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ABSTRACT
Background: Influenza and influenza-like illness (ILI) place considerable burden on healthcare systems,
especially during influenza epidemics and pandemics. During the 2009/10 H1N1 influenza pandemic, UK
national guidelines recommended antiviral medications for patients presenting within 72 h of ILI onset.
However, it is not clear whether antiviral treatment was associated with reductions in influenza-related
complications.
Methods: Our study population consisted of a retrospective cohort of children aged ⩽17 years who
presented with influenza/ILI at UK primary care practices contributing to the Clinical Practice Research
Datalink during the 2009/10 pandemic. We used doubly robust inverse-probability weighted propensity
scores and physician prior prescribing instrumental variable methods to estimate the causal effect of
oseltamivir prescribing on influenza-related complications. Secondary outcomes were complications
requiring intervention, pneumonia, pneumonia or hospitalisation, influenza-related hospitalisation and all-
cause hospitalisation.
Results: We included 16162 children, of whom 4028 (24.9%) were prescribed oseltamivir, and 753 (4.7%)
had recorded complications. Under propensity score analyses oseltamivir prescriptions were associated with
reduced influenza-related complications (risk difference (RD) −0.015, 95% CI −0.022–−0.008), complications
requiring further intervention, pneumonia, pneumonia or hospitalisation and influenza-related hospitalisation,
but not all-cause hospitalisation. Adjusted instrumental variable analyses estimated reduced influenza-related
complications (RD −0.032, 95% CI −0.051–−0.013), pneumonia or hospitalisation, all-cause and influenza-
related hospitalisations.
Conclusions: Based on causal inference analyses of observational data, oseltamivir treatment in children with
influenza/ILI was associated with a small but statistically significant reduction in influenza-related complications
during an influenza pandemic.
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Introduction
During the 2009/10 H1N1 influenza pandemic, UK national guidelines recommended antiviral
medications for all patients presenting within 72 h of influenza-like illness (ILI) onset [1]. There is
evidence from randomised controlled trials that antivirals can help reduce duration of influenza/ILI
symptoms, but it is unclear whether they are effective at reducing influenza/ILI-related complications due
to differences in diagnostic ascertainment of clinical outcomes (such as pneumonia) and concerns about
publication bias [2, 3]. Oseltamivir was also associated with an increase in vomiting in children [3].
Studies conducted in hospital inpatient populations during the pandemic report that antiviral treatment
within 48 h of symptom onset reduces critical care admissions but not mortality [4, 5]. However, these
findings may not be generalisable to community healthcare settings, where most influenza/ILI is managed.

Our previous analysis of primary care data found that antiviral prescriptions were strongly associated with
reduced risk of influenza-related complications in children presenting with influenza/ILI during the 2009/
10 H1N1 pandemic [6]. However, this finding was based on multivariate logistic regression not designed
to assess causal associations. This article presents further analyses of these data, using causal inference
techniques to estimate the effect of oseltamivir prescriptions on influenza-related complications in children
in primary care.

Methods
Study design
A retrospective cohort study of routinely collected data.

Data source and study population
Clinical Practice Research Datalink (CPRD) is a database of routinely collected, anonymised UK primary
care record data [7]. It covers ∼6.9% of the UK population [7]. ∼58% of CPRD participants can be linked
to Hospital Episode Statistics (HES: records of all National Health Service-funded admissions to hospitals
in England) and Office of National Statistics mortality and Index of Multiple Deprivation (IMD)
databases. Children without linkage either live outside England or live in England but their general
practice has not consented to linkage. We used all children for analyses of outcomes recorded in primary
care, and the subset of linked children for hospitalisation outcomes.

We extracted data for children aged ⩽17 years who presented at general practices contributing to the
CPRD with influenza/ILI during the UK pandemic period (April 27, 2009 to May 23, 2010). Their index
consultation was the first consultation in this period with a code for influenza or influenza-like illness. In
the UK diagnoses of influenza are usually made without diagnostic tests, but during this period influenza
was almost exclusively H1N1 (97.5%) [8, 9]. Primary care surveillance showed the proportion of ILI
presentations positive for influenza was highest when ILI presentations were highest, peaking at 41% in the
week ending October 25, 2009 [9]. We excluded patients aged ⩾1 year with <1 year of data prior to
presentation. Those aged <1 year had to have ⩾30 days of data prior to the index consultation (day 0).
Each prescriber in CPRD is identifiable by anonymised prescriber codes, which allowed us to determine
whether prescribers had previously seen or prescribed to children in the cohort. We undertook analyses on
the whole cohort and on a subgroup of children with one or more risk factors for influenza-related
complications identified in our previous study: age <2 years, neurological conditions or asthma [6].

The CPRD’s independent scientific advisory committee approved our protocol (15_252RA2).

Exposure
Antiviral prescription at the index consultation compared to no antiviral prescription.

Outcomes
Our primary outcome was any influenza-related complication. This composite outcome includes any
complication ascribable to influenza, including respiratory, cardiac, neurological and renal complications
(supplementary material, appendix A) [10]. Secondary outcomes were “complications requiring further
intervention” (a primary outcome code accompanied by a code for a prescription for antibiotics, asthma
medications or antivirals, an investigation or referral for further care on the day of the complication),
“pneumonia”, “all-cause hospitalisations” and “influenza-related hospitalisations”. In addition, we included
a combined outcome of “pneumonia or hospitalisation” to delineate severe complications [6]. We included
only nonelective hospital admissions, and to avoid misclassifying children assessed at hospital and then
discharged, we defined admissions as hospitalisations >24 h duration. Hospitalisation outcomes were only
available in children with linked data, but other outcomes were analysed in the full dataset. Outcomes
recorded 1–30 days after presentation were included. We excluded children with complications occurring
on the same day as the index consultation (day 0).
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Potential confounders
We prespecified potential confounders: age, sex, socioeconomic deprivation, vaccination status (2008/9
seasonal influenza, pandemic influenza, pneumococcal conjugate vaccine and Haemophilus influenzae b),
prescription of other medications at the index presentation (asthma medications, antibiotics) and acute
hospitalisations during the prior 12-month period (or registration for children aged <12 months). We
controlled for potential risk factors for complications, including neurological, haematological and
metabolic conditions, and asthma. We controlled for participants’ socioeconomic status using quintiles of
the UK government’s IMD score based on the patient’s postcode. IMD score takes into account the level
of deprivation in income, employment, education, skills and training, health and disability, crime, barriers
to housing and services and the living environment [11].

Analysis strategies
We used two analysis strategies to take account of confounding: propensity score and instrumental variable
analyses. These rely on different assumptions, so using both approaches increases the robustness of the
results. Propensity scores assume no unmeasured confounding between treatment allocation and
outcomes, whereas instrumental variable techniques attempt to take account of unmeasured confounders,
but rely on assumptions about the validity of the instrument. These methods use regression models, but
rather than odds or hazard ratios, they estimate causal effects as a risk difference, which can be compared
to trial results more easily. A summary of our methods follows. The supplementary material provides full
details of how our analyses were conducted.

Propensity scores
A propensity score is a probability that each patient receives a treatment; it is calculated from patient
characteristics. We used logistic regression to produce propensity scores.

We combined inverse probability weighting for propensity with adjustment for propensity; this “doubly
robust” method gives correct estimates if either model is correctly specified [12]. Inverse probability
weighting adjusts the population by giving participants a weight that cancels out their propensity to
receive treatment, in theory “balancing” the characteristics of patients in the study population. Adjustment
takes account of propensity by including the score in regression models as an explanatory variable.

We estimated the risk of complications across all patients as if they had not been treated (potential
outcome mean), and the risk difference (RD) had all children been treated (average treatment effect).

Instrumental variable analysis
An instrument is a variable used to estimate causal effects. A valid instrument is a variable that is 1)
associated with treatment, and 2) unrelated to the outcome except through the association with treatment.
In randomised clinical trials (RCTs), the instrumental variable (IV) is random allocation. On average,
randomisation meets both these conditions. To estimate causal effects, we analyse participants by IV rather
than the treatment they actually received. In RCTs this is “intention to treat” analysis [13, 14].

Treatment allocation in observational studies is not random, but we can still use instrumental variables. Our
IV was the proportion of previous ILI consultations in which a prescriber had prescribed antivirals [14, 15].
We excluded the first patient seen by each clinician (as there was no prior prescription) and ordered
patients seen on the same day randomly [14]. We used the two-stage least-squares linear regression
predictor substitution method, as implemented in the Stata command ivregress. The idea is that individual
doctors have a tendency to prescribe or not: they have a “prescribing preference”. A doctor’s previous
prescriptions are a proxy for their prescribing preference and are therefore associated with their next
prescription. This association, the ability of the IV to predict prescriptions, is the IV’s “strength”. We can
measure IV strength; we did this with ordinary least squares (OLS) regression and the partial F test. An
instrument strength of 20% means that when the instrument predicts increases from zero to one for 100
children, on average 20 more of them will be prescribed antivirals. By convention, an F statistic >10
indicates the instrument is not weak [14, 16].

Prior prescriptions may also meet the second condition of being unrelated to the outcome except through
treatment. Drugs taken by someone else do not affect a patient’s outcomes, so association between prior
prescribing and outcomes is via the association with the current patient’s treatment. Unlike randomisation,
we cannot be sure that allocation and outcomes are not linked through unknown confounders, and this
isn’t something we can measure. We can adjust for potential confounders as a proxy for unknown factors
instead, and see if the IV mitigated their effects [14]. To assess instrument validity and the direction of bias
we examined the distribution of risk factors under IV analysis, and treatment effect heterogeneity [14, 17].
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Examining potential bias: covariate balance under IV analysis
Observational studies suffer from imbalance in covariates between study “arms”. An instrument should
reduce this imbalance compared to actual allocation. To measure covariate balance we used Mahalanobis
distance, prevalence difference, and the prevalence difference ratio (PDR; supplementary methods,
appendix A) [14–16]. The assumption that the prescriber is independent of the outcome except via the
treatment, is an unverifiable assumption (known as the exclusion restriction assumption) [18]. We
designed analyses to investigate the plausibility of this by using known variables as proxies for unknown
confounders. Previous work has shown that if treatment effects are stable over levels of unknown
confounders, for the IV to be less biased than OLS regression the strength of the instrument must exceed
the PDR. While we cannot measure the PDR for unknown confounders, we can get an idea of how well
the IV is performing by examining the PDR of known variables [14].

Variation of treatment effect in IV analysis
Prescribing prevalence can bias IV analyses. We investigated this using the concepts of “underuse” and
“overuse” [14]. For our purposes, these terms relate to the number of prescriptions in the population, not
that patients are receiving the wrong doses or duration of medication. A drug is underused if only some
patients who are most likely to benefit are receiving it. A drug is overused if prescribing is extended to
patients unlikely to benefit. We hypothesised oseltamivir overuse during the pandemic. Under overuse
conditions, doctors’ past prescribing predicts prescribing better for low-risk patients than high-risk
patients [14]. This is because high-risk patients are likely to receive oseltamivir from most prescribers
irrespective of their preferences, but low-risk patients are more likely to receive oseltamivir from clinicians
with a strong preference for prescribing. The instrument is therefore stronger for low-risk patients.

IV analysis is equivalent to a weighted average of effects in subgroups. Instrument strength in subgroups
gives an indication of the direction of bias [14]. In overuse conditions, preference based IVs underestimate
the treatment effect because they “over-weight” low-risk patients [14]. We assessed bias by examining
instrument strength in subgroups of children with different levels of covariates.

Susceptibility to reverse causality
We excluded children with complications on day 0 from the main analyses because they may not receive
prescriptions if their first presentation is with a complication. A valid instrument is immune to reverse
causality [13]. To see if our instrument violated this we conducted a novel analysis in children who
presented with a complication on day 0. We hypothesised that there would be no association between the
instrument and secondary outcomes in these children. An association could imply the IV was not immune
to reverse causality, and was invalid.

Post hoc analyses
In addition, we undertook post hoc analyses. To assess the effect on serious outcomes very likely related to
influenza infection we added an outcome of “influenza-related hospitalisation and pneumonia”.

To examine the robustness of the propensity score analyses we undertook further analyses using mixed
effects models with random effects terms for either prescriber or general practice. These are described
further in the supplementary material.

Results
Population
Our study population was 16162 children with influenza/ILI; 4028 (24.9%) were prescribed at least one
antiviral, of which ⩾4018 (99.8%) were oseltamivir (table 1). Overall, 9346 children’s CPRD records were
linkable to HES data and 9341 to IMD data. Influenza-related complications were recorded in 753
children (4.6%); there were complication in 599 (4.9%) who had not been prescribed antivirals and 154
(3.8%) in children prescribed antivirals (table 2).

Propensity scores
Propensity scores balanced covariates, and overlapped between children prescribed and not prescribed
antivirals (supplementary figure S1). Inverse probability weights ranged from 1.06 to 12.5 (median 1.37,
interquartile range (IQR) 1.26–1.95) (supplementary figure S2).

We estimated the potential outcome mean (POM) for influenza-related complications as 0.051 (95% CI
0.047–0.054) and the average treatment effect was a risk difference of −0.015 (95% CI −0.022–−0.008;
p<0.0001) (table 2). This means the risk of complications over the whole population, had no oseltamivir
been prescribed, was 5.1%, and would have been 1.5% lower if all children had been treated with
oseltamivir. The POM is slightly higher than the percentage of patients in the dataset for whom
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complications were recorded (4.7%). This is because the POM includes modelling the outcomes for
patients who received antivirals, estimating their risk if they hadn’t received antivirals. Estimated treatment
effects were statistically significant for influenza-related complications requiring intervention (RD −0.006,
95% CI −0.012–−0.001; p=0.0201), pneumonia (RD −0.002, 95% CI −0.003–−0.001; p<0.0001) and
pneumonia or hospitalisation (RD −0.004, 95% CI −0.006–−0.001; p=0.0041). For outcomes based on
linked data of 9346 children, oseltamivir prescriptions were associated with significantly lower risk of
influenza-related hospitalisations (RD −0.003, 95% CI −0.005–−0.001; p=0.023), but not all-cause
hospitalisations (RD −0.003, 95% CI −0.007–0.0003; p=0.0737) (table 2).

IV analysis
To determine prior prescribing, we excluded the first child seen by each prescriber, leaving 11688 children
without a complication on day 0, 6810 of whom had records linkable to the other databases. Clinicians
saw a median of four prior children (IQR 2–10) and prescribed oseltamivir to one (IQR 0–3). The
strength of this continuous instrument was 56.3% (95% CI 54.3–58.2, F statistic 3246). That is to say, there
were 56 more prescriptions for every 100 children who the instrument predicted would get antivirals.

Antiviral prescribing was associated with significant reduction in influenza-related complications,
even after adjustment (crude RD −0.028, 95% CI −0.047–−0.009; p=0.0032; adjusted RD −0.032, 95%
CI −0.051–−0.013; p=0.0007). Oseltamivir was associated with a significant reduction in pneumonia or
hospitalisation (crude RD −0.009, 95% CI −0.016–−0.002; p=0.0156; adjusted RD −0.009, 95%
CI −0.017–−0.002; p=0.0102), but not complications requiring further intervention or pneumonia alone.
Using the subpopulation of 6810 children with records linked to hospital data, we found that oseltamivir
was associated with fewer hospitalisations. In both crude and adjusted IV analyses, oseltamivir was
associated with lower all-cause hospitalisation (crude RD −0.029, 95% CI −0.052–−0.007; p=0.0115;
adjusted RD −0.028, 95% CI −0.051–−0.006; p=0.0141) and influenza-related hospitalisation (crude

TABLE 1 The population characteristics of children presenting to Clinical Practice Research
Datalink practices with influenza or influenza-like illness between April 27, 2009 and May 23,
2010

No oseltamivir Oseltamivir

Number of children 12134 (75.1) 4028 (24.9)
Age years 8.73±5.09 7.69±4.95
Male 6123 (50.5) 2061 (51.2)
Underlying conditions#

Asthma 1371 (11.3) 632 (15.7)
Premature birth 196 (1.6) 85 (2.1)
Neurological 113 (0.9) 47 (1.2)
Metabolic 67 (0.6) 52 (1.3)
Haematological conditions/immunosuppression 11 (0.1) 2 (<0.1)

Socioeconomic deprivation (IMD quintile)¶

1 (least deprived) 1526 (12.6) 533 (13.3)
2 1288 (10.6) 474 (11.8)
3 1223 (10.0) 433 (10.8)
4 1408 (11.6) 525 (13.0)
5 (most deprived) 1481 (12.2) 450 (11.2)
Not linked to IMD 5208 (42.9) 1613 (40.0)

Vaccination status
2008/9 seasonal influenza vaccine 471 (3.9) 223 (5.5)
Pandemic influenza vaccine 80 (0.7) 15 (0.4)
Pneumococcal conjugate vaccine 3633 (29.9) 1495 (37.1)
Haemophilus influenzae b vaccine 11117 (91.6) 3773 (93.7)

Prescriptions at index consultation
Antibiotic 782 (6.4) 202 (5)
Inhaled bronchodilator 76 (0.6) 36 (0.9)
Inhaled corticosteroid 115 (0.9) 69 (1.7)

Acute hospitalisations in previous year 124 (1.0) 76 (1.9)

Data are presented as n (%) or mean±SD. IMD: index of multiple deprivation. #: one or more underlying
conditions recorded in 2480 (15.3%) children; ¶: IMD quintiles based on IMD scores according to patient’s
postcode at Office for National Statistics small-area level (100 houses). Linked IMD data available for 9334
children.
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TABLE 2 The effects of oseltamivir treatment on influenza-related complications in children who attended a Clinical Practice Research Datalink practice during the
2009/10 pandemic with an influenza-like illness estimated using propensity score and physician prescribing preference instrumental variable (IV) methods

Propensity score analysis IV analysis

Events Potential outcome
mean if no
oseltamivir
prescribed

Average treatment effect
with oseltamivir

Events Crude IV analysis Adjusted IV analysis

No
oseltamivir

Oseltamivir Estimated risk Risk difference
(95% CI)

p-value No
oseltamivir

Oseltamivir Risk difference
(95% CI)

p-value Risk difference
(95% CI)

p-value

All children 16162 11688
Oseltamivir

prescriptions
12134 4028 8721 2967

Influenza-related
complications

599 (4.9) 154 (3.8) 0.051 −0.015
(−0.022–−0.008)

<0.0001 426 (4.9) 110 (3.7) −0.028
(−0.047–−0.009)

0.0032 −0.032
(−0.051–−0.013)

0.0007

Influenza-related
complications
requiring intervention

314 (2.6) 86 (2.1) 0.027 −0.006
(−0.012–−0.001)

0.0201 224 (2.6) 63 (2.1) −0.008
(−0.022–0.006)

0.2614 −0.011
(−0.024–0.003)

0.1396

Pneumonia 33 (0.3) 2 (<0.1) 0.003 −0.002
(−0.003–−0.001)

<0.0001 23 (0.3) 0 (0) −0.003
(−0.007–0.001)

0.145 −0.003
(−0.007–0.001)

0.1392

Pneumonia or
hospitalisation

86 (0.7) 17 (0.4) 0.007 −0.004
(−0.006–−0.001)

0.0041 64 (0.7) 12 (0.4) −0.009
(−0.016–−0.002)

0.0156 −0.009
(−0.017–−0.002)

0.0102

Children with linked data# 9346 6810
Oseltamivir

prescriptions
6930 2416 5021 1789

All-cause hospitalisation 62 (0.9) 15 (0.6) 0.009 −0.003
(−0.007–0.0003)

0.0737 48 (1) 12 (0.7) −0.029
(−0.052–−0.007)

0.0115 −0.028
(−0.051–−0.006)

0.0141

Influenza-related
hospitalisation

33 (0.5) 5 (0.2) 0.005 −0.003
(−0.005–−0.001)

0.023 25 (0.5) 4 (0.2) −0.020
(−0.038–−0.002)

0.0267 −0.021
(−0.039–−0.003)

0.0226

Data are presented as n or n (%), unless otherwise stated. IV strength in full population 56.3% (95% CI 54.3–58.2, F statistic 3246 for linear model). IV strength in linked population 58.9%
(95% CI 56.5–61.4%, F statistic 6808). #: general practice records being linkable to Office of National Statistics, Hospital Episode Statistics and Index of Multiple Deprivation datasets.
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RD −0.020, 95% CI −0.038–−0.002; p=0.0267; adjusted RD −0.021, 95% CI −0.039–−0.003; p=0.0226)
(table 2).

Examining potential bias: covariate balance under IV analysis
IV analysis reduced the prevalence difference for all variables compared to actual prescribing
(supplementary table S1). The IV reduced overall imbalance measured as Mahalanobis distance between
study arms by 59.0% compared to antiviral prescribing.

We empirically dichotomised the continuous instrument at maximum strength; when clinicians had
prescribed to ⩾77% of prior children. The strength was 44.8% (95% CI 42.5–47.1%, p<0.0001, F statistic
1923) meaning that clinicians who had prescribed to >77% of the children they had seen previously were
44.8% more likely to prescribe to the next child than physicians who prescribed to a smaller proportion of
prior consultations. The PDR was smaller than the strength of the dichotomised instrument (implying a
less biased analysis) for each risk factor except sex, haematological disorders, neurological disorders and
pandemic influenza vaccination (supplementary table S1). Instrument strength was either greater in
patients with high-risk covariates than in the whole population, or confidence intervals overlapped,
implying a less biased analysis (supplementary table S3).

Children at higher risk of complications
There were 4015 children in our subgroup of children with risk factors for complications (supplementary
table S2). Complications occurred in 271 (6.7%), 36% (POM 0.074). Point estimates for treatment effects
on influenza-related complications were higher than the primary analysis in this subgroup, but confidence
intervals overlapped.

Susceptibility to reverse causality
There were 424 children with complications on day 0 for whom we could derive an IV. The IV was not
associated with antiviral prescribing in this population; it had no strength (continuous IV 0.03, 95%
CI −0.003–0.066, F statistic 3.2; dichotomised IV 0.025, 95% CI −0.09–0.59, F statistic 2.12). It also had
no association with secondary outcomes. Therefore, the IV did not demonstrate susceptibility to reverse
causality.

Post hoc analyses
Results were consistent with the prespecified analyses. They are presented in the supplementary material.

Discussion
Principal findings
Our findings show that oseltamivir treatment is associated with a small but statistically significant
reduction in influenza-related complications in children presenting in primary care with influenza/ILI
during an influenza pandemic. Both analysis strategies found a significant reduction in pneumonia or
hospitalisation, and influenza-related hospitalisation. Results for other outcomes were consistent, but did
not meet statistical significance in both analyses. Propensity score analysis suggested a reduction in
complications requiring interventions and pneumonia, but IV analysis did not reach statistical significance.
Oseltamivir was associated with a statistically significant reduction in all-cause hospitalisations in IV
analysis, but not in propensity score analysis.

Comparison with other research
Our results are consistent with findings from systematic reviews of randomised trials [19]. A Cochrane
review and update included three trials with 1359 children [2, 3]. There was no difference between arms
for hospitalisations (18 events), bronchitis (34 events), otitis media (196 events), pneumonia (51 events)
and sinusitis (50 events). When they combined all infective complications into a single category there were
230 events and a risk difference of −0.049 (risk ratio 0.75, 95% CI 0.59–0.95) [3].

A more recent review used individual patient data meta-analysis and included two further trials [20].
MALOSH et al. [20] found that oseltamivir reduced the risk of otitis media (114 events), but only in a
subpopulation of 1598 children shown to have been infected with influenza (relative risk 0.66, 95% CI
0.47–0.95). Lower respiratory tract complications (67 events) were not significantly reduced (RD −0.008,
relative risk 0.75, 95% CI 0.37–1.52) [20].

The ALIC4E trial of oseltamivir versus usual care in primary care included adults and 426 children aged
<12 years [21]. It was powered for duration of illness rather than complications. ALIC4E found that
oseltamivir reduced symptom duration, especially those with more severe symptoms, comorbidities and
symptoms for >48 h before presentation. These effects were smaller in children than older patients. Over
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the whole study population there was no difference in pneumonia (19 events) or hospital attendances
(95 events).

Strengths and limitations
We used a pragmatic approach to assessing causal associations between oseltamivir prescribing and
influenza-related complications using a large dataset of routinely collected primary care data linked to data
on hospital admissions, mortality and social deprivation. Results are therefore generalisable to the
paediatric primary care population. Given that these are retrospective observational data, we maximised
the robustness of our findings by conducting analyses using different assumptions and undertaking
supplementary analyses to assess validity and bias. A limitation is that there may be unmeasured
confounding between the prescriber and the outcomes. This is not something that can be verified.

A strength of using all-cause hospitalisations as an outcome is that it includes influenza-related admissions
attributed to other causes. A corresponding weakness is that it includes admissions unlikely to be
influenza-related, such as injury admissions. As we would expect these admissions to also be unaffected by
oseltamvir prescribing, estimates for all-cause hospitalisation may be biased towards the null.

There are limitations to using routinely collected data. Physicians were not blind to prescribing and
complications of influenza may have been recognised or recorded differently according to prescribing
status. We had no data on severity or duration of illness, as these data are not routinely coded and
therefore cannot be easily extracted from CPRD records. Additionally, almost six times as many patients
contacted the National Pandemic Flu Service (NPFS) instead of their general practice for advice on
influenza/ILI during the 2009/10 influenza pandemic [22]. However, it was not possible to link data on
allocation of antiviral medications by the NPFS to clinical data in CPRD. Our cohort did not include
children without a diagnostic code for influenza/ILI who were prescribed antivirals, and we included only
the first illness episode. Therefore, we could not compare our cohort to children who were prescribed
oseltamivir but who did not have a diagnosis of influenza/ILI. In addition, we were unable to estimate the
total number of ILI consultations per patient or examine practice-level characteristics associated with
higher levels of oseltamivir prescribing.

Implications for practice and research
Most complications occurred in patients without additional risk factors, highlighting the difficulty in
identifying children who will go on to have complications [23]. Our estimates convert to numbers needed
to treat to prevent one complication of 67 (95% CI 46–125) from propensity score analysis and 31 (95%
CI 20–77) from IV analysis. These figures support the current practice of limiting prescribing to periods of
high influenza activity.

Prescribers chose antivirals in about a quarter of cases, even when guidance was to prescribe for all
patients irrespective of risk profile. There is evidence that, despite low sensitivity, point-of-care tests for
influenza increase antiviral prescribing, but prescribing can remain at low levels even when tests are
available [24, 25].

Future RCTs should examine the effectiveness of antiviral medications on reducing complications such as
pneumonia and hospitalisation during periods of high influenza activity such as epidemics and pandemics.
Future research should also aim to determine clinically and cost effective strategies for targeting antiviral
prescribing, including identification of high-risk groups and use of diagnostic testing.

Conclusions
Oseltamivir was associated with a small reduction in influenza-related complications in children seen in
primary care with influenza/ILI during the 2009/10 pandemic. Further evidence from high-quality
randomised controlled trials is needed to substantiate these findings and inform efficient, cost-effective
strategies for prescribing antivirals.
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