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ORIGINAL CONTRIBUTION

Efficacy and Safety of the Oral
Neuraminidase Inhibitor Oseltamivir
in Treating Acute Influenza
A Randomized Controlled Trial
John J. Treanor, MD
Frederick G. Hayden, MD
Peter S. Vrooman, MD
Rick Barbarash, PharmD
Robert Bettis, MD
Dennis Riff, MD
Sudeep Singh, MD
Nelson Kinnersley
Penelope Ward, MD
Roger G. Mills, MD
for the US Oral Neuraminidase
Study Group

INFLUENZA IS ESTIMATED TO BE RE-
sponsible for from 13.8 to 16.0 mil-
lion excess respiratory illnesses per
year in the United States among in-

dividuals younger than age 20 years, and
for 4.1 to 4.5 million excess illnesses in
individuals aged 20 years and older.1 The
symptoms of this disease are debilitat-
ing, and a typical case of influenza is as-
sociated with approximately 5 to 6 days
of restricted activity, 3 to 4 days of bed
disability, and about 3 days lost from
work or school.2,3 In addition, compli-
cations of acute influenza, including
bronchitis and pneumonia, are com-
mon, with approximately 150 000 hos-
pitalizations and 20 000 deaths from in-
fluenza-related complications yearly in
the United States.4

Although an effective vaccine is avail-
able, current treatment options for
influenza are limited. Amantadine

Author Affiliations, Financial Disclosures, and a list
of the members of the US Oral Neuraminidase Study
Group appear at the end of this article.
Corresponding Author and Reprints: John Treanor,

MD, Infectious Diseases Unit, Box 689, Uni-
versity of Rochester, 601 Elmwood Ave, Rochester,
NY 14642 (e-mail: john_treanor@urmc.rochester
.edu).

Context Previous studies have shown oseltamivir, a neuraminidase inhibitor, to be
effective in preventing influenza and treating experimental influenza.

Objective To evaluate the efficacy and safety of oseltamivir in the treatment of natu-
rally acquired influenza infection.

Design Randomized, placebo-controlled, double-blind study conducted January
through March 1998.

Setting Sixty primary care and university health centers throughout the United States.

Participants A total of 629 healthy nonimmunized adults aged 18 to 65 years with
febrile respiratory illness of no more than 36 hours’ duration with temperature of 38°C
or more plus at least 1 respiratory symptom and 1 constitutional symptom.

Interventions Individuals were randomized to 1 of 3 treatment groups with
identical appearing pills: oral oseltamivir phosphate, 75 mg twice daily (n = 211) or
150 mg (n = 209) twice daily, or placebo (n = 209).

Main Outcome Measures Duration and severity of illness in individuals infected
with influenza.

Results Two individuals withdrew before receiving medication and were excluded from
further analyses. A total of 374 individuals (59.6%) were infected with influenza. Their
duration of illness was reduced by more than 30% with both oseltamivir, 75 mg twice
daily (median, 71.5 hours; P,.001), and oseltamivir, 150 mg twice daily (median, 69.9
hours; P = .006), compared with placebo (median, 103.3 hours). Severity of illness was
reduced by 38% (median score, 597 score-hours; P,.001) with oseltamivir, 75 mg twice
daily, and by 35% (median score, 626 score-hours; P,.001) with oseltamivir, 150 mg
twice daily, vs placebo (median score, 963 score-hours). Oseltamivir treatment reduced
the duration of fever and oseltamivir recipients returned to usual activities 2 to 3 days
earlier than placebo recipients (P#.05). Secondary complications such as bronchitis and
sinusitis occurred in 15% of placebo recipients compared with 7% of combined oselta-
mivir recipients (P = .03). Among all 629 subjects, oseltamivir reduced illness duration (76.3
hours and 74.3 hours for 75 mg and 150 mg, respectively, vs 97.0 hours for placebo;
P = .004 for both comparisons) and illness severity (686 score-hours and 629 score-
hours for 75 mg and 150 mg, respectively, vs 887 score-hours for placebo; P,.001 for
both comparisons). Nausea and vomiting occurred more frequently in both oseltamivir
groups (combined, 18.0% and 14.1%, respectively; P = .002) than in the placebo group
(7.4% and 3.4%; P,.001).

Conclusions Our data suggest that oral oseltamivir treatment reduces the duration
and severity of acute influenza in healthy adults and may decrease the incidence of
secondary complications.
JAMA. 2000;283:1016-1024 www.jama.com
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hydrochloride and rimantadine hydro-
chloride are effective for early treat-
ment of influenza A, but have no ac-
tivity against influenza B viruses and are
associated with the emergence of re-
sistant viruses in treated individuals.5

In addition, both drugs can cause cen-
tral nervous system and gastrointesti-
nal adverse effects, which may be more
common in older individuals.6 The
neuraminidase inhibitor zanamivir is
also effective in the treatment of influ-
enza.7-9 However, zanamivir must be ad-
ministered topically (ie, by inhalation
or intranasally) or parenterally10 to be
effective.

Oseltamivir carboxylate is a potent
and specific influenza neuraminidase in-
hibitor11 that inhibits replication of a
wide variety of influenza A and B vi-
ruses in vitro.12 Oseltamivir phosphate
(oseltamivir) is the ethyl ester prodrug
of oseltamivir carboxylate, and oral ad-
ministration of this agent results in sus-
tained plasma levels of the active drug.13

Oseltamivir was effective when admin-
istered orally in treatment of influenza
A infection in animals12 and experimen-
tally infected humans14 and in preven-
tion of influenza illness.15

We designed the current trial to test
the hypothesis that early treatment with
oseltamivir would be well tolerated and
result in reductions in the severity and
duration of acute naturally acquired in-
fluenza illness. The study was con-
ducted to determine safety and clinical
efficacy of 2 different doses of oseltami-
vir administered for 5 days beginning
within 36 hours of symptom onset in
adults with microbiologically proven in-
fluenza.

METHODS
This study was in full conformance with
the principles of the Declaration of
Helsinki.16 Institutional review boards
from each participating center re-
viewed and approved the protocol and
consent form prior to study start. All
participants gave written informed con-
sent prior to enrollment and were fi-
nancially compensated for their par-
ticipation.

Clinical Study Design
The study was conducted as a double-
blind, stratified, randomized, placebo-
controlled, multicenter trial con-
ducted during the influenza epidemic
season from January to March 1998 at
60 centers in the United States.

Participants
Previously healthy adults aged 18 to 65
years who presented within 36 hours
of onset of influenza symptoms and
who had documented oral tempera-
ture of 38°C or higher at enrollment
plus 1 or more respiratory symptom
(cough, sore throat, or nasal symp-
toms) and 1 or more constitutional
symptom (headache, malaise, myal-
gia, sweats and/or chills, or fatigue)
were enrolled. Women were required
to have a negative urine pregnancy test
before drug administration.

Individuals were excluded from the
study if they had received influenza vac-
cination in the 12 months prior to the
beginning of the study; had active, clini-
cally significant chronic illness or hu-
man immunodeficiency virus disease;
were receiving systemic steroids or
other immunosuppressants; or had a
history of alcohol or drug abuse.

Drug Administration
Participants were randomly assigned to
1 of 3 treatment groups: oseltamivir, 75
mg or 150 mg orally twice daily, or
matching placebo for 5 days. Random-
ization occurred at the time of study en-
try by telephone contact with an auto-
mated service that had sole access to the
code key and was stratified by study site
and smoking behavior. Participants and
staff remained blinded to allocation sta-
tus throughout the study. Compli-
ance was assessed by checking patient
records of the date and time of each
dose and verified by counting capsule
returns for each patient.

Participants were instructed to use
acetaminophen,providedonenrollment
by study personnel, for symptom relief.
Theuseofacetaminophenandanyother
medications for symptom relief was re-
corded on the case record form.

Clinical Monitoring
Participants recorded the severity of 7
influenza symptoms (cough, nasal ob-
struction, sore throat, fatigue, head-
ache, myalgia, and feverishness) us-
ing a 4-point scale (0, absent; 3, severe)
twice daily for 21 days. Oral tempera-
ture was also taken by the patient with
a digital thermometer twice daily and
recorded on the diary card. On each day
during the dosing period, participants
recorded their ability to perform usual
activities on a diary card using an 11-
point visual analog scale (unable to per-
form normal activity, 0; fully able to per-
form normal activity, 10). In addition,
participants were asked to complete a
visual analog scale of their opinion of
overall health status on which they were
requested to provide an assessment of
their normal preinfluenza health on an
11-point scale (0, worst health and 10,
best possible health). Following this,
they were asked to record their assess-
ment of health status at baseline and
over a 24-hour period once daily in the
evening. The use of these scales had
been validated in a pilot study con-
ducted among English-speaking vol-
unteers during the influenza season in
Australia in 1997. The scales were dem-
onstrated to be easily comprehended by
English-speaking volunteers and cor-
relate well with other questions about
activity and with influenza symptom
scores (Influenza Questionnaire Pilot
Study Report, August 1997, Hoff-
mann-La Roche, data on file).

Laboratory Methods
Anterior nose and posterior pharyn-
geal throat swabs for isolation of influ-
enza virus were taken at baseline (day
0) and on days 1, 3, 5, and 7 of the
study. Swabs were taken from both nos-
trils and the throat, placed into 3 mL
of viral transport medium, and trans-
ported on wet ice to a central labora-
tory within 24 hours. At the central
laboratory, the swab samples were
eluted, divided into aliquots, and im-
mediately frozen at −70°C. Initial vi-
rus isolation was performed in pri-
mary rhesus monkey kidney cells, and
all samples for an individual were tested
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in the same assay run. The presence of
virus in the cell culture was deter-
mined by immunoflorescence, using a
pool of antibodies specific for influ-
enza A and B viruses. Type and sub-
type of the influenza viruses isolated
were determined by hemagglutina-
tion inhibition assay (HAI) using spe-
cific antisera. The titer of virus in virus-
positive samples was determined by
serial dilution of a fresh aliquot in ter-
tiary cynomolgus monkey kidney cells.
Titers were calculated as log10 tissue cul-
ture infective dose50 (TCID50)/mL of vi-
ral transport medium using the Spear-
man Karber equation.17 The last isolate
recovered from each participant was
tested for neuraminidase susceptibil-

ity to oseltamivir carboxylate by fluo-
rometric substrate assay11 (total of 175
samples tested).

Serum samples for HAI antibody ti-
ter were obtained at baseline and on day
21 after enrollment. The HAI assays
were performed by standard methods
using antigens known to be circulat-
ing during the 1997-1998 season (in-
fluenza A/Shenzhen/95 [H1N1], A/Wu-
han/95 [H3N2], and A/Sydney/97
[H3N2], and B/Harbin/95).18 The defi-
nition of seroresponse was a 4-fold or
greater rise in type-specific antibody be-
tween the baseline and day 21 samples.
Primary virus isolation and serum HAI
antibody testing were performed at Vi-
romed Laboratories Inc, Minneapolis,

Minn, and virus titrations were per-
formed at Erasmus University, Rotter-
dam, the Netherlands. All laboratory
tests were performed by individuals
blinded to study assignment.

Case Definition
For the primary efficacy analysis, labo-
ratory-documented influenza infec-
tion was defined as isolation of influ-
enza virus from nasal secretions and/or
a 4-fold or greater HAI antibody re-
sponse.

Efficacy End Points
The primary efficacy end point was time
to resolution of illness, defined as time
from study drug initiation to time of al-
leviation of symptoms, among indi-
viduals with influenza infection. Symp-
tom alleviation was considered to occur
at the start of the first 24-hour period
in which all influenza symptoms were
scored 1 or less (mild or none) and re-
mained so for 24 hours. The effect of
treatment on the severity of illness was
also assessed by an area under the curve
(AUC) analysis of total symptom scores.
For this analysis, the AUC was calcu-
lated as the product of the daily symp-
tom score times the duration of ill-
ness, as defined above, and expressed
as “score-hours.” Other end points in-
cluded duration and severity of indi-
vidual symptoms; incidence of second-
ary complications of influenza such as
otitis, bronchitis, sinusitis, and pneu-
monia; and quantity of viral shedding.

Quality-of-life measures included
time to return to normal states of health
and activity. Return to normal status
was defined as the time (in hours) from
study drug initiation to the first 24-
hour period in which participants re-
turned to their normal state and re-
mained so for 24 hours.

Data Analysis
The primary efficacy analyses were car-
ried out for participants who received
at least 1 dose of study drug and had
laboratory-confirmed influenza infec-
tion. A secondary efficacy analysis was
also performed for all subjects who re-
ceived study drug irrespective of labo-

Figure 1. Disposition of Study Participants

11 Withdrawals
7 Failed to Return
3 Refused Drug
1 Adverse Event

2120 Subjects Screened

1491 Excluded
465 Not Febrile
324 Had Symptoms >36 h
573 Decided Not to Participate
129 Other

629 Subjects Enrolled

629 Subjects Randomized

209 Randomized to Placebo

1 Withdrew Before Treatment 1 Withdrew Before Treatment

208 Received Placebo∗

204 Included in Safety
Population

4 Had No Safety Data

198 Completed Study

19 Withdrawals
6 Failed to Return
5 Refused Drug
6 Adverse Events
2 Protocol Violation

209 Randomized to 150-mg
Oseltamivir 2 Times/d

209 Received 150-mg 
Oseltamivir 2 Times/d∗

205 Included in Safety
Population

4 Had No Safety Data

190 Completed Study

16 Withdrawals
8 Failed to Return
4 Refused Drug
1 Adverse Event
2 Protocol Violation
1 Early Improvement

211 Randomized to 75-mg
Oseltamivir 2 Times/d

210 Received 75-mg
Oseltamivir 2 Times/d∗

206 Included in Safety
Population

4 Had No Safety Data

195 Completed Study

Asterisk indicates dispensing errors and participant crossover between groups in a total of 5 participants. See
“Results” section.
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ratory evidence of infection. For the pri-
mary end point, comparisons were
performed using a weighted Mantel-
Haenszel test stratified for region and
smoking status. Investigation of the
consistency of treatment effects be-
tween regions and smoking groups was
performed. Subjects who withdrew be-
fore symptoms were alleviated were
censored at the time of withdrawal.

For extent and severity of illness, the
placebo group was compared with each
active treatment group using an ex-
tended Wilcoxon rank sum test (van El-
teren) stratified for region and smok-
ing status. Duration of viral shedding
and time to return to normal states of
health and activity were compared be-
tween placebo and each active treat-
ment group using a weighted Mantel-
Haenszel test. Viral titers were assessed
by the extended Wilcoxon rank sum
test (van Elteren). Adjustments of P val-
ues for multiple comparisons of treat-
ment groups were made for the pri-
mary end point, but not for other
parameters. The within-group 95% con-
fidence intervals (CIs) for medians were
calculated using the method of Brook-
meyer and Crowley.19

The safety population included all
participants who received at least 1
dose of drug and for whom postbase-
line safety data were available. Formal
statistical hypothesis testing was not
performed; 95% CIs for the difference
in nausea and vomiting rates were cal-
culated using a normal approxima-
tion.

Sample size calculations assumed an
overall 2-sided 5% significance level to
be distributed equally between the com-
parisons of 75 mg and 100 mg of os-
eltamivir, respectively, vs placebo. A
sample size of 85 in each group was es-
timated to have at least 80% power to
detect a difference of 1.5 days in time
to alleviation of all symptoms, assum-
ing a common SD of 3 days and a sig-
nificance level of 0.025. Sample size cal-
culations were performed using a
normal approximation to the Wil-
coxon rank sum test. All analyses were
performed using SAS software, ver-
sion 6.12 (SAS Institute, Cary, NC).

RESULTS
A total of 629 participants were re-
cruited from 60 centers. The disposi-
tion of the participants in the trial is
shown in FIGURE 1. Of the 629 indi-
viduals enrolled in the study, 209, 211,
and 209 were randomized to receive
placebo; oseltamivir, 75 mg; and os-
eltamivir, 150 mg, respectively. Two
participants (1 in the 75-mg group and
1 in the 150-mg group) withdrew from
the study after randomization but be-
fore the study drug was dispensed. In
addition, a small number of partici-
pants did not receive treatment as ran-
domized because of dispensing errors.
One person randomized to receive pla-
cebo received 75 mg and 1 person, 150
mg of oseltamivir twice daily; 1 per-
son randomized to oseltamivir, 75 mg
twice daily, received placebo, and 1 re-
ceived 150 mg of oseltamivir twice
daily; and 1 person randomized to re-
ceive oseltamivir, 150 mg twice daily,
received 75 mg twice daily. For pur-
poses of efficacy analysis, participants
were analyzed according to the group
to which they were initially random-
ized excluding the 2 subjects who with-

drew before medication was dis-
pensed; for purposes of the safety
analysis, participants were analyzed ac-
cording to the drug actually received.
In addition, safety data were not avail-
able from 4 participants in each group
and were therefore not included in the
safety population. Of the 627 partici-
pants who received treatment 374
(59.6%) were influenza infected and in-
cluded in the primary efficacy analy-
sis. Of these, 343 (92%) had influenza
A (H3N2) and 299 (80%) were culture
positive. The demographic and clinical
characteristics of the participants and the
proportions infected with influenza vi-
rus in each group are described in
TABLE 1. No important differences were
observed among treatment groups. Me-
dian duration of illness prior to enroll-
ment and average symptom score and
mean temperature on enrollment were
similar in all 3 infected treatment groups.
Adherence to theassigned treatment regi-
men was excellent. Overall, 97% of pla-
cebo recipients, 98% of 75-mg oseltami-
vir recipients, and 95% of 150-mg
oseltamivir recipients who completed the
study took all 10 tablets as directed.

Table 1. Demographic Characteristics of the Safety Population and Clinical Characteristics
of Influenza-Infected Participants

Characteristic

Study Groups

Placebo Oseltamivir, 75 mg Oseltamivir, 150 mg

Individuals Receiving Medication
(n = 209) (n = 210) (n = 208)

Age, mean (SD), y 32.6 (10.2) 32.2 (10.8) 33.1 (9.8)

Men, No. (%) 97 (46) 98 (47) 114 (55)

Smokers, No. (%) 29 (14) 30 (14) 35 (17)

Infected, No. (%)* 129 (62) 124 (59) 121 (58)

Influenza A† 122 112 109

Influenza B 2 3 4

Unknown type‡ 5 9 8

Individuals Infected With Influenza
(n = 129) (n = 124) (n = 121)

Duration of illness before study,
median (range), h

26 (2-39) 24 (0-41) 27 (2-37)

Symptom score at enrollment,
mean (SD)§

14.6 (3.5) 14.0 (3.3) 13.9 (3.4)

Oral temperature, mean (SD), °C 38.3 (0.5) 38.3 (0.5) 38.3 (0.5)

*Among infected participants, 90 (70%) in the placebo group, 105 (85%) in the 75-mg group, and 104 (86%) in the
150-mg group had virus detected in nasopharyngeal secretions, while the remaining subjects were defined as in-
fected on serologic grounds alone.

†Influenza A virus infections were predominantly H3N2; 1 infection in the 150-mg group was due to H1N1 virus.
‡These participants had isolation of viruses from nasopharyngeal secretions that were positive for influenza by immu-

nofluorescence using pooled A and B reagents, but had insufficient growth for typing; virus could not be reisolated
from the original clinical sample, and the type of infection could not be determined serologically.

§See “Clinical Monitoring” section for description of symptom scores.
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Clinical Outcomes
The effect of oseltamivir treatment on
alleviation of illness is shown in
TABLE 2. Both dose levels of oseltami-
vir resulted in statistically significant re-
ductions in the duration and severity
of illness among those infected with in-
fluenza virus. The duration of illness,
defined as the time to the beginning of

the first 24-hour period in which all in-
fluenza symptoms were rated as mild
or less, was 103.3 hours (4.3 days) in
the placebo group. In contrast, the du-
ration of illness was reduced to 71.5
hours (3.0 days) in the 75-mg group,
and to 69.9 hours (2.9 days) in the
150-mg group. Similarly, treatment
with oseltamivir at either 75 or 150 mg

twice daily resulted in statistically sig-
nificant reductions (P,.001 and
P = .006, respectively) in the symp-
tom score AUC, reflecting both the se-
verity and duration of illness. There
were no differences between the 2 doses
of oseltamivir with regard to these ef-
fects. Overall, oseltamivir treatment re-
duced median duration of illness by
more than 30% (P = .006) and median
severity of illness by approximately 40%
(P,.001). Treatment benefit was ap-
parent soon after administration, with
individuals receiving oseltamivir re-
porting alleviation of illness more fre-
quently than those receiving placebo as
early as 24 hours after the onset of treat-
ment (FIGURE 2). In addition, individu-
als receiving oseltamivir reported sig-
nificantly more rapid return to normal
overall health (24-46 hours faster) and
resumption of usual activities (45-68
hours faster) (Table 2).

Duration and severity of each indi-
vidual influenza symptom recorded in
infected subjects were also reduced with
oseltamivir (TABLE 3). In particular, du-
ration of cough was reduced from a me-
dian of 55 hours in the placebo group
to 31 hours (43% reduction) in the
75-mg group, and 40 hours (27% re-
duction) in the 150-mg group. The du-
ration of myalgias was also reduced,
from a median of 28 hours in placebo
recipients to 16 hours (42% reduc-

Figure 2. Time to Alleviation of All Symptoms in Influenza-Infected Patients

0

Time Since Start of Treatment, d

Placebo
Oseltamivir, 75 mg 2 Times/d
Oseltamivir, 150 mg 2 Times/d
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Participants with missing values were censored. One patient (not shown, oseltamivir, 75-mg group) had a
censored value of 20.3 days. P,.001 for placebo vs oseltamivir, 75 mg twice daily; P = .006 for placebo vs
oseltamivir, 150 mg, twice daily.

Table 2. Duration and Severity of Illness and Proportion of Participants Resuming Usual Health and Activity*

Influenza-Infected Participants All Treated Participants

Placebo
(n = 129)

Oseltamivir,
75 mg

(n = 124)

Oseltamivir,
150 mg
(n = 121)

Placebo
(n = 209)

Oseltamivir,
75 mg

(n = 210)

Oseltamivir,
150 mg
(n = 208)

Illness duration, median
(95% CI), h

103.3 (92.6-118.7) 71.5 (60.0-93.2) 69.9 (60.0-87.9) 97.0 (86.3-113.6) 76.3 (66.3-89.2) 74.3 (68.1-87.5)

P value† ,.001 .006 ,.004 .004

Illness severity, median
(range), score

963 (0-4360) 597 (60-2822) 626 (0-3079) 887 (0-5717) 686 (0-4604) 629 (0-4474)

P value‡ ,.001 ,.001 ,.001 ,.001

Return to normal health,
median (95% CI), h§

178 (156-273) 132 (123-152) 154 (131-157) 178 (156-273) 134 (128-155) 155 (133-157)

P value\ ,.001 .03 ,.001 .03

Return to normal activity,
median (95% CI), h§

225 (175-276) 157 (151-198) 180 (154-221) 230 (179-277) 173 (155-203) 202 (176-231)

P value\ .02 .05 .01 .10

*CI indicates confidence interval. All P values are comparison vs placebo. See “Clinical Monitoring” section for a description of symptom scores.
†Determined by weighted Mantel-Haenszel test, adjusted for multiple comparisons.
‡Determined by extended Wilcoxon rank sum test.
§Within-group comparison.
\Determined by weighted Mantel-Haenszel test.
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tion) in the 75-mg group, and 19 hours
(32% reduction) in the 150-mg group.

The daily proportion of infected sub-
jects reporting fever (oral temperature of
$38°C) was reduced by treatment, and
a reduction in fever was evident within
24 hours of therapy (FIGURE 3). The per-
centage of subjects with fever at 24 hours
was 39% in the placebo group, com-
pared with 26% in the 75-mg group (13%
difference; 95% CI, 25%-2%) and 21%
in the 150-mg group (18% difference;
95% CI, 29%-6%). The use of acetami-
nophen also was lower in individuals re-
ceivingoseltamivir (median,4.0-4.5gper
patient) than in those receiving placebo
(median, 5.5 g per patient).

Overall incidence of physician-diag-
nosed secondary complications (pre-
defined as pneumonia, bronchitis,
sinusitis, and otitis media) in those with
influenza was reduced by 50% in indi-
viduals receiving oseltamivir vs those
receiving placebo. A similar reduction
was observed in the proportion of these
individuals receiving antibiotics for
influenza complications (TABLE 4).

Because it is likely that an antiviral
drug to treat influenza would be used
in the absence of a specific microbio-
logic diagnosis, we also performed an
analysis of the effect of treatment on all
individuals who received medication re-
gardless of microbiologic results (Table
2). Oseltamivir also had a significant
benefit in this analysis. Median time to
alleviation of symptoms was reduced by
21% and 23% and severity of illness by
23% and 29% in recipients of 75 mg and
150 mg twice daily, respectively. In ad-
dition, recipients of oseltamivir re-
turned to normal health and activities
more rapidly than placebo recipients
among the group as a whole. Compli-
cations of influenza occurred in 28 pla-
cebo recipients (13%), 18 recipients
(9%) of 75-mg oseltamivir, and 13 re-
cipients (6%) of 150-mg oseltamivir
(combined oseltamivir results vs pla-
cebo for Fisher exact test, P = .02).

Virologic Outcomes
Analysisof theeffectofoseltamivironvi-
rus shedding was conducted on the sub-
setofparticipantswithabaselinesample

positive for influenza and for whom ap-
propriatesampleswerecollectedondays
1, 3, and 5 (TABLE 5). The median viral
titeratenrollmentwassimilar,andarapid
decline in virus shedding was observed
in all 3 groups. After 24 hours of treat-
ment, median viral titers had decreased
by 1.2 logs in the placebo group vs 1.7
and2.0 logs inthe75-mgand150-mgos-
eltamivir groups, respectively, but these
differences were not statistically signifi-
cant. The proportions of participants
shedding virus at each time point were
similar in all 3 groups, and few partici-
pants in any group were shedding virus
by 72 hours after initiation of therapy.
There was no evidence of a rebound of
virus shedding at drug discontinuation.

All isolates from the last day of virus
shedding were tested for drug suscepti-
bility, and a virus with altered neuramini-
dase susceptibility to oseltamivir carbox-
ylate was detected in 1 recipient of 75-mg
oseltamivir on day 3 of treatment. The
50% neuraminidase inhibitory concen-
tration for oseltamivir carboxylate for the
pretreatment isolate from the subject was
0.93 nmol/L, while the posttreatment
50% neuraminidase inhibitory concen-

tration was 6814 nmol/L. Sequence data
from this virus are not yet available. The
individual fromwhomresistantviruswas
isolated was a 49-year-old female smoker
who was enrolled 20 hours after onset
of symptoms. She complained of mod-
erate cough for 8 days, so that the dura-
tion of illness in this individual was 8
days. None of her symptoms became
worse after cessation of therapy, and she
did not experience an influenza compli-
cation. Virus was not isolated from this
individual on days 5 or 7.

Figure 3. Proportion of Subjects Reporting
Fever at Each 12-Hour Interval During Study
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Table 3. Duration and Severity of Symptoms of Influenza-Infected Patients*

Study Groups

Placebo
(n = 129)

Oseltamivir, 75 mg
(n = 124)

Oseltamivir, 150 mg
(n = 121)

Cough
Duration, h 55 (36-73) 31 (24-42) 40 (26-48)

Severity, score-hours 110 (0-844) 67 (0-400) 71 (0-459)

Myalgia
Duration, h 28 (24-36) 16 (10-20) 19 (13-22)

Severity, score-hours 62 (0-288) 33 (0-369) 42 (0-359)

Nasal obstruction
Duration, h 43 (31-64) 33 (25-43) 32 (24-46)

Severity, score-hours 80 (0-873) 60 (0-540) 57 (0-658)

Sore throat
Duration, h 21 (8-29) 10 (4-19) 10 (0-18)

Severity, score-hours 29 (0-548) 20 (413) 16 (0-288)

Fatigue
Duration, h 41 (26-50) 24 (19-34) 25 (19-32)

Severity, score-hours 89 (0-917) 54 (0-1178) 57 (0-319)

Headache
Duration, h 14 (8-23) 8 (6-15) 10 (6-17)

Severity, score-hours 34 (0-278) 16 (0-611) 21 (0-336)

Feverishness
Duration, h 23 (16-29) 10 (8-14) 8 (5-10)

Severity, score-hours 49 (0-314) 21 (0-232) 17 (0-194)

*“Score-hours” are the daily symptom score (see “Clinical Monitoring” section) times the duration of illness. Duration
data are presented as median (95% confidence interval), and severity data as median (range).
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Proportions of participants with
4-fold or greater rises in HAI antibody
were comparable among treatment
groups (data not shown). Similarly,
there were no differences among treat-
ment groups for the geometric mean
HAI antibody rise from baseline to con-
valescence (mean, 16.1-fold, 15.9-
fold, and 15.7-fold rise in those receiv-
ing placebo and oseltamivir, 75 mg and
150 mg, respectively).

Safety Analysis
Oral oseltamivir was well tolerated. No
changes occurred in standard labora-
tory safety evaluations in any treat-
ment groups (data not shown) and
there were no drug-related serious ad-
verse events. Upper gastrointestinal ef-
fects (nausea or nausea with vomit-

ing) were reported more frequently in
those receiving oseltamivir. For nau-
sea, these rates were 7.4% (15/204) for
placebo recipients, 17% (35/206) for re-
cipients of 75-mg oseltamivir and 19%
(39/205) for recipients of 150-mg os-
eltamivir (for overall difference in the
3 groups, P = .002; for differences be-
tween placebo and 75-mg and 150-mg
oseltamivir, P = .002 and P,.001, re-
spectively). For vomiting, the rates were
3.4% (7/204) with placebo, 13.1% (27/
206) with 75-mg oseltamivir, and 15.1%
(31/205) with 150-mg oseltamivir
(P,.001 for overall difference in the 3
groups and differences between pla-
cebo and 75-mg and 150-mg oseltami-
vir). Despite mild gastrointestinal in-
tolerance, the number of participants
withdrawing from the study during

therapy was low (3% in the placebo
group, 1.5% in the 75-mg group, and
2% in 150-mg group), and only 1 par-
ticipant (oseltamivir, 150-mg group)
withdrew prematurely because of gas-
trointestinal events.

COMMENT
The results of this study indicate that
the oral neuraminidase inhibitor os-
eltamivir is an effective treatment for
acute influenza in adults. Treatment
within 36 hours of symptom onset re-
sulted in approximately 30% reduc-
tion in illness duration, approxi-
mately 40% in illness severity, and by
more than 2 days in the time to re-
sumption of usual activities vs pla-
cebo. Treatment with oseltamivir re-
sulted in reductions in fever and
duration and severity of individual in-
fluenza symptoms, including cough and
myalgia, 2 of the more disabling symp-
toms. A parallel trial conducted in
Canada and Europe during the same in-
fluenza season found similar benefits
with oseltamivir treatment.20 These out-
comes represent a clinically signifi-
cant reduction in overall disease bur-
den with oseltamivir treatment.

Complications of influenza, such as
bacterial superinfections, pneumonia,
and hospitalization, are common in in-
dividuals with certain chronic medi-
cal conditions.21,22 Less severe compli-
cations, such as bronchitis and sinusitis
in healthy adults and otitis media in
children, have been reported at rates be-
tween 1% and 30% in various stud-
ies.23 In the current study, the fre-
quency of secondary complications of
influenza and associated antibiotic use
for presumed bacterial complications
were significantly reduced in oseltami-
vir-treated subjects. These results are
similar to those reported with zanami-
vir in studies conducted in healthy
adults or those with mild asthma.8,24

While no formalized criteria were used
to define bronchitis, pneumonia, or si-
nusitis, the functional definitions used
in this study probably reflect actual
medical practice. Our findings raise the
possibility that early treatment of in-
fluenza with an effective antiviral drug

Table 4. Number of Influenza-Infected Patients Experiencing Secondary Complications
as a Result of Influenza Illness and Antibiotic Use Over the Treatment Period

Complication

Study Group, No.

Placebo
(n = 129)

Oseltamivir, 75 mg
(n = 124)

Oseltamivir, 150 mg
(n = 121)

Otitis media 1 0 0

Sinusitis 11 6 4

Bronchitis 8 5 2

Pneumonia 1 0 0

Any secondary complication (%) 19 (15) 11 (9)* 6 (5)*

Antibiotic use (%) 14 (11) 8 (6)† 4 (3)†

*Combined oseltamivir results vs placebo (Fisher exact test), P = .03.
†Combined oseltamivir results vs placebo (Fisher exact test), P = .05.

Table 5. Participants’ Viral Titers*

Study Group

Placebo
(n = 71)

Oseltamivir, 75 mg
(n = 67)

Oseltamivir, 150 mg
(n = 73)

Baseline
No. (%) shedding virus 71 (100) 67 (100) 73 (100)

Median titer (range) 3.5 (0.5-6.5) 3.5 (0.5-6.0) 3.3 (0.5-6.0)

Day 1
No. (%) shedding virus 60 (85) 58 (87) 57 (78)

Median titer (range) 2.3 (0.0-5.5) 1.8 (0.0-6.0) 1.3 (0.0-5.3)

Day 3
No. (%) shedding virus 20 (28) 19 (28) 20 (27)

Median titer (range) 0.0 (0.0-5.0) 0.0 (0.0-4.0) 0.0 (0.0-3.5)

Day 5
No. (%) shedding virus 3 (4) 1 (1) 4 (5)

Median titer (range) 0.0 (0.0-2.3) 0.0 (0.0-0.5) 0.0 (0.0-0.5)

Day 7
No. (%) shedding virus 0 (0) 0 (0) 0 (0)

Median titer (range) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0)

*Subset of individuals with a baseline sample positive for influenza and who had samples collected at all time points.
Viral titers measured as log10 tissue culture infective dose50 (TCID50)/mL.
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might reduce the frequency of compli-
cations in high-risk populations and po-
tentially reduce hospitalization rates.

Lost time from work or school and re-
ductions in performance represent im-
portant effects of influenza on healthy
adults.25,26 While our study was not spe-
cifically designed to evaluate the eco-
nomic benefit of antiviral therapy, it is
notable that the reduced levels of influ-
enza symptoms in treated subjects were
accompanied by a significantly more
rapid return to normal activities, which
may provide another rationale for early
use of antiviral treatment for influenza
in previously healthy adults.

Comparisonsofourstudyresultswith
those of other antiviral approaches to
acute influenza are complicated both by
differences between trials in the specific
outcomemeasurements andby thevari-
ablenatureof influenza illnesseachyear.
However,thelevelsofreductionsinsymp-
toms seen in this study are broadly com-
parable to those described with acute
treatmentof influenzawiththeM2chan-
nel inhibitors amantadine and riman-
tadine27-32 andthetopicallyappliedneur-
aminidase inhibitor zanamivir.7-9 More
rapid return to usual activities has also
been reported following treatment with
rimantadine30,33 and zanamivir.7,9

Oseltamivir was generally well tol-
erated in this study, although nausea
and emesis occurred more frequently
in treated individuals than in those
receiving placebo. Nausea resolved
without treatment and despite continu-
ation of drug therapy and was not asso-
ciated with an increase in discontinu-
ation rates in treated individuals com-
pared with placebo recipients. Drug
administration with even small amounts
of food appeared to prevent this effect.15

In pharmacokinetic studies, adminis-
tration of drug with food was associ-
ated with increased absorption,13 so that
alleviation of nausea by administration
with food is consistent with gastric irri-
tation rather than a central drug effect.
No other adverse effects or laboratory
value abnormalities were associated
with oseltamivir treatment.

Virus replication in the lower respi-
ratorytractcouldnotbeassesseddirectly

in thecurrent study,but thereduceddu-
ration of cough and rate of secondary
bronchitis are consistent with preclini-
cal studies showing that oral adminis-
trationdeliverssustainedlevelsofoselta-
mivir carboxylate throughout the res-
piratorytract, includingthesinuscavities
and middle ear,34 and reduces lung vi-
rus titers inmurinemodels.12,14 Thissug-
gests that oral administration of oselta-
mivir results in antiviral effects in both
the upper and lower respiratory tract.

A potential advantage of neuramini-
dase inhibitors over existing M2 inhibi-
tors is their expanded spectrum of ac-
tivity. In previous studies of zanamivir,
reductions in the duration of illness were
seen with both influenza A and B.7 Be-
cause of the low prevalence of influ-
enza B in the 1997-1998 winter season,
only 9 individuals infected with influ-
enza B were enrolled in the study. How-
ever, results in these subjects were simi-
lar to those of the group as a whole (data
not shown).

Antiviral drug resistance has been
one factor that has limited more wide-
spread use of amantadine and riman-
tadine.35 Resistant viruses emerge
rapidly and relatively frequently in indi-
viduals treated with these agents5,33 and
can be transmitted to and cause dis-
ease in susceptible contacts.5,33,36 Anti-
viral resistance to neuraminidase in-
hibitors has been observed much less
frequently in human studies to date,
possibly because mutations in the con-
served residues in the neuraminidase
can be associated with decreased rep-
lication fitness.37 One zanamivir-
resistant virus with dual hemaggluti-
nin and neuraminidase mutations has
been reported in an immunosup-
pressed child receiving prolonged nebu-
lized zanamivir for treatment of influ-
enza B pneumonia38; the specific muta-
tions responsible for resistance in the
virus isolated in our study have not yet
been identified. However, the results of
our study also suggest that emergence
of resistance during short-term treat-
ment of acute influenza in healthy
adults may not be a clinically signifi-
cant problem for the neuraminidase in-
hibitors.

Several potential limitations of this
study should be considered. A substan-
tial proportion of the 2120 individuals
screened for enrollment did not meet the
entry criteria for the study, because they
did not have typical influenza symp-
toms, were not febrile, or had been ill
for too long. Thus, the results of the
study should be considered in the con-
text of appropriately selective use of an
antiviral drug for acute influenza. In ad-
dition, the study protocol specifically ex-
cluded individuals with medical condi-
tions that are often associated with more
severe influenza. However, assuming
that the mechanism by which influ-
enza causes illness in these individuals
remains the same, there is little reason
to think that the benefit of early treat-
ment would not also be seen in a higher-
risk population. As expected, the great-
est benefit of therapy was seen in
individuals with evidence of influenza
virus infection. However, analysis of the
entire population also demonstrated a
significant benefit of treatment. In sum-
mary, our trial indicates that oseltami-
vir is an effective treatment for acute in-
fluenza in healthy adults. The findings
provide a rationale for continued study
of this agent for the treatment of influ-
enza, including studies in children and
in high-risk populations.

Author Affiliations: University of Rochester, Roches-
ter, NY (Dr Treanor); University of Virginia, Charlot-
tesville (Dr Hayden); PW Clinical Research, Winston-
Salem, NC (Dr Vrooman); Hill Top Research, St Louis,
Mo (Dr Barbarash); Edmonds Family Medicine Clinic,
Edmonds,Wash (DrBettis);AdvancedClinicalResearch
Institute, Anaheim, Calif (Dr Riff); SARC Research Cen-
ter,Fresno,Calif (DrSingh);RocheGlobalDevelopment,
Welwyn, England (Mr Kinnersley and Dr Ward); and
Gilead Sciences, Foster City, Calif (Dr Mills).
Financial Disclosures: Dr Treanor has received grant
support and serves as a paid consultant for Roche, Gi-
lead, Glaxo, Robert Wood Johnson Pharmaceutical Re-
search Institute, and BioChem Pharma. He is also a
consultant or on the speaker bureau’s of Wyeth Led-
erle, Aviron, Pasteur Merieaux Connaught (Aventis),
Novartis, Acquila Biopharmaceuticals, and Biota. Dr
Hayden has received grant support and serves as a paid
consultant for Roche and Gilead Sciences. He also has
received grant support and/or consultation pay-
ments from Glaxo Wellcome, Abbott, Johnson &
Johnson, PRI, Aviron, and Viropharma.
US Oral Neuraminidase Study Group: Steven Becker,
MD, Memorial City Hospital, Houston, Tex; Thomas
D. Bell, MD, Allergy and Asthma Research Center, Mis-
soula, Mont; Jack Bernstein, MD, Wright State Uni-
versity/Veterans Affairs Medical Center, Dayton, Ohio;
F. Douglas Biggs, MD, St Louis Pharmaceutical Re-
search Center, St Louis, Mo; Stan L. Block, MD, Ken-
tucky Pediatric/Adult Research, Bardstown, Ky; Horst

TREATMENT OF INFLUENZA WITH ORAL OSELTAMIVIR

©2000 American Medical Association. All rights reserved. JAMA, February 23, 2000—Vol 283, No. 8 1023

 by guest on November 25, 2009 www.jama.comDownloaded from 

http://jama.ama-assn.org


H. Blumberg, MD, Health Advance Institute Inc, St Pe-
tersburg, Fla; Robert Broker, MD, Travis Ellison, MD,
and Harold Geisberg, MD, MedQuest Inc, Centers for
Research, Greer, SC; Paul Brownstone, MD, Alpine Clini-
cal Research Center, Boulder, Colo; Daniel Buffing-
ton, PharmD, MBA, Clinical Pharmacology Services, Inc,
Tampa, Fla; Sanford Carimi, MD, Physicians Plus Medi-
cal Group, Madison, Wis; Karen Carroll, MD, Univer-
sity of Utah, Salt Lake City; John Champlin, MD, Med
Center Medical Clinic, Carmichael, Calif; Shane Chris-
tensen, MD, Foothill Family Clinic South, Salt Lake City;
Leonardo Cosmo, MD, Tampa Medical Research As-
sociates, Inc, Tampa; Alfred D’Angelo, MD, Health Ad-
vance Institute Inc, South Bend, Ind; Salah El Hafi, MD,
Med-Tech Inc, Houston, Tex; Stephen Fischer, MD,
MediQuest Research, Ocala, Fla; David Fried, MD,
Omega Medical Research Providence, RI; John W.
Gnann Jr, MD, Division of Infectious Diseases, Univer-
sity of Alabama, Birmingham; Louis Graff, MD, New
Britain General Hospital, New Britain, Conn; Harold Guy,
MD, Institute of Health Care Assessment Inc, San Diego,
Calif; Jeffrey M. Jacobson, MD, Mount Sinai Medical
Center, New York, NY; Alan Kessler, DO, IMTCI/
Hickman Mills Clinic, Kansas City, Mo; H. Jerome Koser,
DO, Clinical Research of West Florida, Clearwater; Myra
Lappin, MD, San Francisco State University, San Fran-

cisco, Calif; Craig Leonardi, MD, Dermassociates Ltd,
Belleville, Ill; M. Andrew Levitt, DO, Highland General
Hospital, Oakland, Calif; Frank Maggiacomo, DO, Sil-
ver Lake Medical Inc, Providence, RI; Curtis John Mello,
MD, JM Clinical Trials Inc, Swansea, Mass; Dennis J.
Mikolich, MD, Paragon Clinical Research, Cranston, RI;
S. David Miller, MD, New England Research Center Inc,
North Dartmouth, Mass; Barry Miskin, MD, Palm Beach
Research Center, West Palm Beach, Fla; Carter V. Multz,
MD, Arthritis Care Center, San Jose, Calif; Fred Oliver,
MD, North Carolina Pharmaceutical Research Inc, Cary;
John Oppenheimer, MD, Hygeia Research Associates
Inc, Westhampton Beach, NY; Robert Page, MD, Tempe
Primary Care Associates, Tempe, Ariz; Janak A. Patel,
MD, University of Texas Medical Branch at Galveston,
Department of Pediatrics and Infectious Disease, Galves-
ton; Donald B. Perlman, MD, Asthma and Allergy Care
Center, West Orange, NJ; Amy Portmore, MD, Se-
quoia Medical Clinic ACRC, Redwood City, Calif; Keith
Reisinger, MD, Pittsburgh Pediatric Research, Pitts-
burgh, Pa; Jeffrey Rosen, MD, Clinical Research of South
Florida, Coral Gables; Robert Rosen, MD, Pine Ridge
Family Practice, Winston-Salem, NC; Alan Rosenthal,
PharmD, Health Advance Institute Inc, Peoria, Ill;
Lawrence G. Seiden, MD, Innovative Medical Re-
search, Catonsville, Md; Lewis Jerrold Smith, MD, North-

western University Medical School, Chicago, Ill; Steven
J. Sperber, MD, Hackensack University Medical Cen-
ter, Hackensack, NJ; J. Christopher Stringer, MD, Cen-
tral New York Clinical Research, Manlius; David H. Stru-
tin, MD, Oregon Center for Clinical Investigation Inc,
Eugene; Timothy Truitt, MD, Health Advance Insti-
tute Inc, Melbourne, Fla; Larry Watkins, MD, Clinical
Investigation Specialists Inc, Little Rock, Ark; Gilbert
Weisman, DO, Warminster Medical Associates PC,
Warminster, Pa; Madeline Miller, DVS, April Ruby, John
Sayre, RN, James F. Rooney, MD, Howard Jaffe, MD,
and John Milligan, PhD, Gilead Sciences, Foster City,
Calif; and Taylor Kilfoil, Pharmaceutical Research As-
sociates, San Francisco.
Funding/Support: This study was financially sup-
ported by F. Hoffmann-La Roche Ltd.
Previous Presentation: This work was presented in part
at the Interscience Conference on Antimicrobial Agents
and Chemotherapy, San Diego, Calif, September 25,
1998.
Acknowledgment: We thank Viromed Laboratories
Inc, Minneapolis, Minn; Erasmus University, Rotter-
dam, the Netherlands; Interactive Clinical Technolo-
gies Inc, Princeton, NJ; Surveillance Data Inc, Ply-
mouth Meeting, Pa; and Quintiles Laboratories,
Atlanta, Ga, for help with this study.

REFERENCES

1. Sullivan KM, Monto AS, Longini IM. Estimates of
the US health impact of influenza. Am J Public Health.
1993;83:1712-1716.
2. Brown LE, Hampson AW, Webster RG, eds. Op-
tions for the Control of Influenza III. New York, NY:
Elsevier Science BV; 1996:17-25.
3. Kavet J. A perspective on the significance of pan-
demic influenza. Am J Public Health. 1977;67:1063-
1070.
4. Schoenbaum SC. Economic impact of influenza. Am
J Med. 1987;82(suppl 6A):26-30.
5. Hayden FG, Belshe RB, Clover RD, Hay AJ, Oakes
MG, Soo W. Emergence and apparent transmission
of rimantadine-resistant influenza A virus in families.
N Engl J Med. 1989;321:1696-1702.
6. Hayden FG, Gwaltney JM Jr, van de Castle RL, et
al. Comparative toxicity of amantadine hydrochlo-
ride and rimantadine hydrochloride in healthy adults.
Antimicrob Agents Chemother. 1981;19:226-233.
7. Hayden FG, Osterhaus AD, Treanor JJ, et al. Effi-
cacy and safety of the neuraminidase inhibitor zana-
mivir in the treatment of influenza virus infections.
N Engl J Med. 1997;337:874-880.
8. MIST Study Group. Randomised trial of efficacy and
safety of inhaled zanamivir in treatment of influenza
A and B virus infections. Lancet. 1998;352:1877-
1881.
9. Monto AS, Fleming DM, Henry D, et al. Efficacy
and safety of the neuraminidase inhibitor zanamivir
in the treatment of influenza A and B virus infections.
J Infect Dis. 1999;180:254-261.
10. Calfee DP, Peng AW, Cass LMR, et al. Protec-
tive efficacy of intravenous zanamivir in experimen-
tal human influenza. 38th International Conference
on Antimicrobial Agents and Chemotherapy; Septem-
ber 24-27, 1998; San Diego, Calif. Abstract A332.
11. Kim CU, Lew W, Williams MA, et al. Influenza
neuraminidase inhibitors possessing a novel hydro-
phobic interaction in the enzyme active site. J Am Chem
Soc. 1997;119:681-690.
12. Mendel DB, Tai CY, Escarpe PA, et al. Oral ad-
ministration of a prodrug of the influenza virus neur-
aminidase inhibitor GS 4071 protects mice and fer-
rets against influenza infection. Antimicrob Agents
Chemother. 1998;42:640-646.
13. Wood ND, Aitken M, Sharp S, Evison H. Toler-
ability and pharmacokinetics of the neuraminidase
inhibitor Ro 64-0802 (GS4071) following oral
administration of the prodrug Ro 64-0796 (GS4104)
to healthy male volunteers. 37th Interscience Con-

ference on Antimicrobial Agents and Chemotherapy;
September 28–October 1, 1997; Toronto, Ontario.
Abstract A123.
14. Hayden FG, Treanor JJ, Fritz RS, et al. Use of the
oral neuraminidase inhibitor oseltamivir in experimen-
tal human influenza. JAMA. 1999;282:1240-1246.
15. Hayden FG, Atmar RL, Schilling M, et al. Use of
the selective oral neuraminidase inhibitor oseltamivir
to prevent influenza. N Engl J Med. 1999;341:1336-
1346.
16. Protecting Human Research Subjects. Washing-
ton, DC: US Government Printing Office; 1993. Na-
tional Institutes of Health Publication 93-3470.
17. Mahy BW, Kangro HO, eds. Virology Methods
Manual. New York, NY: Harcourt Brace; 1996:25-46.
18. Lenette EH, Schmidt NJ, eds. Diagnostic Proce-
dures for Viral, Rickettsial, and Chlamydial Infec-
tions. 5th ed. Washington, DC: American Public Health
Association; 1979:603-605.
19. Brookmeyer R, Crowley J. A confidence interval
for the median survival time. Biometrics. 1982;38:
29-41.
20. Aoki F, Osterhaus A, Rimmelzwaan G, Kinners-
ley N, Ward P. Oral GS4104 successfully reduces du-
ration and severity of naturally acquired influenza. 38th
International Conference on Antimicrobial Agents and
Chemotherapy; September 24-27, 1998; San Diego,
Calif: Abstract LB-5.
21. Barker WH, Mullooly JP. Impact of epidemic type
A influenza in a defined adult population. Am J Epi-
demiol. 1980;112:798-813.
22. Barker WH, Mullooly JP. Pneumonia and influ-
enza deaths during epidemics. Arch Intern Med. 1982;
142:85-89.
23. Nicholson KG, Webster RG, Hay AJ, eds. Text-
book of Influenza. Oxford, England: Blackwell; 1998:
219-266.
24. Kaiser L, Hayden FG, Hammond JM, Keene O.
Efficacy of inhaled zanamivir in reducing complica-
tions and antibiotic use in influenza. 39th Annual In-
terscience Conference on Antimicrobial Agents and
Chemotherapy; September 26-29, 1999; San Fran-
cisco, Calif. Abstract A1903.
25. Smith AP, Thomas M, Brockman P, Kent J, Ni-
cholson KG. Effect of influenza B virus infection on hu-
man performance. BMJ. 1993;306:760-761.
26. Keech M, Scott AJ, Ryan PJ. The impact of influ-
enza and influenza-like illness on productivity and
healthcare resource utilization in a working popula-
tion. Occup Med. 1998;48:85-90.

27. Galbraith AW, Oxford JS, Schild GC, Watson GI.
Study of 1-adamantanamine hydrochloride used pro-
pyhlactically during the Hong Kong influenza epi-
demic in the family environment. Bull World Health
Organ. 1969;41:677-682.
28. TogoY,HornickRB,FelittiVJ, etal. Evaluationof the
therapeuticefficacyofamantadine inpatientswithnatu-
rallyoccurringA2influenza.JAMA.1970;211:1149-1156.
29. Galbraith AW, Oxford JS, Schild GC, Potter CW,
Watson GI. Therapeutic effect of 1-adamantan-
amine hydrochloride in naturally occurring influenza
A2-Hong Kong infection. Lancet. 1971;1:113-115.
30. Van Voris LP, Betts RF, Hayden FG, Christmas WA,
Douglas RG Jr. Successful treatment of naturally oc-
curring influenza A/USSR/77 H1N1. JAMA. 1981;
245:1128-1131.
31. Younkin SW, Betts RF, Roth FK, Douglas RG Jr.
Reduction in fever and symptoms in young adults with
influenza A/Brazil/78 H1N1 infection after treat-
ment with aspirin or amantadine. Antimicrob Agents
Chemother. 1983;23:577-582.
32. Hayden FG, Monto AS. Oral rimantadine hydro-
chloride therapy of influenza A virus H3N2 subtype
infection in adults. Antimicrob Agents Chemother.
1986;29:339-341.
33. Hayden FG, Sperber SJ, Belshe RB, Clover RD, Hay
AJ, Pyke S. Recovery of drug-resistant influenza A vi-
rus during therapeutic use of rimantadine. Antimi-
crob Agents Chemother. 1991;35:1741-1747.
34. Wiltshire HR, Muir J, Lambkin R, Davies S. Dis-
tribution of the influenza neuraminidase inhibitor
GS4071 following oral administration of its prodrug
GS4104 in ferrets. European Society for Clinical Vi-
rology; August 30–September 2, 1998; Hamburg, Ger-
many. Abstract A218.
35. Monto AS, Arden NH. Implications of viral resis-
tance to amantadine in control of influenza A. Clin
Infect Dis. 1992;15:362-367.
36. Degelau J, Somani SK, Cooper SL, Guay DR, Cross-
ley KB. Amantadine-resistant influenza A in a nursing
facility. Arch Intern Med. 1992;152:390-392.
37. Gubareva LV, Robinson MJ, Bethell RC, Web-
ster RG. Catalytic and framework mutations in the
neuraminidase active site of influenza viruses that are
resistant to 4-guanidino-Aeu5Ac2en. J Virol. 1997;
71:3385-3390.
38. Gubareva LV, Matrosovich MN, Brenner MK, Be-
thell RC, Webster RG. Evidence for zanamivir resis-
tance in an immunocompromised child infected with
influenza B virus. J Infect Dis. 1998;178:1257-1262.

TREATMENT OF INFLUENZA WITH ORAL OSELTAMIVIR

1024 JAMA, February 23, 2000—Vol 283, No. 8 ©2000 American Medical Association. All rights reserved.

 by guest on November 25, 2009 www.jama.comDownloaded from 

http://jama.ama-assn.org

