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abstractBACKGROUND: Antiviral treatment is recommended for hospitalized patients with suspected and
confirmed influenza, but evidence is limited among children. We evaluated the effect of
antiviral treatment on hospital length of stay (LOS) among children hospitalized with
influenza.

METHODS: We included children<18 years hospitalized with laboratory-confirmed influenza in the
US Influenza Hospitalization Surveillance Network. We collected data for 2 cohorts: 1 with
underlying medical conditions not admitted to the ICU (n5 309, 2012–2013) and an ICU cohort
(including children with and without underlying conditions; n5 299, 2010–2011 to 2012–2013).
We used a Cox model with antiviral receipt as a time-dependent variable to estimate hazard of
discharge and a Kaplan–Meier survival analysis to determine LOS.

RESULTS: Compared with those not receiving antiviral agents, LOS was shorter for those treated
#2 days after illness onset in both the medical conditions (adjusted hazard ratio: 1.37, P5 .02)
and ICU (adjusted hazard ratio: 1.46, P5 .007) cohorts, corresponding to 37% and 46%
increases in daily discharge probability, respectively. Treatment$3 days after illness onset had
no significant effect in either cohort. In the medical conditions cohort, median LOS was 3 days
for those not treated versus 2 days for those treated#2 days after symptom onset (P5 .005).

CONCLUSIONS: Early antiviral treatment was associated with significantly shorter hospitalizations
in children with laboratory-confirmed influenza and high-risk medical conditions or children
treated in the ICU. These results support Centers for Disease Control and Prevention
recommendations for prompt empiric antiviral treatment in hospitalized patients with
suspected or confirmed influenza.
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WHAT’S KNOWN ON THIS SUBJECT: Antiviral treatment is
recommended for hospitalized patients with suspected
and confirmed influenza. Because evidence for antiviral
treatment in hospitalized children is limited, we evaluated
effectiveness of influenza antiviral treatment to reduce
length of hospitalization among children with influenza.

WHAT THIS STUDY ADDS: Among children with laboratory-
confirmed influenza and underlying medical conditions
and children treated in the ICU, early antiviral treatment
with oseltamivir within 2 days of symptom onset was
associated with a shortened hospital length of stay
compared with no or later treatment.
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Influenza causes thousands of
hospitalizations and deaths every
season in the United States, with
children representing a substantial
portion of influenza-associated
hospitalization burden.1–4 Influenza
antiviral treatment has been
recommended for hospitalized
patients of all ages with suspected
and confirmed influenza since
2009.5–8 Guidance for antiviral use
among children is based on evidence
from randomized placebo-controlled
trials of treatment of uncomplicated
outpatients and observational
studies in hospitalized children.
Meta-analyses of individual patient
data from randomized placebo-
controlled trials among outpatient
adults9 and children10 have revealed
that early neuraminidase inhibitor
(NAI) treatment (participants
randomly assigned within 36–48
hours of symptom onset) reduced
duration of illness in treated
patients, as well as risk of otitis
media in children and
hospitalization for any cause in
adults. Authors of a meta-analysis of
observational data in high-risk
adults and children found that NAI
treatment of outpatients with
influenza A(H1N1)pdm09 reduced
the likelihood of hospitalization.11

In hospitalized patients, a meta-
analysis of data from observational
studies revealed a significant
reduction in mortality among adults
with influenza A(H1N1)pdm09
treated with antiviral agents within
2 days of symptom onset, although
treatment was not associated with
reduction in mortality in children
<16 years.12 Another study of
adults with influenza revealed that
oseltamivir treatment received
within 6 hours of hospitalization
was associated with shorter length
of stay (LOS) compared with later
treatment.13

Despite these studies composed
mostly of outpatients or adults,
evidence to support antiviral

treatment in hospitalized children is
limited.14–16 Therefore, our objective
was to evaluate the effectiveness of
treatment with NAIs as
recommended for hospitalized
patients to reduce LOS in
hospitalized children with influenza-
associated illnesses and
comorbidities or severe illness. We
used the Influenza Hospitalization
Surveillance Network (FluSurv-NET)
to identify 2 cohorts for our study:
(1) children with underlying medical
conditions and (2) children treated
in the ICU.

METHODS

Study Setting

FluSurv-NET is a large population-
based surveillance network for
laboratory-confirmed influenza-
associated hospitalizations.17–19

During the study period, FluSurv-
NET included select counties within
10 Emerging Infections Program
states (California, Colorado,
Connecticut, Georgia, Maryland,
Minnesota, New Mexico, New York,
Oregon, and Tennessee)18 and 5
Influenza Hospitalization
Surveillance Project states (Iowa,
Michigan, Ohio, Rhode Island, and
Utah). Influenza cases in FluSurv-
NET were defined as residents of a
catchment area hospitalized #14
days after a positive influenza test
result.17,18 Influenza testing was
performed at clinician discretion by
rapid influenza diagnostic test,
culture, fluorescent antibody
staining, and/or molecular
assays.17,18

Study Population

We a priori limited our study to 2
cohorts of children <18 years: (1)
the medical conditions cohort:
children with underlying medical
conditions and not admitted or
transferred to the ICU, and (2) the
ICU cohort: children admitted or
transferred to the ICU (including
those with and without underlying

conditions). Although the original
protocol included the 2012–2013
season for both cohorts, to improve
sample size we added 2010–2011
and 2011–2012 to the ICU cohort. In
all 3 US influenza seasons, influenza
A(H3N2) viruses were predominant
overall, but influenza B viruses and
influenza A(H1N1)pdm09 viruses
also circulated.20 Because we had
data for the start date but not
specific time of initiation of antiviral
treatment or discharge, we chose
these cohorts to evaluate children
most likely to have severe illness
and therefore sufficiently long
hospitalizations to assess antiviral
effect.

Exclusion criteria included missing
data on receipt of antiviral
treatment or symptom onset,
symptom onset after or $3 days
before admission, LOS <1 day, and
surveillance officer report of
antiviral treatment before symptom
onset or hospitalization (patients
initiating treatment in the
emergency department may not
have been excluded; therefore, 7
patients with recorded antiviral
start 1 day before admission were
included on the basis of reviewer
determination). Because
unpublished data from FluSurv-NET
revealed that median length of
hospitalization for children with
asthma was short (2 days)
compared with children with other
underlying conditions (4 days), we
excluded children with asthma alone
from the medical conditions cohort.
Because of the short LOS, we did not
think we would be able to discern a
significant difference in days of
hospitalization.

FluSurv-NET surveillance activities
and this study were considered
consistent with routine public health
surveillance by the Human Research
Protection Office at the Centers for
Disease Control and Prevention
(CDC). FluSurv-NET sites obtained
human subjects and ethics approvals
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from state health department and
academic partner institutional
review boards as indicated.

Data Collection

For all children, surveillance officers
routinely performed retrospective
medical record review to obtain
information about demographics
including race and ethnicity,
vaccination history, medical
conditions, testing results, hospital
course, admission and discharge
diagnoses, and antiviral treatment
(Supplemental Fig 3). For reason for
admission, surveillance officers were
instructed to select categories that
applied on the basis of diagnoses in
the chart (Supplemental Fig 3). For
these cohorts during the study
period, routine surveillance data
were augmented by retrospective
chart abstraction to a supplemental
case report form (Supplemental Fig
4) including details regarding
antiviral treatment before
admission, additional underlying
medical conditions, clinical signs
and symptoms of respiratory
distress and mental status change,
and additional interventions during
hospitalization.

Statistical Analysis

We explored categorical variables
with percentages and continuous
variables with medians and ranges.
We assessed the hazard of discharge
using the Cox proportional hazard
model with antiviral receipt
analyzed as a time-dependent
variable. Antiviral was coded as “no”
for all days up to the day antiviral
was started (or for all days if
antiviral agents were never started)
and “yes” on all subsequent days
until discharge. We categorized
antiviral receipt by number of days
after symptom onset; after
exploratory analyses, we grouped
antiviral receipt as started 0 to 2
days versus $3 days after symptom
onset. The primary analysis included
children with LOS $2 days and

assumed that antiviral effect began
on day after antiviral start. Because
of the latter assumption, those
started on antiviral agents on day of
discharge were analyzed as not
receiving antiviral agents. For the
ICU cohort, we treated deaths as a
competing event; no deaths
occurred in the medical conditions
cohort.

We evaluated individual effects of
potentially confounding variables
(ie, patient characteristics and
clinical findings) in single-variable
Cox models. We then evaluated the
effect of antiviral receipt in
multivariable models. We
considered variables with P < .2 in
single-variable models and retained
them in the multivariable model if
P < .1. We assessed the proportional
hazards assumption by including an
interaction term between hospital day
and antiviral receipt. We performed
supplementary analyses including
children hospitalized for $1 day; and
including surveillance site as a
random effect.

Because mean and median LOS
cannot be determined in models
with time-dependent covariates, for
the medical conditions cohort, we
used Kaplan–Meier survival analysis
to determine these values by
treatment group. We created a data
set in which antiviral receipt could
be validly evaluated as a time-
invariate variable. The treated group
included children who had been
started on antiviral agents on or
before day of admission and #2
days after illness onset. The
untreated group included those
never started on antiviral agents,
started only on day of discharge,
and started during admission (these
were censored on day after antiviral
start). The number needed to treat
for 1 additional patient to be
discharged by hospital day 3 was
calculated as 1/(S3u � S3t), where
the probabilities of continued

hospital stay at 3 days 5 S3u
(untreated) and S3t (treated).

Data were missing more often for
the ICU cohort. To facilitate
multivariable analysis of ICU cohort
data, we used multiple imputation of
missing values, generated 100
imputed data sets, and created a
summary of analysis of the 100
(Supplemental Information). We
performed all analyses using SAS
version 9.4 (SAS Institute, Cary, NC),
using the phreg procedure for Cox
models, the mi and mianalyze
procedures for multiple imputation
and summarization, and the lifetest
procedure for Kaplan–Meier
analyses.

RESULTS

Medical Conditions Cohort

During the 2012–2013 season, there
were 1924 influenza-associated
hospitalizations among children <18
years (Fig 1A). Of the 1924
hospitalizations, 1039 (54%)
patients had $1 underlying medical
condition. After applying exclusions,
309 patients from 52 centers (range
1–30 per center) met criteria for
analysis. Median time from
symptom onset to admission was 1
day (range 0–2 days) and median
LOS was 3 days (range 2–22 days).
Among 252 (82%) receiving
antiviral agents, all received
oseltamivir; median (range) time
from symptom onset to antiviral
start was 2 (0–10) days and from
admission to antiviral start was 1
(�1 to 10) days. No children in this
cohort died.

Among the 309 children, most were
5 to 17 years old (51%), admitted
for acute respiratory illness (74%,
Table 1) and had an abnormal chest
radiograph (54%, Table 2). In
univariable Cox models, LOS was
significantly longer for children with
chronic lung disease (hazard ratio
[HR] of discharge 0.59, Table 1),
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receiving supplemental oxygen (HR:
0.63–0.71) or respiratory therapy
treatments (HR: 0.75), and

diagnosed with pneumonia (HR:
0.66, Table 2). Antivirals were never
started in 73 (24%), started #2

days after symptom onset in 199
(64%), and started $3 days after
symptom onset in 37 (12%); no

TABLE 1 Patient Characteristics and Their Effect on Hospital Discharge Among Children in the Medical Conditions and ICU Cohorts, FluSurv-NET

Variable

Medical Conditions Cohort (n 5 309) ICU Cohort (n 5 299)

Total No. (%) with characteristic HR P Total No. (%) with characteristic HR P

Age category, y
<1 309 57 (18) 1.13 .39 299 74 (25) 0.94 .45
1–4 309 94 (30) 1.19 n/a 299 115 (38) 1.11 n/a
5–17 309 158 (51) ref n/a 299 110 (37) ref n/a

Male sex 309 164 (53) 1.03 .78 299 162 (54) 1.00 .99
Race and ethnicity

Hispanic 309 57 (18) 1.10 .65 299 62 (21) 0.99 >.99
White, non-Hispanic 309 96 (31) 0.96 n/a 299 104 (35) 1.01 n/a
Black, non-Hispanic 309 110 (36) 1.14 n/a 299 87 (29) 1.00 n/a
Other, non-Hispanic (including race unknown) 309 46 (15) ref n/a 299 46 (15) ref n/a

Underlying medical condition
Any 309 309 (100) n/a n/a 286 206 (72) 0.85 .21
Asthma or reactive airways disease 309 77 (25) 0.81 .11 299 87 (29) 0.92 .52
Chronic lung disease 309 45 (15) 0.59a <.01a 299 37 (12) 0.90 .38
Cardiovascular disease 309 47 (15) 0.84 .27 299 25 (8) 0.78 .26
Neurologic or neuromuscular 309 104 (34) 0.93 .53 299 90 (30) 0.77a .01a

Immunocompromised condition 309 62 (20) 0.95 .69 299 16 (5) 0.72a .05a

Prematurityb 113 37 (33) 0.89 .58 47 21 (45) 0.77 .37
Otherc 309 176 (57) 1.10 .43 299 53 (18) 0.67a <.01a

Received current season influenza vaccination 296 143 (48) 0.88 .29 186 68 (37) 0.98 .87
Reason for current hospital admission (per medical record)

Acute respiratory illnessd 309 230 (74) 1.05 .71 299 210 (70) 0.92 .51
Asthma and/or COPD exacerbation 309 14 (5) 0.85 .55 299 38 (13) 1.19 .29
Pneumonia 309 5 (2) 0.69 .40 299 18 (6) 1.17 .26
Other respiratory or cardiac condition 309 37 (12) 1.07 .71 299 69 (23) 0.96 .76
Fever alone 309 38 (12) 1.18 .35 299 22 (7) 1.30 .13

Initial admission to ICU 0 n/a n/a n/a 289 247 (85) 1.39a <.01a

Total denotes number of nonmissing values; HRs were determined by using a single-variable Cox model; HRs <1 indicate a lower risk of discharge and longer length of hospital
stay and vice versa. COPD, chronic obstructive pulmonary disease; n/a, not applicable; ref, reference category.
a Denotes a statistically significant result.
b Recorded only for children <2 y old.
c Includes chronic metabolic disease, blood disorder, and renal and liver disease.
d Per the case report form instructions, acute respiratory illness was defined as bronchitis, cough, influenza, influenza-like disease, upper respiratory infection, respiratory infec-
tion, rhinorrhea or runny nose, viral syndrome, viral upper respiratory illness, or fever and any of the previously listed symptoms.

Pediatric admissions, 2010–2011 to 2012 – 2013, n = 3726

Not admi�ed or transferred to 
ICU, n = 3094

Treated in ICU, n = 632

Total pa�ents in ICU cohort, primary analysis 
(LOS ≥2 days), n = 299

Data missing, symptom onset a�er 
or ≥3 days before admission, LOS 
<1 day, an�viral treatment before 
symptom onset or hospitaliza�on 
(n = 301)

LOS 1 day, n = 32

ICU pa�ents, (LOS ≥1 day), 
n = 331

B

Pediatric admissions, 2012– 2013, n = 1924

No underlying medical 
condi�ons, n = 885

Have underlying medical condi�ons, n = 1039

Medical condi�ons cohort, primary analysis 
(LOS ≥2 days), n = 309

Data missing, symptom onset a�er 
or ≥3 days before admission, 
asthma alone, treated in ICU, LOS 
<1 day, an�viral treatment before 
symptom onset or hospitaliza�on 
(n = 637)

LOS 1 day, n = 93

Medical condi�ons pa�ents (LOS ≥1 day), 
n = 402

A

FIGURE 1
Flowchart revealing children with laboratory-confirmed influenza-associated hospitalization in FluSurv-NET comprising final analytic data sets for A, the
underlying medical conditions cohort (2012–2013); and B, ICU cohort (2010–2011, 2011–2012, and 2012–2013).
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patient characteristics or clinical
findings were associated with
promptness of antiviral start
(Supplemental Table 4).

Modeling of receipt on individual
days revealed significant effects for
antiviral agents started 1 to 2 days
(HR: 1.41–1.43) but not $3 days
(HR: 0.89–1.20) after symptom
onset (Table 3, Model 1a). In Model
2a we collapsed categories to show
that antiviral agents were associated
with a shorter LOS when started #2
days (HR: 1.43) but not $3 days
(HR: 1.09) after symptom onset.
Controlling for potentially
confounding variables in Model 3a
confirmed a shorter LOS when
antiviral agents were started #2
days after symptom onset (adjusted

hazard ratio [aHR]: 1.37, P 5 .02,
corresponding to a 37% increase in
discharge probability per day) and
revealed a longer LOS for children
with chronic lung disease (aHR:
0.65) and those receiving
supplemental oxygen 24 hours after
admission (aHR: 0.67). The effect of
antiviral receipt #2 days after
symptom onset did not violate the
proportional hazards assumption
(P 5 .39) and was similar when
including children with LOS $1 day
(aHR: 1.47, P 5 .001) and
controlling for site as a random
effect (aHR: 1.36, P 5 .03). LOS was
significantly shorter for the
treatment group (mean 3.5 vs 4.6
days, median 2 vs 3 days, logrank
P 5 .005; Fig 2). One additional
patient would be discharged by

hospital day 3 for each 5.8 (95%
confidence limits, 3.3–26.7) patients
promptly started on antiviral agents.

ICU Cohort

Over the expanded 3-season study
period, of 3726 total influenza-
associated hospitalizations among
children, 632 (17%) patients were
admitted to the ICU (Fig 1B). After
exclusions, the final ICU cohort
included 299 children reported from
43 centers (range 1–26 per center).
Among 221 (74%) receiving
antiviral agents, 150 (68%) received
oseltamivir only, 2 (1%) received
oseltamivir and zanamivir, and the
remainder had missing data. Median
(range) LOS was 5 (2–73) days;
among the 221 started on antiviral
agents, time from symptom onset to

TABLE 2 Clinical Findings and Their Effects on Hospital Discharge Among Children in the Medical Conditions or ICU Cohorts, FluSurv-NET

Variable

Medical Conditions Cohort (n 5 309) ICU Cohort (n 5 299)

Total No. (%) With Characteristic HR P Total No. (%) With Characteristic HR P

Clinical findings within first 24 h of admission
Respiratory findings
Dyspnea 304 72 (24) 0.80 .11 288 165 (57) 0.84 .12
Apnea 304 6 (2) 1.43 .39 287 25 (9) 0.70a .05a

Wheezing 303 67 (22) 0.97 .85 290 99 (34) 1.16 .18
Chest wall retractions (sub- or intercostal) 302 41 (14) 0.86 .39 289 106 (37) 1.11 .31
Nasal flaring 304 7 (2) 0.70 .36 284 37 (13) 1.04 .73
Cyanosis 304 12 (4) 1.38 .27 285 30 (11) 0.72 .07
Grunting 300 9 (3) 1.04 .91 284 24 (8) 1.07 .67

Mental status change
Lethargy or decreased activity 305 102 (33) 0.90 .41 283 99 (35) 0.98 .85
Confusion or delirium 305 17 (6) 1.03 .90 285 29 (10) 0.65a .02a

Unconscious 306 5 (2) 2.11 .10 286 15 (5) 0.63 .15
Maximum respiratory rate higher than median 300 147 (49) 0.95 .69 288 142 (49) 1.03 .80
Minimum oxygen saturation <92% on room air 286 63 (22) 0.84 .21 254 125 (49) 0.79a .05a

Supplemental oxygen 307 104 (34) 0.71a .01a 296 230 (78) 0.60a <.01a

Invasive mechanical ventilation 102 0 (0) n/a n/a 222 80 (36) 0.42a <.01a

Respiratory/breathing treatment 303 111 (37) 0.84 .13 292 175 (60) 0.85 .17
Clinical findings at 24 h after admission

Supplemental oxygen 306 71 (23) 0.63a <.01a 293 196 (67) 0.49a <.01a

Invasive mechanical ventilation 66 1 (2) 0.35 .30 192 70 (36) 0.40a <.01a

Respiratory/breathing treatment 302 99 (33) 0.75a .02a 277 148 (53) 0.83 .12
Chest radiograph within 3 d of admission

Abnormal 309 168 (54) 0.97 .19 299 146 (49) 0.79a .01a

Normal 309 58 (19) 0.75 n/a 299 125 (42) 0.60a n/a
Not performed 309 83 (27) ref n/a 299 28 (9) refa n/a

Pneumonia 309 27 (9) 0.66a .04a 293 72 (25) 0.71a <.01a

Extracorporeal membranous oxygenation 309 0 (0) n/a n/a 296 5 (2) 0.13a <.01a

Total denotes number of total nonmissing values; HRs were determined by using a single-variable Cox model; HRs <1 indicate a lower risk of discharge and longer length of hos-
pital stay and vice versa. n/a, not applicable. ref, reference category.
a Denotes a statistically significant result.
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antiviral start was 2 (0–15) days
and from admission to antiviral start
was 1 (�1 to 15) days. Eight (2.7%)
patients died.

Among the 299 children, most had
$1 chronic condition (72%), were

admitted for acute respiratory
illness (70%, Table 1), had dyspnea
(57%), and received supplemental
oxygen (67% to 78%) and
respiratory therapy (53% to 60%,
Table 2). Univariable Cox models
revealed that several variables,

particularly those relating to
mechanical ventilation and oxygen
receipt, were associated with longer
LOS (Tables 1, 2). Antivirals were
never started in 86 (29%), started
#2 days after symptom onset in 168
(56%), and started $3 days after

TABLE 3 Cox Models of Antiviral Effect on Hospital Discharge Among Children in the Medical Conditions or ICU Cohorts, FluSurv-NET

Model Antiviral Use

Medical Conditions Cohort (n 5 309) ICU Cohort (n 5 299)

No. Patients HR 95% Confidence Interval P No. Patients HR 95% Confidence Interval P

1a, 1b Nonea 73 ref n/a n/a 86 ref n/a n/a
Started on day of illness onset 34 1.48 0.98–2.23 .06 36 1.11 0.72–1.70 .64
Started 1 d after illness onset 89 1.43 1.05–1.94 .02 72 0.99 0.74–1.33 .95
Started 2 d after illness onset 76 1.41 1.02–1.95 .03 60 1.11 0.83–1.49 .48
Started 3 d after illness onset 24 1.20 0.76–1.91 .44 28 1.05 0.75–1.47 .79
Started $4 d after illness onset 13 0.89 0.46–1.71 .73 17 1.08 0.65–1.79 .77

2a, 2b Nonea 73 ref n/a n/a 86 ref n/a n/a
Started day 0–2 after illness onset 199 1.43 1.09–1.87 .01 168 1.05 0.82–1.35 .67
Started day $3 d after illness onset 37 1.09 0.72–1.65 .68 45 1.06 0.77–1.46 .72

3a, 3b Nonea 72 ref n/ab n/a 86 ref n/ac n/a
Started day 0–2 after illness onset 198 1.37 1.05–1.80 .02 168 1.46 1.11–1.92 .007
Started day $3 d after illness onset 36 1.02 0.67–1.54 .94 45 1.20 0.85–1.69 .29

Models 1a, 1b, 2a, 2b are unadjusted, whereas models 3a and 3b are adjusted for confounding effects (see footnote below); HRs were determined by using the Cox model with
time-dependent values for antiviral treatment; HRs <1 indicate a lower risk of discharge and longer length of hospital stay and vice versa. n/a, not applicable; ref, reference
category.
a
“None” includes 57 never started on antiviral agents and 16 started on the day of discharge (73 total, medical conditions cohort); and 78 never started and 8 started on dis-

charge (86 total, ICU cohort).
b Model 3a is based on 306 children; adjusted for chronic lung disease (aHR: 0.65) and supplemental oxygen 24 h after admission (aHR: 0.67).
c Model 3b is based on 100 data sets with missing data imputed (Supplemental Information); adjusted for other underlying condition (chronic metabolic disease, blood disorder,
renal and liver disease; aHR: 0.69), cyanosis (aHR: 0.66), initial admission to ICU (aHR: 1.94), invasive mechanical ventilation at ICU admission (aHR: 0.61) and 24 h after ICU admis-
sion (aHR: 0.65), supplemental oxygen 24 h after admission (aHR: 0.57), pneumonia diagnosis (aHR: 0.76), and treatment with extracorporeal membrane oxygenation (aHR: 0.14).

FIGURE 2
Kaplan–Meier analysis of hospital LOS by antiviral treatment among children with laboratory-confirmed influenza-associated hospitalization in the medical
conditions cohort, FluSurv-NET (n5 98 treated, 211 not treated; 2012–2013). The treatment group included 98 children started on antiviral agents on the
day of admission and#2 days after illness onset. The no treatment group included 57 never started on antiviral agents, 16 started on day of discharge and
138 started during admission and censored on the day of antiviral start (211 total).
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symptom onset in 45 (15%); several
patient and clinical characteristics
were associated with promptness of
antiviral start (Supplemental Table 5).

Initial unadjusted models revealed
no effect of antiviral agents (Table 3,
Models 1b, 2b). Sixteen variables
tested in multivariable analyses had
$1 missing value (range 1% to
36%, Supplemental Information).
After imputing missing data, other
underlying conditions, cyanosis,
mechanical ventilation, oxygen
therapy, pneumonia diagnosis, and
extracorporeal membrane
oxygenation therapy were
associated with longer LOS; initial
admission to the ICU (versus
transfer after admission) was
associated with shorter LOS (Table
3, Model 3b). After adjusting for
these variables, receipt of antiviral
agents #2 days after symptom onset
was associated with a shorter LOS
(aHR: 1.46, P 5 .007, a 46%
increase in discharge probability per
day). This estimate did not violate
the proportional hazards
assumption (P 5 .17) and was
similar when including children with
LOS $1 day (aHR: 1.60, P < .001)
and controlling for site as a random
effect (aHR: 1.41, P 5 .02).

DISCUSSION

Using data from a large surveillance
network documenting hospitalized
children with laboratory-confirmed
influenza, we found among children
with underlying medical conditions
and children treated in the ICU that
early antiviral treatment, almost
exclusively with oseltamivir, within
2 days of symptom onset was
associated with a shortened hospital
LOS compared with no or later
treatment. Among children with
medical conditions, mean and
median LOS was �1 day shorter in
those treated within 2 days. Later
treatment at $3 days after illness
onset had no significant effect.

To study antiviral effects, we used
Cox models with time-dependent
covariates. This allowed us to
analyze a child as “not on antivirals”
up to the day antiviral agents were
started and “on antivirals” beginning
the day after antiviral start, enabling
a careful assessment of antiviral
effect. Analyses that compare LOS by
time that antiviral agents are started
after symptom onset can be biased,
because only patients with a longer
LOS can have antiviral agents
started a longer time after symptom
onset.

In the medical conditions cohort,
controlling for confounding
variables had little effect, and
antiviral agents started #2 days
after illness onset were associated
with a shorter LOS in both
unadjusted (HR: 1.43) and adjusted
(aHR: 1.37) analyses. In contrast, in
the ICU cohort, there were several
potential confounding variables,
some with missing data, and
antiviral agents had no effect in
unadjusted analyses. However, after
imputation of missing data, in a
multivariable model controlling for
measured confounding variables, we
found that antiviral agents started
#2 days after illness onset were
significantly associated with a
shorter hospital LOS (summary aHR:
1.36). The aHRs were strikingly
similar in the 2 cohorts.

We excluded children admitted $3
days after illness onset because they
might be more likely to have
complications such as secondary
bacterial infections that are
unresponsive to antiviral agents and
clinical trials showed that optimal
timing for NAI use is within 2 days
of illness onset. Among those we
studied, 24% to 29% were never
started on antiviral agents, 56% to
64% were started 0 to 2 days, and
12% to 15% were started $3 days
after illness onset. Among those
otherwise eligible for the study, only
27% (medical conditions cohort)

and 31% (ICU cohort) were
admitted $3 days after symptom
onset. Thus, if treated on hospital
admission, most of the children
would have received antiviral
treatment early in the course of
illness and might have received
clinical benefit that contributed to a
shorter LOS. Our data support CDC
recommendations for early empiric
therapy of those hospitalized with
confirmed or suspected influenza
without awaiting results of
laboratory testing.7,8 However, the
use of sensitive molecular diagnostic
testing with rapid turnaround has
been reported to improve the
proportion who receive
recommended early antiviral
therapy,21,22 and molecular testing
is recommended for all hospitalized
patients with suspected
influenza.7,23

NAIs were the recommended
influenza antiviral drugs during the
study period.24 Our findings are
consistent with the few
observational studies in which
researchers have reported improved
outcomes in children receiving early
compared with later NAI treatment
of influenza.14,15 Researchers in 1
study used administrative data and
propensity score matching to
compare outcomes of children
directly admitted to an ICU with
influenza and treated with
oseltamivir within 24 hours of
admission with untreated children
and showed that total hospital stay
was shorter in the treated group.14

In another study, researchers
analyzed California surveillance data
and found that receipt of NAI
treatment was associated with
decreased mortality among children
hospitalized in the ICU with
influenza, although these results are
potentially subject to immortal time
bias because many of the children
who died in the untreated group
may not have had the opportunity
to receive treatment before death.15
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Our results did not reveal beneficial
effect in the small number of
children treated $3 days after
symptom onset. However, there are
data suggestive of some benefit from
antiviral treatment after 2 days in
adults.l,25–29 Also, a randomized
clinical trial in children with
uncomplicated influenza revealed a
modest reduction in symptom
duration and influenza virus
shedding in patients treated after 48
hours; post hoc analysis suggested
that oseltamivir treatment initiated
72 hours after illness onset reduced
symptoms by 1 day compared with
placebo.30 CDC recommends starting
antiviral agents as soon as possible
in all hospitalized patients without
consideration of time from symptom
onset.

Our study has some limitations. We
limited our analysis to 2 cohorts of
hospitalized children likely to have
the most severe illness. This focused
on children with the most potential
benefit from antiviral agents but did
not allow us to assess all
hospitalized children. The medical
conditions cohort analysis was
limited by having data for only 1
season. Our study is observational,
and we may not have been able to
identify and control for all potential
confounders among treatment
groups. Missing data were a
problem for the ICU cohort, and our
result is based on adjustment for
multiple variables after imputation

of missing values; these analyses
assume that data were missing at
random and may not be valid if this
assumption was incorrect. Although
data on specific antiviral received
were frequently missing, these
children most likely received
oseltamivir. Regarding timing of
treatment, we stratified by days
instead of hours, because more
detailed timing data were
unavailable. Information regarding
timing of antiviral initiation was
limited by retrospective manual
chart abstraction by trained
surveillance officers. Future studies
of hospitalized children may benefit
from more detailed timing data,
potentially combined with symptom
diaries in hospitalized children to
provide additional evidence for
medication effects. Finally, we were
not powered to assess interactions
among timing variables (eg, onset to
treatment and onset to admission).

CONCLUSIONS

These data suggest benefit of early
antiviral treatment of hospitalized
children with laboratory-confirmed
influenza. Efforts should be directed
to encourage families of children at
higher risk for complications for
influenza to seek care early in the
course of influenza-like illness.8

Additional studies in non–high-risk
and non-ICU patients will be
important, and further study is
warranted to understand clinical

factors that influence providers to
treat for influenza in hospitalized
children.
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