OP 75 mg or rimantadine 100 mg, or
PMYV + OP or rimantadine; serial blood
sampling up to 120h).

PMV and OC or rimantadine PK
parameters showed no effect of OP or
rimantadine on the PK of PMV and no
effect of PMV on the PK of OC or
rimantadine. No significant AEs;
headache in 5-10% of any treatment
arm.

serious adverse events.

TCAD (amantadine
+ ribavirin +
oseltamivir)®®

(Seo S. et al.,
Antivir. Ther. 2013)

Healthy control PK study and prospective
pilot study in influenza-infected patients.
The PK study was performed as a
randomized, open-label, crossover, single-
dose study in 42 healthy adults. Three
groups of 14 people were enrolled to
compare single oral doses of amantadine,
OP and ribavirin alone and in combination
as TCAD. Each received two treatments in
cross-over. Amantadine and OP were
administered thrice-daily to maintain
trough plasma concentrations at or above
the target ECsg. Serial blood samples were
collected and volunteers were observed for
adverse events and side-effects. Following
the PK study, a prospective pilot study of
TCAD therapy (amantadine 75 mg, OP 50
mg and ribavirin 200 mg, thrice daily for 10
days) in influenza-infected patients

Single-dose PKs of individual
components of TCAD were not altered
when they were given together in the
first 24h. PK parameters were also
similar between combination therapy
and mono-therapy with each
component. In the pilot study of
immunocompromised patients, six
received TCAD and one received OP
mono-therapy. One patient was
infected with OC-resistant A(HIN1),
two had amantadine-resistant A(H3N2)
and two had amantadine-resistant
A(HIN1)pdmO09 virus infections; virus
subtype could not be determined in the
remaining two patients. No serious
adverse events were reported. All but
one of the TCAD patients completed
the ten-day course of treatment. Six

The small sample size of the
pilot study meant that
comprehensive anti-viral
efficacy analyses were not
possible. Only one patient was
randomized to receive OP-
monotherapy, making
comparison difficult. However,
in this immunocompromised
population, TCAD appeared to
be relatively well-tolerated and
PK values were comparable to
those for monotherapy with
component agents.




Appendices. Summaries of Pre-clinical and Clinical Combination Studies of Influenza Antivirals, Inmunomodulators, and Chinese Traditional Medicines

undergoing chemotherapy or
haematopoietic cell transplantation was
performed. The randomized comparison
group was OP 50 mg thrice daily for ten

days. All patients had confirmed influenza A
infection and onsets of illness < 5 days prior

to diagnosis. Patients had serial

nasopaharyngeal samples for viral loads and
resistance detection, and were observed for
adverse events and blood PK measurements

were performed.

adverse events were reported to have
occurred in three patients, but these
were judged not to be related to the
study drugs and. gastrointestinal and
neurological symptoms were not
reported. Viral load was decreased
after TCAD therapy in four patients
with detectable virus at baseline, even
in those infected with amantadine- or
OC-resistant viruses. Viral load
reductions of 1:6-3-9 log10 RNA
copies/ml were seen in three patients
receiving TCAD. H275Y-mediated OC
resistance evolved in the patient who
received OP mono-therapy; sequence
analysis of NA and M2 genes did not
identify new resistance substitutions at
any time point in those who received
TCAD.

Convalescent
plasma + NAI*

(Zhou B. et al., N.
Eng. J. Med. 2007)

Case report. Single adult patient in
Shenzhen, China, with confirmed HPAI
H5N1 virus infection.

The patient presented after 4 days of
symptoms and had lung infiltrates on a
chest radiograph. OP 150mg was
commenced on day 9 of illness.
Convalescent plasma had been
obtained from another patient with
confirmed HPAI H5N1 virus infection

If the decrease in viral RNA can
be attributed to the addition of
convalescent plasma therapy,
then the response was
extremely rapid. The
neutralizing antibody titres were
reportedly maintained, and so
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(neutralizing antibody titre 1:80
dilution). This plasma was given to the
patient, (3 x 200ml transfusions,
commencing day 12 of illness) because
of rising viral RNA loads in tracheal
aspirates despite OP therapy. Within
the first 12h of plasma therapy, viral
load was reduced by a factor of ~12
(from 1-68x10° to 1-42x10* copies/ml).
By 32 hours, viral RNA was
undetectable and OP was stopped on
day 13 of illness. Eventually the patient
was discharged. Assays of neutralizing
antibodies against A/chicken/Hong
Kong/282/2006, a virus closely related
to A/Shenzhen/406H/2006, revealed
that the patient initially had
undetectable antibody titres, which
steadily rose to between 1:40 and 1:80
by day 17 of illness.

may be due to the patient’s own
humoral immune response and
not only plasma therapy. It was
reported that subsequent
analysis of the infecting viruses
of donor and recipient revealed
99% genetic homology in
hemagglutinin genes.

Amantadine +
inhaled ribavirin®®

(Kirshon, B. et al.,
J. Reprod. Med.

Case report. 34 year old woman at 33

weeks’ gestation was hospitalised on day 3
of illness with presumed influenza, which
was initially treated symptomatically. The
patient developed type 1 respiratory failure,
with bilateral lower lobe infiltrates seen on

Serial arterial blood gas analysis
suggested that the rapidly progressive
type 1 respiratory failure improved
following cesarean section and therapy
with ribavirin and amantadine. The
patient was extubated the day

It is impossible to determine the
role of amantadine and ribavirin
in the observed clinical
improvement. The dose and
frequency of nebulized ribavirin
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1988)

the chest radiograph. Empiric therapy with
erythromycin and a third-generation
cephalosporin was commenced on day 2 of
admission but was stopped quickly when
bacterial infection was not identified
(precise duration not stated). The patient
continued to deteriorate and nebulized
ribavirin was commenced. A caesarean
section was performed and oral amantadine
100 mg twice-daily was also commenced at
that time. Ribavirin and amantadine were
given for 5 days.

following the caesarean section and
was discharged at day 7 following
delivery (asymptomatic, no
supplemental oxygen). The infant had
mild hyaline membrane disease but
was extubated on the fourth day of life
and discharged four weeks later. At one
year of age, the infant was reported to
have a normal physical examination.
The authors state that a “throat
culture” taken before the caesarean
section was positive for A(H3N2) virus.

were not stated.

Oseltamivir + IV
zanamivir®

(Fraaij P.L. et al., J.
Inf. Dis. 2011)

Retrospective observational study. Multi-
centre IV ZNV use in 19 intensive care
patients in the Netherlands with confirmed
A(HIN1)pdmO09 virus infection and prior OP
treatment. All had received IV ZNV for >48h,
had no evidence of ZNV resistance at
baseline and had serial virological samples
available for RT-PCR and attempted culture.
Antiviral response was determined by
differences in viral load between a sample
collected closest to day of starting IV ZNV
and follow-up samples.

Thirteen patients met the inclusion
criteria. All were pre-treated with
oral/NG OP (variable dose) for a
median of 5 days. 3 patients then
received IV ZNV monotherapy and 10
received IV ZNV + OP. In 6 of 13
patients with a sustained reduction of
the viral load (21 log10 vp/mL for at
least 10 days), the median time to start
IV ZNV was 9 days (range, 4-11 days)
compared with 14 days (range, 6-21
days) in 7 patients without viral load
reduction (P=0-052). VL did not
influence mortality. 4 patients had

When added late to oral OP, IV
ZNV appears to have limited
effectiveness in this small
cohort of critically-ill patients.
Concurrent administration of OP
may antagonise antiviral effects
of IV zanamivir.
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H275Y OC-resistant virus. Late switch to
IV ZNV was associated with sustained
viral load reductions in 3 of 3 given ZNV
monotherapy but in only 3 of 10 given
OP + ZNV.

Oseltamivir +
inhaled zanamivir®®

(Petersen E. et al.,
Scand. J. Infec. Dis.
2011)

Retrospective observational study. Twenty-
one adult intensive care patients in
Denmark with confirmed A(H1IN1)pdmO09
virus infection. Nasogastric OP 75 mg;
aqueous solution of ZNV 25 mg x 4
administered by a nebulizer in the
inspiratory ventilator tube. If there were
signs of Gl malabsorption, oral OP was
changed to IV ZNV 600 mg twice-daily
alone. Antiviral treatment was continued
until the patient had two tracheal aspirates
negative for A(HIN1)pdmO9 virus. One
patient started OP the day before
admission, 2 started 2 days before, and 1
patient started OP 75 mg twice daily 6 days
before admission. Primary outcomes were
survival at discharge from ICU, 90-day
survival, days to clearance of virus, and days
on ECMO or mechanical ventilation.

Ninety-day mortality was 28-5%, and
75% remained virus RNA positive after
7 days of antivirals. Surviving patients
were virus -positive for an average of
12 days (range, 3-25 days), from
admission and start of treatment,
whereas fatal cases remained positive
for an average of 9 days (3-16 days). All
patients with a lag-phase of antiviral
treatment of 4—-7 days excreted virus
for more than 10 days. One patient had
H275Y OC-resistant virus, detected
retrospectively after subsequent
negative RT-PCR results had been
received.

Long duration of viral RNA-
positivity in spite of combined
therapy. However, average day
of illness at admission was 6-6
days. All patients with ARDS
received methylprednisolone 2
mg/kg/day IV from day 7 after
the ARDS was diagnosed, which
may have delayed viral
clearance. Bacterial
complications were noted in a
number of patients.

TCAD (amantadine

Retrospective cohort analysis. Cohort of

Twenty-four patients received TCAD

Virological outcomes (shedding,
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+ ribavirin +
oseltamivir)*!

(KimW.Y.etal,
Antimicrob. Agents
Chemother. 2011)

245 critically-ill adults in South Korea with
confirmed A(HIN1)pdmO09 virus infection.
Data from 127 mechanically-ventilated
patients were analysed. During the 2009-10
pandemic, TCAD (150 mg OP twice-daily,
100 mg amantadine twice daily, and 300 mg
ribavirin three times daily) was included in
treatment protocols for patients with
severe influenza. Dose adjustments were
made for renal or hepatic failure or if
patients were of advanced age. The primary
outcome was death. Possible treatment-
related adverse events were also assessed,
along with changes in liver enzymes and
serum creatinine (baseline, days 3, 7 and
14).

and 103 received OP mono-therapy.
Mean day of illness was approximately
5 days when starting treatment (both
groups). The 14-day mortality was 17%
in the TCAD group and 35% in the OP
group (P = 0.08), and the 90-day
mortality was 46% in the TCAD group
and 59% in the OP group (P = 0.23).
Haemolytic anaemia, neurological
events and hepatic toxicity relating to
treatment were not seen with TCAD.
The median duration of ribavirin
treatment was 7 (range 2 to 24) days;
25% received ribavirin treatment for
longer than 14 days. The mean dose of
ribavirin was less than 600 mg/day.
Seven cases in the OP group had severe
liver enzyme elevation and three had
fulminant liver failure, although it could
not be determined whether this was
related to treatment. Adjuvant
corticosteroids were administered to
approximately half the patients in each

group.

resistance) were not assessed
and a relatively small number of
TCAD patients were compared
to OP-treated patients. In this
retrospective observational
study, TCAD appeared to be well
tolerated, with treatment
outcomes no worse and
perhaps better than OP
monotherapy. OP dose and
antiviral duration were not
associated with increased or
decreased survival by linear
regression analysis.

TCAD (amantadine
+ ribavirin +

Retrospective observational study. Thirty-
seven adults from Republic of Korea with

Deaths occurred in two (25%) patients
given OP mono-therapy and two (33%)

Due to the study design,
conclusions cannot be made
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oseltamivir)*

(KangS. et al., Jpn.
J. Infect. Dis.,
2013)

confirmed A(H1N1)pdmO9 virus infection
were identified. Fourteen patients were
described as having serious illness and were
studied further. All had pneumonia and nine
had ARDS, of which seven required
intensive care. Eight patients received OP
150 mg twice daily and six patients received
TCAD (150 mg oseltamivir twice a day, 100
mg amantadine twice a day, and 300 mg
ribavirin three times a day). Mortality was
assessed at 14 and 90 days. Viral clearance
was also assessed, defined as non-
detectable virus RNA in respiratory
secretions after five days of therapy.
Resistance to OC was assessed by
sequencing for those who died before
completing five days of treatment or those
with evidence of prolonged viral shedding
(not defined).

patients given TCAD. Viral clearance
was observed in nine patients (75%).
Persistent viral shedding was reported
in three patients (reported as 17% of
the OP mono-therapy group and 33% of
the TCAD group). Resistance to OC was
not detected in samples from patients
who met the criteria for resistance
screening. One patient developed
haemolytic anaemia on day 3 of TCAD
therapy (treatment was stopped).

about the effects of TCAD on
mortality or viral shedding,
following comparison with
outcomes in those who received
OC mono-therapy. Haemolytic
anaemia was reported in one of
six patients who received TCAD.

Convalescent
plasma + NAI*®

(Hungl. F.etal.,
Clin. Infect. Dis.
2011)

Prospective cohort study. Ninety-three
adult patients in Hong Kong with critical
illness caused by A(HIN1)pdmOQ9 infection,
of which twenty received convalescent
plasma. Treatment and control groups were
matched by age, sex, and disease severity
scores. Patients received 500 ml

In addition to plasma therapy, all 20
patients in the treatment group
received OP, 42% received inhaled ZNV
and 10% received IV ZNV. Crude
mortality in the treatment group was
significantly lower than in the non-
plasma-treatment group (20.0% vs

In this non-randomized study,
patients that received plasma in
addition to antivirals had a
greater number of risk factors
associated with disease severity,
including a lower lymphocyte
count and generally more
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convalescent plasma with a neutralizing
antibody titre of >1:160 over four hours on
median day 2 of ICU admission (IQR 1-2-5
days). The plasma had been harvested by
apheresis from patients recovering from
A(HIN1)pdmO09 infection. Clinical outcome
was compared to that of patients who
declined plasma treatment as the untreated
controls. Antiviral treatment including
oralOP, IV PMV, or IV/inhaled ZNV was
recorded. Serial respiratory samples were
obtained for viral load measurement and a
panel of plasma cytokines/chemokines was
also measured.

54.8%; p = 0.01). Multivariate analysis
showed that plasma treatment was
associated with reduced mortality (OR
0-20; 95% Cl 0-:06-0-69; p=0-011). In 44
patients with available serial viral loads
and cytokine/chemokine results,
plasma therapy was associated with
significantly lower day 3, 5, and 7 viral
loads, compared with the control group
(p <0-05). Shortly after VL decreased,
reductions in IL-6, IL-10 and TNF-a
decreased and the levels were lower in
the treatment group than the control
group (p <0-5). Radiological
consolidation was reported to have
improved and the respiratory tract viral
load decreased by >3 log10 copies/mL
within 48 h after plasma therapy.

severe symptoms at
presentation. Obesity was also
more common than in the
control group (NAls without
plasma therapy). However, the
treatment group still had lower
mortality and plasma therapy
was reportedly well- tolerated.
Similar proportions in each
group received other supportive
therapies, including N-
acetylcysteine, corticosteroids
and ECMO.

Oseltamivir +
inhaled zanamivir**

(Escuret V. et al.,
Antivir. Res. 2012)

Phase Il clinical trial. Adult outpatients
without chronic diseases but with ILI for
<42h, with laboratory-confirmed
A(HIN1)pdmO09 virus infection. 24 patients
were appropriate for analysis; 12
randomized to oral OP 75 mg twice daily
and 12 randomized to OP + inhaled ZNV 10
mg twice daily for 5 days. Serial nasal

Mean viral load decreased at a rate of
approximately 1 log10 cgeq/ul per day,
regardless of the allocated treatment
group, with no significant different in
time to resolution of symptoms. All
treatments well tolerated and
oseltamivir resistance was not

In terms of anti-viral
effectiveness, the sample size
was too small to be informative.
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washes and nasal swabs with quantitative
RT-PCR. Assessment of antiviral efficacy,
resolution of symptoms, tolerability and
prevention of OC resistance (H275Y).

detected.

Amantadine +
oseltamivir®>

Morrison D. et al.,
PLoS One 2007)

Randomized open-label crossover clinical
trial. Eighteen healthy adult subjects
consisting of six groups of three. Each group
received three different treatments over
three periods: amantadine 100mg; OP
75mg; amantadine 100 mg + OP 75 mg. All
medications were oral and given twice-daily
for 5 days, with wash-out periods between
switches. Primary endpoint was to
characterise plasma PK. Secondary objective
was safety and tolerability.

Giving OP with ribavirin had no clinically
important effect on the PK of either
agent. Eight mild adverse events were
reported, two with amantadine alone
and three with OP alone or in
combination.

No evidence of increase in
adverse events with
combination therapy, but the
trial was not powered for
adverse event endpoints.

Oseltamivir +
inhaled zanamivir>®

(Duval X. et al.,
PLoS Med 2010)

Randomized placebo-controlled trial. Five
hundred and forty-one adult outpatients
with ILI duration <36h and laboratory-
confirmed influenza, mainly H3N2; Four
dose groups: oral OP 75 mg twice daily plus
inhaled ZNV 10 mg twice-daily, either agent
alone, or placebo, The virological primary
end-point was proportion of patients with

In an ITT analysis of 447 with RT-PCR
confirmed influenza A, the primary
virological endpoint was achieved in
46% OP + ZNV, 59% OP + placebo and
34% in ZNV + placebo. Mean day 0 to
day 2 viral load decrease was 2.14,
2:49, and 1-68 log10 cgeq/ul,
respectively, and median time to

OP + ZNV was less effective than
OP alone and not significantly
more effective than ZNV alone.
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nasal influenza RNA <200 cgeq/ul at day 2;
clinical endpoint was time to alleviation of
symptoms until d14.

alleviation of symptoms was 4-0, 3-0,
and 4-0 days, respectively. Nausea
and/or vomiting were seen more
frequently in the OP + ZNV arm.

Oseltamivir +
inhaled zanamivir®’

(Carrat F. etal,,
Antivir. Ther. 2012)

Household transmission study. Pre-
specified post hoc sub-group analysis of
study outlined above®®. 543 household
contacts of 267 index patients, of which 466
had follow-up assessment. Rate of
secondary illness (fever with cough within 7
days from randomization of index patients)
was assessed, comparing arms in index
cases.

Secondary illness reported in 12-5%
contacts with no significant difference
between index treatment arms
(P=0-07). However, for index cases who
commenced treatment <24h after
onset, secondary illness was lower in
contacts of index cases who received
OP + ZNV (4%) than in OP (17%,
p=0-014) or ZNV (15%, p=0-031).

Secondary influenza illness was
not laboratory-confirmed in
contacts. Authors hypothesis
that apparent benefit may be
due to a more rapid onset of
antiviral activity of OP + ZNV
commenced <24h from onset of
symptoms in index cases,
although there are no PK or
virological data to support this.

Rimantadine +
inhaled zanamivir®

Ison M. G., Antivir.
Ther. 2003)

Double-blinded RCT. Study to assess
tolerability and efficacy of nebulized ZNV
(16mg four times daily for 5 days) in
combination with oral rimantadine (100mg
twice daily for five days), compared to
rimantadine with nebulized saline control,
in 41 hospitalised adults with confirmed
seasonal influenza infection (predominantly
influenza A). Primary end-point was
absence of pharyngeal influenza viral
shedding on day 3 of treatment. Secondary

Inhaled ZNV + rimantadine did not
cause decline in peak expiratory flow
rates in 20 treated patients, compared
to the 21 who received inhaled saline. 3
patients who received combination
therapy experienced serious adverse
events, but only one was thought to be
drug-related (retrosternal burning with

dyspnoea, possibly due to inhaled ZNV).

SAE frequencies did not differ
significantly between the two groups.

The study was terminated early
because the regulatory approval
of ZNV made further enrolment
untenable. Several potentially
favourable (but non-significant)
trends were seen, but the study
was under-powered.
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virological end-points were duration and
guantity of viral shedding in respiratory
samples and emergence of drug-resistant
virus. Secondary clinical end-points included
durations of fever, supplemental oxygen
use and hospitalization; time to recovery of
normal oxygen saturations; severity of
cough; frequency of complications; time to
usual daily activities.

No significant differences were
observed in the proportion of patients
shedding virus by treatment day 3 (57%
ZNV plus rimantadine, 67% placebo
plus rimantadine), or in the durations of
hospitalization and supplemental
oxygen use. 94% of patients receiving
combination therapy had no cough or
only mild cough by day 3, compared
55% of those who received rimantadine
monotherapy (p=0-01). Two
rimantadine-resistant viruses emerged
during rimantadine monotherapy; ZNV
resistance was not detected.

Convalescent
plasma + NAI*°

(Hungl. F.etal.,
Chest 2013)

Double-blind randomized controlled trial.
Thirty-five adult patients in Hong Kong with
A(HIN1)pdmO09 virus infection were
randomized to receive hyperimmune
intravenous immunoglobulin (H-IVIG, 17
patients) obtained from patients who had
recovered from A(H1IN1)pdmOQ9 virus
infection, or IVIG obtained prior to 2009 (18
patients). Clinical outcome and adverse
effects were compared and viral loads were
measured in serial respiratory tract
samples. A panel of cytokines in serum was

The median interval from symptom
onset to ICU admission was 3 days (IQR
1-5 days). Demographic and clinical
characteristics were similar for the two
groups at recruitment. Antiviral therapy
was reported not to have differed
between the two groups. All 34
patients received OP 75mg twice-daily
and 3 patients also received inhaled
ZNV. Univariate analysis showed no
difference in mortality, length of ICU
and hospital stay between the two

These findings suggest that early
administration (<5 days of
illness) of polyclonal neutralising
antibodies, in combination with
neuraminidase inhibitor
therapy, was beneficial and is
worthy of further study.
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also measured. Log-rank test was used to groups. A subgroup multivariate
evaluate the overall survival over a period analysis of patients who received H-

of 21 days after treatment IVIG/IVIG treatment within 5 days of
symptom onset (n=22), showed that
only H-IVIG treatment independently
reduced mortality (0% vs.40%) (Odds
ratio [OR] 0-14, 95% confidence interval
[CI], 0-02-0-92; p=0-04). The log-rank
test also showed that earlier H-IVIG
treatment was associated with
significantly better survival than IVIG
treatment over a period of 21 days
after treatment (p=0-02). Viral load on
day 5 (3-3 vs. 4-67 logyo copies/mL;
p=0.04), and day 7 (undetectable vs.
4-53 logyo copies/mL; p=0-02) after
treatment was significantly lower in the
H-IVIG than the IVIG group, becoming
undetectable by day 6 of treatment.
Initial serum levels of IL-10, IL-1ra and
MIP-1a were significantly higher in the
H-IVIG group but fell to similar levels by
day 2 after treatment, compared to the
IVIG group. There was no significant
difference in the cytokine profile
between the 22 patients who
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commenced H-IVIG up to day 5 of
iliness, compared to those who
received early IVIG.
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Appendix 2. Pre-clinical and Clinical Studies of Combinations of Influenza Antivirals and Immunomodulators

Immunomodulator Antiviral in Model Main findings Comment

(reference) combination

Pre-Clinical Studies

Type | interferon Amantadine In vitro. Cell culture Mixed type 1 interferons The combination was not

(Lavrov et al, Nature
1968)

model using chick
embryo cells.

A laboratory-adapted
strain of influenza A/
WSN was used at
MOI=0.001 PFU/cell.
The endpoints were
viral titre and
haemagglutinins at 1,
24, 48, and 72h after
inoculation.

appeared to have an
additive effect in reducing
viral replication in vitro.
Interferon alone resulted
in a 2-log decrease in viral
titre; addition of both
agents 1hr after
inoculation almost
completely ablated viral
replication at 72h.

effective when
administered after viral
replication was
underway (at 24hr).
Inhibition was consistent
with an additive effect.

Interferon-a2**

(Hayden et al,
Antimicrob Agents
Chemother, 1984)

Rimantadine
(1pg/ml);
ribavirin (0.3
ug/ml or
1.5ug/ml)

In vitro. Cell culture
model using rhesus
monkey kidney (RMK)
cells. Clinical isolates of
influenza
A/Aichi/68/H3N2 and
A/England/80/H1N1
and a laboratory-
adapted strain of
iB/Lee/40 were used.
Lyophilised human
interferon a2 (2,000 or

Interferon-a2 alone
caused a dose-dependent
decrease in viral titer (max
2-log decrease). The
addition of interferon-a2
to rimantadine, ribavirin,
or both agents reduced
viral replication. With all
three agents, no
replication was seen.

Inhibition was consistent
with an additive or
synergistic effect in
different experiments
with both antivirals.
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10,000 IU/ml) was used
in addition to either
rimantadine or
ribavirin, or both.

Type | interferons® Amantadine Mouse model. Interferon alone did not This is the only whole
20mg/kg Challenge with a significantly affect survival | animal study to follow a
(D'Agostini et al, laboratory-adapted (20% untreated vs. 25% comparable protocol to
Immunopharmacol influenza treated). In combination Lavrov et al’s cell culture
1996) A/PR/8/34/H1N1 virus | with amantadine, it study. ! The results do
in young (4 week old) provided no additional not support a synergistic
mice. The primary survival benefit (survival or additive effect in vivo.
endpoint was survival. | 30% with amantadine However, interferon was
A mixture of a and B only, 30% with required to produce a
interferons was used. combination therapy). survival benefit with
Treatment with There was no reduction in | thymosin (see below).
amantadine began lung infectious viral titre.
concurrently with Interestingly, the
infection. combination of
amantadine, interferons
and thymosin improved
survival to 60% (see
below).
Thymosin al® Amantadine Mouse model. (see Thymosin alone did not Neither interferon nor

(D'Agostini et al,
Immunopharmacol
1996)

and interferon

above)

Thymosin al 200ug/kg
was administered by
intraperitoneal
injection.

affect survival (20%).
Survival was unchanged in
combination with
interferon (25%) or
amantadine(30%), but all
three agents together
improved survival (60%)
and decreased lung

thymosin alone had any
effect on viral titre, but
the combination of all
three appeared to have a
marked effect. Since
antiviral treatment
began concurrently with
inoculation, this model
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infectious viral titre (3-log
reduction).

has limited clinical
relevance.

Triamcinolone®

(Ottolini et al, Pediatr

Pulmon 2003)

Intranasal
zanamivir, oral
oseltamivir, or
intranasal
pooled
convalescent
serum.

Cotton rat model.
Challenge with non-
adapted A(H3N2) virus
(10’ TCIDso) followed 3
days later with nasal
lavage administration
of triamcinolone with
or without other
therapies.

Reduced pulmonary
histopathology with
topical triamcinolone at 4
or 16 mg/kg, an effect that
was not enhanced by NAI
or antibody. Suppression
of IFN-gamma levels
observed in all
combinations where 4 or
16 mg/kg of triamcinolone
was used.

Viral replication was not
prolonged by
corticosteroid therapy
but very short duration
in this model.

N-acetylcysteine
(NAC)*

Ribavirin
100mg/kg by
intraperitoneal

Mouse model.
Challenge with
A/PR/8/34/ HIN1

The dose of NAC was
chosen to be too low to be
effective alone. There was

Mice were treated with
NAC from 4h post-
infection in a dose that

(Ghezzi et al, Int J injection. virus. A single daily improved survival was titrated down to

Immunopathol dose of N- following the addition of | avoid completely

Pharmacol 2004) acetylcysteine NAC to ribavirin (ribavirin | protecting mice with
1000mg/kg was used, alone: 58%; combination: | NAC alone. Survival with
beginning from 4 hours | 92%), compatible with a NAC alone was 25% vs
after inoculation. The synergistic effect. No viral | 17% in controls. No data
primary endpoint was | titres were reported. on delayed treatment
survival at 14 days effect were provided.
following infection.

N-acetylcysteine Oseltamivir Mouse model. Improved survival Survival with NAC alone

(NAC)* 1mg/kg/day Challenge with a following the addition of was better than control

(two divided laboratory-adapted NAC to oseltamivir (20% vs 0%), but since

(Garozzo A etal, Int)

doses) for 5
days.

A/PR/8/34/H1N1 virus.
A single daily dose of

(oseltamivir alone: 60%,
combination: 100%).

treatment with antivirals
and NAC began before
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Immunopathol
Pharmacol 2007)

N-acetylcysteine
1000mg/kg was used,
beginning from 4 hours
before inoculation. The
primary endpoint was
survival at 21 days
following infection.

This was compatible with
a synergistic effect; no
viral titres were reported.

inoculation with virus,
the clinical relevance of
this observation is
limited. This study
elucidates a mechanism
of injury, but not a
therapeutically-relevant
treatment effect.

Surfactant® Laninamivir Mouse model. There was improved No effect was detected
(50u, Challenge with a survival with combination | on viral titre or
(Fukushi et al. PLoS 267ug/ml) laboratory-adapted therapy (40%) compared inflammatory cytokines.
One 2012) A/PR/8/H1N1 virus in with laninamivir A very high dose of virus
which the virus was monotherapy (0%). (3741 x MLDsp) was used
grown in the lungs of Results for surfactant in order to ensure
mice. Study mice were | treatment alone were not | mortality in the
then inoculated with presented. laninamivir-only group.
extract from the lungs
of infected mice.
Surfactant (45ul
20mg/ml) was
administered from 3
days after infection.
Protectin (PD1/PDX)* | Peramivir Mouse model. PD1/PDX alone improved | This experiment used a
(10mg/kg Challenge with a survival compared to clinically-relevant

(Morita et al, Cell,
2013)

intravenously)

laboratory-adapted
A/PR/8/34/H1N1 virus
in moderate dose (500
TCIDsp). Treatment
with both peramivir
and PD1/PDX was
intitiated 2 days after

controls (23% vs 0%). In
combination with
peramivir, survival was
100%, compatible with a
synergistic effect.

therapeutic timepoint (2
days following infection)
for treatment with both
agents.

Readers should note that
it has been proposed
that the biological
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infection.

activities attributed to
PD1 in this study are in
fact attributable to an

isomer, PDX. 9

Sphingosine analog
(AAL-R)*®

(Walsh et al Proc Natl
Acad Sci US A 2011)

Oseltamivir
5mg/kg/day

Mouse model.
Intranasal challenge
with clinical isolates of
A(HIN1)pdmO09
viruses. The treatment
group received an S1P
receptor agonist
prodrug and analog of
FTY720/finglimod, AAL-
R (0.2mg/kg) via the
intra-tracheal route
1hr after infection.
Antiviral treatment
with oseltamivir
started one day after
infection. The endpoint
was survival at 12 days.

AAL-R alone, given 1hr
after infection, improved
survival to 82% compared
with 21% in controls and
50% in oseltamivir-
treated. In combination
with oseltamivir, survival
was 96%. The additional
benefit of oseltamivir was

not statistically significant.

AAL-R treatment also
significantly reduced
inflammatory cytokines in
bronchoalveolar lavage
fluid (including IFN-a, IL-6,
and CXCL10).

AAL-R treatment was
initiated 1 hour after
infection; hence this
study provides
mechanistic insight but
little clinical relevance.
This is consistent with
the effect of anti-
inflammatory treatments
operating through the
same pathway™" in other
animal models of severe
systemic inflammation.
However the effects
seen from early
treatment with anti-
inflammatory drugs in
systemic sepsis have
generally been much
smaller, or absent, when
treatment is given at a
therapeutically relevant
timepointlz.

Celecoxib and
mesalazine®

(Zzheng BJ, Proc Natl

Zanamivir (3mg
every 12hr
intraperitoneal)

Mouse model.
Challenge with clinical
isolates of highly
pathogenic influenza

Each agent trended
towards benefit as dual
therapy (20% survival for
celecoxib+ zanamivir, 20%

This experiment used a
clinically-relevant
therapeutic timepoint (2
days following infection)
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Acad Sci U S A 2008)

A(H5N1) virus (1000
LDsp). Mice were
treated with celecoxib
(2mg/day by
intraperitoneal
injection) or
mesalazine (1mg/day
by intraperitoneal
injection), vehicle, or
both treatments.

survival for mesalazine+
zanamivir). Triple therapy
with celecoxib, mesalazine
and zanamivir improved
survival to 50%.

for treatment with both
agents. There was a clear
signal for incremental
benefit with the addition
of each agent.

4 commercially-
available inhibitors of
MEK1/MEK2 (PD-
0325901, AZD-6244,
AZD-8330, and RDEA-
119)*°

(Haasbach E Antiviral
Research, 2013)

Oseltamivir
(0.01uM to 10

uM)

In vitro. Cell culture
model using A549 cells,
with viral replication as
the endpoint. A clinical
isolate of
A/Regensburg/D6/09
(HIN1) virus was used.

There was evidence of
synergism at optimal
concentrations for all 4
MEK1/2 inhibitors.

All four inhibitors were
chosen because they
have already been
through pre-clinical
investigations for
treatment of cancer.

Simvastatin®?

(Belser, et al Virology
2013)

Oseltamivir
(50mg/kg)

Mouse model.
Challenge with clinical
isolates of
A/Chicken/Korea/Gimj
e/08 (H5N1) and
A/Mexico/4482/09
(HIN1) viruses. Mice
were treated with
simvastatin
10mg/kg/day from 3
days before infection,
and with oseltamivir

Addition of simvastatin
did not improve weight
loss, viral titre, or survival
in oseltamivir-treated
mice infected with either
strain.

This result is consistent
with another murine
model study of statins
tested alone in
influenza™?
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from 1 day before
infection.

Clinical Studies

Any statin®>

(Vandermeer et al, J
Infect Dis 2012)

Antiviral use
was not
protocolised as
part of this
observational
study. Patients
received
standard care in
10 US states
(antivirals were
used in
276/1013 cases

Observational study.
Including 1013
hospitalised influenza
A cases treated with
statins for another
reason. A logistic
regression model was
constructed to control
for numerous other
variables known or
perceived to alter
disease outcome.

Multivariate analysis
found statin use was
associated with reduced
mortality (adjusted OR for
death =0.59, 95%Cl 0.38-
0.92, in patients receiving
statins).

Individuals who were
treated with statins were
more likely to have
chronic heart and lung
disease, and hence were

Similar results have been
reported for other acute
severe infections; RCT
data are awaited. Most
statin recipients were
receiving long-term
administration, and this
study did not address the
effect of initiating statin
use at the time of
hospitalization for
influenza-related

within 48h of more likely to have been complications.
symptom vaccinated against
onset). influenza. Vaccination was
included in the
multivariate model.
Any corticosteroid, Antiviral use Observational study. There was no detectable The odds ratio for
macrolide or statin>* was not This study included 234 | effect on composite steroids alone was not
protocolised as | patients with endpoint of ICU reported; for
(Viasus et al, J Infect part of this A(HIN1)pdmO09 admission/death from any | immunomodulatory
2011) observational admitted to of the interventions therapies as a group

study: clinicians
chose from
oseltamivir
150mg/day
orally,

participating hospitals
during the prospective
recruitment period in
2009. 37 hospitalised
cases were treated

considered in a
multivariate model.

(corticosteroids,
macrolides or statins) OR
for death = 0.75 (95%Cl,
0.2-1.9)
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oseltamivir with corticosteroids
300mg/day (dose > 300mg/day
orally, or hydrocortisone or
zanamivir equivalent), 11 were
600mg/day receiving statins from
intravenously. before admission, and
Patients 31 patients were
received treated with any
standard macrolide.
therapy at 13
hospitals in
Spain (including
early NAl in
8/37 cases)
Any corticosteroid™ Antiviral use Observational study. Increased risk of death Patients from a large
was not Out of 208 ICU patients | was found in patients nationwide ARDS registry
(Brun-Buisson et al, protocolised as | in a national ARDS receiving steroids. The were included.
Am J Respir Crit Care part of this registry, 83 patients propensity-score adjusted | A subgroup analysis of

Med 2011)

observational
study, but the
authors report
that almost all
patients
received
antiviral
treatment.
Patients
received
standard
therapy in
participating

with ARDS and
A(HIN1)pdmO09
infection were treated
with corticosteroids,
with a median dose of
270mg/day of
hydrocortisone or
equivalent.

hazard ratio was 2.4
(95%Cl 1.5-5.4).

patients treated early in
the course of illness (<3
days in ICU) with
corticosteroids showed
an even greater
increased risk of death in
the treatment group.
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French
hospitals during
the recruitment

period.
Any corticosteroid>® Antiviral use Observational study. No effect on mortality Data are from the

was not Of 220 ICU patients (adjusted HR 1.3; 95%Cl, European H1N1 registry,
(Martin-Loeches et al, | protocolised as | with confirmed or 0.7-2.4) was found. but from a very diverse
Intensive Care Med part of this probable Steroids use was group of contributing

2011)

observational
study, but the
report suggests
that all patients
received
oseltamivir.
Patients
received
standard care in
the treating
hospital.
Hospitals in 33
countries on 3

A(HIN1)pdmO9 illness
included in this
prospective study, 126
were treated with
corticosteroids. The
dose of corticosteroids
was not reported.

associated with increased
risk of hospital-acquired
pneumonia (adjusted OR
2.2; 95%Cl, 1.0-4.8).

The crude mortality
figures were substantially
higher in the
corticosterioid-treated
group.

sites including hospitals
in Eastern and Western
Europe, South America
and the Middle East and
Asia.

continents
contributed
cases.
Any corticosteroid®’ 80% of patients | Observational study. There was no significant A subgroup comparison
received 155 hospitalised effect on mortality (OR for | between “low dose”

(Xi et al, BMC Infect
Dis 2010)

oseltamivir but
only 12% of
patients
received
oseltamivir

patients with
A(HIN1)pdmO09 illness
were included, of
whom 52 were treated
with corticosteroids.

death in corticosteroid
group 2.7; 95%Cl, 0.99-
1.6)

corticosteroids
(<80mg/day
methylprednisolone or
equivalent) and high
dose (>80mg/day
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within 48hrs of
symptom onset.

methylprednisolone)
showed a trend towards
higher rate of bacterial
pneumonia.

Any corticosteroid®

(Kim et al, Am J Respir
Crit Care Med 2011)

Oseltamivir
150mg/day
(31% of
patients),
oseltamivir
300mg/day
(46%), triple
combination
therapy with
oseltamivir,
amantadine,
and ribavirin
(16%) or
combinations
with two of
these drugs
(8%). Antiviral
therapy was
started within
48h of
symptom onset
in 46% of
patients.
Patients
received
standard care in
one of 28

Observational study.
Of 245 hospitalised
patients with influenza
A(HIN1)pdmO9 in this
study, 107 were
treated with
corticosteroids.

After matching cases and
controls using a
propensity score, there
was an increased risk of
death among patients
receiving corticosteroids
(adjusted OR for death
2.2; 95%Cl, 1.03-4.71.
There was also increased
risk of bacterial and fungal
infections.

As with the other
observational studies
described here, some
caution is warranted in
the interpretation of the
results because of the
risk of hidden
confounding. However
the results of clinical
studies of corticosteroid
treatment in influenza
seem to consistently
show no benefit, and
many significant harm.
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Korean
hospitals.

Any corticosteroid™ Oseltamivir in Observational study. Crude hospital mortality Corticosteroid recipients
96% (dose and | Prospective study of was not significantly were more severely ill

(Linko et al, Acta
Anaesthesiol Scand
2011)

duration not
specified) at
median 4 (IQR
2-6) days from
symptom onset.
Methylpredniso
-lonein 46
(highest daily
mean+SD,1.1+
0.6 mg/kg),
hydrocortisone
in 10 (highest
daily mean+SD,
214466 mg),
and 12 patients
received both.

132 ICU patients (78%
ventilatory support,
49% ARDS) with
influenza
A(HIN1)pdmO09
infection.
Corticosteroids
administered

to 72 (55%) patients.

different in patients given
corticosteroids compared
to those not: 8 of 72 (11%,
95% Cl 4-19%) vs. 2 of 60
(3%, 95% Cl 0-8%),
respectively. Increased
numbers of positive blood
cultures (7/59 vs 2/39)
and other positive
bacterial cultures (33/59
vs 5/39; P<0.001) in
corticosteroid group than
in the non-corticosteroid

group,

and more likely to have
ARDS. Low power to
detect mortality
difference.

Any corticosteroid®

(Diaz et al, J Infection
2012)

NAI therapy in
100%.

Observational study.
Prospective, multi-
centre study of 372
patients with the
diagnosis of primary
A(HIN1)pdmQO9 viral
pneumonia performed
in 148 Spanish ICUs
(70% mechanically
ventilated).
Corticosteroids given

Overall mortality (N= 66)
did not differ between
patients treated with
corticosteroids and those
who were not (18.4% vs
17.4%). After adjustments
for illness severity and
potential confounding
factors, the use of
corticosteroid therapy was
not significantly

No evidence that
corticosteroid use in
critically ill patients with
primary influenza viral
pneumonia

improved survival.
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to 136 (36.6%)
patients .

associated with mortality
(HR =1.06, 95% Cl, 0.63 -
1.83)

Any corticosteroid®

(Kudo et al, PLoS ONE
2012)

NAI therapy in
100% at median
2 days (range,
0-7) from
symptoms
onset.
Oseltamivir
(usual dose,
150 mg/day for
5 daysin
adults), inhaled
ZNV (20 mg/day
for 5 days) or
both used.
Systemic MP
(1.0-1.5 mg/kg
given 2-4
times/day, in
subjects under
15 years of age,
and 40-80 mg
given 2-4
times/day in
those over 15
years old) used.

Observational study.
Retrospective analysis
group of 89 children
and adults hospitalized
with influenza
A(HIN1)pdmO09
infection (65%
pneumonia, 44%
wheezing, 52%
supplemental oxygen,
none ventilated).
Systemic
corticosteroids were
used in 93.3% of
pneumonia with
wheezing patients,
77.8% of wheezing
illness patients, and
64.3% of pneumonia
without wheezing
patients (P<0.001).

No significant differences
between the
corticosteroid and non-
steroid groups in hours to
fever alleviation from the
initiation of antiviral
agents and hospitalization

duration (median, 7 days).

Bacterial co-infection was
found in 52% of
corticosteroid group and
25% of the no steroid
group at the time of
admission (p=0.093).

Heterogeneous patient
population with non-
critical illness. Unclear
whether corticosteroid
use associated with
benefit or any adverse
effects.

Sirolimus®?

(Wang et al, Crit Care

Oseltamivir
75mg twice
daily and

Clinical trial. Small
randomised-controlled
trial. There were 19

After correcting for
multiple comparisons,
there were no significant

Although the trend is
interesting, this trial was
underpowered, no
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Med 2014)

prednisolone
20mg/day.

ICU patients in each
group, all of whom had
severe respiratory
failure secondary to
A(HIN1)pdmO09
influenza.

differences in any
outcome variable
between the treatment
and control groups
(weaning from mechanical
ventilation, duration of
ventilator support,
requirement for
extracorporeal membrane
oxygenation, mortality). 7
days after beginning
treatment, organ
dysfunction (SOFA) scores
and day 7 viral RNA
detection rates were
lower in the sirolimus-
treated group.

primary endpoint was
used, corticosteroids
were routinely
administered, and there
was a trend (p=0.06)
towards worse
oxygenation in the
control group at
recruitment. For these
reasons no firm
conclusions can be
drawn about the efficacy
of sirolimus from this
report alone.

Any macrolide®®

(Martin-Loeches et al,
Intens Care Med 2013)

148 recruiting
hospitals in
Spain. Three
antiviral
regimens were
used:
oseltamivir
150mg/day
orally,
oseltamivir
300mg/day
orally, or
zanamivir
600mg/day

Observational study.
733 ICU patients with
confirmed influenza
A(HIN1)pdmO09 and
respiratory failure
were included, of
whom 190 received
treatment with any
macrolide.

Propensity scores
calculated from a
multivariate model were
used to estimate
treatment effects. There
was no improvement in
survival among patients
treated with macrolides.

The authors point out
that this study could not
assess the effect of early
treatment with
macrolides.
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intravenously.

Clarithromycin®

(Ishii et al, J Infect
2012)

Oseltamivir,
inhaled
zanamivir, or
inhaled
lanamivir were
used.

Observational study.
Open-label, non-
randomised trial in 141
outpatients with
influenza A, of whom
74 received
clarithromycin and all
received a NAL.

There was no statistically
significant effect on any
clinical endpoint.

No primary endpoint was
reported. This study
included a patient cohort
with primarily mild
disease.

Clarithromycin® at
5.0-7.5 mg/kg body
weight

(Shinahara et al, PLoS
ONE 2013)

Oseltamivir or
inhaled
zanamivir

Observational study.
In this retrospective,
non-randomized case
series, 195 children
(mean+SD,5.9+3.3
years) with influenza A
in 2008/2009 season
were given 1 of 5
regimens: oseltamivir
+/- clarithro,
zanamivir+/- clarithro,
or no treatment.

The titers of early mucosal
S-IgA and systemic IgG
influenza-specific ELISA
antibodies appeared to be
reduced by NAI therapy
alone compared to no
treatment. Co-
administration of claritro
with an NAI (N=30) was
associated with improved
antibody responses. Other
clinical outcomes or viral
shedding data were not
described.

The proportions of
children treated in the
previous year with
oseltamivir or zanamivir
alone who developed
infection in the 2009—-
2010 season
(predominant
A(HIN1)pdmO09) were
significantly higher than
in untreated; the
infection rates were
intermediate in the
clarithro + NAI groups.

N-acetylcysteine®®

(Lai et al, Ann Intern
Med. 2010)

Standard care,
including
oseltamivir
(initially 75mg
twice daily,
then 150mg
twice daily),
empirical

Case report. One
patient with fulminant
viral pneumonitis and
multi-organ failure.
The report states that
the patient had no
predisposing co-
morbid conditions but

The primary finding
reported is that clinical
improvement, including
resolution of pyrexia and
inflammatory markers,
appeared to be
concurrent with the
initiation of NAC infusion.

This single case report of
NAC treatment in severe
influenza cannot provide
evidence of efficacy.
However it is a very
useful demonstration of
the safe use of the drug
in critical influenza ,and
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antibiotics
(including
clarithromycin)
and
hydrocortisone
(“physiologic
doses”) for
septic shock.

does not describe the
length of the
prodromal illness.
although tests for
bacterial infection
were negative, the
presence of bacterial
co-infection cannot be
excluded.

Once the infusion was
stopped, the pyrexia
returned. After the NAC
infusion was restarted,
there was a further
improvement in clinical
condition with resolution
of pyrexia.

this information may be
of value in the design of
a future clinical trial.
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Appendix 3. Clinical Studies of Combinations of Influenza Antivirals and Chinese Traditional Medicines

Combination
(reference)

Model

Main findings

Comment

Oseltamivir +
Baicalin®’

(Su Y. et al., Chinese
Journal of Hospital
Pharmacy 2014)

Clinical trial in severe influenza A (HIN1).
According to a stratified randomization
method, the control group was given
oseltamivir (n=33), the experimental
group was given oral Baicalin and
oseltamivir (n=30).

Clinical symptoms, laboratory parameters
and cellular immune functions were
monitored.

Gender and age were comparable between
groups, but baseline clinical symptoms and
complications, including pneumonia were
not compared.

The combination was significantly better
than oseltamivir monotherapy in
improvement of clinical symptoms, chest
radiography, and markers of cellular
immune function and laboratory indicators
(P<0.05). The duration of viral shedding
was significantly shorter in the
experimental group compared with control
group (p<0.05).

The authors reported that Baicalin
combined with antivirals can
significantly improve the clinical
course and immunity of patients
with severe influenza A(H1IN1)
influenza.

Definitions of clinical improvement
and chest radiography/CT scan
changes were not clearly
described, nor were data on
changes of LDH, CK, CRP and CD8
counts..

No adverse effects data were
reported.
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Oseltamivir +
Lianhuagingwen®

(Jiang T. J. et al.,
Chinese General
Practice 2010)

Clinical trial

A total of 325 ambulatory patients with
influenza A (HIN1) was randomly divided
into four groups: 95 received oseltamivir
as group A, 97 took oseltamivir and
Lianhuagingwen capsule as group B, 90
were treated with oseltamivir and
Banlangen particle as group C and 43 with
Lianhuagingwen capsule as group D. The
clinical and virological outcomes on the
third and fifth day among the four groups
were compared.

Gender and age were comparable between
groups, but there was significant
differences of fever among groups
(p=0.04).

The rates of body temperature
normalization, clinical symptoms
resolution, and viral clearance in groups A,
B, C were higher than those in group D
(p<0.05). These parameters were similar in
group A compared to groups B and C
(p>0.05). The efficacy tended to be better
in group B with oseltamivir and
Lianhuagingwen on third and fifth day, but
the difference was not significant (p>0.05).

The study confirmed that early use
of oseltamivir can shorten the
duration of symptoms and viral
shedding. Combination therapy
with Lianhuagingwen and
oseltamivir appears to warrant
further study but Banlangen did
not improve efficacy.

No randomization procedures and
blinding were described in the
paper. No adverse effects data
were reported.
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Oseltamivir +
GegenjiejiTa ng69

(Tan . H. et al.,
Journal of
Guangzhou
University of
Traditional Chinese
Medicine 2010)

Clinical trial

Hospitalized patients with laboratory
confirmed influenza A (H1IN1) were
divided into four groups: oral
GegenjiejiTang (n=29), oseltamivir (n=43),
oseltamivir + GegenjiejiTang (n=42) and
placebo (n=15). The duration of fever and
viral shedding, length of stay in hospital
were compared between the groups.

Gender and age were comparable between
groups, but baseline clinical symptoms and
complications, including pneumonia were
not compared.

The length of stay in hospital and duration
of viral shedding was shorter in oseltamivir
group compared with placebo group
(p<0.05). The resolution of fever was better
in combination group (p<0.05) compared
with single therapy and placebo (p<0.05).
No significant differences in reducing the
duration of viral shedding were found
(p>0.05).

The authors reported that
combination therapy with
GegenjiejiTang and oseltamivir
might fasten fever recovery, but no
difference in reducing duration of
viral shedding.

Randomization procedures
(unbalanced enrollment), inclusion
and exclusion criteria, blinding
methods, and the method of
virological monitoring were not
clearly described.

No adverse effects data were
reported.

Ribavirin +
Xiyanping70

(Li Sh. Zh. et al.,
Journal Of Practical
Traditional Chinese
Internal Medicine.
2012)

Clinical trial

A total of 102 hospitalized cases were
randomized by coin toss into two groups:
Xiyanping infusion (n=54) and the control
group given intravenous ribavirin ( n=48).
The efficacy was defined as fever recovery
after 72 h therapy.

Resolution of fever was faster in Xiyanping
group compared with ribavirin group
(p<0.01).

The authors concluded that
combination therapy with Chinese
medicine and ribavirin is better
than ribavirin alone in fever
recovery, but they did not enroll
any patients with combination
therapy. The conclusions were only
based on the comparison between
Chinese medicine and ribavirin as
single therapy.

No adverse effects data were
reported.
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Oseltamivir +
Banlangen’*

(Tu B. et al.,, Med J
Chin PAPF 2013)

Clinical trial

A total of 235 inpatients with influenza
A(HLN1) infection were divided into two
groups: oseltamivir + oral Banlangen
(n=128) and control group, oseltamivir
alone (n=107). Fever duration, clinical
symptoms, and length of stay were
compared between both groups.

The two groups were comparable in
baseline age, gender, symptoms and WBC
(p>0.05).

Resolution of fever, cough, sputum, sore
throat was better in combination group
(p<0.05). Duration of hospitalization was
significantly shorter in combination group
(mean + SD days ,5.2+3.8 vs 7.9-5.4 ds,
P<0.05).

The authors concluded that
combination therapy with
Banlangen and oseltamivir is
better than oseltamivir alone.
Randomization procedures and
blinding methods were not
reported in the text.

No adverse effects data were
reported.

Oseltamivir +
Tanreqing 2

(Xie Y. et al., China
Modern Doctor.
2010)

Clinical trial

A total of 87 inpatients with influenza
A(H1IN1) infections were divided into two
groups: oseltamivir + intravenous
Tanreqing (n=44) and oseltamivir
alone(n=43).

Clinical efficacy was compared between
the groups.

No comparisons of baseline age, gender
and symptoms were done between groups.
Clinical efficacy was better in combination
group (p<0.01). No side effects were
reported in both groups.

No data of length of stay was reported.

The authors concluded that
combination therapy with
Tanreqing and oseltamivir is better
than oseltamivir alone.

The definition of clinical efficacy is
unclear in the text.

In addition to limited number of
cases, randomization procedures
and blinding methods were not
described.
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Oseltamivir +
Tanreqing73

(Qian J. et al., Journal
of Jilin Medicine
2011)

Clinical trial

A total of 54 inpatients with influenza
A(HLN1) infections were divided into two
groups: oseltamivir + iv Tanreqing (n=25)
and oseltamivir alone (n=29).

Clinical efficacy and duration of
hospitalization were compered.

Age, gender and symptoms were
comparable between groups (P>0.05).
Clinical efficacy and length of stay in
hospital (mean + SD days, 7.2£1.9 vs 8. 2
+1.7 was better in combination group
(p<0.05).

Adverse effects were similar between
groups.

The authors reported that
combination therapy with
Tanreqging and oseltamivir is better
than oseltamivir alone.

In addition to the limited number
of cases, randomization
procedures and blinding methods
were not described.

Oseltamivir +
Tanreqing74

(Li G. et al., JETCM
2010)

Clinical trial

A total of 110 inpatients with influenza
A(HIN1) were randomly divided into the
oseltamivir alone group (n=55 patients)
and the experimental group (n=55
patients) that received oseltamivir and
Tanreqing injection once daily. Treatment
lasted 7 to 14 days. Overall effects, key
symptoms and physical signs and the
radiologic changes were compared.

No comparisons of baseline age, gender
and symptoms were done between groups.

Overall effectiveness of the combination
group was superior to that of the control
group. Improvements were also noted in
clinical symptoms and radiologic changes.

The authors concluded that
combination therapy with
Tanreqging and oseltamivir is better
than oseltamivir alone.

The definitions of clinical efficacy,
randomization procedures,
blinding methods were not clearly
described.

No adverse effects data were
reported.
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Oseltamivir +
Maingshigan/Yingiao
san’®

(Wang C. et al., Ann
Intern Med 2011)

Clinical trial

A multicenter, prospective non-blinded,
randomized controlled trial compared the
efficacy and safety of oseltamivir,
Maxingshigan/Yingiaosan, and the
combination of both in treating 410 adult
outpatients with A(HIN1)pdm09
infection.

Primary outcome was time to fever
resolution. Secondary outcomes included
symptom scores and viral shedding based
on real time RT-PCR.

(ClinicalTrials.gov number: NCT00935194)

Compared to control (26.0h, 95%
confidence interval [CI] 24.0 to 33.0h), the
estimated median time to fever resolution
was significantly reduced by 34% in
oseltamivir (95% Cl 20% to 46%, p<0.001),
by 37% in Maxingshigan/ Yingiaosan (95%
Cl 23% to 49%, p<0.001), and by 47% in
osletamivir plus Maxingshigan/ Yingiaosan
(95% Cl 35% to 56%, p<0.001). Oseltamivir+
Maxingshigan/Yingiaosan exhibited a
borderline statistically significant reduction
in time to fever resolution compared to
oseltamivir (19% , 95% Cl 0.3% to 34%,
p=0.05). There was no difference in the
decline of symptom scores comparing any
intervention to control (p=0.38). Two
patients given Maxingshigan/Yingiaosan
reported nausea and vomiting.

The authors reported that both
oseltamivir and Maxingshigan/
Yingiaosan alone and in
combination reduced time to fever
resolution in patients with HIN1
virus infection.

Combination exhibited a
borderline statistically significant
reduction in time to fever
resolution compared to
oseltamivir alone.

The limitations include that the

study subjects were young and
had mild A(HIN1) infection.
Missing data prohibited definitive
conclusions about effects on viral
shedding.

Abbreviations: OC, oseltamivir carboxylate; OP, oseltamivir phosphate; PMV, peramivir; ZNV, zanamivir; CCIDsg, median cell culture

infectious dose; LDsy median lethal dose; MLDsp, mouse median lethal dose; ECso, 50% effective concentration; TCso 50% cytotoxic

concentration; IM, intramuscular; IV, intravenous; IQR, interquartile range; RT-PCR, reverse transcriptase-polymerase chain reaction

56




Appendices. Summaries of Pre-clinical and Clinical Combination Studies of Influenza Antivirals, Inmunomodulators, and Chinese Traditional
Medicines

Reference List

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Hayden FG, Douglas RG, Jr., Simons R. Enhancement of activity against influenza viruses by combinations of antiviral agents.
Antimicrob Agents Chemother 1980 Oct;18(4):536-41.

Burlington DB, Meiklejohn G, Mostow SR. Anti-influenza A activity of combinations of amantadine and ribavirin in ferret
tracheal ciliated epithelium. J Antimicrob Chemother 1983 Jan;11(1):7-14.

Govorkova EA, Fang HB, Tan M, Webster RG. Neuraminidase inhibitor-rimantadine combinations exert additive and
synergistic anti-influenza virus effects in MDCK cells. Antimicrob Agents Chemother 2004 Dec;48(12):4855-63.

Leneva IA, Roberts N, Govorkova EA, Goloubeva OG, Webster RG. The neuraminidase inhibitor GS4104 (oseltamivir
phosphate) is efficacious against A/Hong Kong/156/97 (H5N1) and A/Hong Kong/1074/99 (H9N2) influenza viruses. Antiviral
Res 2000 Nov;48(2):101-15.

llyushina NA, Bovin NV, Webster RG, Govorkova EA. Combination chemotherapy, a potential strategy for reducing the
emergence of drug-resistant influenza A variants. Antiviral Res 2006 Jul;70(3):121-31.

llyushina NA, Hoffmann E, Salomon R, Webster RG, Govorkova EA. Amantadine-oseltamivir combination therapy for H5N1
influenza virus infection in mice. Antivir Ther 2007;12(3):363-70.

Simeonova L, Gegova G, Galabov AS. Prophylactic and therapeutic combination effects of rimantadine and oseltamivir
against influenza virus A (H3N2) infection in mice. Antiviral Res 2012 Aug;95(2):172-81.

Nguyen JT, Hoopes JD, Smee DF, Prichard MN, Driebe EM, Engelthaler DM, et al. Triple combination of oseltamivir,
amantadine, and ribavirin displays synergistic activity against multiple influenza virus strains in vitro. Antimicrob Agents
Chemother 2009 Oct;53(10):4115-26.

57



Appendices. Summaries of Pre-clinical and Clinical Combination Studies of Influenza Antivirals, Inmunomodulators, and Chinese Traditional
Medicines

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

Nguyen JT, Smee DF, Barnard DL, Julander JG, Gross M, de Jong MD, et al. Efficacy of combined therapy with amantadine,
oseltamivir, and ribavirin in vivo against susceptible and amantadine-resistant influenza A viruses. PLoS One
2012;7(1):e31006.

Hoopes ID, Driebe EM, Kelley E, Engelthaler DM, Keim PS, Perelson AS, et al. Triple combination antiviral drug (TCAD)
composed of amantadine, oseltamivir, and ribavirin impedes the selection of drug-resistant influenza A virus. PLoS One
2011;6(12):e29778.

Nguyen JT, Hoopes JD, Le MH, Smee DF, Patick AK, Faix DJ, et al. Triple combination of amantadine, ribavirin, and oseltamivir
is highly active and synergistic against drug resistant influenza virus strains in vitro. PLoS One 2010;5(2):e9332.

Smee DF, Hurst BL, Wong MH, Tarbet EB, Babu YS, Klumpp K, et al. Combinations of oseltamivir and peramivir for the
treatment of influenza A (H1N1) virus infections in cell culture and in mice. Antiviral Res 2010 Oct;88(1):38-44.

Smee DF, Hurst BL, Wong MH, Bailey KW, Morrey JD. Effects of double combinations of amantadine, oseltamivir, and
ribavirin on influenza A (H5N1) virus infections in cell culture and in mice. Antimicrob Agents Chemother 2009
May;53(5):2120-8.

Smee DF, Bailey KW, Morrison AC, Sidwell RW. Combination treatment of influenza A virus infections in cell culture and in
mice with the cyclopentane neuraminidase inhibitor RWJ-270201 and ribavirin. Chemotherapy 2002 May;48(2):88-93.

Smee DF, Hurst BL, Wong MH, Bailey KW, Tarbet EB, Morrey JD, et al. Effects of the combination of favipiravir (T-705) and
oseltamivir on influenza A virus infections in mice. Antimicrob Agents Chemother 2010 Jan;54(1):126-33.

Tarbet EB, Maekawa M, Furuta Y, Babu YS, Morrey JD, Smee DF. Combinations of favipiravir and peramivir for the treatment
of pandemic influenza A/California/04/2009 (H1N1) virus infections in mice. Antiviral Res 2012 Apr;94(1):103-10.

Tarbet EB, Vollmer AH, Hurst BL, Barnard DL, Furuta Y, Smee DF. In vitro activity of favipiravir and neuraminidase inhibitor
combinations against oseltamivir-sensitive and oseltamivir-resistant pandemic influenza A (H1N1) virus. Arch Virol 2013 Dec
6.

Nakamura G, Chai N, Park S, Chiang N, Lin Z, Chiu H, et al. An in vivo human-plasmablast enrichment technique allows rapid
identification of therapeutic influenza a antibodies. Cell Host Microbe 2013 Jul 17;14(1):93-103.

58



Appendices. Summaries of Pre-clinical and Clinical Combination Studies of Influenza Antivirals, Inmunomodulators, and Chinese Traditional
Medicines

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

Smee DF, Wong MH, Bailey KW, Sidwell RW. Activities of oseltamivir and ribavirin used alone and in combination against
infections in mice with recent isolates of influenza A (H1IN1) and B viruses. Antivir Chem Chemother 2006;17(4):185-92.

Ilyushina NA, Hay A, Yilmaz N, Boon AC, Webster RG, Govorkova EA. Oseltamivir-ribavirin combination therapy for highly
pathogenic H5N1 influenza virus infection in mice. Antimicrob Agents Chemother 2008 Nov;52(11):3889-97.

Belardo G, La Frazia S, Cenciareli O, Carta S, Rossignol JF, Santoro MG. A novel potential anti-influenza drug, acting in
synergism with neuraminidase inhibitors [Internet]. Paper presented at: 49th Infectious Disease Society of America Annual
Meeting; 2011 Oct 20-23; Boston, MA. [cited 2013 Apr 29]. Available from: Available from:
https://idsa.confex.com/idsa/2011/webprogram/Paper31075.html. IDSA Annual Meeting Boston: New Approaches to Anti-
Viral Therapy Saturday, October 22, 2011.

Iversen PL, Mourich DV, Voss T. AVI-7100 is effective in oseltamivir resistant HIN1 infected ferrets. Presented at the 51st
Interscience conference on Antimicrobial Agents and Chemotherapy (ICAAC). Chicago 9/17/2011, Abstract F1-13725a.

Basu A, Antanasijevic A, Wang M, Li B, Mills DM, Ames JA, et al. New small molecule entry inhibitors targeting hemagglutinin-
mediated influenza a virus fusion. J Virol 2014 Feb;88(3):1447-60.

Pukrittayakamee S, Jittamala P, Stepniewska K, Lindegardh N, Chueasuwanchai S, Leowattana W, et al. An open-label
crossover study to evaluate potential pharmacokinetic interactions between oral oseltamivir and intravenous zanamivir in
healthy Thai adults. Antimicrob Agents Chemother 2011 Sep;55(9):4050-7.

Atiee G, Lasseter K, Baughman S, McCullough A, Collis P, Hollister A, et al. Absence of pharmacokinetic interaction between
intravenous peramivir and oral oseltamivir or rimantadine in humans. J Clin Pharmacol 2012 Sep;52(9):1410-9.

Seo S, Englund JA, Nguyen JT, Pukrittayakamee S, Lindegardh N, Tarning J, et al. Combination therapy with amantadine,
oseltamivir and ribavirin for influenza A infection: safety and pharmacokinetics. Antivir Ther 2013;18(3):377-86.

Zhou B, Zhong N, Guan Y. Treatment with convalescent plasma for influenza A (H5N1) infection. N Engl J Med 2007 Oct
4;357(14):1450-1.

59



Appendices. Summaries of Pre-clinical and Clinical Combination Studies of Influenza Antivirals, Inmunomodulators, and Chinese Traditional
Medicines

(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35)

(36)

(37)

Kirshon B, Faro S, Zurawin RK, Samo TC, Carpenter RJ. Favorable outcome after treatment with amantadine and ribavirin in a
pregnancy complicated by influenza pneumonia. A case report. J Reprod Med 1988 Apr;33(4):399-401.

Fraaij PL, van d, V, Beersma MF, Riezebos-Brilman A, Niesters HG, van der Eijk AA, et al. Evaluation of the antiviral response
to zanamivir administered intravenously for treatment of critically ill patients with pandemic influenza A (H1N1) infection. J
Infect Dis 2011 Sep 1;204(5):777-82.

Petersen E, Keld DB, Ellermann-Eriksen S, Gubbels S, llkjaer S, Jensen-Fangel S, et al. Failure of combination oral oseltamivir
and inhaled zanamivir antiviral treatment in ventilator- and ECMO-treated critically ill patients with pandemic influenza A
(HIN2)v. Scand J Infect Dis 2011 Jul;43(6-7):495-503.

Kim WY, Young SG, Huh JW, Kim SH, Kim MJ, Kim YS, et al. Triple-combination antiviral drug for pandemic HIN1 influenza
virus infection in critically ill patients on mechanical ventilation. Antimicrob Agents Chemother 2011 Dec;55(12):5703-9.

Kang SJ, Park KH, Kee SJ, Shin JH, Jung SI, Kwon YS, et al. Virological clearance rate of high-dose oseltamivir or triple-
combination antiviral therapy in complicated 2009 pandemic influenza A (H1N1) infection. Jpn J Infect Dis 2013;66(5):425-7.

Hung IF, To KK, Lee CK, Lee KL, Chan K, Yan WW, et al. Convalescent plasma treatment reduced mortality in patients with
severe pandemic influenza A (HIN1) 2009 virus infection. Clin Infect Dis 2011 Feb 15;52(4):447-56.

Escuret V, Cornu C, Boutitie F, Enouf V, Mosnier A, Bouscambert-Duchamp M, et al. Oseltamivir-zanamivir bitherapy
compared to oseltamivir monotherapy in the treatment of pandemic 2009 influenza A(H1N1) virus infections. Antiviral Res
2012 Nov;96(2):130-7.

Morrison D, Roy S, Rayner C, Amer A, Howard D, Smith JR, et al. A randomized, crossover study to evaluate the
pharmacokinetics of amantadine and oseltamivir administered alone and in combination. PLoS One 2007;2(12):e1305.

Duval X, van der WS, Blanchon T, Mosnier A, Bouscambert-Duchamp M, Tibi A, et al. Efficacy of oseltamivir-zanamivir
combination compared to each monotherapy for seasonal influenza: a randomized placebo-controlled trial. PLoS Med
2010;7(11):e1000362.

Carrat F, Duval X, Tubach F, Mosnier A, Van Der Werf S, Tibi A, et al. Effect of oseltamivir, zanamivir or oseltamivir-zanamivir
combination treatments on transmission of influenza in households. Antivir Ther 2012;17(6):1085-90.

60



Appendices. Summaries of Pre-clinical and Clinical Combination Studies of Influenza Antivirals, Inmunomodulators, and Chinese Traditional
Medicines

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)

Ison MG, Gnann JW, Jr., Nagy-Agren S, Treannor J, Paya C, Steigbigel R, et al. Safety and efficacy of nebulized zanamivir in
hospitalized patients with serious influenza. Antivir Ther 2003 Jun;8(3):183-90.

Hung IF, To KK, Lee CK, Lee KL, Yan WW, Chan K, et al. Hyperimmune IV Immunoglobulin Treatment: A Multicenter Double-
Blind Randomized Controlled Trial for Patients With Severe 2009 Influenza A(H1N1) Infection. Chest 2013 Aug;144(2):464-73.

Lavrov SV, Eremkina El, Orlova TG, Galegov GA, Soloviev VD, Zhdanov VM. Combined inhibition of influenza virus
reproduction in cell culture using interferon and amantadine. Nature 1968 Mar 2;217(5131):856-7.

Hayden FG, Schlepushkin AN, Pushkarskaya NL. Combined interferon-alpha 2, rimantadine hydrochloride, and ribavirin
inhibition of influenza virus replication in vitro. Antimicrob Agents Chemother 1984 Jan;25(1):53-7.

D'Agostini C, Palamara AT, Favalli C, Sivilia M, Febbraro G, Bue C, et al. Efficacy of combination therapy with amantadine,
thymosin alpha 1 and alpha/beta interferon in mice infected with influenza A virus. Int J Immunopharmacol 1996
Feb;18(2):95-102.

Ottolini M, Blanco J, Porter D, Peterson L, Curtis S, Prince G. Combination anti-inflammatory and antiviral therapy of influenza
in a cotton rat model. Pediatr Pulmonol 2003 Oct;36(4):290-4.

Ghezzi P, Ungheri D. Synergistic combination of N-acetylcysteine and ribavirin to protect from lethal influenza viral infection
in a mouse model. Int J Immunopathol Pharmacol 2004 Jan;17(1):99-102.

Garozzo A, Tempera G, Ungheri D, Timpanaro R, Castro A. N-acetylcysteine synergizes with oseltamivir in protecting mice
from lethal influenza infection. Int J Immunopathol Pharmacol 2007 Apr;20(2):349-54.

Fukushi M, Yamashita M, Miyoshi-Akiyama T, Kubo S, Yamamoto K, Kudo K. Laninamivir octanoate and artificial surfactant
combination therapy significantly increases survival of mice infected with lethal influenza HIN1 Virus. PLoS One
2012;7(8):e424109.

Morita M, Kuba K, Ichikawa A, Nakayama M, Katahira J, Iwamoto R, et al. The lipid mediator protectin D1 inhibits influenza
virus replication and improves severe influenza. Cell 2013 Mar 28;153(1):112-25.

61



Appendices. Summaries of Pre-clinical and Clinical Combination Studies of Influenza Antivirals, Inmunomodulators, and Chinese Traditional
Medicines

(48)

(49)

(50)

(51)

(52)

(53)

(54)

(55)

(56)

(57)

Walsh KB, Teijaro JR, Wilker PR, Jatzek A, Fremgen DM, Das SC, et al. Suppression of cytokine storm with a sphingosine
analog provides protection against pathogenic influenza virus. Proc Natl Acad Sci U S A 2011 Jul 19;108(29):12018-23.

Zheng BJ, Chan KW, Lin YP, Zhao GY, Chan C, Zhang HJ, et al. Delayed antiviral plus immunomodulator treatment still reduces
mortality in mice infected by high inoculum of influenza A/H5N1 virus. Proc Natl Acad Sci U S A 2008 Jun 10;105(23):8091-6.

Haasbach E, Hartmayer C, Planz O. Combination of MEK inhibitors and oseltamivir leads to synergistic antiviral effects after
influenza A virus infection in vitro. Antiviral Res 2013 May;98(2):319-24.

Belser JA, Szretter KJ, Katz JM, Tumpey TM. Simvastatin and oseltamivir combination therapy does not improve the
effectiveness of oseltamivir alone following highly pathogenic avian H5N1 influenza virus infection in mice. Virology 2013 Apr
25;439(1):42-6.

Radigan KA, Urich D, Misharin AV, Chiarella SE, Soberanes S, Gonzalez A, et al. The effect of rosuvastatin in a murine model of
influenza A infection. PLoS One 2012;7(4):e35788.

Vandermeer ML, Thomas AR, Kamimoto L, Reingold A, Gershman K, Meek J, et al. Association between use of statins and
mortality among patients hospitalized with laboratory-confirmed influenza virus infections: a multistate study. J Infect Dis
2012 Jan;205(1):13-9.

Viasus D, Pano-Pardo JR, Cordero E, Campins A, Lopez-Medrano F, Villoslada A, et al. Effect of immunomodulatory therapies
in patients with pandemic influenza A (H1IN1) 2009 complicated by pneumonia. J Infect 2011 Mar;62(3):193-9.

Brun-Buisson C, Richard JC, Mercat A, Thiebaut AC, Brochard L. Early corticosteroids in severe influenza A/H1IN1 pneumonia
and acute respiratory distress syndrome. Am J Respir Crit Care Med 2011 May 1;183(9):1200-6.

Martin-Loeches |, Lisboa T, Rhodes A, Moreno RP, Silva E, Sprung C, et al. Use of early corticosteroid therapy on ICU
admission in patients affected by severe pandemic (H1IN1)v influenza A infection. Intensive Care Med 2011 Feb;37(2):272-83.

Xi X, Xu'Y, Jiang L, Li A, Duan J, Du B. Hospitalized adult patients with 2009 influenza A(H1N1) in Beijing, China: risk factors for
hospital mortality. BMC Infect Dis 2010;10:256.

62



Appendices. Summaries of Pre-clinical and Clinical Combination Studies of Influenza Antivirals, Inmunomodulators, and Chinese Traditional
Medicines

(58)

(59)

(60)

(61)

(62)

(63)

(64)

(65)

(66)

(67)

Kim SH, Hong SB, Yun SC, Choi WI, Ahn JJ, Lee YJ, et al. Corticosteroid treatment in critically ill patients with pandemic
influenza A/H1N1 2009 infection: analytic strategy using propensity scores. Am J Respir Crit Care Med 2011 May
1;183(9):1207-14.

Linko R, Pettila V, Ruokonen E, Varpula T, Karlsson S, Tenhunen J, et al. Corticosteroid therapy in intensive care unit patients
with PCR-confirmed influenza A(H1N1) infection in Finland. Acta Anaesthesiol Scand 2011 Sep;55(8):971-9.

Diaz E, Martin-Loeches |, Canadell L, Vidaur L, Suarez D, Socias L, et al. Corticosteroid therapy in patients with primary viral
pneumonia due to pandemic (H1IN1) 2009 influenza. J Infect 2012 Mar;64(3):311-8.

Kudo K, Takasaki J, Manabe T, Uryu H, Yamada R, Kuroda E, et al. Systemic corticosteroids and early administration of
antiviral agents for pneumonia with acute wheezing due to influenza A(HIN1)pdmO09 in Japan. PLoS One 2012;7(2):e32280.

Wang CH, Chung FT, Lin SM, Huang SY, Chou CL, Lee KY, et al. Adjuvant treatment with a mammalian target of rapamycin
inhibitor, sirolimus, and steroids improves outcomes in patients with severe HIN1 pneumonia and acute respiratory failure.
Crit Care Med 2014 Feb;42(2):313-21.

Martin-Loeches |, Bermejo-Martin JF, Valles J, Granada R, Vidaur L, Vergara-Serrano JC, et al. Macrolide-based regimens in
absence of bacterial co-infection in critically ill HIN1 patients with primary viral pneumonia. Intensive Care Med 2013
Apr;39(4):693-702.

Ishii H, Komiya K, Yamagata E, Yatera K, Chojin Y, Yamamoto H, et al. Clarithromycin has limited effects in non-elderly, non-
severe patients with seasonal influenza virus A infection. J Infect 2012 Mar;64(3):343-5.

Shinahara W, Takahashi E, Sawabuchi T, Arai M, Hirotsu N, Takasaki Y, et al. Immunomodulator clarithromycin enhances
mucosal and systemic immune responses and reduces re-infection rate in pediatric patients with influenza treated with
antiviral neuraminidase inhibitors: a retrospective analysis. PLoS One 2013;8(7):e70060.

Lai KY, Ng WY, Osburga Chan PK, Wong KF, Cheng F. High-dose N-acetylcysteine therapy for novel HIN1 influenza
pneumonia. Ann Intern Med 2010 May 18;152(10):687-8.

Ying S, Yu-ming X. Clinical efficacy of baicalin combined with antivirals in the treatment of severe influenza A HIN1 influenza.
Chinese Journal of Hospital Pharmacy
2014;http://www.cnki.net/kcms/doi/10.13286/j.cnki.chinhosppharmacyj.2014.0038.html. Chinese.

63


http://www.cnki.net/kcms/doi/10.13286/j.cnki.chinhosppharmacyj.2014.0038.html

Appendices. Summaries of Pre-clinical and Clinical Combination Studies of Influenza Antivirals, Inmunomodulators, and Chinese Traditional

Medicines

(68) Tianjum J, Zhiping Z, Jie L, Rong F, Huiying Y, Yangxin X. Clinical Efficacy of Oseltamivir in treatment of Type A Influenza HIN1.
Chinese General Practice 2010;13(9A):2839-41 Chinese.

(69) Xinghua T, Yingxia L, Zhang X, Huijuan L, Juan M, Jiapeng F. Clinical study of combined western and Chinese Medicine for the
treatment of pandemic influenza A (HIN1). Journal of Guangzhou University of Traditional Chinese Medicine 2010;27(5):441-
4 Chinese.

(70) Shuzhu LHZ, Ning L, Shenghong L. Injection combined with Western Medicine Treatment on Influenza Randomized Controlled
Stud y. Journal Of Practical Traditional Chinese Internal Medicine 2012;26(5):64-5 Chinese.

(71) Bo T, Weimin N, Pengpeng D, Fengyi L, Weiwei C, Zhiping Z. Efficacy of treatment of influenza A (H1N1) with oseltamivir
phosphate and isatis root granules. Med J Chin PAPF 2013;24(6):465-7 Chinese.

(72) Xie. Efficacy of Tanreqing and Oseltamivir for Influenza A (H1IN1) infection. China Modern Doctor 2010;48(18):47-8 Chinese.

(73) Qian J, Jianru X, Liqun S. Clinical efficacy of Tanreqing Infection combined with oseltamivir for treatment of influenza A
(HIN1). Journal of Jilin Medicine 2011;32(2):266-7 Chinese.

(74) Gang L. Observation of Tanreqing Injection Combined wlth Oseltamivir in influenza A (HINI). JETCM 2010;19(10):1681-2
Chinese.

(75) Wang C, Cao B, Liu QQ, Zou ZQ, Liang ZA, Gu L, et al. Oseltamivir compared with the Chinese traditional therapy

maxingshigan-yingiaosan in the treatment of HIN1 influenza: a randomized trial. Ann Intern Med 2011 Aug 16;155(4):217-
25.

64



Appendices. Summaries of Pre-clinical and Clinical Combination Studies of Influenza Antivirals, Inmunomodulators, and Chinese Traditional
Medicines

The following studies were identified during our literature search but were not included in the table summarising combinations of

influenza antivirals (appendix 1), because they did not assess standardised compounds, and/or were not published in English, and/or

were not available in English:

Serkedjieva J. Combined antiinfluenza virus activity of Flos verbasci infusion and amantadine derivatives. Phytother Res. 2000
Nov;14(7):571-4.

Gegova G, Manolova N, Serkedzhieva lu, Maksimova V, Uzunov S, Dzeguze D, Indulen M. Combined effect of selected antiviral
substances of natural and synthetic origin. Il. Anti-influenza activity of a combination of a polyphenolic complex isolated from
Geranium sanguineum L. and rimantadine in vivo. Acta Microbiol Bulg. 1993;30:37-40.

Haidari M, Ali M, Ward Casscells S 3rd, Madjid M. Pomegranate (Punica granatum) purified polyphenol extract inhibits influenza
virus and has a synergistic effect with oseltamivir. Phytomedicine. 2009 Dec;16(12):1127-36. doi: 10.1016/j.phymed.2009.06.002.
Epub 2009 Jul 7.

Shneider M, Golovkin V, Chizhov N, Shtil'bans, E. Amfogliukamin v kompleksnoi khimioterapii nekotorykh virusnykh zabolevanii.
[Amphoglucamine in the combined chemotherapy of viral diseases]. [Russian]. Voprosy Virusologii. 32(6):736-9, 1987 Nov-Dec.

Grishchenko S, Lavrukhina L, Ketiladze E, Krylov V, Ershov, F. Rezul'taty kompleksnoi terapii bol'nykh grippom, oslozhennnym
pnevmoniei, s ispol'zovaniem levamizola. [Results of combined therapy using levamisole for patients with influenza complicated by
pneumonia]. [Russian]. Voprosy Virusologii. 29(2):175-9, 1984 Mar-Apr.

Strutsovskaia A, Ulanovskaia T, Furer N, Ermol'eva Z. Opyt primeneniia leikotsitarnogo interferona s metatsilom pri grippe u detei.
[Experience with using leukocytic interferon with methacil in influenza in children]. [Russian]. Antibiotiki. 20(2):170-3, 1975 Feb.

65



