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A B S T R A C T

Background
During epidemic years, influenza attack rates in children exceed 40%. Options for prevention and treatment include the neuraminidase
inhibitors: zanamivir and oseltamivir.

Objectives
To assess the efficacy, safety and tolerability of neuraminidase inhibitors in the treatment and prevention of influenza infection in
children.

Search strategy
We searched the Cochrane Central Register of Controlled Trials (The Cochrane Library Issue 1, 2005); MEDLINE (1966 to April
2005); EMBASE (January 1980 to December 2004); the on-line GlaxoSmithKline Clinical Trials Register; the on-line Roche Clinical
Trial Protocol Registry and Clinical Trial Results Database (August 2005); and reference lists of articles. We also scrutinised web sites
of European and US regulatory bodies and contacted manufacturers and authors.

Selection criteria
Double-blind, randomised, controlled trials comparing neuraminidase inhibitors with placebo or other antiviral drugs in children less
than 12 years of age. Additional safety and tolerability data from other sources were also included.

Data collection and analysis
Four authors applied the inclusion criteria to the retrieved studies, assessed trial quality and extracted data. Data were analysed separately
for oseltamivir and zanamivir.

Main results
Three trials involving 1500 children with a clinical case definition of influenza were included, of whom 977 had laboratory-confirmed
influenza. Overall, trial quality was good. Oseltamivir reduced the median duration of illness by 26% (36 hours) in healthy children with
laboratory-confirmed influenza (P value less than 0.0001). The reduction was only 7.7% (10 hours) in ’at risk’ (asthmatic) children,
and this did not reach statistical significance (P value = 0.54). Zanamivir reduced the median duration of illness by 24% (1.25 days)
in healthy children with laboratory-confirmed influenza (P value less than 0.001). No data in ’at risk’ children were available. Only
oseltamivir produced a significant reduction in the complications of influenza (particularly otitis media), although there was a trend
to benefit for zanamivir. We identified one randomised, controlled trial of oseltamivir for the prevention of influenza transmission in
households, reporting data from 222 paediatric contacts. Where index cases had laboratory-confirmed influenza, a protective efficacy
of 55% was observed, but this did not reach statistical significance (P value = 0.089). The adverse events profile of zanamivir was no
worse than placebo, but vomiting was more common in children treated with oseltamivir.
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Authors’ conclusions
Neuraminidase inhibitors are effective in shortening illness duration in healthy children with influenza, but efficacy in ’at risk’ children
remains to be proven. Oseltamivir is also effective in reducing the incidence of secondary complications, and may be effective for
influenza prophylaxis.

P L A I N L A N G U A G E S U M M A R Y

Neuraminidase inhibitors for preventing and treating influenza in children

Influenza (true “’flu”) is an infection of the airways caused by a virus. Infection may be treated with neuraminidase inhibitors (zanamivir
and oseltamivir), one group of anti-influenza drugs. This review found that both drugs shortened the duration of illness in healthy
children by about one day. Oseltamivir also prevented complications of influenza, in particular, ear infections. More research is needed
to determine if the drugs are also helpful for: ’at risk’ children (who have a pre-existing medical condition); and preventing (rather than
treating) influenza in children. Neither drug caused serious side effects.

B A C K G R O U N D

Influenza virus has long been recognised as a significant cause of
morbidity and mortality in healthy adult populations but only
recently have attempts been made to quantify the burden of disease
in children (Izurieta 2000; Neuzil 2000). Influenza in children has
been poorly documented because of its non-specific symptoms,
the large variety of other circulating viruses (often including a
predominance of respiratory syncytial virus), the lack of a readily
accessible diagnostic test and the perception that it is a benign
illness in childhood. Nonetheless, it is recognised that school age
children are the main source of the introduction of influenza into
the household (Longini 1982).

During epidemic years, attack rates often exceed 40% in pre-
school children and 30% in school age children (Glezen 1978).
A retrospective cohort study of a large childhood population in
the United States calculated (using rate differences between in-
fluenza and peri-influenza seasons) that the annual number of
influenza attributable hospitalisations for acute cardiopulmonary
conditions ranged from 4 to 104 per 10,000 children, depending
on age (Neuzil 2000). Children under the age of six months were
the most likely to be hospitalised. Moreover, influenza accounted
for a 35% increase in outpatient visits for children less than three
years of age and a 10% to 30% increase in the use of antibiotics
in children younger than 15 years of age.

Children with chronic medical conditions (asthma, cardiovascu-
lar disease, pulmonary disease, immunosuppression, cancer, re-
nal disease, haemoglobinopathies, neurological disease) and those
born prematurely are 4 to 21 times more likely to be hospitalised
with respiratory complications than healthy children during in-
fluenza predominant seasons (Izurieta 2000). In prospective stud-
ies of children with asthma who are infected with influenza, the
reported incidence of exacerbations has varied widely from 7%
to 86% (Pattemore 1992). More recent studies have detected in-

fluenza virus in 5% to 7% of all childhood asthma exacerbations
(Freymuth 1999; Johnston 1995), although this proportion would
be expected to vary depending on influenza point prevalence and
may be considerably higher during annual epidemics.

Complications of influenza in children include acute otitis me-
dia, febrile convulsions, sinusitis, bronchitis, bronchiolitis, croup,
pneumonia (viral and bacterial) and Reye’s syndrome. Reported
incidences of acute otitis media in children with confirmed in-
fluenza infection (up to six years of age) have ranged from 21% to
more than 50%, with the highest incidence in children less than
two years of age (Belshe 1998; Henderson 1982; Neuzil 2002;
Ruuskanen 1989).

Epidemiological studies have routinely detected respiratory viruses
in nasopharyngeal specimens from 30% to 50% of children with
acute otitis media, and recent studies using Polymerase Chain Re-
action based assays have indicated viral infection rates of up to 90%
(Heikkinen 2000; Henderson 1982; Uhari 1995). Thus, although
bacteria can be isolated from the middle ear in approximately 70%
of cases of acute otitis media, a substantial proportion of these
may in fact be secondary to viral infection (Heikkinen 2000). The
mechanism is thought to be a combination of direct cytopathic
effects, eustachian tube dysfunction induced by the host’s inflam-
matory response to viral infection and alteration of the susceptibil-
ity to bacterial colonisation and adherence, which lead to bacterial
invasion of the middle ear (Hayden 2001a; Heikkinen 2000).

Influenza A and B have accounted for approximately 8% to 13%
of viruses isolated in acute otitis media (Heikkinen 1999; Hender-
son 1982; Uhari 1995) but this proportion may vary depending
on influenza point prevalence. Indeed, influenza vaccine studies,
in which children up to six years of age were immunised before the
start of the influenza season, demonstrated a 30% to 36% reduc-
tion in the overall incidence of acute otitis media (Belshe 1998;
Clements 1995; Heikkinen 1991).
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The core ribonucleic acid (RNA) component of influenza virus
is surrounded by a protein, the nucleoprotein antigen, which de-
termines the type (A, B or C) of virus. The outer surface of the
virus comprises a lipid membrane with two attached glycoprotein
antigens. One of these, neuraminidase, plays an important role in
the release and propagation of virions from infected cells while the
other, haemagglutinin, assists entry into host cells. Neuraminidase
and haemagglutinin antigens help determine the strain of the in-
fluenza virus. The unique epidemiology of influenza is due to the
ability of the virus to change its antigenic coat either slowly by mu-
tation driven drift or suddenly by re-assortment driven antigenic
shift (usually within duck and pig animal reservoirs in southern
China). It is the latter phenomenon that may give rise to a pan-
demic.

Drug inhibition of the enzyme neuraminidase interrupts the prop-
agation of both influenza A and B viruses within the respiratory
tract. Neuraminidase inhibitors have been used for prophylaxis
and therapeutic treatment of influenza A and B. In contrast, the
antiviral drugs amantadine and rimantadine are inactive against in-
fluenza B. Zanamivir (GlaxoSmithKline), administered by inhala-
tion, is licensed in the USA for the treatment of influenza in chil-
dren aged 7 years or more, but is not currently recommended for
use in children aged less than 12 years in Europe. It is not licensed
in either area for influenza prophylaxis. Oseltamivir (Roche), ad-
ministered orally, is licensed in the USA for the treatment of in-
fluenza in children older than one year, and has received the same
licensing approval in Europe. It is also licensed in both areas for
influenza prophylaxis in adolescents and adults aged 13 years or
older, but not children. Development of peramivir (BioCryst), a
third neuraminidase inhibitor, has been discontinued following
news that initial findings from a phase III clinical trial (in adults)
demonstrated no statistical difference in relief of influenza symp-
toms between peramivir and control (BioCryst 2002). No paedi-
atric patients were enrolled in trials of the drug (A.K. Schleusner,
BioCryst, personal communication, 2002).

A Cochrane review on the use of neuraminidase inhibitors for pre-
venting and treating influenza in healthy adults (Jefferson 2002)
found that the drugs reduced the duration of influenza symp-
toms by one day and were 60% effective in preventing cases of
laboratory-confirmed influenza. This review will appraise trials of
zanamivir and oseltamivir in children under 12 years of age.

O B J E C T I V E S

Our objective was to assess the efficacy, safety and tolerability
of neuraminidase inhibitors in the treatment and prevention of
influenza in healthy and ’at risk’ (those with an underlying chronic
medical condition) children less than 12 years of age, based on
the available randomised controlled trial (RCT) evidence. We also
aimed to calculate any reduction in secondary household attack

rates when treating children with influenza with neuraminidase
inhibitors.

C R I T E R I A F O R C O N S I D E R I N G

S T U D I E S F O R T H I S R E V I E W

Types of studies

Double-blind RCTs comparing neuraminidase inhibitors with
placebo or other antiviral drugs. For those trials comparing neu-
raminidase inhibitors with other antiviral drugs, the latter must
have been proven superior to placebo using appropriate study de-
signs.

Additional safety and tolerability data were also included from
other sources: non-blinded, non-randomised, non-placebo-con-
trolled studies; post-marketing reports; case reports; company
statements; and statements by regulatory agencies.

Types of participants

Children less than 12 years of age.

For studies examining the efficacy of influenza treatment, we stip-
ulated that the patients must have: a clinical diagnosis of influenza
(temperature above 37.8 °C; at least two of the following symp-
toms: cough, headache, myalgia, sore throat or fatigue; and no
clinical evidence of bacterial infection) made by a healthcare pro-
fessional in a community in which there was an influenza out-
break; laboratory or near-patient test confirmation of influenza.

For studies examining efficacy of prophylaxis, we stipulated that
children must meet all the following criteria: residence in a com-
munity in which there is an influenza outbreak; prophylaxis ad-
ministered before, at the start of or during the outbreak; labora-
tory or near-patient test confirmation of influenza.

Types of intervention

Neuraminidase inhibitors for treatment or prophylaxis.

Types of outcome measures

Primary outcome measures for treatment were: time to resolution
(defined as absence for longer than 24 hours) of important symp-
toms (cough, temperature above 37.8 °C, headache, myalgia, sore
throat, fatigue); time to return to normal activity or time to return
to school; secondary household attack rates.

Secondary outcome measures for treatment were: time to re-
duction in severity of important symptoms; symptom scores;
maximum daily temperature; sleep disturbance; paracetamol (an-
tipyretic/analgesic) usage (mg/24 hours); proportion using an-
tibiotics; proportion admitted to hospital; length of hospital stay
and incidence of complications (acute otitis media, pneumonia,
death). In addition, for children with chronic illness, symptom
scores and relevant physiological measurements (for example, in
asthma, symptom scores and lung function tests).
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Outcome measures for prophylaxis were: incidence of laboratory
or near-patient test confirmed influenza, or influenza-like illness.

Outcome measures for adverse events were: incidences of treat-
ment discontinuation/study withdrawal and local and systemic
events recorded in clinical trials; qualitative assessment of safety
and tolerability data from other sources.

S E A R C H M E T H O D S F O R

I D E N T I F I C A T I O N O F S T U D I E S

See: Cochrane Acute Respiratory Infections Group methods used
in reviews.

For this update we searched the Cochrane Central Register of
Controlled Trials (CENTRAL) (The Cochrane Library Issue 1,
2005); MEDLINE (1966 to April 2005); EMBASE (January
1980 to December 2004); the on-line GlaxoSmithKline Clinical
Trials Register; and the on-line Roche Clinical Trial Protocol
Registry and Clinical Trial Results Database (August 2005). A
dialogue was established with Roche and GlaxoSmithKline and,
if relevant, we contacted first authors of retrieved studies.

We searched MEDLINE and CENTRAL using the following
search terms, which were adapted to search the other electronic
databases. There were no language restrictions.

MEDLINE (WebSpirs)
#1 oseltamivir
#2 zanamivir
#3 neuraminidase inhibitors
#4 #1 or #2 or #3
#5 explode ’Influenza-’ / all subheadings in MIME,MJME
#6 influenz*
#7 #5 or #6
#8 explode ’Neuraminidase-’ / all subheadings in MIME,MJME
#9 neuraminidase
#10 #8 or #9
#11 #7 and #10
#12 #4 and #7
#13 #11 or #12

We also searched bibliographies of included trials, two UK
National Health Service (NHS) Health Technology Assessment
(HTA) Reports commissioned on behalf of the UK National
Institute of Clinical Excellence (NICE) (Burls 2002; Turner
2002 - summary also published as Cooper 2003) and two
Canadian Coordinating Office for HTA (CCOHTA) Reports
(Brady 2001; Husereau 2001) for any additional relevant trials.
Contact was established with the authors of the more recent
NHS HTA Report (Turner 2002).

Web sites of the US Food and Drug Administration (FDA)
(http://www.fda.gov), including MedWatch (the FDA
Safety Information and Adverse Event Reporting Program;

http://www.fda.gov/medwatch), and the European Medicines
Agency (EMEA) (http://www.emea.eu.int) were searched for
references to additional trials/data and for post-marketing reports
of adverse events (October 2005).

In addition, we contacted the UK Medicines and Healthcare
products Regulatory Agency (MHRA) to retrieve any reports of
adverse events by companies or practitioners via the Yellow Card
Scheme (August 2005).

M E T H O D S O F T H E R E V I E W

Selection of trials
One review author (MA) screened the titles and abstracts identified
from the initial electronic searches (2002). If the study was of
possible relevance to the review, or the parameters were not
explicit, we obtained the full article. Uncertainty over eligibility
was clarified by discussion between three review authors (MA,
NM, AH). Titles and abstracts identified when the review was
updated (2005) were screened by one review author (NM).

Trial quality assessment
We assessed the quality of controlled trials using a standardised
pro-forma covering generation of allocation schedule,
concealment of treatment allocation/implementation of masking
and completeness of trial. The 0 to 5 Jadad scale (Jadad 1996)
was used to assess trial quality. The methodological quality of
studies was also documented using the following criteria: baseline
differences between experimental groups, diagnostic criteria used
and length of follow up. A formal assessment of trial quality was
not undertaken for uncontrolled studies contributing safety data
only.

Data collection
Three review authors (MA, NM, AH) independently extracted
data using standardised data extraction forms. One review author
(NM) collated and checked the data. When multiple sources
described the same trial they were combined in a single data
extraction (NM). These were double-checked independently by a
second review author (MA). One review author (NM) extracted
data for trials identified when the review was updated (2005).

Some data were reported only in secondary sources (NA130009 -
FDA 2003; WV15758 - EMEA 2005 and FDA 2004) and were
not available from primary sources (peer reviewed journal articles,
conference reports). If the parent trial (Study ID) was explicitly
stated, and the study fulfilled our inclusion criteria, the data were
incorporated into the appropriate data extraction. If however, the
parent trial was not explicitly stated, or if details of the study were
unavailable, the data were noted separately in the Results section.

If methodological aspects or data presentation were unclear,
or significant numerical discrepancies existed between sources
reporting results from the same trial, we contacted the
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pharmaceutical companies responsible and asked for further
information or clarification.

D E S C R I P T I O N O F S T U D I E S

Sources
Our initial broad electronic search strategy returned 3723 citations
(2002). A further 879 citations were returned when the searches
were updated (2005). These included references to: four controlled
trials of neuraminidase inhibitors in the treatment of influenza
infection in children (Imamura 2003; NA130009; WV15758;
WV15759/WV15871); five uncontrolled, observational studies
of neuraminidase inhibitors in the treatment of influenza in chil-
dren (Kawai 2003; Machado 2004; Mitamura 2002; Vogel 2002;
Yamaura 2003); five controlled trials of neuraminidase inhibitors
in the prevention of influenza transmission in families (Monto
2002; NAI30010; Welliver 2001; WV16193) and paediatric in-
patients (Shinjoh 2004); one uncontrolled, observational study
of oseltamivir in the prevention of influenza transmission in pae-
diatric outpatients (Chik 2004); three pharmacokinetic studies
of neuraminidase inhibitors (Oo 2001; Oo 2003; Peng 2000);
one descriptive study of resistant influenza virus strains emerging
in children treated with oseltamivir (Kiso 2004); one case report
about a child treated with zanamivir (Gubareva 1998); three retro-
spective studies of health insurance claims data amongst patients
treated with neuraminidase inhibitors, including children (Cole
2002; Loughlin 2002; Nordstrom 2004); and one study on the
reliability of a rapid diagnostic test for influenza in children treated
with oseltamivir (Hata 2004). We were unable to retrieve one con-
ference abstract of possible relevance despite exhaustive searches
in the UK, Australia and the USA (Von Bremen 2003). Data
were published across multiple journal articles for trials WV15758
(Dutkowski 2003; Erratum 2001; Reisinger 2004; Whitley 2001)
and WV15759/WV15871 (Dutkowski 2003; Johnston 2005). In
this review, trials have been referred to by their Study ID rather
than by the name of their primary reference.

In addition to published articles, Roche supplied eight conference
presentations providing data from trials WV15758 (Hayden 2000;
Reisinger 2000a; Whitley 2000a; Whitley 2000b; Winther 2000),
WV15759/WV15871 (Whitley 2000a) and WV16193 (Belshe
2001; Hayden 2002) and a conference presentation reporting a
pooled analysis of safety data from controlled trials of oseltamivir
in children and adults (Waskett 2001). Bibliographic searching
identified one further abstract providing data from WV15758
(Reisinger 2000b) and GlaxoSmithKline supplied a conference
presentation providing data from trial NAI30010 (Hayden 1999).
A search of the GlaxoSmithKline Clinical Trial Register identified
a further controlled trial of zanamivir in the treatment of influenza
infection in children (NAI30028) and a search of the Roche Clini-
cal Trial Results Database identified a further controlled trial of os-
eltamivir in the treatment of influenza in children and adolescents

(NV16871). No additional information was provided directly by
first authors of the drug company sponsored studies.

Examination of the FDA web site identified Current Label ap-
proval information for oseltamivir (WV15758 - FDA 2004) and
zanamivir (NA130009 - FDA 2003). In addition, examination
of the EMEA web site identified a European Public Assessment
Report for oseltamivir (WV15758 - EMEA 2005). These reports
included discussion of drug efficacy and safety in the treatment of
influenza in children. No post-marketing reports of adverse events
in children were specified by the FDA or EMEA or identified from
a search of the UK MHRA Adverse Drug Reactions On-line In-
formation Tracking database (Mark Loughrey, MHRA: Post Li-
censing Division, personal communication, 2005).

The authors of the more recent UK NHS HTA Report (Turner
2002) confirmed that, to their knowledge, our searches were com-
plete (Dr A. Sutton, personal communication, 2002). Finally,
both Roche and GlaxoSmithKline verified that our searches did
not omit any trials in the public domain (Dr A. Webster, Glax-
oSmithKline and Dr Z. Panahloo, Roche, personal communica-
tions, 2005). In particular, the earliest licensing approvals for use
in children were February 2000 for zanamivir (in Mexico) and
December 2000 for oseltamivir (in the USA). Clinical trials could
not have commenced prior to these dates without the knowledge
of the pharmaceutical companies.

Treatment trials
In total, six controlled trials of neuraminidase inhibitors for
the treatment of influenza in children were identified (Ima-
mura 2003; NA130009; NAI30028; NV16871; WV15758;
WV15759/WV15871). Of these, three were eligible for the re-
view:

WV15758 was a double-blind RCT assessing the efficacy, safety
and tolerability of a five day course of twice daily oral oseltamivir
(or placebo) in the treatment of naturally acquired, symptomatic
influenza infection in 695 children aged 1 to 12 years. Baseline
characteristics of the treatment and control populations are sum-
marised in Table 01.

WV15759/WV15871 (two WV numbers were assigned as the
study rolled over two seasons) was a double-blind RCT assessing
the efficacy, safety and tolerability of a five day course of twice-
daily oral oseltamivir (or placebo) in the treatment of naturally
acquired, symptomatic influenza infection in 334 children with
asthma aged 6 to 12 years. Baseline characteristics of the treatment
and control populations, including severity of baseline asthma, are
summarised in Table 02.

NA130009 was a double-blind RCT assessing the efficacy, safety
and tolerability of a five day course of twice daily inhaled zanamivir
(or placebo) in the treatment of naturally acquired, symptomatic
influenza infection in 471 children aged 5 to 12 years. Baseline
characteristics of the treatment and control populations are sum-
marised in Table 03.
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No data are yet available for NAI30028 and no sub-group data
were provided for children aged less than 12 years in NV16871.
Imamura 2003 assessed the efficacy of oseltamivir 2 to 4 mg/kg/day
or amantadine in the treatment of 162 paediatric inpatients with
influenza A infection. A control group was included, but no further
details on trial methodology or results are currently available in
English. The full report has been published in Japanese and is
awaiting translation. It will be included in the next update of the
review.

Five additional, uncontrolled treatment trials were identified
(Kawai 2003; Machado 2004; Mitamura 2002; Vogel 2002; Ya-
maura 2003). Because the inclusion criteria were relaxed for safety
and tolerability endpoints (to include non-RCT data) one was el-
igible for the review:

Machado 2004 was an uncontrolled, observational study assessing
the efficacy, safety and tolerability of a five day course of twice-
daily oral oseltamivir in the treatment of naturally acquired, symp-
tomatic influenza in 319 bone marrow transplant recipients, in-
cluding 11 children. Limited safety data were provided by the au-
thors for this small group (Dr C. Machado, personal communi-
cation, 2005).

See ’Characteristics of included studies’, ’Characteristics of ex-
cluded studies’ and ’Characteristics of ongoing studies’ tables for
further details.

Prevention trials
In total, five controlled trials of neuraminidase inhibitors for the
prevention of influenza in children were identified (NAI30010;
Monto 2002; Shinjoh 2004; WV16193; Welliver 2001). Of these,
one was eligible for the review:

WV16193 was an open-label RCT assessing the efficacy, safety
and tolerability of a ten day course of once-daily oral oseltamivir
(or expectant management) in the prophylaxis of influenza in-
fection in household contacts of index cases with influenza-like
illness. The study included 222 contacts aged 1 to 12 years, for
whom a separate analysis of prophylactic efficacy was conducted.
Baseline characteristics were not provided for the paediatric treat-
ment and control populations. Amongst household contacts of
all ages, however, less than 3% were using concomitant inhaled
short acting bronchodilators, and only 7% had current influenza
vaccination. Sixty-six per cent of index cases with laboratory-con-
firmed influenza had influenza A and 34% had influenza B. As
well as randomising contacts to receive oseltamivir prophylaxis or
expectant management, all index cases (including 134 children
aged 1 to 12 years) were treated with a five day course of twice-
daily oral oseltamivir, and contacts randomised to the control arm
were given a standard treatment course if illness subsequently de-
veloped. Limited safety data were available for this population.

No children received oseltamivir in Welliver 2001, and no sub-
group data were provided for prophylactic efficacy or safety in
children in Monto 2002 or NAI30010. Shinjoh 2004 assessed the

efficacy of a seven to ten day course of once-daily oral oseltamivir 2
mg/kg in the prevention of influenza transmission in 29 paediatric
inpatients. A control group was included, but no further details
on trial methodology are currently available in English. The full
report has been published in Japanese and is awaiting translation.
It will be included in the next update of the review.

One additional, uncontrolled prevention trial was identified (Chik
2004). It was not eligible for the review.

See ’Characteristics of included studies’ and ’Characteristics of
excluded studies’ tables for further details.

Other studies
In total, 10 further studies of neuraminidase inhibitors in chil-
dren were identified (Cole 2002; Gubareva 1998; Hata 2004; Kiso
2004; Loughlin 2002; Nordstrom 2004; Oo 2001; Oo 2003; Peng
2000; Waskett 2001). Because the inclusion criteria were relaxed
for safety and tolerability endpoints (to include non-RCT data)
three were eligible for the review:

Loughlin 2002 was a retrospective study of health insurance data
assessing the incidence of adverse respiratory events among 5450
patients, including 42 children aged less than 12 years, treated
with a five day course of twice-daily inhaled zanamivir.

Oo 2003 was an uncontrolled study of the pharmacokinetics,
safety and tolerability of a single dose of oral oseltamivir in 12
healthy children aged 1 to 5 years.

Peng 2000 was an uncontrolled study of the pharmacokinetics,
safety and tolerability of a single dose of inhaled zanamivir in 24
children aged 3 months to 12 years with signs and symptoms of
respiratory illness.

See ’Characteristics of included studies’ and ’Characteristics of
excluded studies’ tables for further details.

M E T H O D O L O G I C A L Q U A L I T Y

Data for this review were drawn from a range of primary and sec-
ondary sources. Although we assessed the quality of controlled tri-
als using the Jadad scoring system (see ’Characteristics of included
studies’ table), a low Jadad score in this context may reflect limi-
tations in the trial descriptions available rather than in the actual
conduct of the trial.

Treatment trials
No significant problems impacting on study quality were identi-
fied for WV15758, WV15759/WV15871 or NA130009 regard-
ing baseline differences between treatment and control groups (Ta-
ble 01; Table 02; Table 03), length of follow up or diagnostic crite-
ria used for primary endpoints. There were slightly more patients
with ’severe’ pre-treatment symptom assessment in the treatment
arm of NA130009.
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Although not representing a deficiency in any one trial, the
number of children vaccinated against influenza was much
greater in WV15759/WV15871 (19%) than WV15758 (3%) or
NA130009 (2%). This may have modified the effect of oseltamivir
in WV15759/WV15871 because the spectrum of influenza illness
is often milder in vaccinated children than it is in those who are
not vaccinated (Belshe 1998).

The incidences of secondary complications and antibiotic use were
examined in detail in WV15758. Diagnoses were made by individ-
ual primary care physicians, however, and standardised diagnostic
criteria were described only for otitis media. Tympanometry was
used to confirm the diagnosis in 54 of 76 cases (71%), but no effort
was made to differentiate serous or suppurative otitis media, or vi-
ral or bacterial aetiology. Secondary complications and antibiotic
use were assessed in NA130009, but no standardised diagnostic
criteria were specified. Asthma exacerbations alone were assessed
in WV15759/WV15871 and were adequately defined using serial
peak expiratory flow (PEF) measurements.

In general, all three studies adhered to the principle of intention-
to-treat analysis - although this was not without its problems. In
WV15758, three children who were randomised but withdrew
before taking any medication were excluded from all analyses and,
amongst children with laboratory-confirmed influenza, eight from
the control arm and ten from the treatment arm appear to have
been excluded from some analyses because of missing efficacy in-
formation. In WV15759/WV15871, treatment efficacy endpoints
were reported for children with laboratory-confirmed influenza,
but not for the overall population of children enrolled on the basis
of a clinical case definition of influenza. One child who was ran-
domised but withdrew before taking any medication was excluded
from all analyses.

Prevention trials
No significant problems impacting on study quality were identi-
fied for WV16193 regarding the length of follow up or diagnos-
tic criteria used. Baseline characteristics appeared similar between
overall treatment and control groups, but no comparators were
broken-out for the paediatric population.

Although an intention-to-treat analysis was performed, 10 con-
tacts from the control arm and 10 contacts from the treatment arm
(across all ages) were excluded from analyses because of missing
efficacy, serological or influenza culture information.

This was an open-label study, which raises the possibility of bias
in outcomes. The composite primary end point, however, was
clearly based on objective (laboratory confirmation of infection;
temperature greater than or equal to 37.8 °C) as well as subjective
(clinical symptoms of influenza) measures. Overall, it was felt that
the data were likely to be reliable. Therefore, although not meeting
one of our pre-specified inclusion criteria (double-blinding), it was
felt that the study should nonetheless be included in the review.

Other studies

No formal assessment of study quality was undertaken.

Data synthesis
Primary endpoints for all treatment studies (time to resolution of
illness, time to return to normal activity) were reported as median
time-to-event data. There was no general agreement between stud-
ies on the definition of these composite endpoints or on the sta-
tistical techniques used to generate the published summary statis-
tics. For instance, WV15758 censored data from children who
withdrew from the study before resolution of symptoms, whereas
NA130009 considered children who withdrew from the study be-
fore resolution of symptoms as treatment failures (and therefore
contributed to the analysis throughout). In the absence of indi-
vidual patient data, techniques for combining summary statistics
from such analyses are not well developed (Centre for Statistics in
Medicine, Oxford, UK, personal communication, 2000). Results
were therefore reported separately for each study.

Secondary complications in children with laboratory-confirmed
influenza are reported as dichotomous data for WV15758 and
NA130009, but there was significant clinical heterogeneity be-
tween the studies. In particular, the efficacy of oseltamivir and
zanamivir in treating extra-pulmonary complications may not be
equivalent because the different methods of administration (oral
versus inhalation) provide different levels of drug exposure in ex-
tra-pulmonary tissues such as the middle ear and sinuses (see ’Dis-
cussion’). This is particularly important in studies of influenza in
children, amongst whom acute otitis media is the most prevalent
secondary complication. In addition, the age ranges of children
enrolled for the studies were different: 1 to 12 years (WV15758)
compared with 5 to 12 years (NA130009). Rates of acute otitis
media are highest in young children, included in WV15758, but
excluded from NA130009. Results are therefore reported sepa-
rately for these two studies. No comparable data were available for
WV15759/WV15871.

Incidences of adverse effects were markedly different between the
control arms of NA130009 (21%), and those of WV15758 (52%)
and WV15759/WV15871 (51%), on the other (see ’Discussion’).
We therefore did not combine data across studies of oseltamivir
and zanamivir. We did, however, combine data on adverse events
from the two studies assessing the effectiveness of oseltamivir
(WV15758; WV15759/WV15871). Peto odds ratios were calcu-
lated using a fixed-effect model. We examined the summary plots
for heterogeneity and assessed this using the I2 statistic.

Significance levels and confidence intervals reported in the studies
have been reproduced in this review, rather than re-calculated.
Where appropriate, however, we calculated confidence intervals
not reported in the studies.

Due to the limited number of RCTs eligible for the review, funnel
plots were not appropriate in the assessment of publication bias.
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R E S U L T S

Treatment
Endpoints from each trial were reported both for children with
laboratory-confirmed influenza (Lab. Influenza +ve) and, if avail-
able, for the intention-to-treat population (all children enrolled
on the basis of a clinical case definition of influenza). Where ap-
propriate, we have also reported endpoints in more limited sub-
populations.

If there was no general agreement on the definition of a particular
endpoint (for example time to resolution of illness), the percent-
age difference in outcome between treatment and control groups
is a more valid comparator between studies than the absolute dif-
ference. However, since the absolute difference is of more clinical
relevance, where possible, we have reported both.

Time to resolution of illness
WV15758: oseltamivir reduced the median duration of illness by
26% (36 hours) in children with laboratory-confirmed influenza
(P value less than 0.0001) and by 17% (21 hours) in the intention-
to-treat population (P value = 0.0002).

WV15759/WV15871: a trend to benefit was observed for os-
eltamivir in asthmatic children with laboratory-confirmed in-
fluenza, with a reduction in median duration of illness of 7.7%
(10 hours), but this did not reach statistical significance (P value =
0.54); no data were available for the intention-to-treat population.

NA130009: zanamivir reduced the median duration of illness by
24% (1.25 days) in children with laboratory-confirmed influenza
(P value less than 0.001) and by 10% (0.5 days) in the intention-
to-treat population (P value = 0.011).

Table 04

In WV15758, oseltamivir reduced the duration of illness in all age
groups, with a trend to shorter illness times in both control and
treatment groups for older children; no data were provided by age
group for NA130009 or WV15759/WV15871.

Table 05

In WV15758, oseltamivir reduced the median time to resolution
of illness by 34% (P value less than 0.0001) in children with in-
fluenza A, but a reduction of only 8.5% was observed in chil-
dren with influenza B (not statistically significant; P value = 0.27;
WV15758 - EMEA 2005). Conversely, in NA130009, zanamivir
significantly reduced the median time to resolution of illness in
children with both influenza A and B. No data were available by
serotype for WV15759/WV15871.

Table 06

No significant difference was seen between the North America
and Europe/Israel arms of NA130009. No data were provided by
geographical location for WV15758 or WV15759/WV15871.

Table 07

Time to return to normal activity
WV15758: oseltamivir reduced the median time to return to nor-
mal activity by 40% (45 hours) in children with laboratory-con-
firmed influenza (P value less than 0.0001); no data were available
for the intention-to-treat population.

WV15759/WV15871: a trend to benefit was observed for os-
eltamivir in asthmatic children with laboratory-confirmed in-
fluenza, with a reduction in median time to return to normal ac-
tivity of 11% (12.6 hours), but this did not reach statistical signif-
icance (P value = 0.46); no data were available for the intention-
to-treat population.

NA130009: zanamivir reduced the median time to return to nor-
mal activity by one day in children with laboratory-confirmed in-
fluenza (P value = 0.022) and in the intention-to-treat population
(P value = 0.019).

Table 08

In WV15758, a trend to benefit was observed for oseltamivir in
children with influenza B, with a reduction in median time to
return to normal activity of 19% (111.7 hours in the control group
compared with 90.1 hours in the treatment group), but this did
not reach statistical significance (WV15758 - EMEA 2005). In
children aged one to five years, oseltamivir shortened the median
time to return to normal activity from 121.3 hours in the control
group to 63.5 hours in the treatment group, a reduction of 48% (P
value = 0.003; WV15758 - Reisinger 2004). No data were available
by serotype or age group for NA130009 or WV15759/WV15871.

Secondary complications
WV15758: oseltamivir reduced the incidence of physician diag-
nosed complications requiring antibiotic use by 40% (P value =
0.005) and overall antibiotic use by 24% (P value = 0.03) in chil-
dren with laboratory-confirmed influenza; no data were available
for the intention-to-treat population.

WV15759/WV15871: see ’Asthma exacerbations and pulmonary
function’.

NA130009: a trend to benefit was observed for zanamivir in chil-
dren with laboratory-confirmed influenza, with a 30% reduction
in the incidence of complications and a 20% reduction in antibi-
otic use, but these did not reach statistical significance; no data
were available for the intention-to-treat population.

Table 09

Mortality rates were zero in all trials. Two children from WV15758
were hospitalised (both from the control arm, one with dehydra-
tion and one with ingestion of a caustic substance), along with
three children from WV15759/WV15871 (one from the control
arm, with viral encephalitis and two from the treatment arm, with
vomiting and abdominal pain). No comparable data were avail-
able for NA130009.

Acute otitis media
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In WV15758, over the 28 day follow up period, oseltamivir re-
duced the incidence of physician diagnosed acute otitis media by
44% in children aged 1 to 12 years with laboratory-confirmed in-
fluenza without otitis media at enrolment and by 56% in children
aged 1 to 5 years. No data were available for the intention-to-treat
population and no data were available for WV15759/WV15871or
NA130009.

Table 10; Table 11

Asthma exacerbations and pulmonary function
In WV15759/WV15871, median FEV1 improved by 10.8% by
day 6 in children with laboratory-confirmed influenza treated with
oseltamivir, compared with 4.7% in children treated with placebo
(P value = 0.015). There was a corresponding reduction in the fre-
quency of asthma exacerbations defined by pulmonary function
and a trend to a reduction in medical reports of asthma exacerba-
tions captured via the adverse events reporting system. A graphi-
cal analysis suggested a marked and rapid reduction in frequency
of asthma exacerbations in children who commenced treatment
within 24 hours of symptom onset. The effect was much less clear
for children who commenced treatment more than 24 hours of
symptom onset, but no formal statistical analysis was undertaken.

Table 12

In NA130009, using the entire intention-to-treat population as
the denominator (although only 36 children entered the trial with
concurrent chronic respiratory conditions), less than 1% of chil-
dren treated with zanamivir were reported to suffer asthma ex-
acerbations, compared with 1% treated with placebo. Although
WV15758 enrolled 16 children with mild asthma, no asthma-
specific endpoints are reported.

Secondary household attack rates
No data available.

Miscellaneous additional endpoints
Table 13; Table 14; Table 15; Table 16

A number of secondary endpoints were analysed by influenza
serotype. In WV15758, oseltamivir reduced the median duration
of all Canadian Acute Respiratory Illness and Flu Scale (CARIFS)
symptoms in children with influenza B from 96 hours in the con-
trol group to 56 hours in the treatment group, a reduction of 41%
(144 children; P value = 0.008). This was comparable to the 35%
reduction observed (P value = 0.0042) in children with influenza
A (WV15758 - EMEA 2005). Likewise, median duration of fever,
cough and coryza in children with influenza B was reduced from
100 hours in the control group to 73 hours in the treatment group,
a reduction of 27% (P value = 0.01). No data for this endpoint
were available for children with influenza A. The denominator for
the influenza B analyses was reported as n = 144, in contrast to the
148 children with influenza B stated elsewhere in Whitley 2001.
In NA130009, zanamivir significantly reduced the time to reso-
lution of illness, with no concomitant use of relief medications,

in children with influenza B from 6.75 days in the control group
to 4.5 days in the treatment group, a reduction of 33% (120 chil-
dren; P value less than 0.001); and in children with influenza A
from 6.0 days in the control group to 5.25 days in the treatment
group, a reduction of 12.5% (226 children; P value = 0.047). No
data were available by serotype for WV15759/WV15871.

Prevention
WV16193: oseltamivir prophylaxis reduced the incidence of lab-
oratory-confirmed, symptomatic influenza by 64% (P value =
0.019) in all paediatric contacts, but a reduction of only 55% was
observed in paediatric contacts of index cases with laboratory-con-
firmed influenza (not statistically significant; P value = 0.089).

Table 17

Safety and tolerability

Data from controlled treatment trials
WV15758 and WV15759/WV15871: see meta-analysis Com-
parison 01.01. In our pooled analysis the overall rate of adverse
events was similar for oseltamivir and placebo in the intention-
to-treat population (odds ratio 0.87; 95% confidence intervals
(CI): 0.68 to 1.12; I2= 0%), although children treated with os-
eltamivir were more likely to experience vomiting (Comparison
01.05) than those treated with placebo (odds ratio 1.68; 95% CI
1.15 to 2.47; I2= 0%). More than 90% of children enrolled in
WV15758 took all scheduled drug doses, and 96% of children
enrolled in WV15759/WV15871 received a total of 9 or 10 doses.
Dutkowski 2003 (WV15758) reported a pooled safety analysis of
1032 children, of whom 515 received oseltamivir. This included
data for three children who received oseltamivir in a small pilot
study (Dr Z. Panahloo, Roche, personal communication, 2002
- no further details of study available), combined with data for
the 1029 children from WV15758 and WV15759/WV15871.
No significant extra information was therefore provided. Among
children with asthma in the intention-to-treat population of
WV15759/WV15871 who were influenza negative on laboratory
testing, oseltamivir did not affect PEF or FEV1 (median change in
PEF from baseline 5.6% in placebo group compared with 5.9% in
treatment group) and nor did it cause an excess of asthma exacer-
bations. There is therefore no evidence to suggest that oseltamivir
exerts any adverse effects on respiratory function.

NA130009: see Comparison 02.01. No significant difference in
the rate of adverse events was observed in children treated with
zanamivir, compared with placebo, in the intention-to-treat pop-
ulation. Less than 1% of patients allocated to zanamivir reported
nausea, compared with 2% in the control group; 3% in each group
reported vomiting; and 1% allocated to zanamivir reported diar-
rhoea, compared with 2% in the control group. More than 97%
of children completed 8 to 10 drug doses.

Data from controlled prevention trials
WV16193: oseltamivir was generally well tolerated for both treat-
ment and prophylaxis by 257 children who received the drug as
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index cases, contacts in the prophylaxis arm, or contacts in the
control arm who subsequently developed influenza. None with-
drew because of tolerability problems. Vomiting occurred in 31 of
158 children who received twice-daily treatment (21%) compared
with 10 of 99 children who received once daily prophylaxis (10%).

Data from other studies
Loughlin 2002: no inpatient or emergency department adverse
respiratory events were identified in the 42 children dispensed
zanamivir.

Machado 2004: only 3 of 11 children enrolled in the study were
treated with oseltamivir; no adverse events were noted (Dr C.
Machado, personal communication, 2005).

Oo 2003: a total of 7 gastrointestinal adverse events were reported
in the 12 children given a single dose of oseltamivir (diarrhoea,
abdominal pain, vomiting); none was severe.

Peng 2000: no serious adverse events were reported in the 24
children treated given a single dose of zanamivir; only one adverse
event (an episode of headache) was felt by the study physician
possibly to be related to the study medication.

FDA 2003 (NA130009) reports additional information from chil-
dren without acute influenza-like illness who received an investiga-
tional prophylactic regime of zanamivir (no further details; Study
ID not given); 132 children received zanamivir and 145 children
received placebo. Among these children, nasal signs and symp-
toms (treatment 20%, control 9%), cough (treatment 16%, con-
trol 8%) and throat/tonsil discomfort and pain (treatment 11%,
control 6%) were reported more frequently with zanamivir than
placebo. In addition, in a subset with chronic respiratory disease,
lower respiratory adverse events (described as asthma, cough or vi-
ral respiratory infections which could include influenza-like symp-
toms) were reported in 7 of 7 zanamivir recipients and 5 of 12
placebo recipients. A pooled safety analysis including a total of
609 children, of whom 291 received zanamivir, is also provided;
the results are qualitatively and quantitatively similar to those re-
ported for NA130009, with no excess of any individual adverse
event in children treated with zanamivir.

Post-marketing surveillance
No post-marketing reports of adverse drug reactions in chil-
dren (including bronchospasm) were identified for oseltamivir or
zanamivir. Across patients of all ages, FDA 2003 (NA130009),
FDA 2004 and EMEA 2005 (WV15758) list the following ad-
verse events identified during post-marketing use of oseltamivir:
rash, swelling of the face or tongue, toxic epidermal necrolysis,
arrhythmia, seizure, confusion, aggravation of diabetes, hepatitis
and abnormal liver function tests. The adverse events listed for
zanamivir were: allergic or allergic-like reaction including oropha-
ryngeal oedema, arrhythmia, syncope, seizures, bronchospasm,
dyspnoea, facial oedema and rash (including serious cutaneous
reactions). The use of zanamivir is not currently recommended
in children or adults with chronic respiratory disease (including

asthma) because of the perceived risk of bronchospasm associated
with its use (NA130009 - FDA 2003). The use of oseltamivir off-
license in children less than one year of age is specifically discour-
aged, as animal toxicology studies have shown deaths in seven day
old rats given very high doses (WV15758 - FDA 2004). The effect
may be related to immaturity of the blood-brain barrier.

D I S C U S S I O N

Oseltamivir and zanamivir produced significant reductions in time
to resolution of illness in both children with a clinical case defini-
tion of influenza (the intention-to-treat population) and children
with laboratory-confirmed influenza. Where prescription of neu-
raminidase inhibitors is based on a clinical case definition (using
a list of symptoms suggestive of influenza infection), benefits will
be reduced in proportion to the specificity of the case definition
for influenza infection. In the clinical trials included in this re-
view, this specificity ranged from 54% (WV15759/WV15871) to
73% (NA130009). In primary care, the accuracy of diagnosis may
be reduced. For example, amongst children aged 14 years or less
attending UK general practices with influenza-like illness (fever,
cough and respiratory tract illness) during three successive winter
seasons, influenza was detected in only 30 to 39% of nasopharyn-
geal swabs submitted for virological surveillance (Zambon 2001a).

The benefits of neuraminidase inhibitors may therefore be en-
hanced by the use of near-patient testing. In a direct comparison of
four rapid diagnostic tests for influenza amongst a predominantly
paediatric population, using viral culture and direct immunofluo-
rescence as a gold standard, sensitivity and specificity ranged from
72 to 95% and 76 to 84% respectively (Rodriguez 2002). Re-
sults of these tests should therefore be interpreted in light of the
performance characteristics of the particular test used, as well as
influenza virus activity surveillance data from the community.

Successful treatment with neuraminidase inhibitors in children
and adults requires commencement of therapy as soon as pos-
sible, when influenza virus replication in the respiratory tract
is maximal (Moscona 2005). Data reported in this review are
for patients treated within 36 (NA130009) to 48 (WV15758,
WV15759/WV15871) hours of symptoms onset. Amongst chil-
dren aged 14 years or less attending UK general practices during
a winter influenza season, who received a clinical diagnosis of in-
fluenza infection, 64% presented within two days of becoming ill
(Ross 2000). Commencement of therapy is not generally recom-
mended outside this period, although it may be considered for
critically ill, hospitalised patients.

Although public health surveillance is able to specify the serotype
of influenza circulating at a given time (in the UK, for example, the
Health Protection Agency: http://www.hpa.org.uk/default.htm)
many near-patient tests currently available are unable to distin-
guish influenza serotype. Whereas zanamivir produced significant
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reductions in time to resolution of illness in children with both in-
fluenza A and B, the only significant reductions for oseltamivir in
children with influenza B were in median duration of all CARIFS
symptoms and median duration of fever, cough and coryza (com-
posite secondary endpoints). Reductions in time to resolution of
illness and time to return to normal activity (primary endpoints)
did not reach statistical significance. This raises concern that os-
eltamivir may not be as effective in treating influenza B compared
with influenza A.

Oseltamivir is an oral medication and suitable for children aged
1 to 12 years. Zanamivir is delivered by inhalation and is only
suitable for children aged five years or older. Even amongst chil-
dren aged 5 to 12 years, however, problems generating adequate
peak inspiratory flow rates are common (entry to NA130009 was
limited to children able to properly use the Diskhaler). For ex-
ample, Peng 2000 described 16 children aged 5 to 12 years who
received zanamivir by Diskhaler, of whom five had either no de-
tectable serum zanamivir concentrations at any time during the
eight hours after dosing or had zanamivir concentrations below
quantifiable limits at later time points in the study. Furthermore,
FDA 2003 (NA130009) states that zanamivir “is indicated only
for children seven years of age or older”. This evaluation is based
on the combination of lower estimates of treatment effect in five
and six year olds compared with the overall study population and
evidence of “inadequate inhalation through the Diskhaler”. Since
we do not have access to efficacy data for zanamivir by age group,
it is reasonable to agree with the FDA’s opinion that zanamivir be
limited to children aged seven years or older.

Only oseltamivir produced a significant reduction in the inci-
dence of physician-diagnosed complications of influenza. There
was a trend to benefit for zanamivir. Amongst children using the
Diskhaler, however, less than 8% of inhaled zanamivir is systemi-
cally absorbed (10% to 20% in adults), with the highest concentra-
tions occurring in lung tissue (Peng 2000). In contrast, oseltamivir
provides 80% systemic bioavailability of its active metabolite, os-
eltamivir carboxylate, after oral dosing in adults, with good pen-
etration to middle ear and sinus secretions (Bardsley-Elliot 1999;
Hayden 2001b). The benefits of the two drugs in treating extra-
pulmonary complications may therefore not be equivalent, ow-
ing to the markedly different levels of drug exposure in extra-pul-
monary tissues. This may be particularly important in children,
amongst whom acute otitis media is the most frequent complica-
tion of influenza.

Notwithstanding some uncertainty about the diagnostic crite-
ria used in study WV15758 (see ’Methodological quality’), os-
eltamivir treatment of children with laboratory-confirmed in-
fluenza produced a reduction of approximately 50% in the inci-
dence of acute otitis media. The data suggest a number needed
to treat (NNT) of 11 children aged 1 to 12 years to prevent one
case, assuming treatment of all children, regardless of the presence
of acute otitis media at enrolment and including the full 28 day

follow up period (95% CI 6 to 40). Amongst children aged one to
five years, in whom acute otitis media is more common, the NNT
is only five (95% CI 3 to 14). Benefits may be maximised further
by targeting children at high risk of developing acute otitis media,
such as the very young (less than two years old) or children with
a history of recurrent acute otitis media (Lindbaek 1999). The
use of neuraminidase inhibitors may therefore have a considerable
impact on the overall incidence of acute otitis media during the
influenza season.

Given the higher rate of complications of influenza infection in
children with underlying chronic medical conditions, and assum-
ing a fixed-effect, the benefits of neuraminidase inhibitors in these
’at risk’ children should in theory be higher than in the general
paediatric population. It follows that, where economic factors are
limiting, neuraminidase inhibitors may be targeted toward these
children. The assumption of a fixed-effect, however, may not be
valid. There were no data for zanamivir in ’at risk’ children (it is not
recommended for patients with chronic respiratory conditions)
and, for oseltamivir, the reduction in time to resolution of illness
in ’at risk’ children (with asthma) was not statistically significant.
Similarly, in an additional study of oseltamivir for the treatment
of influenza in 329 children and adolescents aged 6 to 17 years
with asthma (NV16871; not eligible for this review as no data
were broken out for children aged less than 12 years) no differ-
ence was observed in time to resolution of symptoms in children
with laboratory-confirmed influenza. Whilst oseltamivir was asso-
ciated with an improvement in indices of pulmonary function, the
clinical significance of this is not clear. Current evidence does not
therefore support the preferential prescription of neuraminidase
inhibitors for ’at risk’ children.

Only one (open-label) study of neuraminidase inhibitors for the
prevention of influenza transmission in households reported data
for paediatric contacts. Where index cases had laboratory-con-
firmed influenza, a protective efficacy for oseltamivir prophylaxis
of 55% was observed, although this did not reach statistical sig-
nificance (P value = 0.089). One reason for this relatively mod-
est effect appeared to be that some contacts were already positive
for sub-clinical influenza infection (diagnosed by viral culture of
throat and nose swabs) when prophylaxis was commenced - in a
retrospective analysis of paediatric contacts who were confirmed
to be influenza negative at baseline, protective efficacy rose to 80%
(P value = 0.021). In clinical practice, it is not possible to make
this distinction. At present, therefore, the evidence supporting the
use of oseltamivir for the prevention, rather than treatment, of
influenza in children remains weak.

Adverse events are difficult to separate from the symptoms and
complications of influenza infection itself when these events
are assessed in treatment trials, and the markedly different
incidences reported for the control arms of WV15758 and
WV15759/WV15871, as compared with NA130009, presum-
ably relate to systematic differences in study design (resulting in
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different sensitivities for detection and reporting of mild events).
Assuming that only adverse events reported in excess in treat-
ment over control populations represent true drug related ad-
verse events, vomiting alone occurred more frequently among chil-
dren treated with oseltamivir, however no adverse events were at-
tributable to zanamivir. This may relate to the different meth-
ods of drug administration and the consequent low absorption
of zanamivir into the systemic circulation. Administration via in-
halation may also underlie rare reports of bronchospasm in adults
treated with zanamivir (but not oseltamivir), many but not all of
whom had underlying chronic respiratory conditions (NA130009
- FDA 2003; Williamson 2000). We did not, however, identify
any reports of zanamivir-related bronchospasm in children, and
nor was bronchospasm reported in a meta-analysis (Lalezari 2001)
and RCT (Murphy 2000) examining the use of zanamivir in high-
risk patients.

The emergence of strains of influenza resistant to amantadine and
rimantadine, with no decrease in virulence, has been well doc-
umented. One potential advantage of neuraminidase inhibitors
is that the development of viral resistance may be a less signifi-
cant problem. However, resistance can arise either through muta-
tions in haemagglutinin or neuraminidase (Zambon 2001b). In
WV15758, 5.5% (10 out of 182) of oseltamivir-treated children
developed a drug-resistant strain of influenza A, but there were no
clinical sequelae. Another study of oseltamivir treatment in chil-
dren with influenza isolated neuraminidase mutants with variable
degrees of oseltamivir resistance in 18% (9 out of 50) patients
(Kiso 2004). There has already been a report of an oseltamivir-
resistant strain of the H5N1 strain of influenza in a 14 year old
Vietnamese girl who received a three day course of prophylactic os-
eltamivir (75 mg once daily) whilst caring for her infected brother.
No further isolates of virus were obtained subsequent to doubling
her oseltamivir dosage, and she subsequently recovered from in-
fection (Mai Le 2005). The documented rates of oseltamivir re-
sistance following treatment have been higher in children than in
adults, perhaps because children shed virus particles for longer, or
have a less effective initial immune response to infection (Moscona
2005). In NA130009, no evidence of zanamivir resistance was re-
ported (although this was investigated in a sample of only nine
children) and in Gubareva 1998 the treatment regimen and clinical
circumstances under which emerged a zanamivir-resistant strain
of influenza B were both highly atypical. Data from animal stud-
ies suggest that NAI-resistant mutants are often less infectious
and pathogenic than wild-type influenza virus (Mendel 1998; Yen
2005) and, to date, there have been no reports of transmission
of NAI-resistant strains of influenza in humans - although trans-
mission of viable oseltamivir-resistant mutants has been demon-
strated in animal models (Herlocher 2004; Yen 2005). There is an
indication that specific neuraminidase mutations may not confer
resistance to the entire class of drugs (Mishin 2005).

We identified several negative results reported by regulatory bod-

ies as part of drug licensing and approval assessments that had,
at least initially, not been published in peer-reviewed journal ar-
ticles or conference presentations (Symmonds 2004). For exam-
ple, non-significant primary endpoint data for children with in-
fluenza B were only available from the European Medicines Agency
(WV15758 - EMEA 2005). Whether these omissions represent
true publication bias (failure to publish negative results) or pub-
lication lag (extended time from study completion to study pub-
lication for negative results) is not clear, although the latter is
well known to exaggerate treatment effects in early meta-analyses
(Hopewell 2002). In general, both Roche and GlaxoSmithKline
were willing to supply conference abstracts/posters and references
to published data but (with the exception of a number of clarifica-
tions by Roche) would not provide re-analyses or additional data.

Statistically significant results must be interpreted within the con-
text of the large number of secondary endpoints presented for each
of the trials. No adjustment was made in statistical analyses for the
multiple comparisons (WV15758; not mentioned for NA130009
and WV15759/WV15871) and it was not clear whether many of
the endpoints were pre-specified in the trial design or calculated
post-hoc.

Two CCOHTA Reports (Brady 2001; Husereau 2001) and the
first UK NHS HTA Report (Burls 2002) comprise reviews of
clinical trials of neuraminidase inhibitors in adults but not chil-
dren. The second UK NHS HTA Report, however, included a
systematic review and meta-analysis of the use of neuraminidase
inhibitors for the prevention and treatment of influenza A and B in
both adults and children (Turner 2002). For paediatric trials, there
is broad agreement between the evidence bases on which Turner
2002 and this review are based. However, the only treatment tri-
als included in Turner 2002 were WV15758 and NA130009,
whereas this review also included important data on the use of
oseltamivir in ’at risk’ children from WV15759/WV15871. End-
points in Turner 2002 are reported separately for WV15758 and
NA130009, with no pooling of data across the trials and were
commensurate with those stated in this review (Table 18). For
NA130009, data were stratified for ’at risk’ and healthy children
(data provided on request by GlaxoSmithKline, including re-anal-
ysis of time-to-endpoint data allowing for censored observations,
consistent with WV15758). No data were reported by influenza
serotype; no isolated paediatric data were reported from preven-
tion studies; and no details of adverse events were reported for
treatment or prevention trials.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

If near-patient testing is available and economic resources permit,
and provided that therapy can be commenced within 48 hours
of the start of the illness, oseltamivir may be considered for the
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treatment of children aged 1 to 12 years with influenza infection.
This is likely to shorten the duration of symptoms, hasten the
return to normal activities and reduce the incidence of secondary
complications, notably acute otitis media (children aged 1 to 12
years Number needed to treat (NNT) = 11 (95% CI 6 to 40) to
prevent one case; children aged 1 to 5 years NNT = 5 (95% CI 3
to 14) to prevent one case). Oseltamivir is the preferred treatment
because a reduction in secondary complications, in particular acute
otitis media, has not been demonstrated for zanamivir.

If near-patient testing is not available, the case for oseltamivir is
less compelling. Benefits will be reduced on a proportionate basis,
corresponding to the specificity of clinical diagnosis for influenza
infection. Assuming a specificity of 50%, the NNT to prevent one
case of acute otitis media would be doubled to 22.

Oseltamivir may be considered for use in children aged 1 to 12
years for post-exposure prophylaxis of influenza in the household
(when another family member is affected), although the evidence
supporting this intervention is weak.

Neuraminidase inhibitors should not, on the basis of current ev-
idence, be targeted specifically for ’at risk’ children (with under-
lying chronic medical conditions) as benefit has not been shown
in this population (oseltamivir and zanamivir) and bronchospasm
remains a theoretical risk (zanamivir).

Implications for research

More data are needed to clarify the benefits of neuraminidase in-
hibitors for the treatment of influenza in ’at risk’ children (includ-
ing addressing the potential confounder of prior vaccination) and
children with influenza B. In the treatment trials included in this
review, children with influenza were identified on a retrospective
laboratory basis. Prospective trials are required that use near-pa-
tient testing to identify influenza positive children. A greater se-
lectivity in reporting a limited number of highly relevant primary
clinical outcome measures is also needed to avoid the problems of
multiple comparisons.

Further information on the use of neuraminidase inhibitors for
the prevention of influenza in children could be provided directly
by future trials, or by re-analysis of data from studies of influenza

prophylaxis in households, which included children but did not
break-out data for the paediatric population.

Head-to-head comparison of oseltamivir and zanamivir would al-
low clarification of the efficacy of the drugs in treating secondary
complications and the frequency of drug-related adverse events.

Cost-effectiveness studies may help define the role of neu-
raminidase inhibitors in clinical practice, and further data from
clinical use in large populations are required to determine the im-
plications of viral resistance in practice.

P O T E N T I A L C O N F L I C T O F

I N T E R E S T

None declared

A C K N O W L E D G E M E N T S

The review authors would like to thank Cynthia Wat and Zoya
Panahloo (Roche); Derek Tait and Alison Webster (GlaxoSmithK-
line) and AK Schleusner (BioCryst) for their helpful additions and
clarifications; Tim Lancaster for his contribution to the protocol;
Ruth Foxlee and Geraldine Jewell for their help searching for and
retrieving studies; and Sasha Shepperd, who was a co-author for
the first version of the review. Finally, the authors would like to
thank the following people for commenting on the draft for this
update: Amy Zelmer, Adrian Gillissen, Hans van der Wouden,
Rob Ware and Tom Jefferson.

S O U R C E S O F S U P P O R T

External sources of support

• No sources of support supplied

Internal sources of support

• Department of Primary Health Care, University of Oxford UK

R E F E R E N C E S

References to studies included in this review

Loughlin 2002 {published data only}

Loughlin JE, Alfredson TD, Ajene AN, Cole JA, Cook SF, Rosenberg
DM, et al.Risk for respiratory events in a cohort of patients receiving

inhaled zanamivir: a retrospective study. Clinical Therapeutics 2002;
24(11):1786–99.

Machado 2004 {published data only}
Machado CM, Boas LSV, Mendes AVA, da Rocha IF, Sturaro D,

Dulley FL, et al.Use of Oseltamivir to control influenza complica-

tions after bone marrow transplantation. Bone Marrow Transplanta-
tion 2004;34:111–4.

NA130009 {published and unpublished data}
FDA 2003: US Food and Drug Administration: Center for

Drug Evaluation and Research. Relenza - Current Label. http:
//www.fda.gov/cder/news/relenza/default.htm 2003.

∗Hedrick 2000: Hedrick JA, Barzilai A, Behre U, Henderson FW,
Hammond J, Reilly L, et al.Zanamivir for treatment of symptomatic

influenza A and B infection in children 5 to 12 years of age: a random-

13Neuraminidase inhibitors for preventing and treating influenza in children (Review)

Copyright © 2008 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



ized controlled trial. The Pediatric Infectious Disease Journal 2000;19

(5):410–7.

Oo 2003 {published data only}

Oo C, Hill G, Dorr A, Liu B, Boellner S, Ward P. Pharmacokinet-
ics of anti-influenza prodrug oseltamivir in children aged 1-5 years.

European Journal of Clinical Pharmacology 2003;59(5-6):411–5.

Peng 2000 {published data only}

Peng AW, Hussey EK, Rosolowski B, Blumer JL. Pharmacokinetics
and tolerability of a single inhaled dose of zanamivir in children.

Current Therapeutic Research 2000;61(1):36–46.

WV15758 {published and unpublished data}
Dutkowski 2003: Dutkowski R, Thakrar B, Froehlich E, Suter P, Oo

C, Ward P. Safety and pharmacology of oseltamivir in clinical use.
Drug Safety 2003;26(11):787–801.

EMEA 2005: European Medicines Agency. European Public Assess-

ment Report: Tamiflu. http:
//www.emea.eu.int/humandocs/Humans/EPAR/tamiflu/tamiflu.htm

2005.

Erratum. Erratum 2001. The Pediatric Infectious Disease Journal 2001;

20(4):421.

FDA 2004: US Food and Drug Administration: Center for

Drug Evaluation and Research. Tamiflu - Current Label. http:
//www.fda.gov/cder/drug/infopage/tamiflu/default.htm 2004.

Hayden 2000: Hayden F, Reisinger K, Whitley R, Dutkowski R, Ipe

D, Mills R, et al.The impact of oseltamivir treatment on upper and
lower respiratory tract complications of acute influenza in children.

World Congress on Lung Health, Florence. 2000.

Reisinger 2000a: Reisinger K, Hayden F, Whitley R, Dutkowski R,

Ipe D, Mills R, et al.Oral oseltamivir is effective and safe in the
treatment of children with acute influenza. 10th European Congress

of Clinical Microbiology and Infectious Diseases, Stockholm. 2000.

Reisinger 2000b: Reisinger K, Hayden F, Whitley R, Dutkowski R,

Ipe D, Mills R, et al.Oral oseltamivir is eective [sic] and safe in the
treatment of children with acute influenza. Clinical Microbiology and

Infection 2000;6 (S1):250.

Reisinger 2004: Reisinger K, Greene G, Aultman R, Sander B, Gyld-

mark M. Effect of Influenza Treatment with Oseltamivir on Health
Outcome and Costs in Otherwise Healthy Children. Clinical Drug

Investigation 2004;24(7):395–407.

Whitley 2000a: Whitley R, Dutkowski R, Ipe D, Ward P. Safety and
acceptability of oseltamivir liquid formulation in the treatment of

influenza in children aged 1 to 12 years. 9th International Congress
on Infectious Diseases, Buenos Aires. 2000.

Whitley 2000b: Whitley R, Reisinger K, Hayden F, Dutkowski R, Ipe
D, Mills R, et al.Oral oseltamivir is effective and safe in the treatment

of influenza virus infections in children. World Congress on Lung
Health, Florence. 2000.

∗Whitley 2001: Whitley RJ, Hayden FG, Reisinger DS, Young N,
Dutkowski R, Ipe D, et al.Oral oseltamivir treatment of influenza in

children. The Pediatric Infectious Disease Journal 2001;20(2):127–33.

Winther 2000: Winther B, Hayden FG, Whitley R, Reisinger KS,

Dutkowski R, Ipe D, et al.Oral oseltamivir reduces the risk of de-
veloping acute otitis media following influenza infection in children.

40th Interscience Conference on Antimicrobial Agents and Chemo-
therapy, Toronto. 2000.

WV15759/WV15871 {published and unpublished data}

Dutkowski 2003: Dutkowski R, Thakrar B, Froehlich E, Suter P, Oo
C, Ward P. Safety and Pharmacology of Oseltamivir in Clinical Use.

Drug Safety 2003;26(11):787–801.

EMEA 2005: European
Medicines Agency. European public assessment report: tamiflu. http:

//www.emea.eu.int/humandocs/Humans/EPAR/tamiflu/tamiflu.htm
2005.

FDA 2004: US Food and Drug Administration: Center for
Drug Evaluation and Research. Tamiflu: current label. http:

//www.fda.gov/cder/drug/infopage/tamiflu/default.htm 2004.

∗Johnston 2005: Johnston SL, Ferrero F, Garcia ML, Dutkowski R.
Oral Oseltamivir Improves Pulmonary Function and Reduces Exac-

erbation Frequency for Influenza-Infected Children With Asthma.
Pediatric Infectious Disease Journal 2005;24(3):225–32.

Whitley 2000a: Whitley R, Dutkowski R, Ipe D, Ward P. Safety and
acceptability of oseltamivir liquid formulation in the treatment of

influenza in children aged 1 to 12 years. 9th International Congress
on Infectious Diseases, Buenos Aires. 2000.

WV16193 {published and unpublished data}
Belshe 2001: Belshe R, Hayden F, Carewicz O, Lanno R, Martin C,

Hughes C, et al.Effectiveness of oral oseltamivir in preventing spread
of influenza-like illness in households with proven influenza. 41st In-

terscience Conference on Antimicrobial Agents and Chemotherapy,
Chicago. 2001.

Hayden 2002: Hayden F, Belshe R, Villanueva C, Lanno R, Small

I, Hughes C, et al.Oral Oseltamivir Prevents the Spread of Infle-
unza Between Children in Households. 42nd Interscience Confer-

ence on Antimicrobial Agents and Chemotherapy, San Diego, Cali-
fornia. 2002.

∗Hayden 2004: Hayden FG, Belshe R, Villanueva C, Lanno R,
Hughes C, Small I, et al.Management of Influenza in Households:

A Prospective, Randomized Comparison of Oseltamivir Treatment
With or Without Postexposure Prophlaxis. Journal of Infectious Dis-

eases 2004;189(3):440–9.

References to studies excluded from this review
Chik 2004

∗Chik KW, Li CK, Chan PKS, Shing MMK, Lee V, Tam JSL, et

al.Oseltamivir prophylaxis during the influenza seasion in a paediatric
cancer centre: prospective observational study. Hong Kong Medical

Journal 2004;10(2):103–6.

Cole 2002

Cole JA, Loughlin JE, Ajene AN, Rosenberg DM, Cook SF, Walker
AM. The effect of zanamivir treatment on influenza complications: a

retrospective cohort study. Clinical Therapeutics 2002;24(11):1824–
39.

Gubareva 1998
Gubareva LV, Matrosovich MN, Brenner MK, Bethell RC, Webster

RG. Evidence for zanamivir resistance in an immunocompromised

14Neuraminidase inhibitors for preventing and treating influenza in children (Review)

Copyright © 2008 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



child infected with influenza B virus. The Journal of Infectious Diseases

1998;178(5):1257–62.

Hata 2004
Hata A, Asada J, Mizumoto H, Uematsu A, Takahara T, Iida M, et

al.Appropriate use of rapid diagnostic testing for influenza. Kansen-
shogaku Zasshi - Journal of the Japanese Association for Infectious Dis-

eases 2004;78(9):846–52.

Kawai 2003

Kawai N, Iwaki N, Kawashima T, Satoh I, Tsuchimoto T, Shige-
matsu T, et al.Effectiveness of oseltamivir on influenza and influ-

encing factors: age of patients, type of influenza virus and timing of
initial administration. Kansenshogaku Zasshi - Journal of the Japanese

Association for Infectious Diseases 2003;77(6):423–9.

Kiso 2004
Kiso M, Mitamura K, Sakai-Tagawa Y, Shiraishi K, Kawakami C,

Kimura K, et al.Resistant influenza A viruses in children treated with
oseltamivir: descriptive study. Lancet 2004;364(9436):733–4.

Mitamura 2002

Mitamura K, Sugaya N, Nirasawa M, Shinjoh M, Takeuchi Y. Effec-
tiveness of oseltamivir treatment against influenza type A and type B

infection in children. Kansenshogaku Zasshi - Journal of the Japanese
Association for Infectious Diseases 2002;76(11):946–52.

Monto 2002
Monto AS, Pichichero ME, Blanckenberg SJ, Ruuskanen O, Cooper

C, Flemming DM, et al.Zanamivir prophylaxis: an effective strategy
for the prevention of influenza types A and B within households.

Journal of Infectious Diseases 2002;186:1582–8.

NAI30010

Hayden F, Gubareva L, Klein T, Elliott M, Hammond J, Ossi M,
et al.Inhaled zanamivir for preventing transmission of influenza in

families. 39th Interscience Conference on Antimicrobial Agents and
Chemotherapy. San Francisco: 1999.

∗Hayden F, Gubareva L, Klein T, Elliott M, Hammond J, Ossi M,

et al.Inhaled zanamivir for preventing transmission of influenza in
families. Zanamivir Family Study Group. The New England Journal

of Medicine 2000;343(18):1282–9.

Nordstrom 2004
Nordstrom BL, Oh K, Sacks ST, L’Italien GJ. Skin reactions in pa-

tients with influenza treated with oseltamivir: a retrospective cohort
study. Antiviral Therapy 2004;9:187–95.

NV16871
Anonymous 2004. Randomized, double-blind, placebo-controlled,

parallel group study to evaluate the efficacy of oseltamivir in the treat-
ment of influenza-mediated asthma symptoms in pediatric and ado-

lescent patients with asthma. Roche Clinical Trial Results Database
(www.roche-trials.com) 2004.

Oo 2001

Oo C, Barrett J, Hill G, Mann J, Dorr A, Dutkowski R. Pharma-
cokinetics and dosage recommendations for an oseltamivir oral sus-

pension for the treatment of influenza in children. Paediatric Drugs
2001;3(3):229–36.

Vogel 2002

Vogel GE. Neuraminidase inhibitors in the management of influenza
- experience of an outpatient practice. Medical Microbiology and Im-

munology 2002;191:161–3.

Waskett 2001

Waskett N, Mahoney P, Gilbride J, Ward P. Safety of oseltamivir in
clinical use in children and adults. 16th World Congress of Family

Doctors, Durban, South Africa. 2001.

Welliver 2001
Welliver R, Monto AS, Carewicz O, Schatteman E, Hassman M,

Hedrick J, et al.Effectiveness of oseltamivir in preventing influenza
in household contacts. A randomized controlled trial. JAMA 2001;

285(6):748–54.

Yamaura 2003
Yamaura K, Yoshihara M. Investigation of the reconsultation rate and

pharmacoeconomic evaluation of period of influenza treatment by
oseltamivir. Yakugaku Zasshi - Journal of the Pharmaceutical Society of

Japan 2003;123(10):887–91.

References to studies awaiting assessment

Imamura 2003

Imamura T, Hosoya M, Oonishi N, Sato K, Katayose M, Kawasaki Y,
et al.The study on efficacy of oseltamivir for influenza A in children.

Kansenshogaku Zasshi - Journal of the Japanese Association for Infectious
Diseases 2003;77(11):971–6.

Shinjoh 2004

Shinjoh M, Sato S, Sugaya N, Mitamura K, Takeuchi Y, Kosaki
K. Effect of post-exposure prophylaxis with oseltamivir for those in

contacts with influenza patients in pediatric wards. Kansenshogaku
Zasshi - Journal of the Japanese Association for Infectious Diseases 2004;

78(3):262–9.

Von Bremen 2003

Von Bremen K, Martin E, Holly A, Paccaud F. Reducing influenza
symptoms by 1.5 days a prospective randomized trial using the con-

tingent valuation method to elicit preferences for neuraminidase in-
hibitors. Improving outcomes through Health Technology Assessment.

19th Annual Meeting of the International Society of Technology Assess-
ment in Health Care 2003:65.

References to ongoing studies

NAI30028

Anonymous 2002. A double-blind, randomized, placebo-controlled,
parallel-group, multicenter study to investigate the efficacy and safety

of inhaled zanamivir 10 mg administered twice a day for five days
in the treatment of symptomatic influenza A and B viral infec-

tions in children. Glaxo Wellcome Clinical Trials Register (http:
//ctr.gsk.co.uk/ArrchiveRegister) 2002.

Additional references
Bardsley-Elliot 1999

Bardsley-Elliot A, Noble S. Oseltamivir. Drugs 1999;58(5):851–60.

Belshe 1998

Belshe RB, Mendelman PM, Treanor J, King J, Gruber WC, Piedra
P, et al.The efficacy of live attenuated, cold-adapted, trivalent, in-

tranasal influenzavirus vaccine in children. The New England Journal
of Medicine 1998;338(20):1405–12.

BioCryst 2002

BioCryst Pharmaceuticals, Inc. Announces pre-
liminary phase III trial results for influenza neuraminidase inhibitor,

peramivir. BioCryst Pharmaceuticals Investor Relations: News. (http:

15Neuraminidase inhibitors for preventing and treating influenza in children (Review)

Copyright © 2008 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



//www.shareholder.com/biocryst/news/20020625-83347.cfm)

2002.

Brady 2001
Brady B, McAuley L, Shukla VK. Economic evaluation of zanamivir

for the treatment of influenza. Ottawa: Canadian Coordinating Of-
fice for Health Technology Assessment; 2001. Technology Report

No. 13 (available from http://www.ccohta.ca/) 2001.

Burls 2002

Burls A, Clark W, Stewart T, Preston C, Bryan S, Jefferson T, et
al.Zanamivir for the treatment of influenza in adults: a system-

atic review and economic evaluation. Health Technology Assessment
(available from http://www.hta.nhsweb.nhs.uk) 2002;6:9.

Clements 1995

Clements DA, Langdon L, Bland C, Walter E. Influenza A vaccine
decreases the incidence of acute otitis media in 6- to 30-month-old

children in day care. Archives of Pediatric and Adolescent Medicine
1995;149:1113–7.

Cooper 2003

Cooper NJ, Sutton AJ, Abrams KR, Wailoo A, Turner DA, Nichol-
son KG. Effectiveness of neuraminidase inhibitors in treatment and

prevention of influenza A and B: Systematic review and meta-analy-
ses of randomised controlled trials. British Medical Journal 2003;326

(7401):1235–9.

Freymuth 1999
Freymuth F, Vabret A, Brouard J, Toutain F, Verdon R, Petitjean J,

et al.Detection of viral, Chlamydia pneumoniae and Mycoplasma
pneumoniae infections in exacerbations of asthma in children. Jour-

nal of Clinical Virology 1999;13(3):131–9.

Glezen 1978
Glezen WP, Couch RB. Interpandemic influenza in the Houston

area, 1974-76. The New England Journal of Medicine 1978;298(11):
587–92.

Hayden 2001a
Hayden FG. Influenza virus and rhinovirus-related acute otitis media:

potential for antiviral intervention. Vaccine 2001;19(Suppl):66–70.

Hayden 2001b
Hayden FG. Influenza virus neuraminidase inhibitors: clinical as-

pects. International Congress Series 2001;1219:797–806.

Heikkinen 1991
Heikkinen T, Ruuskanen O, Waris M, Ziegler T, Arola M, Halonen

P. Influenza vaccination in the prevention of acute otitis media in
children. American Journal of Diseases of Children 1991;145(4):445–

8.

Heikkinen 1999
Heikkinen T, Thint M, Chonmaitree T. Prevalence of various respi-

ratory viruses in the middle ear during acute otitis media. The New
England Journal of Medicine 1999;340:260–4.

Heikkinen 2000

Heikkinen T. Role of viruses in the pathogenesis of acute otitis media.
The Pediatric Infectious Disease Journal 2000;19(5 Suppl):17–23.

Henderson 1982

Henderson FW, Collier AM, Sanyal MA, Watkins JM, Fairclough
DL, Clyde WA, et al.A longitudinal study of respiratory viruses and

bacteria in the etiology of acute otitis media with effusion. The New
England Journal of Medicine 1982;306:1377–83.

Herlocher 2004

Herlocher ML, Truscon R, Elias S, Yen H, Roberts NA, Ohmit SE, et
al.Viruses Resistant to the Antiviral Drug Oseltamivir: Transmission

Studies in Ferrets. The Journal of Infectious Diseases 2004;190:1627–
30.

Hopewell 2002

Hopewell S, Clarke M, Stewart L, Tierney J. Time to pub-
lication for results of clinical trials. The Cochrane Database of

Systematic Reviews 2002, Issue 4.Art. No.: MR000011. DOI:
10.1002/14651858.MR000011.pub2.

Husereau 2001

Husereau DR, Brady B, McGeer A. Oseltamivir for the treatment
of suspected influenza: a clinical and economic assessment. Ot-

tawa: Canadian Coordinating Office for Health Technology As-
sessment; 2001. Technology Report No. 21 (available from http:

//www.ccohta.ca/) 2001.

Izurieta 2000

Izurieta HS, Thompson WW, Kramarz P, Shay DK, Davis RL, DeSte-
fano F, et al.Influenza and the rates of hospitalization for respiratory

disease amongst infants and young children. The New England Jour-
nal of Medicine 2000;342(4):232–9.

Jadad 1996

Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJM, Gav-
aghan DJ, et al.Assessing the quality of reports of randomized clinical

trials: is blinding necessary?. Controlled Clinical Trials 1996;17(1):
1–12.

Jefferson 2002
Jefferson T, Demicheli V, Deeks J, Rivetti D. Neuraminidase in-

hibitors for preventing and treating influenza in healthy adults. The
Cochrane Database of Systematic Reviews 2002, Issue 4.Art. No.:

CD001265. DOI:10.1002/14651858.CD001265.pub2.

Johnston 1995
Johnston SL, Pattemore PK, Sanderson G, Smith S, Lampe F, Josephs

L, et al.Community study of role of viral infections in exacerbations
of asthma in 9-11 year old children. British Medical Journal 1995;

310(6989):1225–9.

Lalezari 2001

Lalezari J, Campion K, Keene O, Silagy C. Zanamivir for the treat-
ment of influenza A and B infection in high-risk patients. Archives of

Internal Medicine 2001;161:212–7.

Lindbaek 1999
Lindbaek M. Which children are in need of antibiotic treatment

for acute otitis media?. Electronic Letter to British Medical Jour-
nal (available from http://bmj.cin/cgi/eletter/318/7185/715#2478)

1999.

Longini 1982
Longini IM, Koopman JS, Monto AS, Fox JP. Estimating house-

hold and community transmission parameters for influenza. Ameri-
can Journal of Epidemiology 1982;115(5):736–51.

Mai Le 2005
Mai Le Q, Kiso M, Someya K, Sakao YT, Hein Nguyen T, Nguyen

KHL, et al.Isolation of drug-resistant H5N1 virus. Nature 2005;437:
1108.

16Neuraminidase inhibitors for preventing and treating influenza in children (Review)

Copyright © 2008 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Mendel 1998

Mendel DB, Sidwell RW. Influenza virus resistance to neuraminidase
inhibitors. Drug Resistance Updates 1998;1:184–9.

Mishin 2005

Mishin VP, Hayden FG, Gubareva LV. Susceptibilities of antiviral-
resistant influenza viruses to novel neuraminidase inhibitors. Antimi-

crobial Agents and Chemotherapy 2005;49(11):4515–20.

Moscona 2005
Moscona A. Neuraminidase inhibitors for influenza. New England

Journal of Medicine 2005;353(13):1363–73.

Murphy 2000
Murphy KR, Eivindson A, Pauksens K, Stein WJ, Tellier G, Watts

R, et al.Efficacy and safety of inhaled zanamivir for the treatment of
influenza in patients with asthma or chronic obstructive pulmonary

disease. Clinical Drug Investigation 2000;20(5):337–49.

Neuzil 2000

Neuzil KM, Mellen BG, Wright PF, Mitchel EF, Griffin MR. The
effect of influenza on hospitalizations, outpatient visits, and courses

of antibiotics in children. The New England Journal of Medicine 2000;
342(4):225–31.

Neuzil 2002

Neuzil KM, Zhu Y, Griffin MR, Edwards KM, Thompson JM,
Tollefson SJ. Burden of interpandemic influenza in children younger

than 5 years: A 25-year prospective study. The Journal of Infectious
Diseases 2002;185(2):147–52.

Pattemore 1992

Pattemore PK, Johnston SL, Bardin PG. Viruses as precipitants of
asthma symptoms. I. Epidemiology. Clinical and Experimental Allergy

1992;22(3):325–36.

Rodriguez 2002

Rodriguez WJ, Schwartz RH, Thorne MM. Evaluation of diagnostic
tests for influenza in a pediatric practice. Pediatric Infectious Disease

Journal 2002;21(3):193–6.

Ross 2000

Ross AM, Kai J, Salter R, Ross J, Fleming DM. Presentation with
influenza-like illness in general practice: implications for use of neu-

raminidase inhibitors. Communicable Disease and Public Health 2000;
3(4):256–60.

Ruuskanen 1989

Ruuskanen O, Arola M, Putto-Laurila A, Mertsola J, Meurman O,
Viljanen MK. Acute otitis media and respiratory virus infections. The

Pediatric Infectious Disease Journal 1989;8(2):94–9.

Symmonds 2004

Symmonds M, Matheson NJ, Harnden A. Guidelines on neu-
raminidase inhibitors in children are not supported by evidence.

British Medical Journal 2004;328(7433):227.

Turner 2002
Turner D, Wailoo A, Nicholson K, Cooper N, Sutton A, Abrams K.

Systematic review and economic decision modelling for the preven-
tion and treatment of influenza A and B. Health Technology Assess-

ment (available from http://www.nice.org.uk/docref.asp?d=35650)
2002.

Uhari 1995
Uhari M, Hietala J, Tuokko H. Risk of acute otitis media in relation to

the viral etiology of infections in children. Clinical Infectious Diseases
1995;20(3):521–4.

Williamson 2000
Williamson JC. Respiratory distress associated with zanamivir. The

New England Journal of Medicine 2000;342(9):661–2.

Yen 2005

Yen HL, Herlocher LM, Hoffmann E, Matrosovich MN, Monto AS,
Webster RG, et al.Neuraminidase inhibitor-resistant influenza viruses

may differ substantially in fitness and transmissibility. Antimicrobial
Agents and Chemotherapy 2005;49:4075–84.

Zambon 2001a
Zambon MC, Stockton JD, Clewley JP, Fleming DM. Contribution

of influenza and respiratory syncytial virus to community cases of
influenza-like illness: an observational study. Lancet 2001;358:1410–

6.

Zambon 2001b

Zambon M, Hayden FG (On behalf of the Global Neuraminidase
Inhibitor Susceptibility Network). Position statement: global neu-

raminidase inhibitor susceptibility network. Antiviral Research 2001;
49(3):147–56.

∗Indicates the major publication for the study

T A B L E S

Characteristics of included studies

Study Loughlin 2002

Methods Retrospective study of health insurance claims data October 1999 to April 2000

Participants Patients (including children aged less than 12 years) prescribed a 5 day course of twice-daily inhaled zanamivir
10 mg

Interventions N/A

Outcomes Respiratory events occurring within 10 days of zanamivir prescription and requiring Emergency Department
or inpatient care
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Characteristics of included studies (Continued )

Patient satisfaction not assessed

Notes

Allocation concealment D – Not used

Study Machado 2004

Methods Uncontrolled, observational study April 2001 to April 2002

Participants Bone marrow transplant recipients (including children aged less than 12 years) with upper respiratory tract
symptoms (no further details) a clear chest radiograph and laboratory-confirmed influenza infection

Interventions 5 day course of twice-daily oral oseltamivir 75 mg or twice daily amantadine 100 mg when oseltamivir not
available

Outcomes Fever > 39 °C, rigors and chills, illness duration >/= 7 days, hospitalisation, pneumonia

Side effects

Patient satisfaction not assessed

Notes

Allocation concealment D – Not used

Study NA130009

Methods Double-blind, randomised, placebo-controlled trial

Multicentre trial: 67 sites in US, Canada, Europe/Israel

Recruitment period during northern hemisphere winter season 1998/1999 (January 11th 1999 to April 19th
1999)

Study approved by ethics committees and conducted in accordance with the Declaration of Helsinki
(amended)

Participants Children aged 5 to 12 years with influenza-like illness </= 36 hours duration, temperature >/= 37.8 °C and
no clinical evidence of bacterial infection

Interventions 5 day course of twice-daily inhaled zanamivir 10 mg (or placebo)

Relief medications were provided to patients, who were advised to refrain from taking them unless necessitated
by the severity of their symptoms

Outcomes Time to alleviation of clinically significant symptoms: (1) cough none or mild and (2) arthralgia/myalgia
+ sore throat + chills/feverishness + headache absent or minimal and (3) temperature </= 37.8 °C for 3
consecutive assessments (24 hours)

Not explicitly stated whether time to alleviation was measured from the commencement of treatment or the
start of illness

Other pre-specified outcomes included: time to return to normal activity, incidence of complications of
influenza, maximum daily temperature, use of relief medications and number of days of moderate or severe
cough

Follow up 14 to 28 days (depending on persistence of symptoms)

Patient satisfaction not assessed

Notes Jadad score 5/5

Allocation concealment A – Adequate

Study Oo 2003

Methods Uncontrolled pharmacokinetic study
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Characteristics of included studies (Continued )

Participants Healthy children aged 1 to 5 years

Interventions Single dose of oral oseltamivir 30 to 45 mg (depending on age)

Outcomes Adverse events occurring over 2 days following oseltamivir dosing

Patient satisfaction not assessed

Notes

Allocation concealment D – Not used

Study Peng 2000

Methods Uncontrolled pharmacokinetic study

Participants Children aged 3 months to 12 years with signs and symptoms of respiratory illness

Interventions Single dose of inhaled zanamivir 10 mg

Eight children aged less than five years received the drug via a nebuliser and facemask whereas 16 children
aged 5 to 12 years used the Diskhaler

Outcomes Adverse events occurring over 24 hours following zanamivir dosing

Patient satisfaction not assessed

Notes

Allocation concealment D – Not used

Study WV15758

Methods Double-blind, randomised, placebo-controlled trial

Multicentre trial in US (70 sites) and Canada (10 sites)

Recruitment period during northern hemisphere influenza season 1998/1999

Study approved by institutional review boards and conducted in accordance with the principles of the
Declaration of Helsinki (amended). All caregivers provided written informed consent before enrolment.
Patients also gave written consent if they were old enough to understand the risks and benefits of the study

Participants Children aged 1 to 12 years with influenza like illness < 48 hours duration (temperature >/ = 37.8 °C and at
least one of cough or coryza)

Interventions 5 day course of twice-daily oral oseltamivir 2 mg/kg to max 100 mg dose (or placebo)

All patients were offered acetaminophen for symptomatic relief. Diary cards also recorded the administration
of analgesics/antipyretics and compliance with the daily regimen of study medication

Outcomes Time to resolution of illness from start of treatment: first time at which (1) cough and nasal congestion
none or minor problem and (2) return to day care/school or resumption of pre-illness daily activity and (3)
temperature < 37.2 °C for at least 24 hours

Symptoms were also evaluated using the Canadian Acute Respiratory Infection and Flu Scale (CARIFS;
including 18 different influenza symptoms, rated on a scale of 0 to 3)

Follow up 28 days

There was no explicit list of pre-specified (rather than post-hoc) secondary endpoints

Patient satisfaction not assessed

Notes Jadad score 5/5

Allocation concealment B – Unclear

Study WV15759/WV15871

Methods Double-blind, randomised, placebo-controlled trial

19Neuraminidase inhibitors for preventing and treating influenza in children (Review)

Copyright © 2008 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Characteristics of included studies (Continued )

Multi-centre trial in Northern and Southern hemispheres

Recruitment period during Northern hemisphere influenza season 1998 to 1999 and Southern hemisphere
influenza season 1999

Study performed in accordance with declaration of Helsinki. Written informed consent obtained from
parent/legal guardian of each subject, and from child if old enough to understand risks/benefits

Participants Children aged 6 to 12 years with asthma severe enough to require regular medical follow up or hospital care
with < 48 hours influenza symptoms (temperature >/= 37.8 °C plus cough or coryza)

Interventions 5 day course of twice-daily oral oseltamivir 2 mg/kg (or placebo)

Outcomes Time to freedom from illness from first dose of study drug: first time at which (1) symptoms alleviated (no
or minor problem on symptom questionnaire) (2) returned to normal health and activity (return to school
or normal style of play behaviour) (3) temperature </= 37.2 °C for 24 hours

Percentage change from baseline in peak expiratory flow (PEF) and frequency of asthma exacerbations
(defined as > 20% reduction from highest PEF recorded during follow up)

Symptoms also evaluated using the Canadian Acute Respiratory Infection and Flu Scale (CARIFS - described
above)

Follow up 28 days

There was no explicit list of pre-specified (rather than post-hoc) secondary endpoints

Patient satisfaction not assessed

Notes Jadad score 4/5

No details of method of randomisation methodology given

Allocation concealment B – Unclear

Study WV16193

Methods Open-label, randomised, controlled trial

Parallel group trial in Europe and North America during the 2000 to 2001 influenza season

Study approval obtained from local institutional review boards or ethics committees, and study conducted
in compliance with the Declaration of Helsinki (amended). Written informed consent obtained from all
individuals (or their legal guardian, as appropriate) prior to participation in the study

Participants Household contacts of index cases with influenza-like illness (temperature >/= 37.8 °C plus cough and/or
coryza) during a documented community influenza outbreak. Bothcontacts and index cases included children
aged 1 to 12 years

Interventions Index cases: 5 day course of twice-daily oral oseltamivir 30 to 75 mg (depending on age)

Household contacts: 10 day course of once-daily oral oseltamivir at the same age-adjusted dose (or placebo)

Households were randomised by cluster, so that all contacts in the same household received the same treatment

Outcomes Proportion of households with at least one secondary case of laboratory-confirmed influenza during 10 day
prophylaxis period

A similar analysis was carried out for the proportion of contacts developing symptomatic, laboratory-con-
firmed influenza, and specifically for children aged 1 to 12 years. This is the endpoint reported in this review

Follow up 30 days

Patient satisfaction not assessed

Notes Jadad score 2/5

Open-label trial design
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No details of method of randomisation methodology given

Allocation concealment D – Not used

See references to included studies for details of all sources of data. Additional safety and tolerability data, for which Study IDs are not explicitly stated,

are reported from FDA 2003 (NAI3009) and FDA 2004 (WV15758).

Characteristics of excluded studies

Study Reason for exclusion

Chik 2004 Prospective, uncontrolled, observational study examining the efficacy of oseltamivir prophylaxis in 32 patients aged
6 to 23 years immunocompromised by chemotherapy or bone marrow transplantation. Not eligible for analysis of
prophylactic efficacy; no paediatric safety data provided

Cole 2002 Retrospective study of health insurance claims data examining the effect of zanamivir on complications of influenza
in 4674 patients, including 22 children aged 5 to 11 years. Not eligible for analysis of treatment efficacy; no
paediatric safety data provided

Gubareva 1998 Case report of zanamivir-resistant influenza B emerging in an immunocompromised girl aged 18 months treated
for 2 weeks with nebulised zanamivir

Hata 2004 Uncontrolled, observational study examining the reliability of a rapid diagnostic test in the diagnosis of influenza in
887 paediatric patients, including 337 treated with amantadine or oseltamivir. Not eligible for analysis of treatment
efficacy; full report in Japanese, not translated

Kawai 2003 Multi-centre, uncontrolled, observational study examining the efficacy of oseltamivir treatment in 779 patients
(including children) with influenza confirmed by rapid detection test. Not eligible for analysis of treatment efficacy;
full report in Japanese, not translated

Kiso 2004 Uncontrolled, observational study examining the emergence of oseltamivir-resistant influenza virus isolates in 50
patients aged 2 months to 14 years during and after treatment with oseltamivir. No clinical endpoint data

Mitamura 2002 Uncontrolled, observational study examining the efficacy of oseltamivir treatment in 131 children with influenza
confirmed by a rapid diagnostic kit. Not eligible for analysis of treatment efficacy; full report in Japanese, not
translated

Monto 2002 Double-blind, randomised, placebo-controlled trial of zanamivir for the prevention of influenza in 487 households,
including children aged 5 to 12 years as index cases and household contacts. Contacts received zanamivir or placebo,
but index cases were not given antiviral therapy. Results were analysed by family, and no sub-group data were
provided for prophylactic efficacy or safety in paediatric contacts

NAI30010 Double-blind, randomised, placebo-controlled trial of zanamivir for the prevention of influenza in 337 families,
including children aged less that 12 years as index cases and household contacts. Both contacts and index cases
received zanamivir or placebo. Results were analysed by family, and no sub-group data were provided for prophylactic
efficacy or safety in paediatric index cases or contacts. GlaxoSmithKline was unable to supply this extra information
(Dr A. Webster, GlaxoSmithKline, personal communication, 2002)

NV16871 Randomised, double-blind, placebo-controlled trial of oseltamivir for the treatment of influenza-mediated asthma
symptoms and exacerbations in 329 patients with asthma aged 6 to 17 years. Unpublished report on Roche Clinical
Trial Results Database; no sub-group data provided for treatment efficacy or safety in children aged 6 to 12 years.
The company were unable to supply this extra information (Dr Zoya Panahloo, Roche, personal communication,
2005)

Nordstrom 2004 Retrospective study of health insurance claims data examining the frequency of skin reactions in association with
oseltamivir use in 102119 patients, including 21905 children aged 1 to 12 years. No paediatric safety data provided

Oo 2001 Study 1: uncontrolled single dose study of pharmacokinetics of oseltamivir in 18 healthy children and adolescents
aged 5 to 18 years. Study 2: randomised, placebo-controlled trial of pharmacokinetics of oseltamivir in 92 children
aged 1 to 12 years with influenza symptoms. No clinical endpoint data

21Neuraminidase inhibitors for preventing and treating influenza in children (Review)

Copyright © 2008 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Characteristics of excluded studies (Continued )

Vogel 2002 Uncontrolled, observational study examining the efficacy of zanamivir or oseltamivir (1 case) treatment in 56
patients aged 8 to 95 years with laboratory-confirmed influenza. Not eligible for analysis of treatment efficacy; no
paediatric safety data provided

Waskett 2001 Pooled analysis of safety data from double-blind, randomised, placebo-controlled trials of oseltamivir for the treat-
ment of influenza, including trials in children aged 1 to 12 years. Conference abstract; no paediatric safety data
provided

Welliver 2001 Double-blind, randomised, placebo-controlled trial of oseltamivir for the prevention of influenza in 374 households,
including children aged less than 12 years as index cases but not household contacts. Contacts received oseltamivir
or placebo, but index cases were not given antiviral therapy. Therefore, no children received oseltamivir in this study

Yamaura 2003 Uncontrolled study examining re-consultation rates and medication dispensing fees in 234 patients (including 146
children) treated with oseltamivir for 2, 3 or 5 days. Not eligible for analysis of treatment efficacy; full report in
Japanese, not translated

Characteristics of ongoing studies

Study NAI30028

Trial name or title A double-blind, randomised, placebo-controlled, parallel-group, multicentre study to investigate the efficacy
and safety of inhaled Zanamivir 10 mg administered twice a day for five days in the treatment of symptomatic
influenza A and B viral infections in children

Participants 519 children

Interventions 5 day course of twice-daily inhaled zanamivir 10 mg

Outcomes Time until alleviation of symptoms, maximum daily temperature, time to return to normal activities, mean
symptoms score

Starting date Not given

Contact information Dr Alison Webster, GlaxoSmithKline

Notes Trial completed, but data not yet available (Dr Alison Webster, GlaxoSmithKline, personal communication,
2005)

A D D I T I O N A L T A B L E S

Table 01. Baseline characteristics: WV15758

Characteristic Intention-to-treat Lab. influenza +ve Notes

Treatment Control Treatment Control

Number 344 351 217 235

Age Median 5 years
(range: 1 to 12)

Median 5 years
(range: 1 to 12)

Median 5 years
(range 1 to 12)

Median 6 years
(range 1 to 12)

Data from Reisinger
2004

Age distribution NO DATA NO DATA </= 2 years: 40
(18%)
3 to 5 years: 70
(32%)
> 5 years: 107
(49%)

</= 2 years: 58
(25%)
3 to 5 years: 58
(25%)
> 5 years: 119
(51%)

Data from Dr
Z Panahloo,
Roche, personal
communication,
2002
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Table 01. Baseline characteristics: WV15758 (Continued )

Characteristic Intention-to-treat Lab. influenza +ve Notes

Gender 173 female (50%) 172 female (49%) 110 female (51%) 115 female (49%) Data from Reisinger
2004

Ethnicity 222 Caucasian
(65%)
62 Hispanic (18%)
37 black (11%)
7 oriental (2%)
16 other (5%)

229 Caucasian
(65%)
61 Hispanic (17%)
39 black (11%)
6 oriental (2%)
6 other (5%)

145 Caucasian
(67%)
72 other (33%)

162 Caucasian
(69%)
73 other (31%)

Data from Reisinger
2004

Currently
vaccinated

11 (3%)
1 (0%) vaccination
status unknown

10 (3%)
0 (0%) vaccination
status unknown

4 (2%) 6 (3%) Data from Whitley
2000a

Previously
vaccinated

21 (6%); 6 (2%)
vaccination status
unknown

13 (4%); 3 (1%)
vaccination status
unknown

NO DATA NO DATA Data from Whitley
2000a

Duration of illness
before enrolment

NO DATA NO DATA Median 26. 7 hours Median 28.0 hours

Enrolment
temperature
(Fahrenheit)

NO DATA NO DATA 102.0° (range: 96.8
to 106.3)

101.8° (range: 97.8
to 106.8)

Illness severity at
enrolment

NO DATA NO DATA Median baseline
CARIFS symptom
score 32 (range: 0
to 52)

Median baseline
CARIFS symptom
score 30 (range: 5
to 51)

Influenza serotype N/A N/A A: 150 (69%)
B: 66 (31%)
A+B: 1 (0%)

A: 153 (65%)
B: 82 (35%)
A+B: 0 (0%)

’At risk’ population
(children with a
chronic medical
condition)

7 (2%) ’mild
asthma’

9 (3%) ’mild
asthma’

NO DATA NO DATA Data from Dr
Z. Panahloo,
Roche, personal
communication,
2002

Table 02. Baseline characteristics: WV15759/WV15871

Characteristic Intention-to-treat Lab. influenza +ve Notes

Treatment Control Treatment Control

Number 170 164 84 95

Age Median 9 years
(range: 5 to 12
years)

Median 9 years
(range 5 to 12
years)

Median 9 years
(range 6 to 12
years)

Median 9 years
(range 5 to 12
years)

Sex 59 female (35%) 63 female (38%) 25 female (30%) 35 female (37%)

Ethnicity 149 Caucasian 143 Caucasian 73 Caucasian 85 Caucasian
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Table 02. Baseline characteristics: WV15759/WV15871 (Continued )

Characteristic Intention-to-treat Lab. influenza +ve Notes

(88%)
8 Black (5%)
1 Oriental (1%)
3 Asian (2%)
9 other (5%)

(87%)
8 black (5%)
2 oriental (1%)
0 Asian (0%)
11 other (7%)

(87%)
11 other (13%)

(90%)
10 other (10%)

Currently
vaccinated

31 (18%) 34 (21%) 14 (17%) 11 (12%)

Previously
vaccinated

39 (23%)
5 (3%) vaccination
status unknown

37 (23%)
3 (2%) vaccination
status unknown

NO DATA NO DATA Data from Whitley
2000a

Influenza serotype N/A N/A A: 62% A: 55%

’At risk’ population
(children with a
chronic medical
condition)

All children had
asthma
Asthma grade:
mild 74 (44%)
moderate 83 (49%)
severe 13 (8%)

All children had
asthma
Asthma grade:
mild 76 (46%)
moderate 80 (49%)
severe 8 (5%)

All children had
asthma
Asthma grade:
mild 41 (49%)
moderate 40 (48%)
severe 3 (3%)

All children had
asthma
Asthma grade:
mild 52 (55%)
moderate 39 (41%)
severe 4 (4%)

Time from
symptoms onset to
first dose

Mean 27.5 hours
(SD: 12.1)

Mean 26.9 hours
(SD: 12.1)

Mean 27.9 hours
(SD: 11.6)

Mean 26.8 hours
(SD:11.5)

Illness severity at
enrolment

Median baseline
CARIFS symptom
score 29.4 (SD 9.9)

Median baseline
CARIFS symptom
score 30.4 (SD: 8.8)

Median baseline
CARIFS symptom
score 30.1 (SD: 9.6)

Median baseline
CARIFS symptom
score 30.9 (SD: 8.7)

FEV1 % predicted
at baseline

77.4% (SD 23.2) 77.8% (SD: 21.4) 75.6% (SD: 21.4) 81.0% (SD: 20.1)

Table 03. Baseline characteristics: NAI30009

Characteristic Intention-to-treat Lab. influenza +ve

Treatment Control Treatment Control

Number 224 247 164 182

Age Mean 8. 5 years (SD:
2.2)

Mean 8. 9 years (SD:
2.3)

Mean 8.6 years (SD:
2.2)

Mean 9.0 years (SD:
2.3)

Sex 97 female (43%) 116 female (47%) 68 female (41%) 91 female (50%)

Ethnicity 201 white (90%) 223 white (90%) 148 white (90%) 162 white (89%)

Currently vaccinated 6/224 (3%) 5 (2%) 2 (1%) 1 (<1%)

Duration of illness
before enrolment

Mean 20. 3 hours (SD:
9.4)

Mean 20. 0 hours (SD:
8.8)

Mean 21.6 hours (SD:
9.3)

Mean 20.1 hours (SD:
9.0)

Enrolment temperature
(Celsius)

Mean 38.7 (SD +/-
0.67)

Mean 38.6 (SD +/-
0.64)

Mean 38.8 (SD +/-
0.69); 1 patient with
temperature < 37.8 at

Mean 38.7 (SD +/-
0.64); 3 patients with
temperature < 37.8 at
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Table 03. Baseline characteristics: NAI30009 (Continued )

Characteristic Intention-to-treat Lab. influenza +ve

enrolment enrolment

Illness severity at
enrolment

125 overall moderate
symptom assessment
(56%)
71 overall severe
symptom assessment
(32%)

151 overall moderate
symptom assessment
(61%)
56 overall severe
symptom assessment
(23%)

86 overall moderate
symptom assessment
(53%)
56 overall severe
symptom assessment
(34%)

107 overall moderate
symptom assessment
(59%)
47 overall severe
symptom assessment
(26%)

Influenza serotype N/A N/A A: 106 (47%)
B: 58 (26%)
A+B: 0 (0%)

A: 120 (49%)
B: 62 (25%)
A+B: 0 (0%)

’At risk’ population
(children with a chronic
medical condition)

22 (10%) children with
concurrent chronic
respiratory condition
requiring regular
medication

14 (6%) children with
concurrent chronic
respiratory condition
requiring regular
medication

NO DATA NO DATA

Table 04. Median time to resolution of illness

Study ID Group N Time to resolution Reduction Notes

WV15758 Intention-to-treat T = 344
C = 351

T = 105 hours (95%
CI 91 to 112)
C = 126 hours (95%
CI 117 to 137)

17%
(21 hours)
P = 0.0002

Laboratory-confirmed
influenza

T = 217
C = 235

T = 101.3 hours (95%
CI 89 to 118)
C = 137.0 hours (95%
CI 125 to 150)

26%
(36 hours)
P < 0.0001

WV15759/WV158711 Intention-to-treat T = 170
C = 164

NO DATA NO DATA

Laboratory-confirmed
influenza

T = 84
C = 95

T = 123.9 hours
C = 134.3 hours

7.7%
(10.4 hours)
P = 0.54

Amongst patients who
started treatment <
24 hours after onset
of symptoms (T
= 31, C = 41) the
reduction was much
greater (39.8 hours;
25%; P = 0.078).
Amongst patients who
started treatment >
24 hours after onset
of symptoms(T = 53,
C = 54) the reduction
was correspondingly
less (3.9 hours)

NAI30009 Intention-to-treat T = 224 T = 4.5 days 10%
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Table 04. Median time to resolution of illness (Continued )

Study ID Group N Time to resolution Reduction Notes

C = 247 C = 5.0 days (0.5 days; 95% CI 0.0
to 1.5)
P = 0.011

Laboratory-confirmed
influenza

T = 164
C = 182

T = 4.0 days
C = 5.25 days

24%
(1.25 days; 95% CI
0.5 to 2.0)
P < 0.001

Another analysis in
which missing data
were censored at
patients’ last non-
alleviated diary entry
gave similar results

Table 05. Median time to resolution of illness by age

Study ID Group Age N Time to resolution Reduction Notes

WV15758 Laboratory-confirmed
influenza

</= 2 years T = 39
C = 55

T = 139 hours (95% CI
103 to 160)
C = 161 hours (95% CI
139 to 171)
(overlapping CIs)

14%
(23 hours)

Denominators exclude
children for whom
no efficacy data were
available (Dr Z.
Panahloo, Roche,
personal communication,
2002)

3 to 5 years T = 68
C = 56

T = 99 hours (95% CI
85 to 124)
C = 137 hours (95% CI
98 to 153)
(overlapping CIs)

28%
(38 hours)

See above

> 5 years T = 102
C = 114

T = 90 hours (95% CI
76 to 109)
C = 125 hours (95% CI
114 to 141)
(non-overlapping CIs)

28%
(35 hours)

See above

Table 06. Median time to resolution of illness by serotype

Study ID N Influenza serotype Time to resolution Notes

WV15758 T = 150
C = 153

A Reduction:
34%
P < 0.0001

Data from EMEA 2005

T = 66
C = 82

B T = 125.3 hours
C = 137.0 hours
Reduction:
8.5% (11.7 hours)
P = 0.27

NA130009 T = 106
C = 120

A T = 4.0 days
C = 5.0 days
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Table 06. Median time to resolution of illness by serotype (Continued )

Study ID N Influenza serotype Time to resolution Notes

Reduction:
1.0 days (95% CI 0.0-1.5)
P = 0.049

T = 58
C = 62

B T = 4.0 days
C = 6.0 days
Reduction:
2.0 days (95% CI 1.0-3.5)
P < 0.001

Table 07. Median time to resolution of illness by geographical area

Study ID Group Geographical area N Time to resolution

NAI30009 Laboratory-confirmed influenza North America T = 96
C = 105

T = 4 days
C = 5 days
Reduction:
1 day (95% CI 0-1.5);
P = 0.026

Laboratory-confirmed influenza Europe/Israel T = 8
C = 77

T = 4 days
C = 5.5 days
Reduction:
1.5 days (95% CI 0.5-3.0)
P = 0.004

Table 08. Median time to return to normal activity

Study ID Group N Time to return Reduction Notes

WV15758 Intention-to-treat T = 344
C = 351

NO DATA NO DATA

Laboratory-confirmed
influenza

T = 209
C = 225

T = 67.1 hours
C = 111.7 hours

40%
(44.6 hours)
P < 0.0001

Information from Reisinger
2004. Analysis excludes
children for whom no
efficacy data were available

WV15759/WV15871 Intention-to-treat T = 170
C = 164

NO DATA NO DATA
P = 0.019

Laboratory-confirmed
influenza

T = 84
C = 95

T = 101.4 hours
C = 114 hours

11%
(12.6 hours)
P = 0.46

Amongst patients who
started treatment < 24
hours after onset of
symptoms (T = 31, C =
41) the reduction was
16.0 hours (13%; P =
0.16). Amongst patients
who started treatment >
24 hours after onset of
symptoms (T = 53, C =
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Table 08. Median time to return to normal activity (Continued )

Study ID Group N Time to return Reduction Notes

54) the reduction was -3.5
hours (-3.7%; P = 0.81)

NAI30009 Intention-to-treat T = 224
C = 247

NO DATA NO DATA Not clear whether the
reduction of one day refers
to the intention-to-treat
population, or to children
with laboratory-confirmed
influenza, or to both

Intention-to-treat T = 164
C = 182

NO DATA NO DATA See above

Table 09. Secondary complications

Study ID Group N
Overall
rate

Acute
otitis
media

Bronchi-
tis

Pneumo-
nia Sinusitis

Total
antibiotic
use Notes

WV15758 Labo-
ratory-
confirmed
influenza

T = 217 C
= 235

T = 36
(17%) C =
65 (28%)
Relative
Risk Re-
duction:
40% P =
0.005

T = 26
(12%)
C = 50
(21%)
Relative
Risk Re-
duction:
44% (95%
CI 13-64)
P < 0.05
See Table
10 for
further
details.

T = 2
(1%) C =
6 (3%)

T = 3
(1%) C =
4 (2%)

T = 7
(3%) C =
9 (4%)

T = 68
(31%)
C = 97
(41%)
Relative
Risk Re-
duction:
24%
P = 0.03

Data from
Hayden
2000.
Overall
rate
represents
physician-
diagnosed
compli-
cations
requiring
antibiotic
use
developing
on or after
study day
3

NAI30009 Labo-
ratory-
confirmed
influenza

T = 164 C
= 182

T = 16%
C = 23%
Relative
Risk Re-
duction:
30%
Non-
significant.
Absolute
Risk Re-
duction:
7% (95%
CI -1to -

NO
DATA

NO
DATA

NO
DATA

NO
DATA

T = 12%
C = 15%
Relative
risk
reduction:
20%
Non-
significant.
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Table 09. Secondary complications (Continued )

Study ID Group N
Overall
rate

Acute
otitis
media

Bronchi-
tis

Pneumo-
nia Sinusitis

Total
antibiotic
use Notes

15)

Table 10. Incidence of acute otitis media

Study ID Group Age N Up to day 10 Up to day 28 Notes

WV15758 Laboratory-
confirmed
influenza

1 to 12 years T = 217 C = 235 T = 18 (8%)
C = 37 (16%)
Relative Risk
Reduction:
47% (95% CI 10-
69)
Absolute Risk
Reduction:
7% (95% CI: 1.5-
13)

T = 26 (12%)
C = 50 (21%)
Relative Risk
Reduction:
44% (95% CI 13-
64)
P < 0.05
Absolute Risk
Reduction:
9% (95% CI 2.5-
16)

Children were
stratified for the
presence of acute
otitis media at
enrolment. We
report the number
of cases of acute
otitis media which
developed after
enrolment for
these two different
denominators.
Data for children
aged 1 to 12 years
from Whitley
2001, Hayden
2000 and Winther
2000; acute otitis
media diagnosed
over day 3 to day
10 and day 3 to
day 28 respectively

1 to 5 years T = 110 C = 116 T = 13 (12%)
C = 28 (24%)
Relative Risk
Reduction:
50%
Absolute Risk
Reduction:
12% (95% CI: 2-
22)

T = 16 (15%)
C = 38 (33%)
Relative Risk
Reduction:
55%
Absolute Risk
Reduction:
18% (95% CI: 7-
29)

Data for children
aged 1 to 5 years
from Winther
2000; acute otitis
media diagnosed
over day 1 to day
10 and day 1 to
day 28 respectively

Laboratory-
confirmed
influenza without
acute otitis media
at enrolment

1 to 12 years T = 183 C = 200 T = 18 (10%)
C = 37 (19%)
Relative Risk
Reduction:
47%
Absolute Risk
Reduction:
9% (95% CI 2-
16)

T = 26 (14%)
C = 50 (25%)
Relative Risk
Reduction:
44%
Absolute Risk
Reduction:
11% (95% CI 3-
19)

See above
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Table 10. Incidence of acute otitis media (Continued )

Study ID Group Age N Up to day 10 Up to day 28 Notes

1 to 5 years T = 86 C = 89 T = 13 (15%)
C = 28 (31%)
Relative Risk
Reduction:
52% (95% CI 14-
73)
Absolute Risk
Reduction:
16% (95% CI 4-
29)

T = 16 (19%)
C = 38 (43%)
Relative Risk
Reduction:
56% (95% CI 28-
74)
Absolute Risk
Reduction:
24% (95% CI 11-
37)

See above

Table 11. Duration/severity of acute otitis media

Study ID Group Age N Duration/severity Notes

WV15758 Children with laboratory-
confirmed influenza
diagnosed with acute otitis
media over day 1 to day 28

1 to 12 years T = 29
C = 53

Median duration acute otitis
media
T = 7 days
C = 10 days
Number of children with
acute otitis media lasting <10
days:
T = 19 (66%)
C = 29 (55%)

All data from Winther 2000
Acute otitis media diagnosed
in children aged 1 to 12
years over day 1 to day 28,
compared with day 3 to day
28 in Table 10.

Children with laboratory-
confirmed influenza with
acute otitis media at
enrolment

1 to 12 years T = 33
C = 33

Number of children with
acute otitis media lasting <
10days from enrolment
T = 26 (79%)
C = 20 (61%)
Number children with acute
otitis media at:
day 0
T = 33 (100%)
C = 33 (100%)
d6
T = 10 (36%)
C = 18 (64%)
d10
T = 4 (16%)
C = 7 (27%)
d28
T = 2 (7%)
C = 5 (19%)

All data from Winther 2000
Whitley 2001 reports 69
children with laboratory-
confirmed influenza with
otitis media at baseline
(T=34, C=35). Three of these
children are excluded from
the analysis in Winther 2000
because they were judged to
have chronic otitis media (Dr
Z. Panahloo, Roche, personal
communication, 2002).
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Table 12. Asthma exacerbations: WV15759/WV15871

Group N Measured by PEF* Medical reports Notes

Intention-to-treat T = 170
C = 164

NO DATA T = 14 (8%)
C = 17 (10%)

Laboratory-confirmed influenza T = 84
C = 95

T = 68%
C = 51%
P = 0.031

T = 10 (12%)
C = 16 (17%)
P = 0.4

*number of children within 20% of
their best PEF (as recorded during
study) on day 7

Table 13. Duration/severity of cough

Study ID Group N Duration/severity Notes

WV15758 Intention-to-treat T = 344 C = 351 NO DATA

Laboratory-confirmed
influenza

T = 217 C = 235 Median duration
T = 39 hours (95% CI 32-51)
C = 71 hours (95% CI 63-81)
Reduction: 45% (32 hours)
P = 0.0008

NAI30009 Intention-to-treat T = 224 C = 247 Moderate/severe cough on day
2 to day 5 less common in
treatment group
P = 0.026

A reduction in severity of cough
was also noted in influenza-
infected children treated with
zanamivir 1 day after treatment
initiation

Laboratory-confirmed
influenza

T = 164 C = 182 Moderate/severe cough on day
2 to day 5 less common in
treatment group
P = 0.001
Moderate/severe cough on day
2:
T = 53%
C = 69%
Absolute Risk Reduction:
16% (95% CI 5.4-26.9)
P = 0.003

Table 14. Use of relief medications

Study ID Group N Use of medication

WV15758 Intention-to-treat T = 344 C = 351 NO DATA

Laboratory-confirmed influenza T = 217 C = 235 Median total paracetamol consumption:
T = 40 mg/kg
C = 59 mg/kg
Reduction: 31%
P = 0.002
Proportion of children receiving any paracetamol
during treatment period:
T = 88%
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Table 14. Use of relief medications (Continued )

Study ID Group N Use of medication

C = 92%

NAI30009 Intention-to-treat T = 224 C = 247 Less use in treatment group
P = 0.016

Laboratory-confirmed influenza T = 164 C = 182 Less use in treatment group
P = 0.005

Table 15. Other endpoints: WV15758 and WV15759/WV15871

Study Group N CARIFS Fever Coryza Overall severity

Median duration
of all CARIFS
items

Median duration Median duration Median ’area-
under-curve’
cumulative
CARIFS
symptom scores

WV15758 Laboratory-
confirmed
influenza

T = 217
C = 235

T = 63 hours
C = 100 hours
Reduction:
36% (36 hours)
p<0.0001

T = 44 hours
(95% CI 40 to
48)
C = 68 hours
(95% CI 55 to
78)
Reduction:
37% (25 hours)
P < 0.0001

T = 43 hours
(95% CI 31 to
53)
C = 66 hours
(95% CI 43 to
77)
Reduction:
35% (23 hours)
P = 0.09

T = 960
C = 1358
P = 0.002

WV15759/WV15871Laboratory-
confirmed
influenza

T = 84
C = 95

T = 90.4 hours
C = 116 hours
Reduction:
22% (25 hours)
P = 0.12
Amongst patients
who started
treatment <24
hours after onset
of symptoms
(T=31, C=41)
the reduction
was 24 hours
(21%; p=0.08).
Amongst patients
who started
treatment >24
hours after onset
of symptoms
(T=53, C=54)
the reduction was
25.7 hours (22%;
p=0.35).

NO DATA NO DATA T = 1543
C = 1731
P = 0.08
Amongst patients
who started
treatment <24
hours after onset
of symptoms
(T=31, C=41)
the reduction was
much greater
(T = 1582, C =
1830; P = 0.049).
Amongst patients
who started
treatment >24
hours after onset
of symptoms (T =
53, C = 54) the
reduction was
correspondingly
less (T = 1500, C
= 1568; P = 0.39).
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Table 15. Other endpoints: WV15758 and WV15759/WV15871 (Continued )

Study Group N CARIFS Fever Coryza Overall severity

Table 16. Other endpoints: NA130009

Group N Endpoint Notes

Median time to alleviation of
clinically significant symptoms with
no use of relief medications

Intention-to-treat T = 224 C = 247 T = 5.0 days
C = 6.0 days
Reduction:
1.0 days (95% CI 0.0 to 1.75)
P = 0.0022

This benefit was also present in
sensitivity analyses
Significance level reported as P =
0.002, although 95% CI includes
0.0 days.

Laboratory-confirmed influenza T = 164 C = 182 T = 5.0 days
C = 6.5 days
Reduction:
1.5 days (95% CI 0.5 to 2.25)
P < 0.001

Table 17. Prevention of influenza

Study ID Group Serotype N Influenza cases* Protective efficacy Notes

WV16193 All paediatric contacts
(intention-to-treat)

N/A T = 104
C = 111

T = 7 (7%)
C = 21 (19%)

64%
(95% CI 15.8 to 85)
P = 0.019

*number of
contacts developing
symptomatic,
laboratory-confirmed
influenza

Paediatric contacts
of index cases with
laboratory-confirmed
influenza

A+B T = 55
C = 74

T = 6 (11%)
C = 18 (24%)

55%
(95% CI -13 to 82)
P = 0.089

A T = 24
C = 45

T = 3 (13%)
C = 7 (24%)

49%
(95% CI -72 to 85)
P = 0.28

B T = 31
C = 29

T = 3 (10%)
C = 7 (24%)

60%
(95% CI -71.5 to 91)
P = 0.218

Paediatric contacts
of index cases with
laboratory-confirmed
influenza (virus
negative at baseline)

A+B T = 47
C = 70

T = 2 (4.3%)
C = 15 (21%)

80%
(95% CI 22 to 95)
P = 0.021

This analysis excluded
paediatric contacts
found to have +ve
influenza virus
swabs at the start
of prophylactic
treatment

Paediatric contacts A+B T = 22 T = 1 (4.5%) 82% Data from Hayden
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Table 17. Prevention of influenza (Continued )

Study ID Group Serotype N Influenza cases* Protective efficacy Notes

of paediatric index
cases with laboratory-
confirmed influenza

C = 36 C = 9 (25%) (95% CI -25 to 97) 2002

Table 18. Comparison of this review with Turner 2002

Trial Source Group Endpoint

Reduction in median
time to resolution of
illness

Reduction in median
time to return to
normal activities

Relative risk reduction
in complications
requiring antibiotic
treatment:

WV15758 Turner 2002 Intention-to-treat 20.9 hours (95% CI 6.1
to 35.7); 17%

30.1hrs (95% CI 16.8
to 43.3); 30%

NO DATA

This review Intention-to-treat 21 hours; 17%; P =
0.0002

NO DATA NO DATA

Turner 2002 Laboratory-confirmed
influenza

35.8 hours (95% CI
18.2 to 53.3); 26%

44.6 hours (95% CI
25.4 to 63.7); 40%

24%; OR 0.65 (95%
CI 0.43 to 0.97)

This review Laboratory-confirmed
influenza

36 hours; 26%; P <
0.0001

44.6 hours; 40%; P <
0.0001

24%; P = 0.03

NA130009 Turner 2002 Intention-to-treat Healthy children:
1.0 day (95% CI 0.5 to
1.5); 20%
’At risk’ children:
2.0 days (95% CI -2.9
to 6.9); 35%

Healthy children:
0.5 days (95% CI -0.3
to 1.3); 8.3%
’At risk’ children:
1.0 days (95% CI -1.5
to 3.5); 14%

NO DATA

This review Intention-to-treat 0.5 days (95% CI 0.0
to 1.5); 10%; P = 0.011

1 day; P = 0.019 NO DATA

Turner 2002 Laboratory-confirmed
influenza

Healthy children:
1.0 day (95% CI 0.4 to
1.6); 20%
’At risk’ children:
3.8 days (95% CI -0.1
to 7.6); 66%

Healthy children:
0.5 days (95% CI -0.4
to 1.4); 8.3%
’At risk’ children:
2.5 days (95% CI 0.6
to 4.4); 36%

20%

This review Laboratory-confirmed
influenza

1.25 days (95% CI 0.5
to 2.0); 24%; P < 0.001

1 days; P = 0.022 20%; non-significant
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A N A L Y S E S

Comparison 01. Oseltamivir

Outcome title
No. of
studies

No. of
participants Statistical method Effect size

01 Any adverse event 2 1029 Odds Ratio (Fixed) 95% CI 0.87 [0.68, 1.12]
02 Serious adverse events 2 1029 Odds Ratio (Fixed) 95% CI 2.00 [0.60, 6.69]

03 Adverse events leading to study
withdrawal

2 1029 Odds Ratio (Fixed) 95% CI 1.00 [0.37, 2.68]

04 Nausea 2 1029 Odds Ratio (Fixed) 95% CI 0.77 [0.40, 1.46]
05 Vomiting 2 1029 Odds Ratio (Fixed) 95% CI 1.68 [1.15, 2.47]
06 Diarrhoea 2 1029 Odds Ratio (Fixed) 95% CI 0.81 [0.52, 1.25]

Comparison 02. Zanamivir

Outcome title
No. of
studies

No. of
participants Statistical method Effect size

01 Any adverse event 1 471 Odds Ratio (Fixed) 95% CI 0.76 [0.50, 1.17]
02 Serious adverse events 1 471 Odds Ratio (Fixed) 95% CI 3.32 [0.13, 81.97]

03 Adverse events leading to study
withdrawal

1 471 Odds Ratio (Fixed) 95% CI Not estimable
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G R A P H S A N D O T H E R T A B L E S

Analysis 01.01. Comparison 01 Oseltamivir, Outcome 01 Any adverse event

Review: Neuraminidase inhibitors for preventing and treating influenza in children

Comparison: 01 Oseltamivir

Outcome: 01 Any adverse event

Study Treatment Control Odds Ratio (Fixed) Weight Odds Ratio (Fixed)

n/N n/N 95% CI (%) 95% CI

WV15758 168/344 185/351 68.2 0.86 [ 0.64, 1.15 ]

WV15759/WV15871 83/170 84/164 31.8 0.91 [ 0.59, 1.40 ]

Total (95% CI) 514 515 100.0 0.87 [ 0.68, 1.12 ]
Total events: 251 (Treatment), 269 (Control)

Test for heterogeneity chi-square=0.05 df=1 p=0.82 I² =0.0%

Test for overall effect z=1.09 p=0.3

0.01 0.1 1 10 100

Favours treatment Favours control
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Analysis 01.02. Comparison 01 Oseltamivir, Outcome 02 Serious adverse events

Review: Neuraminidase inhibitors for preventing and treating influenza in children

Comparison: 01 Oseltamivir

Outcome: 02 Serious adverse events

Study Treatment Control Odds Ratio (Fixed) Weight Odds Ratio (Fixed)

n/N n/N 95% CI (%) 95% CI

WV15758 3/344 2/351 49.8 1.54 [ 0.25, 9.24 ]

WV15759/WV15871 5/170 2/164 50.2 2.45 [ 0.47, 12.83 ]

Total (95% CI) 514 515 100.0 2.00 [ 0.60, 6.69 ]
Total events: 8 (Treatment), 4 (Control)

Test for heterogeneity chi-square=0.14 df=1 p=0.71 I² =0.0%

Test for overall effect z=1.12 p=0.3

0.01 0.1 1 10 100

Favours treatment Favours control

Analysis 01.03. Comparison 01 Oseltamivir, Outcome 03 Adverse events leading to study withdrawal

Review: Neuraminidase inhibitors for preventing and treating influenza in children

Comparison: 01 Oseltamivir

Outcome: 03 Adverse events leading to study withdrawal

Study Treatment Control Odds Ratio (Fixed) Weight Odds Ratio (Fixed)

n/N n/N 95% CI (%) 95% CI

WV15758 6/344 4/351 49.2 1.54 [ 0.43, 5.51 ]

WV15759/WV15871 2/170 4/164 50.8 0.48 [ 0.09, 2.64 ]

Total (95% CI) 514 515 100.0 1.00 [ 0.37, 2.68 ]
Total events: 8 (Treatment), 8 (Control)

Test for heterogeneity chi-square=1.16 df=1 p=0.28 I² =14.1%

Test for overall effect z=0.00 p=1

0.01 0.1 1 10 100

Favours treatment Favours control
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Analysis 01.04. Comparison 01 Oseltamivir, Outcome 04 Nausea

Review: Neuraminidase inhibitors for preventing and treating influenza in children

Comparison: 01 Oseltamivir

Outcome: 04 Nausea

Study Treatment Control Odds Ratio (Fixed) Weight Odds Ratio (Fixed)

n/N n/N 95% CI (%) 95% CI

WV15758 13/344 14/351 62.6 0.95 [ 0.44, 2.04 ]

WV15759/WV15871 4/170 8/164 37.4 0.47 [ 0.14, 1.59 ]

Total (95% CI) 514 515 100.0 0.77 [ 0.40, 1.46 ]
Total events: 17 (Treatment), 22 (Control)

Test for heterogeneity chi-square=0.90 df=1 p=0.34 I² =0.0%

Test for overall effect z=0.80 p=0.4

0.01 0.1 1 10 100

Favours treatment Favours control

Analysis 01.05. Comparison 01 Oseltamivir, Outcome 05 Vomiting

Review: Neuraminidase inhibitors for preventing and treating influenza in children

Comparison: 01 Oseltamivir

Outcome: 05 Vomiting

Study Treatment Control Odds Ratio (Fixed) Weight Odds Ratio (Fixed)

n/N n/N 95% CI (%) 95% CI

WV15758 49/344 30/351 62.3 1.78 [ 1.10, 2.88 ]

WV15759/WV15871 27/170 18/164 37.7 1.53 [ 0.81, 2.90 ]

Total (95% CI) 514 515 100.0 1.68 [ 1.15, 2.47 ]
Total events: 76 (Treatment), 48 (Control)

Test for heterogeneity chi-square=0.13 df=1 p=0.72 I² =0.0%

Test for overall effect z=2.66 p=0.008

0.01 0.1 1 10 100

Favours treatment Favours control
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Analysis 01.06. Comparison 01 Oseltamivir, Outcome 06 Diarrhoea

Review: Neuraminidase inhibitors for preventing and treating influenza in children

Comparison: 01 Oseltamivir

Outcome: 06 Diarrhoea

Study Treatment Control Odds Ratio (Fixed) Weight Odds Ratio (Fixed)

n/N n/N 95% CI (%) 95% CI

WV15758 30/344 37/351 74.4 0.81 [ 0.49, 1.35 ]

WV15759/WV15871 10/170 12/164 25.6 0.79 [ 0.33, 1.89 ]

Total (95% CI) 514 515 100.0 0.81 [ 0.52, 1.25 ]
Total events: 40 (Treatment), 49 (Control)

Test for heterogeneity chi-square=0.00 df=1 p=0.96 I² =0.0%

Test for overall effect z=0.97 p=0.3
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Analysis 02.01. Comparison 02 Zanamivir, Outcome 01 Any adverse event

Review: Neuraminidase inhibitors for preventing and treating influenza in children

Comparison: 02 Zanamivir

Outcome: 01 Any adverse event

Study Treatment Control Odds Ratio (Fixed) Weight Odds Ratio (Fixed)

n/N n/N 95% CI (%) 95% CI

NA130009 48/224 65/247 100.0 0.76 [ 0.50, 1.17 ]

Total (95% CI) 224 247 100.0 0.76 [ 0.50, 1.17 ]
Total events: 48 (Treatment), 65 (Control)

Test for heterogeneity: not applicable

Test for overall effect z=1.24 p=0.2

0.01 0.1 1 10 100

Favours treatment Favours control

39Neuraminidase inhibitors for preventing and treating influenza in children (Review)

Copyright © 2008 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Analysis 02.02. Comparison 02 Zanamivir, Outcome 02 Serious adverse events

Review: Neuraminidase inhibitors for preventing and treating influenza in children

Comparison: 02 Zanamivir

Outcome: 02 Serious adverse events

Study Treatment Control Odds Ratio (Fixed) Weight Odds Ratio (Fixed)

n/N n/N 95% CI (%) 95% CI

NA130009 1/224 0/247 100.0 3.32 [ 0.13, 81.97 ]

Total (95% CI) 224 247 100.0 3.32 [ 0.13, 81.97 ]
Total events: 1 (Treatment), 0 (Control)

Test for heterogeneity: not applicable

Test for overall effect z=0.73 p=0.5
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Analysis 02.03. Comparison 02 Zanamivir, Outcome 03 Adverse events leading to study withdrawal

Review: Neuraminidase inhibitors for preventing and treating influenza in children

Comparison: 02 Zanamivir

Outcome: 03 Adverse events leading to study withdrawal

Study Treatment Control Odds Ratio (Fixed) Weight Odds Ratio (Fixed)

n/N n/N 95% CI (%) 95% CI

NA130009 0/224 0/247 0.0 Not estimable

Total (95% CI) 224 247 0.0 Not estimable
Total events: 0 (Treatment), 0 (Control)

Test for heterogeneity: not applicable

Test for overall effect: not applicable

0.01 0.1 1 10 100

Favours treatment Favours control

40Neuraminidase inhibitors for preventing and treating influenza in children (Review)

Copyright © 2008 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd


