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bstract

While newer neuraminidase inhibitors have been used recently to treat influenza A and B virus infections, emergence of drug resistance poses
otential problems. Previous ribavirin aerosol treatments of influenza were effective and drug resistance was not observed. To make ribavirin
erosol treatment a quicker process and limited to once or twice daily treatments, a MegaRibavirin formulation (100 mg of ribavirin/mL) was
eveloped that when used with the Aerotech II nebulizer was effective in preventing death in a lethal influenza A virus mouse model. Aerosol
enerated using the Aerotech II nebulizer flowing at 10 L of air/min produced aerosol droplets that contained 2.3 mg of ribavirin/L with a mass
edian aerodynamic diameter of 1.8 �m. Using this system for treatment, a single daily 30-min exposure on days 1–4 produced a survival rate
f greater than 90%. Delaying the start of aerosol treatment for 48 or 72 h and treating once daily for 30 min for two days (days 2–3 and 3–4,
espectively) still significantly increased the number of survivors and mean time to death. For the treatment of influenza in general and for pandemic
vian influenza, the MegaRibavirin-Aerotech II method of aerosol treatment allows for short treatment periods, minimizes environmental issues
nd costs less.

2008 Elsevier B.V. All rights reserved.
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. Introduction

In the early 1980s, clinical trials of ribavirin aerosol for the
reatment of naturally occurring influenza in college students
ere conducted (Gilbert et al., 1985; Gilbert and Knight, 1990;
night et al., 1981; McClung et al., 1983; Wilson et al., 1984).
he results of those studies showed that ribavirin administered
s an aerosol was effective in reducing nasal wash virus titers,
uration of fever (>100 F) and symptomatology (Gilbert and
night, 1990; Knight and Gilbert, 1987). Dosing and treatment

chedules were based on studies of ribavirin aerosol treatment of
nfluenza-infected mice (Gilbert et al., 1991, 1992; Wyde et al.,
986, 1987). Initially, treatment of influenza utilized 20 mg of
ibavirin/mL in the reservoir of a prototype of the SPAG2-6000

SPAG) nebulizer from ICN Pharmaceuticals and continuous
xposure to the aerosol for 12 h. With FDA approval of ribavirin
erosol for the treatment of respiratory syncytial virus (RSV)
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nfections in hospitalized children, the long, continuous treat-
ent requirements interfered with patient care. Using animal
odels, it was shown that by increasing the ribavirin concen-

ration in the reservoir three-fold, the time of treatment could
e significantly reduced. Thus, with 60 mg of ribavirin/mL in
he reservoir (“high dose”) of a SPAG nebulizer, the time of
ibavirin aerosol treatment of influenza A or B virus infection
ould be reduced to three 15-min exposures, and for RSV to
hree 30-min exposures (Gilbert et al., 1992; Wyde et al., 1987).
linically, this approach has also been used in children with sus-
ected RSV infections (Englund et al., 1990, 1994) and in bone
arrow transplant patients infected with RSV. These patients
ere treated with “high dose” ribavirin for 2 h, three-times daily

Boeckh et al., 2007; Whimbey et al., 1995). To date results with
ibavirin aerosol treatment of these viral infections has translated
nto clinical effectiveness.

While newer anti-influenza drugs such as the neuraminidase

nhibitors are available, drug resistance has developed in the clin-
cal setting to these drugs. However, even with use of ribavirin for
he treatment of RSV by aerosol, hepatitis C virus (HCV) infec-
ions by oral administration and hemorrhagic fever viruses by

mailto:bgilbert@bcm.edu
dx.doi.org/10.1016/j.antiviral.2008.01.005
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ntravenous administration, resistance to ribavirin has not been
eported. We believe that this newer methodology for treating
nfluenza is applicable to influenza in general but would be par-
icularly valuable in treating pandemic avian influenza where
horter treatment times and the need for one-third or one-sixth
f the drug would be advantageous. Most likely a combination of
ntivirals will be necessary and with different modes of action,
neuraminidase inhibitor and ribavirin aerosol should be the

ikely candidates.
In the last two decades, advances in formulation and neb-

lizers have occurred that produce higher ribavirin aerosol
oncentrations leading to higher deposited doses when delivered
or even shorter periods of time than the “high dose” formulation.
n this manuscript, we describe the delivery of “MegaRibavirin”,
100 mg of ribavirin/mL formulation using a more efficient neb-
lizer, the Aerotech II. A 30-min, once daily aerosol treatment
tarting 24 h post-infection and continuing for 3 or 4 days effec-
ively protected mice from a lethal influenza A/HK/8/68 (H3N2)
irus infection.

. Materials and methods

.1. Animals

NIH Swiss-Webster female mice, 6–8 weeks of age
18–20 g), were obtained from NCI-Charles Rivers Laborato-
ies (Hartford, CT). They were housed in the Baylor College
f Medicine (BCM) vivarium in cages covered with barrier fil-
ers and given food and water ad libitum. Experiments were
erformed utilizing NIH and United States Department of
griculture guidelines and experimental protocols approved
y the BCM Investigational Animal Care and Use Committee
IACUC).

.2. Virus inoculation and quantification

Mice were inoculated with mouse-adapted influenza
/HK/8/68 (H3N2) virus by small-particle aerosol as described
reviously (Gilbert et al., 1992; Wyde et al., 1977). Originally,
he virus was obtained from a patient experiencing influenza. It
as passaged two times in rhesus monkey kidney tissue culture

nd then passaged serially in BALB/c mice as described previ-
usly (Wyde et al., 1977). The Aerotech II nebulizer (CIS-USA;
edford, MA) is commercially available and has been used in
linical trials (Iacono et al., 2006; Verschraegen et al., 2004).
his nebulizer can hold up to 10 mL of liquid and run at a flow

ate of up to 10 L of gas/min. Briefly, 9 mL of a 1:300 dilution of
mouse lung pool of influenza A/HK/68 (H3N2) (stock titer of
.43 TCID50/mL) in 0.05% gelatin-minimal essential medium
MEM) was added to the reservoir of an Aerotech II nebulizer
owing at 10 L of air/min produced by an Aridyne 2000 com-
ressor (Trimeter Instrument Corp., Landcaster, PA). Mice were
xposed to the aerosol for 20 min, depositing approximately

00 TCID50/mouse.

On day 4 post-influenza A/HK/8/68 (H3N2) virus inoculation
p.i.), entire lungs from five animals were each homogenized in
mL of MEM, diluted 1:10 with MEM and serially diluted 1:3

u
a
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t
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sing MEM in 96-well round bottom plates of Madin Darby
anine kidney (MDCK) cells containing MEM with Worthing-
on trypsin (2 �g/mL) and without fetal bovine serum (FBS) as
escribed previously (Wyde et al., 1987). After incubation for
days at 36 ◦C and 5% CO2, 0.05 mL of a 0.5% suspension of

hicken erythrocytes was added to each well. Wells exhibiting
emadsorption were considered to be infected with influenza
irus. Virus titers were calculated as TCID50/lung.

.3. MegaRibavirin aerosol characteristics

Ribavirin was resuspended in water at 100 mg/mL and 10 mL
dded to an Aerotech II nebulizer flowing at 10 L of air/min.
o determine total aerosol concentrations (�g ribavirin/L of
erosol), samples (1 min) were collected in an All-glass impinger
AGI) (Ace Glass; Vineland, NJ) containing 20 mL of water at
, 7, 21 and 29 min of a 30-min exposure period. In addition
o determine aerosol particle size, a sample (1 min) was col-
ected at 15 min using an Andersen cascade impactor (Andersen
nstruments; Atlanta, GA). Ribavirin from each plate of the
mpactor was eluted with 5 mL of water and the concentra-
ion was determined spectrophotometricly at 207 nm. A standard
urve (0–50 �g of ribavirin/mL) was used with an R2 of 0.9945
nd a slope of 0.0430 A207nm/�g/mL. The mass median aero-
ynamic diameter (MMAD) and geometric standard deviation
GSD) were calculated from these data (Wiggins, 1991). From
he mean aerosol concentration (aerosol MT), the deposited dose
f ribavirin in the lungs of mice (20.4 mg/kg/30 min exposure)
as estimated as described previously (Knight et al., 1988;
night and Gilbert, 1987; Koshkina et al., 2004).

.4. MegaRibavirin aerosol treatment

Mice contained in sealed plastic cages were exposed to
erosolized drug for 30 min using the Aerotech II nebulizer flow-
ng at 10 L of air/min as described previously (Gilbert and Wyde,
988; Knight et al., 1999). Ribavirin (1 g powder) was mixed
ith 10 mL of sterile water for irrigation (Baxter Healthcare
orp.; Deerfield, IL), vortexed and then sonicated in a water bath

or 15–30 s to assure complete solubilization. The final concen-
ration of ribavirin was 100 mg/mL. A new nebulizer was used
or each treatment. For quality control of performance, nebuliz-
rs were weighed before and after treatment to monitor the rate
f liquid consumption during the treatment period. In general,
ice were exposed to virus on day 0, treated with various dos-

ng regimens usually starting 24 h post-infection (p.i.) (i.e., day
1), tested for virus on day +4 p.i. (day of peak virus titer) and
bserved for mean change in body weights and mortality until
ay +21.

.5. Statistical analysis

The Fisher Exact test, two-tailed using Instat3® software was

sed to compare the final fraction of deaths in a group to that of
nother group. The Student’s t-test, two-tailed using Microsoft’s
xcel® software was used to compare between groups the mean

ime to death (MTD) of those that died and changes in mean body
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eights. ANOVA with Bonferroni multiple comparisons tests,
wo-tailed using Instat3® software was used to compare survival
urves and pulmonary virus titers using log10/lung transformed
ata.

. Results

.1. MegaRibavirin aerosol characteristics

Ribavirin at a concentration of 100 mg/mL (MegaRibavirin)
roduced an aerosol containing droplets with mass median
erodynamic diameter of 1.76 �m and a geometric standard
eviation of 2.60 (Fig. 1A). Most (83.6%) of the droplets were
n the respirable range (<5 �m) and suitable for deep deposi-

ion into the lower airways. This droplet size was similar to
revious measurements of the standard ribavirin concentration
20 mg/mL) used in the SPAG nebulizer for the treatment of
nfluenza in college students (Gilbert et al., 1985; Knight et al.,

ig. 1. Aerosol characteristics of MegaRibavirin (100 mg/mL) generated from
n Aerotech II nebulizer flowing at 10 L of air/min. (A) Ribavirin distribution
y particle size as determined by collection on an Andersen cascade impactor,
lution of drug from the plates for each particle size range and quantitation by
pectrophotometer (absorption at 207 nm). (B) Ribavirin concentrations in the
erosol and nebulizer reservoir during a 30-min nebulization with an Aerotech II
ebulizer. MMAD, mass median aerodynamic diameter; GSD, geometric stan-
ard deviation; AerosolMT, mean aerosol concentration of ribavirin over the
0 min period (�g/L of aerosol).
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981; McClung et al., 1983; Wilson et al., 1984) and the FDA-
pproved treatment of RSV in hospitalized children (Taber et al.,
983). The mean aerosol concentration (aerosolMT) of ribavirin
roduced over a 30 min treatment period by the Aerotech II neb-
lizer was 2277 �g/L of aerosol (Fig. 1B). The efficiency of the
erotech II nebulizer with MegaRibavirin was 2.3 times greater

n generating an aerosol concentration from the liquid reservoir
han the SPAG nebulizer at 20 mg ribavirin/mL (Table 1). Using
he Aerotech II nebulizer with MegaRibavirin, a 30 min treat-

ent twice daily would produce the same deposited dose of
ibavirin in the lungs of mice or man as the single 12 h treatment
ith the SPAG and would only require 2 g of drug instead of 6 g.

.2. Comparison of once or twice daily 30-min
egaRibavirin aerosol treatments of influenza A/HK/8/68

H3N2) virus-infected mice

In two separate experiments, mice infected by aerosol (ca.
00 TCID50/mouse) were treated for 30 min with an aerosol
ontaining ribavirin either once daily or twice daily every 12 h
Fig. 2). Treatments were administered on (1) day +1, (2) on
ays +2 and +3 and (3) on days +1, +2, +3 and +4. With either
nce or twice daily treatments, the most dramatic effect was
bserved when the animals were treated for 4 days starting
4 h p.i. (days +1 through +4). This was observed for both sur-
ival (P < 0.05, once daily; P < 0.001, twice daily) (Fig. 2A) and
ean virus lung titers with an average decrease of 1.3 log10/lung

P < 0.05) (Fig. 2B). Minimizing treatment to a single 30-min
xposure on day +1-only, was not effective in this (Fig. 2) or
ther experiments (data not shown). However, with once daily
reatment starting 48 h p.i. and treating for 2 days (days +2
nd +3), there was a statistically significant increase in over-
ll survival (P < 0.05) (Fig. 2A) and in the mean time to death
rom 8.5 ± 1.3 to 9.6 ± 0.5 days (P = 0.041) although the fraction
f survivors (P = 0.109) and decrease in mean lung virus titers
0.76 log10/lung) were not significantly different (P > 0.05) from
ntreated control animals (Fig. 2B).

.3. Comparison of the treatment schedule of once daily
0-min MegaRibavirin aerosol treatments on influenza
/HK/8/68 (H3N2) virus-infected mice

Mice were given a 30-min aerosol treatment once daily using
ifferent schedules to try to assess the minimum amount of
reatment necessary to achieve an effective response (i.e., >90%
urvival rate) (Fig. 3). MegaRibavirin aerosol administered on
1) 3 days starting 24 h p.i. and treating on days +1, +2 and +3
r (2) for 2 days starting 72 h p.i and treating on days +3 and
4 increased overall survival (P < 0.05) (Fig. 3A), the fraction of
urvivors (P < 0.0001) and the mean time to death from 7.7 ± 0.6
ays to 9.4 ± 1.1 and 9.8 ± 1.2 days, respectively (P < 0.001).
ompared to the other groups, a decrease in mean body weight

oss on days 7 and 9 was observed in the animals treated for

days (P < 0.05) (Fig. 3B). In contrast, MegaRibavirin aerosol

dministered (1) for 2 days starting 24 h p.i. and treating on days
1 and +2 or (2) 48 h p.i. on days +2 and +3 had less of an effect
n overall survival (P > 0.05). Although there was a statistically
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Table 1
Comparison of ribavirin pulmonary deposition calculations between humans and mice using different nebulizers and concentrations

Speciesa Nebulizerb Reservoir ribavirinc Aerosol
ribavirind

(�g/L)

Treatment
schedulee

(no. × h)

Body
weight
(kg)

Minute
volumef

(L min/kg)

Deposition
fractiong

Ribavirin deposited/treatmenth

mg/mL mL mg/kg Total mg

Human SPAG 20 300 200 1 × 12 70 0.108 0.70 10.9 762
Human SPAG 60 100 600 2 × 2 70 0.108 0.70 10.9 762
Human AT2 100 10 2270 1 × 0.5 70 0.108 0.70 5.1 360
Human AT2 100 10 2270 2 × 0.5 70 0.108 0.70 10.3 721

Mouse SPAG 20 300 200 1 × 12 0.02 1.0 0.30 43.2 0.86
Mouse SPAG 60 100 600 3 × 0.25 0.02 1.0 0.30 8.1 0.16
Mouse AT2 100 10 2270 1 × 0.5 0.02 1.0 0.30 20.4 0.41
Mouse AT2 100 10 2270 2 × 0.5 0.02 1.0 0.30 40.9 0.82

a Calculations based on adult species using nose breathing. Values may vary with younger aged individuals or animals.
b SPAG: SPAG2-6000 nebulizer currently used for ribavirin aerosol treatments and manufactured by Valeant Pharmaceuticals International, Aliso Viejo, CA; AT2:

Aerotech II nebulizer currently used in clinical trials for cancer and lung transplantation and manufactured by CIS-USA, Bedford, MA.
c Concentrations: 20 mg/mL, used with standard FDA-approved aerosol treatment; 60 mg/mL, used with “high dose” treatment (Englund et al., 1990); 100 mg/mL,

MegaRibavirin treatment (this report).
d From measured aerosol concentrations: The AT2 nebulizer produces an aerosol concentration 2.3-times greater than the SPAG nebulizer.
e Multiple treatments are evenly spaced over a 24 h period. Treatments are expressed as number (no.) of treatments/day times the hours (h) of treatment.
f From Phalen (1984).
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g From Schlesinger (1985) and Knight et al. (1988).
h Deposited dose (mg/kg/treatment) = [(Aerosol, �g/L) × (Minute volume, L m
987).

ignificant increase in mean time to death in both, 9.5 ± 1.2
nd 9.0 ± 1.7 days, respectively, compared to untreated controls,
.7 ± 0.6 days (P < 0.004), the fraction of survivors was only
ignificant for the mice treated on days +2 and +3 (P = 0.008).

. Discussion

Despite the effectiveness of influenza virus vaccines, there is
n annual need to predict the next year’s viruses to incorporate
he best antigens into a vaccine. At the present time the period
etween selecting the antigens and producing and distributing
accine is long and some years can impinge upon the start of
nfluenza season. Even with adequate vaccine supply, there are
ndividuals who are not protected or who fail to be vaccinated.
or the elderly, influenza can be quite severe and can cause pneu-
onia and death. Clearly in addition to vaccines, there is a need

or antiviral drugs. For pandemic avian influenza viruses antigen
redictions for vaccines will be even more difficult (Subbaraco
nd Joseph, 2007). Until it is known what viral properties will
llow an avian influenza virus to be transmitted from human to
uman, stockpiling avian-specific vaccine(s) is problematic and
he topic of much discussion pro and con. There will be a need
or antivirals especially in the early phase of transmission.

Currently, there are two classes of FDA-approved drugs avail-
ble for influenza infections. The adamantanes (amantadine and
imantadine) that bind to the M2 protein of the influenza virus
nd the neuraminidase inhibitors (oseltamivir and zanamivir)
hat inhibit the enzymatic activity of the surface glycopro-
ein, neuraminidase. While the adamantanes are active only

gainst the type A and not the type B influenza viruses, the
euraminidase inhibitors are effective against both types. In
linical settings, influenza viruses have developed resistance to
oth classes of drugs. The clinical significance of the muta-

a
2
w
e

) × (Treatment time, min) × (Fractional deposition)]/1000 (Knight and Gilbert,

ions is not clear, but it has been shown that avian H5N1 viruses
ith engineered neuraminidase inhibitor resistance retain their

eplication efficiency and pathogenicity in mice (Yen et al.,
007). With the effectiveness shown here for MegaRibavirin
erosol treatment and the lack of development of drug resis-
ance in the clinical setting, ribavirin aerosol treatment could be
n additional drug for influenza A viruses and based on previ-
us clinical efficacy studies (Gilbert et al., 1985; McClung et
l., 1983), probably influenza B viruses. A single, daily 30-min
erosol treatment with MegaRibavirin protected mice infected
ith influenza A/HK8/68 (H3N2) virus with greater than a 90%

urvival rate if treated for 4 days starting 24 h after infection or
ven a 68% survival rate if treatment was delayed for as much
s 72 h and treatment was for only two days.

The efficacy of standard and “high dose” ribavirin aerosols
n both animal models (Gilbert and Knight, 1986; Wyde et
l., 1986) and in uncomplicated influenza (Gilbert and Knight,
990) as well as in influenzal pneumonia (Knight and Gilbert,
988) has been demonstrated previously. In light of the devel-
pment of resistance to the FDA-approved drugs, the use of
egaRibavirin aerosol treatment alone or in combination with

he other drugs for avian influenza needs to be tested. Because
f their different modes of action, combinations of rimantadine
Galabov et al., 2006) and amantadine (Ilyushina et al., 2007a)
ith oseltamivir for oral treatment of mice infected with H3N2

nd H5N1 viruses, respectively, have been tested and have shown
n advantage over a single drug treatment. Oral ribavirin in com-
ination with oseltamivir for the treatment of recent isolates of
uman A (H1N1) and B influenza viruses (Smee et al., 2006)

nd prophylactic treatment of avian H5N1 virus (Ilyushina et al.,
007b) was shown to be better than the drugs alone. Although
ith influenza A virus, delaying treatment with oseltamivir for

ven one day caused it to be ineffective. With single drug treat-
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Fig. 2. Comparison of once daily or twice daily every 12 h 30-min MegaRib-
avirin (100 mg/mL; Rib) aerosol treatments on survival and lung virus titers of
influenza A/HK/8/68 (H3N2) virus-infected mice. (A) Effect on survival. *P-
value ≤0.05 for comparing the survival curves in each group to the untreated
group in each of the experiments using ANOVA with Bonferroni multiple com-
parisons tests, two-tailed. (B) Effect on lung virus titers. *P value <0.05 for
c
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Fig. 3. Comparison of the treatment schedule of once daily MegaRibavirin
(100 mg/mL) aerosol treatments on survival and changes in mean body weights
of influenza A/HK/8/68 (H3N2) virus-infected mice. (A) Effect on survival. *P-
value ≤0.05 for comparing the survival curves in each group to the untreated
group in each of the experiments using ANOVA with Bonferroni multiple com-
parisons tests, two-tailed. (B) Effect on mean body weights. *P-value <0.05 for
c
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omparing the lung virus titers (mean ± standard deviation) in each group to the
ntreated group using the Student’s t-test, two-tailed on log10/lung transformed
ata.

ents, ribavirin appeared to be more effective than oseltamivir.
hen choosing a treatment, individuals will have to be infected

or at least one or two days before symptoms appear and treat-
ent is started. Thus, the best treatment will be with a drug or

rugs that have demonstrated effectiveness when administered
everal days after infection.

MegaRibavirin aerosol treatment of influenza in a lethal
ouse model has demonstrated important advantages over the
DA-approved (standard) or even the “high dose” treatment
egimens. The short treatment period of only 30 min, once or
ven twice daily, is much shorter than the standard 12 h or “high

ose” 2 h, three-times daily treatments. In a clinical setting, the
0-min treatment period would allow more time for other proce-
ures, require one-third or one-sixth the amount of ribavirin and

M
t
c

omparing body weights (g, mean ± standard deviation) in each group to the
ntreated group using the Student’s t-test, two-tailed.

educe environmental contamination from the aerosol. Further
harmacokinetic and toxicity studies using the MegaRibavirin
egimen need to be performed. From earlier ribavirin aerosol
harmacokinetic studies (Gilbert and Wyde, 1988), distribu-
ion of ribavirin in the lungs, blood and other organs differed
etween the standard and “high dose” formulations. Ribavirin
as found to reach high concentrations in the lungs and then be
istributed at lower concentrations to the blood and other organs
ncluding the brain. The fact that ribavirin aerosol treatment will
eliver drug to the lungs, stomach, blood and brain may have
articular importance in avian influenza if it behaves in man
s it does in birds with spread from the lungs to intestines and
rain unlike normal human influenza virus which is localized
o the lungs. Ribavirin aerosol administered for short durations
s with influenza at the standard dose was safely delivered and
id not produce any of the side effects associated with oral or
ntravenous ribavirin (Gilbert et al., 1985; Knight et al., 1981;
cClung et al., 1983; Wilson et al., 1984). It is not anticipated
hat the short 30-min aerosol treatment with MegaRibavirin will
hange the safety profile since the dose delivered is equal to or
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ess than the other previously used aerosol treatment regimens
Table 1).

Ribavirin and ribavirin aerosol have had issues related to
afety. One of these has been mutagenicity and the ability of rib-
virin to promote error pone replication in the laboratory setting
Chung et al., 2007; Crotty et al., 2000, 2001). The clinical sig-
ificance of such studies is not clear. Ribavirin is FDA-approved
or treatment of respiratory syncytial virus and hepatitis C
irus infections. Thousand of patients have been treated and a
ibavirin-resistant virus has not been found. In addition, an anal-
sis of ribavirin mutagenicity in human HCV-infected patients
evealed that ribavirin monotherapy did not increase the rate of
ariation of the consensus sequence, the mutation frequency,
he error generation rate, or the between-sample genetic dis-
ance (Chevaliez et al., 2007). The conclusion was that ribavirin
oes not act as an HCV mutagen in vivo. The second issue was
nvironmental contamination by ribavirin aerosol and concerns
elated to potential teratogenicity for women of childbearing age
ith secondary exposure to aerosolized ribavirin. Since the early

ibavirin aerosol studies were conducted, many steps can and
ave been implemented to limit secondary ribavirin exposure to
nyone (Krilov, 2002). Most notably are the use of containment
r scavenger systems and use of shorter treatment protocols (e.g.,
high dose”). The MegaRibavirin regimen with its 30-min treat-
ent period and newer equipment would reduce the chance of

econdary exposure even more.
In summary, MegaRibavirin aerosol treatment in a lethal

nfluenza mouse model is effective. If these results translate to
he clinical setting as in the past, it should prove to be an effec-
ive treatment for influenza treatment in general. In addition
rom results of oral ribavirin studies by others, it should be use-
ul as an aerosol treatment of pandemic avian influenza where
hort treatments once or twice daily starting two or more days
fter infection will be advantageous. Combination of ribavirin
erosol and other drug treatments (e.g., oseltamivir) should be
onsidered.
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