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ABSTRACT

Introduction: Influenza is a common and

potentially serious disease in children. This

retrospective cohort study examined the

incidence of complications and associated risk

factors in this population, and the effects of

antiviral treatment.

Methods: Data for children aged B17 years with

a clinical diagnosis of influenza (ICD-9-CM

codes 487.xx or 488.xx) during the 2006–2010

influenza seasons (including the 2009–2010

pandemic season) were obtained from US

insurance claims databases. Unconditional

logistic regression was used to evaluate the

effect of antiviral treatment on the incidence

of complications and healthcare resource

utilization during the 30 days post the index

influenza diagnosis. A sub-analysis in children

aged \1 year was performed.

Results: Antiviral treatment was used in

315,128 (39.53%) of 797,284 cases. The risk of

complications was higher in children with pre-

existing conditions, e.g., asthma (odds ratio

[OR] = 1.86) or cystic fibrosis (OR = 1.67) than

otherwise healthy children. Antiviral treatment

reduced the 30-day risk of complications,

hospitalization, emergency department visits,

and C2 outpatient visits versus no treatment

(ORs = 0.76, 0.69, 0.76, and 0.81, respectively);

30-day risks were further reduced by early

treatment (within 2 days of diagnosis). The

sub-analysis included 19,666 children aged

\1 year; 7.38% received antiviral treatment

during the pre-pandemic seasons and 33.00%

during the pandemic season. Findings were

similar to the main analyses; however,

healthcare resource utilization was only

significantly reduced by early treatment.

Conclusions: Antiviral treatment is associated

with reduced risk of complications and

healthcare resource utilization in children of

all ages with influenza, especially when

initiated early.
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INTRODUCTION

Although influenza viruses cause infections in

all age groups, there is a considerable disease

burden in children [1]. This burden is

concentrated in younger children, and in

particular children aged \2 years, in whom

complications associated with influenza occur

most frequently [2]. Each year approximately

20,000 children aged \5 years are hospitalized

due to complications of influenza [2], and many

studies have shown that rates of hospitalization

and death are higher in younger versus older

children, both in seasonal and pandemic

influenza [3–7]. The risk of serious

complications and hospitalization in

influenza-infected children is higher in those

with co-existing chronic conditions, such as

asthma and disorders of the nervous system,

than in otherwise healthy children [2, 8–10].

This paper reports a retrospective claims-

based cohort analysis in children aged\18 years

with a clinical diagnosis of influenza. Its aims

were to describe the incidence of clinical

complications and associated risk factors in

this population, and the effect of antiviral

treatment on the risk of complications and

measures of healthcare utilization such as

hospitalization. We followed the common age

categories for reporting pediatric influenza

incidence according to the Centers for Disease

Control and Prevention (CDC): 0–4; 5–12, and

13–17 years. Furthermore, results of a subgroup

analysis in children aged \1 year are also

presented, since few studies have focused on

this especially vulnerable population, who have

higher rates of influenza-related

hospitalizations than older children [3, 11];

inclusion of this subgroup with children

[1 year of age obscures both this enhanced

risk and the unknown effect of antiviral

therapy. In general, antiviral treatment is not

approved for use in this age group, with the

exception of the USA, where oseltamivir was

approved in December 2012 for all children

aged C2 weeks. However, during the

H1N1pdm2009 pandemic, emergency use

authorizations that were issued by the US

CDC, European Medicines Agency, and Health

Canada permitted the use of oseltamivir in

children aged\1 year. We, therefore, compared

complication data from the pandemic period

with those from the three previous seasons in

this age group.

METHODS

Data Source

This was a retrospective cohort study based on

insurance claims data for US patients taken

from the MarketScan Commercial Claims and

Encounters Database, Medicare Supplemental

Database and MarketScan Co-ordination of

Benefits Database (Thomson Reuters,

Cambridge, MA). Together, these databases

covered 124,096,527 lives. The patients whose

records are in these databases are mostly private

payers and individuals covered by Medicare.

Enrollment/eligibility records for each

patient contain demographic information,

including age, gender, and census region,

while the medical claims files capture

information on inpatient and outpatient care

and the use of facilities and services, including

the date and place of service, provider type, and

payment information. Each medical claim is

associated with up to 15 ICD-9-CM

(International Classification of Diseases, 9th

Revision, Clinical Modification) diagnosis
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codes and up to 15 ICD-9-CM procedure codes.

Pharmacy claims files capture the National Drug

Code, dispensing date, quantity of drug and

number of days supplied, and payments made.

Data Selection and Screening

For this analysis, the index date was defined as the

date of first influenza diagnosis (ICD-9-CM codes

with prefix 487 or 488) to be billed in an influenza

season. Data included in the analysis were from

patients aged\18 years for whom the index date

occurred between October 1 and March 31 in any

of the three Northern Hemisphere influenza

seasons 2006–2007, 2007–2008, and 2008–2009,

and during the 12 months of the H1N1pdm09

influenza pandemic (April 1, 2009 to March 31,

2010) according to the CDC [12]. These records

were further screened to exclude duplicate

records, patients who did not meet insurance

eligibility requirements (i.e., \3 months of

continuous health insurance coverage before the

index date, or \30 days of health insurance

coverage after the index date), and those with an

index date falling on the same day as an influenza

vaccination.

We quantified patients who were diagnosed

with a chronic pulmonary disease (asthma,

bronchitis, cystic fibrosis, and other chronic

respiratory diseases), heart disease (cardiac

disease and heart failure), diabetes mellitus,

rheumatoid arthritis, renal disease, or

immunocompromised disease state before the

index date. For all included patients, records

were searched during the 30 days after the index

date to identify any complications, identify

antibiotic use, and assess healthcare resource

utilization. The complications examined were

selected from the ICD-9 codes used in the study

by Loughlin’s group (Table 1) [13]. Briefly, acute

respiratory infection (ARI) includes acute

sinusitis, nasopharyngitis, pharyngitis,

tonsillitis, laryngitis and tracheitis, upper

respiratory infection, acute bronchitis and

bronchiolitis, and acute pneumonia.

Data Analysis

Data were analyzed for three age groups (0–4,

5–12, and 13–17 years) according to the CDC

commonly used age categories. To examine the

emergency use of antivirals during the

H1N1pdm2009 pandemic, a subgroup analysis

was performed in children aged \1 year.

The incidence rate of each complication was

calculated as the number of patients affected

divided by the total time for which patient data

were recorded in the database (in patient-

months) during each influenza season.

Unconditional logistic regression analysis was

performed to evaluate whether antiviral

treatment (i.e., oseltamivir and zanamivir) had

any effect on the risk of developing

complications during the 30 days post the

index influenza diagnosis. For these analyses,

the dependent variable was the complication

(present or not present) and the independent

variable was antiviral treatment (yes or no). The

covariates were: age, gender, region (North-East,

North central, South, West or unknown), health

plan (Exclusive Provider Organization, Preferred

Provider Organizations, Health Maintenance

Organization, Point of Service, Consumer

Driven Health Plan or High Deductible Health

Plan), influenza season (2006–2007, 2007–2008,

2008–2009 or 2009–2010 [pandemic]),

influenza vaccination, pre-existing conditions

(chronic respiratory disease [asthma, chronic

obstructive pulmonary disease and cystic

fibrosis], heart disease [congestive heart failure

and ischemic heart disease], diabetes mellitus,

Parkinson’s disease, rheumatoid arthritis, or

immunocompromised disease state recorded

prior to the first influenza diagnosis), and
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other treatment (antibiotics, antipyretics, nasal

decongestants, ear drops, cough medication or

throat preparation).

Additional logistic regression analyses were

conducted to evaluate the effect of antiviral

treatment on three measures of 30-day

healthcare utilization, i.e., the number of

patients admitted to hospital or the emergency

department at least once, and the number of

patients who made C2 outpatient visits. The

dependent variable was the healthcare

utilization measure, the independent variable

was antiviral treatment and the covariates were

gender (male, female), age group (0–4, 5–12, and

13–17 years, except in the sub-analysis of children

aged \1 year), region, and health insurance

Table 1 International Classification of Diseases, 9th Edition (ICD-9) codes for complications identified during database
analysis

Diagnosis ICD-9 code

Acute respiratory infections

Acute sinusitis 461–461.9

Acute bronchitis and bronchiolitis 466–466.1, 466.19

Acute pneumonia 480, 480.8, 480.9, 481, 482, 483, 483.8, 485, 486, 487.0

Other acute respiratory infections

Nasopharyngitis 460

Pharyngitis 462

Tonsillitis 463

Laryngitis and tracheitis 464–464.4

Upper respiratory infection 465–465.9

Influenza with other respiratory manifestations 487.1

Renal diseasea 580–581.9, 583–583.7, 583.9, 584–584.9, 586, 590.1–590.9

Asthma 493–493.9

Acute pericarditis or myocarditis

Pericarditis 420, 420.9–420.99

Myocarditis 422, 422.9–422.92, 422.99

Acute otitis media 381–381.03, 381.4, 382–382.02, 382.4, 382.9

Myositis and myoglobinuria 728.0, 729.1, 791.3

Guillain–Barré syndrome 357

Heart failure 428–428.9

Related nervous symptoms

Febrile convulsions 780.31

Ataxia 781.3

a Acute glomerulonephritis, nephrotic syndrome, nephritis and nephropathy (not specified as acute or chronic), acute
kidney failure, unspecified renal failure, infections of kidney
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coverage. For all regression analyses, adjusted

odds ratios (OR) with 95% confidence intervals

(CIs) were calculated to compare risks. For time to

start antiviral treatment, the interval between

influenza diagnosis and prescription fill was used

(measured in whole days), as the date of illness

onset was not available in the claims record.

SAS version 9.2 (SAS Institute Inc., Cary, NC,

USA) was used to perform the data analyses. The

significance level was set at a two-tailed alpha

value of 0.05.

This article does not contain any new studies

with human or animal subjects performed by

any of the authors.

RESULTS

Total Cohort

Demographic Data, Pre-Existing Conditions,

and Treatment Patterns

The main cohort consisted of 797,284 cases of

clinically diagnosed influenza (Fig. 1). The largest

age group was children aged 5–12 years, which

containedmorechildren thantheother twogroups

combined (0–4 yearsand13–17 years;Table 2).The

majority of children were otherwise healthy, with

no co-morbidities. The most common pre-existing

condition was asthma, the prevalence of which was

similar across the three age groups (11–14%), with

other chronic pulmonary diseases affecting 4–6%

of children (Table 1).

Influenza was treated with antivirals in

315,128 (39.53%) cases, with oseltamivir

accounting for 94.66% of all treatments

(Table 2). The proportion of children treated

was similar across age groups. Antiviral

treatment was started within 2 days of influenza

diagnosis in 93.51% of all cases. The mean time

from diagnosis to prescription fill was\0.25 days

in all three age groups and the mean duration of

treatment ranged from 5.55 to 5.99 days.

Complication Rates and Risk Factors

The most commonly reported 30-day

complication across all age groups was ARI

Fig. 1 Study design and patient disposition
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(13.33%); this complication was nearly twice as

prevalent in children aged 0–4 years as in

adolescents. Acute otitis media (AOM) was

reported in almost 10% of children aged

0–4 years but less commonly in children

[4 years old. Asthma was the only other

complication occurring in [1% of cases, being

slightly less common in adolescents than

younger children (Table 3).

Compared with children aged 0–4 years,

older children had a significantly lower risk

of a complication, with ORs of 0.55 (95% CI:

0.54–0.56) and 0.42 (95% CI: 0.41–0.43) in the

5–12 years and 13–17 years age groups,

respectively (P\0.0001 in both cases)

(Table 4). For all of the pre-existing

conditions analyzed, the risk of a

complication was significantly higher in

children with pre-existing conditions than

those without. The increase in relative risk

was particularly marked for respiratory disease,

with ORs of 1.86 for asthma and 1.67 for cystic

Table 2 Demographic characteristics, pre-existing conditions and treatment data for all children in study by age group

Age group (years)

0–4 5–12 13–17

Episodes, n 187,903 411,435 197,946

Gender, n (%)

Male 99,736 (53.07) 214,822 (52.21) 102,412 (51.74)

Female 88,167 (46.92) 196,613 (47.79) 95,534 (48.26)

Pre-existing conditions, n (%)

Asthma 23,009 (12.25) 58,198 (14.15) 21,954 (11.09)

Other CPD 11,442 (6.09) 18,689 (4.54) 6,931 (3.50)

Diabetes 886 (0.47) 5,078 (1.23) 4,312 (2.18)

Immunocompromised 462 (0.25) 1,855 (0.45) 1,600 (0.81)

Renal disease 758 (0.40) 1,249 (0.30) 822 (0.42)

Heart disease 270 (0.14) 386 (0.09) 368 (0.19)

Cystic fibrosis 142 (0.08) 230 (0.06) 102 (0.05)

Rheumatoid arthritis 17 (0.01) 120 (0.03) 137 (0.07)

Treatment

Treated with antiviral drugs, n (%) 68,753 (36.59) 165,529 (40.23) 80,846 (40.84)

Oseltamivir, n (%) 67,301 (35.82) 156,346 (38.00) 74,662 (37.72)

Antivirals initiated within 2 days, n (%)a 66,301 (35.28) 154,499 (37.55) 73,881 (37.32)

Time from diagnosis to prescription fill, mean (SD), days 0.23 (1.71) 0.18 (1.41) 0.18 (1.46)

Duration of antiviral treatment, mean (SD), daysb 5.99 (3.82) 5.83 (3.37) 5.55 (2.79)

Other CPD chronic pulmonary diseases other than asthma and cystic fibrosis, SD standard deviation
a Time from diagnosis to prescription fill
b Time from prescription fill to end of treatment (end of treatment is defined as the date of last prescription fill ? number
of days treatment supplied)
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fibrosis. Complication risk was also

significantly higher in vaccinated than

unvaccinated children and in antibiotic users

compared with non-users (P\0.0001 in both

cases).

Effect of Antiviral Treatment

on Complications

Antiviral treatment significantly reduced the

risk of an influenza complication across the

total cohort, compared with no antiviral

treatment (OR = 0.76; 95% CI: 0.75–0.77).

The reduction in risk was also significant for

some specific complications, e.g., ARI

(OR = 0.78; 95% CI: 0.77–0.79) and AOM

(OR = 0.63; 95% CI: 0.61–0.65; Table 5). The

risk of complications was much lower in

children whose prescriptions for antiviral

treatments were filled within 2 days of

diagnosis than in those whose prescriptions

were filled later (OR = 0.21; 95% CI: 0.19–0.29;

Table 6).

Effect of Antiviral Treatment on Use

of Healthcare Resources

For the total cohort, children who received

antiviral treatment had significantly lower risks

of hospitalization (OR = 0.69; 95% CI:

0.66–0.73), emergency department visits

(OR = 0.76; 95% CI: 0.75–0.77), and making

C2 outpatient clinic visits (OR = 0.81; 95% CI:

0.80–0.82), compared with those who received

no antiviral treatment (Table 6). Early initiation

of antiviral treatment (within 2 days of

diagnosis versus later) was associated with

even larger reductions in risk of these three

outcomes (Table 6).

Subgroup Analysis, Children Aged <1 Year

Old

Demographic Data, Pre-Existing Conditions,

and Treatment

A total of 19,666 children aged \1 year were

eligible for analysis, divided almost equally

Table 3 Number and type of complications in all children in study by age group

Age group (years)

All 0–4 5–12 13–17

Any complication 136,143 49,901 62,051 24,191

Incidence per 100 person-months 19.18 31.64 16.73 13.35

Acute respiratory infection, n (%) 106,267 (13.33) 36,655 (19.51) 48,779 (11.86) 20,833 (10.52)

Acute otitis media, n (%) 31,312 (3.93) 18,238 (9.71) 10,943 (2.66) 2,131 (1.08)

Asthma, n (%) 15,933 (2.00) 4,397 (2.34) 8,716 (2.12) 2,820 (1.42)

Febrile convulsions, ataxia, n (%) 1,444 (0.18) 706 (0.38) 691 (0.17) 47 (0.02)

Myositis or myoglobinuria, n (%) 715 (0.09) 56 (0.03) 404 (0.10) 255 (0.13)

Renal, n (%)a 196 (0.02) 50 (0.03) 80 (0.02) 66 (0.03)

Heart failure, n (%) 39 (0.00) 13 (0.01) 15 (0.00) 11 (0.01)

Acute pericarditis or myocarditis, n (%) 14 (0.00) 2 (0.00) 3 (0.00) 9 (0.00)

Guillain–Barré syndrome, n (%) 11 (0.00) 2 (0.00) 5 (0.00) 4 (0.00)

a Acute glomerulonephritis, nephrotic syndrome, nephritis and nephropathy (not specified as acute or chronic), acute
kidney failure, unspecified renal failure, infections of kidney
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between the pre-pandemic and pandemic

periods. Asthma (prevalence: 3.57–4.56%) and

other chronic pulmonary diseases excluding

cystic fibrosis (prevalence: 2.75–3.71%) were

the most common pre-existing conditions in

both time periods (Table 7).

The proportion of infants treated with

antivirals was more than four times higher in

the pandemic period than the pre-pandemic

period (33.00% vs. 7.38%); oseltamivir

accounted for 88.7% of all antivirals prescribed

pre-pandemic, and 99.7% during the pandemic.

The proportion of all antivirals started within

2 days of influenza diagnosis increased from

86.8% of cases (pre-pandemic) to 98.2% in the

pandemic, resulting in a lower mean time from

diagnosis to prescription fill in the latter period

(Table 7).

Table 4 Logistic regression analysis of factors associated with the overall complication rate in all children in study

Descriptive information, n (%) OR 95% CI P value

Age group

0–4 years 49,901 (36.65) Reference

5–12 years 62,051 (45.58) 0.55 0.54–0.56 \0.0001

13–17 years 24,191 (17.77) 0.42 0.41–0.43 \0.0001

Influenza vaccination

No 46,645 (34.26) Reference

Yes 89,498 (65.74) 1.25 1.23–1.26 \0.0001

Previously existing disease

None 653,992 (82.03) Reference

Renal disease 649 (0.48) 1.28 1.16–1.40 \0.0001

Asthma 26,918 (19.77) 1.86 1.83–1.89 \0.0001

Other CPD 8,547 (6.28) 1.16 1.13–1.19 \0.0001

Diabetes mellitus 1,985 (1.46) 1.27 1.20–1.34 \0.0001

Heart disease 266 (0.20) 1.39 1.19–1.62 \0.0001

Rheumatoid arthritis 54 (0.04) 1.41 1.03–1.95 0.0377

Cystic fibrosis 169 (0.12) 1.67 1.36–2.05 \0.0001

Immunocompromised 826 (0.61) 1.23 1.13–1.34 \0.0001

Antibiotic use

No 71,616 (52.60) Reference

Yes 64,527 (47.40) 4.70 4.64–4.76 \0.0001

Antiviral use

No 85,455 (62.77) Reference

Yes 50,688 (37.23) 0.76 0.75–0.77 \0.0001

CI confidence interval, OR odds ratio, Other CPD chronic pulmonary diseases other than asthma and cystic fibrosis
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Complication Rates and Risk Factors

The majority of complications in this age group

were either ARI or AOM. The latter appeared

slightly less common during the pandemic

(16.08%) than before it (21.48%), but the

prevalence of ARI was similar in the two

periods. With the exception of asthma, other

complications occurred in less than 0.4% of

children (Table 8).

In children aged \1 year, the complication

rate was slightly but significantly lower during

the pandemic than the three seasons before it

(OR = 0.91; 95% CI: 0.85–0.97; P = 0.004), and

girls were also significantly less likely to have a

complication than boys (OR = 0.88; 95% CI:

0.83–0.94; P\0.0001; Table 9). As in the

analysis of the total cohort, the complication

rate was significantly higher in infants who

received vaccination and those who received

antibiotics, and significantly lower in those who

received antivirals (OR = 0.80; 95% CI:

0.74–0.87; P\0.0001) for infants in both

periods combined. Three of the eight pre-

existing conditions analyzed showed a

significant association with complication rate:

ORs for asthma, other chronic pulmonary

diseases, and cystic fibrosis were 1.83 (95% CI:

1.57–2.14), 1.21 (95% CI: 1.02–1.44), and 4.69

(95% CI: 1.26–17.53), respectively, compared

with otherwise healthy infants (Table 9).

Effect of Antiviral Treatment

on Complications

Antiviral treatment significantly reduced the

risk of complication both before the pandemic

(OR = 0.61; 95% CI: 0.51–0.72) and during it

(OR = 0.88; 95% CI: 0.80–0.97). In the analysis

of specific complications, however, a significant

reduction in risk in both periods was seen for

AOM only (ORs of 0.58 [95% CI: 0.47–0.71] and

0.67 [95% CI: 0.59–0.76], respectively). For ARI,

the most common complication, risk reduction

was significant only in the pre-pandemic period

(OR = 0.71; 95% CI: 0.60–0.85; Table 10).

Effect of Antiviral Treatment on Use

of Healthcare Resources

The risk of hospitalization or emergency

department visits was not significantly lower

in children aged \1 year who received antiviral

treatment than those who did not, either before

or during the pandemic. The risk of C2

outpatient visits was significantly lower in

infants who received antiviral treatment

compared with those who did not, but only

during the pre-pandemic period (Table 11). By

contrast, in both pre-pandemic and pandemic

periods, the risk of hospitalization and C2

outpatient visits was significantly lower in

infants for whom prescriptions were filled

within 2 days of diagnosis versus later

(Table 11). The corresponding risk reduction

for emergency department visits was also

Table 5 Effect of antiviral treatment on risk of
complications: logistic regression analyses in all children
in study

na ORb 95% CI

Any complication 132,557 0.76 0.75–0.77

Acute respiratory infections 103,409 0.78 0.77–0.79

Acute otitis media 30,494 0.63 0.61–0.65

Asthma 15,475 0.82 0.79–0.85

Myositis and myoglobinuria 698 0.84 0.72–0.98

Heart failure 38 0.62 0.30–1.28

Renal diseases 188 0.71 0.52–0.97

Febrile convulsions, ataxia 1,418 0.95 0.85–1.06

Covariates for analysis: age, gender, region, health plan,
season, influenza vaccination prior to influenza diagnosis,
pre-existing conditions, and other treatment
CI confidence interval, OR odds ratio
a Total of treated and untreated patients
b Relative to all patients in analysis population who did
not take antivirals
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significant, but only during the pre-pandemic

period (OR = 0.36; 95% CI: 0.16–0.80;

Table 11).

DISCUSSION

Our retrospective analysis of claims data in

children in the US showed that the incidence of

all influenza-related complications was at least

twice as high in those aged 0–4 years than in

older children (32 events per 100 person-

months vs. 17 in children aged 5–12 years and

13 in those aged 13–17 years). This age-related

difference was also evident when comparing

rates of the two most common complications in

children aged \1 year with those in the total

cohort. ARI occurred in approximately 30% of

children aged\1 year during the pandemic and

pre-pandemic periods, more than double the

rate (13.33%) in the whole cohort, and the same

contrast was seen with AOM, whose prevalence

was markedly higher in the \1-year-old

population (21.48% in the pre-pandemic

period) than in all children (3.93%).

All the pre-existing conditions analyzed in

our regression models significantly increased the

30-day risk of influenza complications in the

total cohort compared with children with no

pre-existing conditions. The largest increases

were for asthma and cystic fibrosis, with ORs of

1.86 (95% CI: 1.83–1.89) and 1.67 (95% CI:

1.36–2.05), respectively. Regression analysis also

found significant associations between the rate

of complications and whether or not children

had received influenza vaccination and

antibiotics. These observations may reflect a

well-described selection bias, since higher-risk

children, who have a greater complication risk

[5], are defined in treatment guidelines as

priority cases for vaccination, and would be

expected to have higher rates of infectious

disease complications and greater antibiotic

utilization. It is also possible that the

adjustments made to the regression analysis for

pre-existing conditions may not have fully

corrected for a risk bias in the vaccinated cohort.

In the total cohort, approximately 40% of

children received antiviral therapy, typically

Table 6 Effect of antiviral treatment on 30-day risk of complications and healthcare utilization: logistic regression analyses
in all children in study

Antiviral treatment versus no
antiviral treatment

Antiviral treatment started within 2 days versus
antiviral treatment started later

na ORb 95% CI na ORc 95% CI

Overall complications 132,557 0.76 0.75–0.77 49,440 0.21 0.19–0.29

Hospitalizations 7,460 0.69 0.66–0.73 2,409 0.14 0.12–0.16

Emergency department visits 63,707 0.76 0.75–0.77 21,437 0.50 0.46–0.55

Outpatient visits C2d 286,813 0.81 0.80–0.82 108,821 0.29 0.27–0.31

Covariates for analysis: age, gender, region, health plan, season, influenza vaccination prior to influenza diagnosis, pre-
existing conditions, and other treatment
CI confidence interval, OR odds ratio
a Total of treated and untreated patients
b Relative to all patients in analysis population who did not take antivirals
c Relative to patients who filled prescriptions [2 days after diagnosis
d Patients who had C2 outpatient visits during the 30 days post-index date
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with oseltamivir. Antiviral treatment was

associated with significant reductions in the

risk of complications and of hospitalizations

(ORs of 0.76 [95% CI: 0.75–0.77] and 0.69 [95%

CI: 0.66–0.73] compared with no antiviral

treatment). These findings broadly agree with

those of an earlier retrospective claims study of

similar design based on data from 6 influenza

seasons (2000–2001 to 2005–2006) [14]; despite

the much smaller cohort size (*5,350 children

aged 1–17 years), that study found that the risk

of respiratory illnesses (other than pneumonia),

otitis media and its complications, and all-cause

hospitalizations was lower in the oseltamivir-

treated cohort than untreated children. An

earlier prospective study in children aged

1–12 years by Whitley et al. [15], which used a

randomized controlled design, also found

significantly lower rates of physician-

diagnosed complications, notably AOM, in

Table 7 Demographic characteristics, pre-existing conditions and treatment data for children aged \1 year by influenza
season

Influenza season

Pre-pandemic Pandemic

Episodes, n 9,986 9,680

Gender, n (%)

Male 5,407 (54.18) 5,285 (54.60)

Female 4,579 (45.85) 4,395 (45.40)

Pre-existing conditions, n (%)

Asthma 455 (4.56) 346 (3.57)

Other CPD 370 (3.71) 266 (2.75)

Diabetes mellitus 36 (0.36) 23 (0.24)

Immunocompromised 14 (0.14) 6 (0.06)

Renal disease 35 (0.35) 43 (0.44)

Heart disease 25 (0.25) 21 (0.22)

Cystic fibrosis 10 (0.10) 5 (0.05)

Rheumatoid arthritis 0 0

Treatment

Treated with antiviral drugs, n (%) 737 (7.38) 3,194 (33.00)

Oseltamivir, n (%) 654 (6.55) 3,184 (32.89)

Antivirals initiated within 2 days, n (%)a 640 (6.41) 3,136 (32.40)

Time from diagnosis to prescription fill, mean (SD), days 0.71 (3.22) 0.28 (1.75)

Duration of antiviral treatment, mean (SD), daysb 7.47 (10.55) 6.18 (4.25)

Other CPD chronic pulmonary diseases other than asthma and cystic fibrosis, SD standard deviation
a Time from diagnosis to prescription fill
b Time from prescription fill to end of treatment (end of treatment is defined as the date of last prescription fill ? number
of days treatment supplied)
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oseltamivir-treated patients than in placebo

recipients. AOM incidence was also

significantly lower in oseltamivir-treated

children aged 1–3 years in a Swedish placebo-

controlled study, although only in a subgroup

in which treatment was started within 12 h of

illness onset [16].

In our sub-analysis in children aged \1 year,

the risk of developing complications was

significantly reduced by antiviral treatment

both before and during the pandemic;

however, the OR was lower (suggesting greater

risk reduction) in the pre-pandemic period (0.61

[95% CI: 0.51–0.72] vs. 0.88 [95% CI:

0.80–0.97]). A possible explanation is that

more children with milder disease were treated

with antivirals during the pandemic and that

this may have diluted the complication risk.

This is supported by the finding that children

aged\1 year were much more likely to be given

antiviral treatment during the pandemic period

year than in the previous three influenza

seasons, and the proportion who started

treatment within the 2-day window was also

larger during the pandemic. This reflected

treatment guidelines issued by US CDC in May

2009 that recommended children aged\5 years

as one of the priority groups that should be

tested and given antiviral treatment if

H1N1pdm09 infection was suspected [17]. Due

to our requirement for C3 months continuous

health insurance coverage before the index

data, infants \3 months were not included in

the analyses.

One of the strengths of our study is the

sample size: with 315,000 children treated with

antivirals, this is the largest study in children

with clinically diagnosed influenza aged

\18 years with adequate numbers to assess the

event rates of complications based on

retrospective, claims-based analysis. As the

time of illness onset in each patient was not

known, we measured the time to initiation of

antiviral therapy from the date of diagnosis;

thus, the threshold value of 2 days used to

define early versus late treatment in our analysis

Table 8 Number and type of complications in children aged \1 year by influenza season

Pre-pandemic Pandemic

Any complication 4,350 3,770

Incidence per 100 person-months 60.39 51.94

Acute respiratory infection, n (%) 3,119 (31.23) 2,843 (29.37)

Acute otitis media, n (%) 2,145 (21.48) 1,557 (16.08)

Asthma, n (%) 239 (2.39) 214 (2.21)

Febrile convulsions, ataxia, n (%) 32 (0.32) 19 (0.20)

Myositis or myoglobinuria, n (%) 0 1 (0.01)

Renal, n (%)a 3 (0.03) 11 (0.11)

Heart failure, n (%) 1 (0.01) 6 (0.06)

Acute pericarditis or myocarditis, n (%) 0 0

Guillain–Barré syndrome, n (%) 0 0

a Acute glomerulonephritis, nephrotic syndrome, nephritis and nephropathy (not specified as acute or chronic), acute
kidney failure, unspecified renal failure, infections of kidney
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was almost certainly an underestimate of the

time from illness onset. Despite this, the

differences in the rate of complications and

healthcare use between earlier and later

treatment starters were marked and

statistically significant. The size of this

difference may reflect the nature of the claims

data available and in particular the time to

treatment, as mentioned above.

A claims database analysis has its own

limitations. This was a retrospective, non-

randomized study using clinical diagnosis of

Table 9 Logistic regression analysis of factors associated with complication rate in children aged \1 year

Descriptive information, n (%) OR 95% CI P value

Season

Pre-pandemic 9,986 (50.78) Reference

Pandemic 9,680 (49.22) 0.91 0.85–0.97 0.004

Gender

Male 4,583 (56.44) Reference

Female 3,537 (43.56) 0.88 0.83–0.94 \0.0001

Influenza vaccination

No 525 (6.47) Reference

Yes 7,595 (93.53) 1.20 1.06–1.35 0.003

Previously existing disease

None 18,132 (92.20) Reference

Renal disease 35 (0.43) 1.04 0.64–1.68 0.88

Asthma 457 (5.63) 1.83 1.57–2.14 \0.0001

Other CPD 313 (3.85) 1.21 1.02–1.44 0.03

Diabetes mellitus 25 (0.31) 0.96 0.55–1.68 0.89

Heart disease 26 (0.32) 1.68 0.91–3.12 0.10

Rheumatoid arthritis – – – –

Cystic fibrosis 12 (0.15) 4.69 1.26–17.53 0.02

Immunocompromised 8 (0.10) 0.89 0.34–2.33 0.81

Antibiotic use

No 4,140 (50.99) Reference

Yes 3,980 (49.01) 4.12 3.85–4.40 \0.0001

Antiviral use

No 6,567 (80.87) Reference

Yes 1,553 (19.13) 0.80 0.74–0.87 \0.0001

CI confidence interval, OR odds ratio, Other CPD chronic pulmonary diseases other than asthma and cystic fibrosis, SD
standard deviation
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Table 11 Effect of antiviral treatment on risk of complications and healthcare utilization: logistic regression analyses in
children aged \1 year by influenza season

Antiviral treatment versus no
antiviral treatment

Antiviral treatment started within 2 days versus
antiviral treatment started later

na ORb 95% CI na ORc 95% CI

Children aged \1 year (pre-pandemic period)

Overall complications 4,256 0.61 0.51–0.72 278 0.39 0.18–0.83

Hospitalizations 356 0.82 0.53–1.28 22 0.13 0.13–0.13

Emergency department visits 1,432 0.82 0.65–1.04 90 0.36 0.16–0.80

Outpatient visits C2c 496 0.74 0.62–0.87 496 0.09 0.02–0.37

Children aged \1 year (pandemic period)

Overall complications 3,655 0.88 0.80–0.97 1,239 0.24 0.12–0.46

Hospitalizations 284 0.79 0.60–1.02 84 0.147 0.146–0.15

Emergency department visits 1,621 1.10 0.98–1.24 566 0.96 0.46–2.00

Outpatient visits C2d 6,795 0.95 0.86–1.05 2,281 0.24 0.08–0.68

Covariates for analysis: age, gender, region, health plan, season, influenza vaccination prior to influenza diagnosis, pre-
existing conditions, and other treatment
CI confidence interval, OR odds ratio
a Total of treated and untreated patients
b Relative to all patients in analysis population who did not take antivirals
c Relative to patients who filled prescriptions C2 days after diagnosis
d Patients who had C2 outpatient visits during the 30 days post-index data

Table 10 Effect of antiviral treatment on risk of complications: logistic regression analyses in children aged \1 year by
influenza season

Children aged <1 year (pre-pandemic
period)

Children aged <1 year (pandemic
period)

na ORb 95% CI na ORb 95% CI

Any complication 4,256 0.61 0.51–0.72 3,655 0.88 0.80–0.97

Acute respiratory infections 3,045 0.71 0.60–0.85 2,750 1.03 0.94–1.14

Acute otitis media 2,093 0.58 0.47–0.71 1,516 0.67 0.59–0.76

Asthma 234 0.68 0.39–1.20 208 0.70 0.51–0.97

Febrile convulsions, ataxia 32 1.67 0.57–4.89 19 0.70 0.25–1.98

Covariates for analysis: age, gender, region, health plan, season, influenza vaccination prior to influenza diagnosis, pre-
existing conditions, and other treatment
CI confidence interval, OR odds ratio
a Total of treated and untreated patients
b Relative to all patients in analysis population who did not take antivirals
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influenza and reported associated

complications without verification by

laboratory methods. The sensitivity and

specificity of ICD-9 codes for influenza

diagnosis are not established for a confirmed

influenza illness. We may also have incorrectly

estimated the risk of secondary complications

based on a clinical diagnosis alone and the

potential that treated cases were likely to be

reported. The risk of complications seen in

those with pre-existing diseases may have been

overestimated because such patients may be

more likely to see a physician and be diagnosed

with influenza. A claims database analysis may

also underestimate the overall incidence of

complications because not all patients with

influenza seek a physician’s care.

CONCLUSION

Our data indicate a substantial beneficial

association of antiviral treatment with the risk

of influenza complications and healthcare

utilization, in line with previously published

studies, and emphasize the importance of early

initiation of treatment for achieving additional

benefit.
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