Clinical Infectious Diseases T

Effect of Oral Oseltamivir on Virological Outcomes in
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Background. Duration of viral shedding is a determinant of infectivity and transmissibility, but few data exist about oseltamivir’s
ability to alter viral shedding.

Methods. From January 2012 through October 2017, a randomized, double-blinded multicenter clinical trial was conducted in
adults aged 18-64 years at 42 sites in Thailand, the United States, and Argentina. Participants with influenza A or B and without risk
factors for complications of influenza were screened for the study. Eligible participants were randomized to receive oseltamivir 75
mg or placebo twice daily for 5 days. The primary endpoint was the percentage of participants with virus detectable by polymerase
chain reaction in nasopharyngeal swab at day 3.

Results.  Of 716 adults screened for the study, 558 were randomized, and 501 were confirmed to have influenza. Forty-six par-
ticipants in the pilot study were excluded, and 449 of the 455 participants in the population for the primary analysis had day 3 viral
shedding results. Ninety-nine (45.0%) of 220 participants in the oseltamivir arm had virus detected at day 3 compared with 131
(57.2%) of 229 participants in the placebo arm (absolute difference of —12.2% [-21.4%, —3.0%], P =; .010). The median time to alle-
viation of symptoms was 79.0 hours for the oseltamivir arm and 84.0 hours for the placebo arm (P =; .34) in those with confirmed
influenza infection.

Conclusions. Oseltamivir decreased viral shedding in this low-risk population. However, in the population enrolled in this
study, it did not significantly decrease the time to resolution of clinical symptoms.
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The duration of viral shedding is thought to be a determinant
of transmissibility [1], but few studies have specifically exam-
ined oseltamivir’s ability to alter viral shedding and infectivity.
Two pivotal adult studies that evaluated oseltamivir’s effect on
symptom resolution evaluated viral shedding. In one of these
studies, oseltamivir treatment resulted in decreased viral shed-
ding in a combined nose and throat swab. The viral shedding
area under the curve (AUC) was 130 median tissue culture in-
fectious dose (TCID, ) x h/mL, 78 TCID, x h/mL (P =; .03),
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and 94 TCID,, x h/mL (P =; .003) for the placebo, oseltamivir
75 mg twice daily, and oseltamivir 150 mg twice daily arms, re-
spectively [2]. In the other adult licensing study, the difference
in viral shedding was not statistically significant between any
of the arms [3]. While the clinical efficacy of oseltamivir has
previously been established, the present study was specifically
designed to evaluate the virologic efficacy of oseltamivir.

METHODS

Trial Design and Study Population

The study was a randomized, double-blind study conducted
in Thailand, the United States, and Argentina. Males and
nonpregnant females aged 18-64 years with 1 or more res-
piratory symptoms (cough, sore throat, or nasal symptoms)
starting no more than 48 hours before screening who did
not have any underlying medical condition thought to in-
crease the risk of complications from influenza and had an
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influenza A or B diagnosed locally by rapid antigen or poly-
merase chain reaction (PCR) were eligible for the study. The
medical conditions associated with increased risk of compli-
cations from influenza that were exclusionary were age >65
years, presence of 1 or more chronic medical conditions (de-
tailed in the Supplementary Materials), or body mass index
>40 kg/m’.

Eligible participants were randomly assigned to treatment
by an online computer-generated randomization system in a
1:1 ratio to receive either oseltamivir 75 mg or matching pla-
cebo given orally twice a day for 5 days. All participants, site
staff, and the study team were masked to treatment allocation
and remained blinded until after final database lock. The study
protocol was approved by an institutional review board/ethics
committee for each study site as well as by all local and national
governing bodies as applicable. All study participants provided
written informed consent. Additional methods are provided in
the Supplementary Materials.

The first 50 participants randomized were part of a planned
pilot study with frequent study visits to help determine the
virologic endpoint to be used in the primary efficacy analysis
based on virologic and practical considerations (actual N =; 46).
These participants had nasopharyngeal (NP) and oropharyn-
geal (OP) swabs collected on days 1, 2, 3, 5, 7, 10, and 14, and all
samples were tested using both PCR and TCID, . After the pilot
study, the primary endpoint was chosen to be the percentage of
participants shedding virus by PCR in NP swab on day 3.

Participant Recruitment and Duration of Follow-up

Participants were assessed on study day 0 (predose) and days 3,
7, and 28. NP swabs were collected from the participants by the
study team on days 0, 3, and 7, and blood samples were collected
on days 0, 3, 7, and 28. Participants received symptom diary
cards that were to be completed twice daily from day 0 to day
7, once daily for days 8-14, and again on day 28 with the study
team.

Study Outcomes

The primary endpoint was the percentage of participants shed-
ding virus by PCR in NP swab on day 3. Secondary clinical
endpoints included time to alleviation of influenza clinical
symptoms (all symptoms grade 1 [mild] or absent) when as-
sessing cough, nasal obstruction, sore throat, fatigue, headache,
myalgia, feverishness, rhinorrhea, nausea, vomiting, and di-
arrhea (the first 7 symptoms were those assessed in previous
licensure studies). Other secondary endpoints were the pro-
portion of participants who developed sinusitis, otitis media,
bronchitis/bronchiolitis, pneumonia, or other complications of
influenza requiring antibiotics; answers to 2 global assessment
questions; safety (grade 4 adverse events and serious adverse
events), and 28-day mortality. The Data and Safety Monitoring
Board reviewed the safety data from the study.

Virologic Analysis

Influenza type and subtype were determined using the Centers
for Disease Control and Prevention protocol of real-time re-
verse transcriptase PCR (RT-PCR) for influenza A and B and
performed at the Naval Health Research Center in San Diego,
California. Influenza viral load and 2 housekeeping genes
[B2M]
phosphate dehydrogenase were determined by quantitative
PCR (qPCR) using the TagMan method. See the Supplementary
Materials for full virology methods.

(human B-2-microglobulin and glyceraldehyde-3-

Statistical Analyses

The sample size of 560 participants, which included 50 parti-
cipants from the pilot study, was initially chosen assuming the
primary endpoint selected after the pilot study was AUC viral
shedding (log,, TCID,, x h/mL). After the pilot study, although
the primary endpoint was changed, the same sample size was
unchanged based on the fact that it would give approximately
90% power to detect an absolute difference of 15% in the pro-
portion of participants with undetectable virus shedding at day
3 (eg, a reduction of 15% from 57.5% in the oseltamivir arm to
42.5% in the placebo arm) using a 2-sided type I error rate of 5%
and allowing for 10% of participants to have unavailable viral
shedding results at day 3.

The protocol-specified efficacy analyses are presented for all
randomized participants with influenza infection confirmed
by the central laboratory on a baseline NP sample who had
received at least 1 dose of study medication (similar to prior
studies [2, 3]). As the primary endpoint was chosen based on
data from the pilot study, the protocol-specified primary end-
point analysis was further restricted to exclude all participants
in the pilot study. The pilot study used to pick the primary end-
point did not evaluate any nonvirology endpoints. Therefore,
the modified intention-to-treat (mITT) population, which
consists of those randomized participants who took at least
1 dose of the study medication, is used for the study popula-
tion characteristics, safety analysis, and all secondary clinical
endpoints.

RESULTS

Between January 2012 and October 2017, 716 participants
were assessed for eligibility for randomization in this study
(Figure 1). Four participants were excluded: 3 were inad-
vertent enrollments (1 meant to be enrolled in another study
[IRC003] [4], 1 was a participant enrolled under 2 identifying
numbers, 1 was a practice enrollment [ie, dummy partici-
pant]), and 1 was a repeat enrollment, which was not allowed.
Of the remaining 712 participants, 154 were excluded during
screening; 137 (89%) did not have influenza demonstrated on
a site screening test. Additional reasons for screening failure
are noted in Figure 1. Two additional participants are excluded
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Assessed for eligibility (n = 716)

Excluded (n = 158)

Negative test for influenza (n = 137)
Insufficient medication at site (n = 9)
Risk factors for severe influenza (n = 4)
Declined to participate (n = 3)

Onset of illness >48 hours (n = 1)
Other reasons (n=4)

PR

Randomized (n = 558)

l Allocation l

Allocated to oseltamivir (n = 278)

v Follow-Up I

Allocated to placebo (n = 280)

+ Received nonrandomized allocation (n = 1)

Lost to follow-up through day 28 (n = 4)

+ Participant unable to get to clinic (n = 1)
+ Participant withdrew consent (n = 1)

+ Site unable to contact participant (n = 2)

! Analysis !

Lost to follow-up through day 28 (n = 5)
+ Participant withdrew consent (n = 3)
+ Site unable to contact participant (n = 2)

Modified intention-to-treat (mITT) population (n = 277)
¢ Excluded from ITT (n=1)
- Withdrew on day 0, did not start study medication kit (n = 1)

Confirmed Influenza (n = 246)

+ Excluded (n =31)
- Influenza not confirmed in central laboratory (n = 30)
- Missing day 0 sample (n = 1)

Primary Endpoint (n = 220)
+ Excluded from primary endpoint as participated in pilot study (n = 23)
+ Excluded from primary endpoint due to no PCR data on day 3 (n = 3)
- Missing day 3 sample (n = 1)
- Lost to follow-up prior to day 3 (n = 2)

Modified Intention-to-treat (mITT) population (n = 279)
+ Excluded from ITT (n = 1)
- Manually assigned study medication kit (not randomized) (n = 1)

Confirmed Influenza (n = 255)

+ Excluded (n = 24)
- Influenza not confirmed in central laboratory (n = 22)
- Missing day 0 sample (n = 2)

Primary Endpoint (n = 229)
+ Excluded from primary endpoint as participated in pilot study (n = 23)
+ Excluded from primary endpoint due to no PCR data on day 3 (n = 3)
- Missing day 3 sample (n = 1)
- Lost to follow-up prior to day 3 (n = 2)

Figure 1. Trial flow diagram. Abbreviations: ITT, intention-to-treat; PCR, polymerase chain reaction.

from the ITT population: 1 participant withdrew consent on
day 0 prior to receiving study medication and the other inad-
vertently received a study medication kit from the site prior to
randomization.

A total of 556 participants from 34 sites were included in the
ITT population: 366 (66%) at 4 sites in Thailand, 178 (32%) at
27 sites in the United States, and 12 (2%) at 3 sites in Argentina.
US sites did not enroll participants from March 2014 until April
2016 due to a sponsor decision to have these sites prioritize en-
rollment into a different influenza treatment trial (IRC003) [4].
No sites enrolled from April 2016 until February 2017 due to
delays in manufacturing additional study medication kits. The
study was stopped after reaching its planned enrollment in
October 2017.

Characteristics of participants in the ITT population are de-
scribed in Table 1. The median age of participants was 36 years,
with a range of 18-64 years. Participants presented with a me-
dian of 28 hours of illness, were randomized a median of <1
hour after screening, and started study medication a median
of 1 hour after randomization. All participants were positive

with a local diagnostic test for influenza, of which 546 (98%)
were using rapid antigen assays. By local testing, 387 (70%)
had influenza A, 164 (29%) had influenza B, and 5 (1%) re-
ported more than 1 subtype. By central laboratory qualitative
PCR testing, 251 (45%) participants had influenza A/H3N2, 93
(17%) influenza A/HINT1, 156 (28%) influenza B, 1 participant
had coinfection (qualitative PCR positive for H3N2 and B), and
52 (9%) were influenza-negative. The remaining 3 had no base-
line sample available for testing. Therefore, 501 participants had
confirmed influenza infection by central laboratory testing.

At baseline, participants were moderately symptomatic (me-
dian 13 points across 11 symptoms each scored 0-3 [absent-
severe]; Table 2). Participants had some physical limitations as
assessed on the SF-36 physical domain (median 65) and almost
universally were not feeling as well or functioning as well as be-
fore they developed the influenza illness (531 [97%] and 461
[84%], respectively). Very few participants had any of the soli-
cited complications from influenza (1% or less for each) or were
taking antibiotics for nontargeted complications at baseline
(2%; Table 2).
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Table 1. Baseline Characteristics of the Modified Intention-to-treat Population
Characteristic Total Oseltamivir Placebo
(N =; 556) (n=;277) (n=;279)

Age,y

Median (quartiles) 36 (27, 47) 37 (27, 49) 35 (27, 46)

Min, Max 18, 64 18, 64 18, 63
Sex

Female 347 (62%) 183 (66 %) 164 (59%)
Race

Asian 385 (69%) 193 (70%) 192 (69%)

White 150 (27 %) 74 (27 %) 76 (27 %)

Black or African American 18 (3%) 7 (3%) 1 (4%)

Race not available 3(1%) 3(1%) 0
Ethnicity

Hispanic or Latino 24 (4%) 11 (4%) 13 (6%)
Country

Thailand 366 (66%) 182 (66%) 184 (66%)

United States 178 (32%) 91 (33%) 87 (31%)

Argentina 12 (2%) 4(1%) 8 (3%)
Influenza type (site testing)

A 387 (70%) 187 (68%) 200 (72%)

B 164 (29%) 88 (32%) 76 (27 %)

Coinfection with more than 1 virus 5(1%) 2 (1%) 3(1%)
Influenza type (central laboratory)

Influenza A/H3N2 251 (45%) 122 (44%) 129 (47 %)

Influenza A/H1N1 93 (17%) 39 (14%) 54 (19%)

Influenza B 156 (28%) 85 (31%) 71 (26%)

Negative 52 (9%) 30 (11%) 22 (8%)

Coinfection® 1(<0.5%) 0 (0%) 1 (<0.5%)

No. missing 3 1 2
Hours from onset of influenza-like illness to screening

Median (quartiles) 28 (21, 39) 29 (22, 40) 27 (20, 37)

Min, Max 0, 49 1,49 0, 49
Hours from screening to randomization

Median (quartiles) 0(0, 0 0(0,0 0(0,0

Min, Max 0, 23 0, 23 0,10
Hours from randomization to treatment initiation

Median (quartiles) 1(0, ) 1(0, ) 1(0, )

Min, Max 0, 21 0, 20 0,21
Smoking (at any point)?

Yes 68 (12%) 35 (13%) 33 (12%)
Influenza vaccination in the season of enrollment?

Yes 57 (10%) 34 (12%) 23 (8%)

2Coinfection: quantitative polymerase chain reaction (GPCR) results are for flu A/H3 as flu B was not detected by gPCR.

Of the 501 participants with confirmed influenza infection in
central laboratory testing, 8 (2%) did not have virus detected on
the qPCR assay and 11 (2%) had virus detected below the assay
lower limit of quantification (LLOQ). Quantification of the
housekeeping gene B2M in all the samples with an undetectable
virus or viral level less than the LLOQ suggested that inability to
quantify virus level was not due to poor sample collection tech-
nique. The median (quartiles) viral load at baseline was 6.9 (5.8,
7.6) log, copies/mL (Table 3) and was similar in the 2 treatment

arms. In the ITT population, 543 of the 556 participants (98%)
reported taking all study doses on all 5 days; the proportion was
similar in the 2 arms (270 [97%] in the oseltamivir arm vs 273
[98%] in the placebo arm). Losses to follow-up prior to 28 days
were very low: 4 participants (1.4%) in the oseltamivir arm vs 5
(1.8%) in the placebo arm.

Of the 501 participants with confirmed influenza infection, 46
were in the pilot study and so excluded from the analysis of the
primary endpoint. An additional 6 participants did not have a day
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Table 2. Baseline Symptoms and Virology of Participants With Influenza Confirmed in Central Laboratory Testing

Symptoms and Virology Total Oseltamivir Placebo
(N =; 501) (n =; 246) (n =; 255)

Overall symptom score (11 symptoms, graded 0-3)

Median (quartiles) 13 (10, 17) 13 (10, 17) 13 (10, 17)

Min, Max 3,27 3,27 3,27
Average functional status (physical domain of the SF-36)

Prior to illness—median (Q1:Q3) 100 (95, 100) 100 (90, 100) 100 (95, 100)

Day 0—median (Q1:Q3) 65 (40, 75) 65 (40, 75) 65 (35, 75)
Global assessment

Participant feels as good today as before illness (no) 531 (97 %) 260 (95%) 271 (98%)

Participant functions as well today as before illness (no) 461 (84%) 224 (82%) 237 (86%)
Complications at baseline

Sinusitis 7 (1%) 4 (1%) 3 (1%)

Otitis media 1(<0.5%) 0 (0%) 1(<0.5%)

Bronchitis/Bronchiolitis 6 (1%) 4 (1%) 2 (1%)

Pneumonia 1(<0.5%) 0 (0%) 1(<0.5%)

Using antibiotic for other reasons 11 (2%) 6 (2%) 5 (2%)
Virology

Mean (standard deviation) log,, copies/mL 6.6 (1.3) 6.6 (1.3) 6.6 (1.3)

Median (quartiles) log,, copies/mL 6.9 (5.8, 7.6) 6.9 (5.8, 7.6) 6.9 (5.9, 7.6)
Detection on guantitative assay

>LLO0Q 482 (96%) 237 (96%) 245 (96 %)

>LOD, <LLOQ 11 (2%) 6 (2%) 5 (2%)

<LOD 8 (2%) 3(1%) 5(2%)
Presence of glyceraldehyde-3-phosphate dehydrogenase

>LOD/LLOQ, <ULOQ 493 (99%) 243 (99%) 250 (98%)

<LOD/LLOQ 7 (1%) 3(1%) 4 (2%)
Presence of B2M

>LOD/LLOQ, <ULOQ 499 (100%) 246 (100%) 253 (99%)

<LOD/LLOQ 2 (0%) 0(0%) 2 (1%)

Abbreviations: B2M, beta-2 microglobulin; LOD, lower limit of detection; LLOQ, lower limit of quantification; ULOQ, upper limit of quantification.

3 virologic endpoint sample available for testing (3 in each arm).
Thus, 449 participants contributed results for the analysis of the
primary endpoint. There were 99 (45.0%) of the 220 participants

in the oseltamivir arm who had virus detected at day 3 com-
pared with 131 (57.2%) of the 229 participants in the placebo arm
(-12.2% difference; 95% confidence interval [CI], —21.4%, —3.0%;

Table 3. Influenza Virus Over Time in the Primary Efficacy Population

Virologic Measurement Total Oseltamivir Placebo Extension of Wilcoxon Test
Day 0, n 501 246 255

Median (quartiles) log,, copies/mL 6.90 (5.80, 7.60) 6.85 (5.80, 7.60) 6.90 (5.90, 7.60)
Day 3, n 495 243 252 0.07

Median (quartiles) log,; copies/mL 3.90 (3.20, 4.70) 3.40 (3.20, 4.50) 3.90 (3.20, 4.90)

>LLOQ 194 (39%) 85 (356%) 109 (43%)

> 0D, <LLOQ 60 (12%) 24 (10%) 36 (14%)

<LOD 241 (49%) 134 (55%) 107 (42%)

No. missing 6 3 3
Day 7 n 491 241 250 0.46

Median (quartiles) log,; copies/mL 3.20 (3.20, 3.40) 3.20 (3.20, 3.40) 3.20 (3.20, 3.40)

> LOQ 37 (8%) 16 (7%) 21 (8%)

> 0D, <LLOQ 16 (3%) 11 (5%) 5(2%)

<LOD 438 (89%) 214 (89%) 224 (90%)

No. missing 10 5 5

Abbreviations: LOD, lower limit of detection; LLOQ, lower limit of quantification.
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P =;.0097). This difference was larger in those enrolled within 24
hours of symptom onset (28/65 [43.1%)] vs 61/97 [62.9%]) com-
pared with those enrolled within 24-36 hours (38/77 [49.4%] vs
36/64 [56.3%] or 36-48 hours (33/78 [42.3%] vs 34/68 [50%]). The
results of the primary endpoint were similar when those in the
pilot study were included: 109 (44.9%) of 243 in the oseltamivir
arm compared with 145 (57.5%) of 252 in the placebo arm (differ-
ence, —12.7%; 95% CI, —21.4%, —3.9%; P =; .0048).

For influenza type, there was a significant treatment-by-
influenza-type interaction (interaction, P =;.012). Among par-
ticipants with influenza type A infection, a smaller number of
participants had detectable viral load in the oseltamivir arm (61
of 158 [38.6%] participants with results) vs placebo arm (108 of
182 (59.3%); difference, —20.7%). However, among participants
with influenza B infection, there was little difference in the pro-
portion with detectable viral shedding between the 2 arms: 48
of 85 (56.5%) in the oseltamivir arm and 37 of 70 (52.9%) in the
placebo arm (difference, +3.6%). For the other 2 prespecified
subgroup analyses, there were no significant interactions of
treatment with sex (male vs female) or country/race (US/white
vs US/nonwhite vs Thailand vs Argentina).

The median time to alleviation of symptoms was 79.0 hours
(66.4-92.0) for the oseltamivir arm and 84.0 hours (73.3-97.3)
for the placebo arm (P =; .34; Figure 2). The ITT analysis had
similar results (82.0 hours compared with 84.1 hours, P =; .30).
When calculated by half-day intervals matching the planned
diary card assessment (recognizing the time of the diary card
does not reflect the time of symptom resolution, but rather the
time picked by the participant for completion of the diary card),
the results were unchanged (3.5 days vs 4.0 days, P =; .35 in
the primary efficacy population). Subgroup analyses by influ-
enza type, sex, and country/race did not reveal any significant

interaction with treatment. Analysis by duration of illness prior
to study drug administration did not reveal significant differ-
ences in efficacy with regard to the duration of illness prior to
study drug enrollment (interaction P value =; .40).

The diary card included 2 global assessment questions. The
median duration until the participant was feeling as well as be-
fore the influenza illness was 134.7 vs 133 hours among par-
ticipants with confirmed influenza (P =; .27) (Supplementary
Figure 1A). There was no significant difference between arms
in median time to return to the preillness level of function
(78.8 vs 103.5, P =; .36) (Supplementary Figure 1B). There
was also no significant difference in the SF-36 physical func-
tion score between the 2 randomized arms at day 3, 7, 14, or 28
(Supplementary Figure 1C).

All samples that had influenza virus >LLOQ on day 7 were
sequenced. Prior literature was reviewed to identify nucleotide
substitutions associated with resistance [5-7]. No samples dem-
onstrated a change in sequence at loci (compared with day 0
sample) known to be associated with resistance to oseltamivir.

DISCUSSION

We sought to evaluate the virologic efficacy of oseltamivir com-
pared with placebo in a population at low risk of complica-
tions of influenza. In the primary analysis, those treated with
oseltamivir were less likely to have viral RNA detectable in the
nose on day 3 compared with those treated with placebo (abso-
lute reduction of 12.2%).

Treanor et al evaluated viral shedding in 211 of 374 par-
ticipants with influenza and was not able to demonstrate a
difference at any time point [3]. Nicholson et al previously dem-
onstrated a difference in the AUC of viral titers (78.2 vs 130.8
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Figure 2.

Proportion of participants with clinical symptoms (in those with confirmed influenza infection).
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log , TCID,, x h/mL, P =; .03) as measured by viral culture of
nose and throat swabs at days 2, 4, 6, and 8 in 350 of 475 par-
ticipants with influenza [2]. Our pilot study suggested that this
intense sampling would compromise enrollment. Additionally,
in the pilot portion of this study, 72% of day 3 samples tested
by TCID,, were negative, necessitating the use of the propor-
tion with detectable viral shedding by PCR on day 3 rather than
TCID,, as the endpoint. In a similar study that involved a high-
risk population [4], this percentage of day 3 samples testing
negative by TCID,  was even higher at 97%. Our reduced study
visit schema on days 0, 3, and 7 and the day 7 sample being
undetectable in most (90%) participants necessitated use of
the proportion with detectable viral shedding by PCR on day 3
rather than AUC for this study.

We were not able to demonstrate the same clinical benefit in
this low-risk population among multiple clinical parameters as
prior licensing studies [2, 3]. Cochrane performed a meta-analysis
of 20 treatment trials that demonstrated considerable variation in
the reduction of clinical symptoms after oseltamivir treatment,
ranging from 8.4 to 25.1 hours [8]. Our results are in line with
this, though we were still surprised by the minimal clinical effi-
cacy. It is important to highlight that the population enrolled in
this study and those populations enrolled in prior oseltamivir
treatment studies used for licensure are not similar. Most notably,
even though both enrolled influenza A and B, influenza B made
up 28% of the current study and only 1%-3% of licensing studies.
The efficacy of oseltamivir against influenza B has been ques-
tioned [9, 10], and our data indeed confirm minimal or no clinical
or virologic efficacy against influenza B in a low-risk population.

The 2 large adult licensing studies used a cutoft for symptoms
prior to enrollment of 36 hours and demonstrated a benefit in
median time to symptoms resolution of 31.8-43 hours, whereas
a demonstrated clinical benefit up to 48 hours after onset of
symptoms was shown in other studies [11]. Oseltamivir was li-
censed for use within 48 hours of onset of symptoms, which
is why this interval was used in this study. Early initiation of
oseltamivir after onset of symptoms increases its therapeutic ef-
fects, though even those who initiated therapy at 36 hours after
onset of illness were noted to have a 25% reduction in duration
of illness [11]. In our study, the difference in duration of illness
prior to enrollment did not appear to alter the clinical efficacy,
though the study was not powered for these subgroup analyses.
Our study had a similar requirement for symptoms as the adult
licensing studies, though ours did not require fever for enroll-
ment. The presence of fever may select for a population with
more severe disease and more likely to benefit from oseltamivir.
Additionally, our population may have been less symptomatic
(median 13 points across 11 symptoms, compared with 14-15
across 7 symptoms in prior pivotal studies [2, 3]).

Our study also enrolled from a broader geographic area than
prior licensing studies. It is possible that the symptoms assessed,
previously tested in US and European populations, do not

reflect the primary symptoms in other populations. Last, given
practical considerations, participants were asked to record data
on a diary card twice daily in this study. In a disease such as in-
fluenza that typically resolves within 3-4 days, using twice-daily
assessments may be insensitive to detect rapid improvement.

The results from our study should not be used to raise a ques-
tion about the utility of oseltamivir in most populations. This
was not the primary objective of this study, and this study en-
rolled a very specific low-risk population. We believe that there
are sufficient data from multiple prior studies, including many
nonmanufacturer-sponsored observational studies, to sup-
port the conclusion that neuraminidase inhibitors including
oseltamivir have clinical benefit and that current recommenda-
tions for their use in treating those with influenza that requires
hospitalization, those who are very sick, and those who are at
high risk of severe influenza complications are justified. The
minimal virologic benefit and the nonsignificant clinical differ-
ences demonstrated in this study, however, should raise caution
in automatically extending those recommendations to include
treatment of a low-risk population.
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