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WHAT’S KNOWN ON THIS SUBJECT: Asthma is recognized as a\
condition conferring higher risk for influenza complications.
Seasonal influenza hospitalization rates are higher among
asthmatic children than healthy children, and asthmatic people
accounted for a large proportion of all patients hospitalized with
2009 pandemic HINT influenza.

WHAT THIS STUDY ADDS: This analysis provides the first
description of the characteristics and clinical courses of
asthmatic children hospitalized with seasonal or 2009 pandemic
H1N1 influenza in the United States and documents the
substantial burden of influenza complications among these

OBJECTIVE: To describe the characteristics and clinical courses of
asthmatic children hospitalized with seasonal or 2009 pandemic H1N1
influenza and compare complications by influenza type.

METHODS: During the 2003—2009 influenza seasons and the 2009 pan-
demic, we conducted surveillance of 5.3 million children aged 17 years
or younger for hospitalization with laboratory-confirmed influenza and
identified those with asthma (defined as those aged 2—17 years with a
history of asthma in their medical record or a discharge code for acute
asthma exacerbation or status asthmaticus). We collected data from
medical records on medical history and clinical course; data on
asthma severity and control were not routinely collected.

RESULTS: During the 2003—2009 influenza seasons, 701 (32%) of 2165
children hospitalized with influenza had asthma; during the 2009 pan-
demic, 733 (44%) of 1660 children had asthma. The median age of the
asthmatic children was 7 years, and 73% had no additional medical
conditions. Compared with asthmatic children with seasonal influenza,
a higher proportion with 2009 pandemic HIN1 influenza required in-
tensive care (16% vs 22%; P = .01) and were diagnosed with pneumo-
nia (40% vs 46%; P = .04), whereas equal proportions had respiratory
failure (6% vs 5%; P = .8) and died (1% vs 1%; P = .4). More asthmatic
children with influenza A (seasonal or pandemic) had diagnoses of asthma
exacerbations compared with those with influenza B (51% vs 29%; P<< .01).

CONCLUSIONS: The majority of asthmatic children hospitalized with
influenza have no additional medical conditions. Gomplications such as
pneumonia and need for intensive care occur in a substantial propor-
tion, highlighting the importance of influenza prevention through vac-
cination among asthmatic children. Pediatrics 2011;128:e27—€32
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An estimated 7 million children in the
United States had asthma in 2008,'
making it the most common chronic
underlying medical condition among
US children. Since the 1960s, asthma
has been recognized as a medical
condition conferring higher risk for
influenza-associated complications
during typical influenza seasons,?
and seasonal influenza-attributable
hospitalization rates are substan-
tially higher among children with
asthma than among healthy chil-
dren.34 More recently, during the
2009 influenza pandemic, 2 large
case series of patients hospitalized
with 2009 pandemic HIN1 (2009
H1N1) influenza reported that pa-
tients with asthma accounted for
22% to 29% of all hospitalized
cases.>® Differences in the virulence
of seasonal influenza A and B viruses
also have been observed in a previ-
ous analysis in which hospitalized
patients with influenza A virus infec-
tions were more likely to have severe
influenza.” However, no study to date
has described the characteristics
and clinical outcomes of a large and
geographically diverse cohort of
children with asthma hospitalized
with either seasonal or 2009 H1N1 in-
fluenza in the United States or evalu-
ated whether differences in charac-
teristics and clinical presentations
exist between children with asthma
hospitalized with seasonal influenza
A or B or 2009 HIN1 virus infections.
Using data from the Emerging In-
fections Program (EIP) surveillance
for pediatric hospitalizations with
laboratory-confirmed influenza from
the 2003—2009 influenza seasons and
the 2009 influenza pandemic, we de-
scribe the characteristics and clinical
courses of children with asthma hos-
pitalized with seasonal or 2009 H1N1
influenza, and we explore the relation-
ship between influenza-associated
complications and influenza virus type
in these children.
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METHODS

Case Definitions and Case
Ascertainment

Since 2003, the EIP Network has con-
ducted population-based surveillance
for pediatric hospitalizations  with
laboratory-confirmed influenza in 10
states, including a catchment-area pop-
ulation of 5.3 million children aged 17
years and younger, as previously de-
scribed.® A case of pediatric influenza re-
quiring hospitalization was defined as a
child residing in the surveillance area
who was hospitalized in a surveillance-
area hospital with laboratory confirma-
tion of influenza virus infection within 14
days of admission from the 2003—2009
influenza seasons (October 1 through
April 30 during 2003—2008 and October 1,
2008, through April 14, 2009) and during
the 2009 influenza pandemic (April 15,
2009, through December 31, 2009). Labo-
ratory testing for influenza was ordered
at the discretion of clinicians providing
clinical care. Data were collected from
patient medical records regarding pa-
tient demographic characteristics, med-
ical history, clinical course, and dis-
charge International Classification of
Diseases, Ninth Revision (IGD-9) codes.

EIP case subjects with asthma were
identified by (1) the presence of an ICD-9
code for acute asthma exacerbation
(code 49391) or status asthmaticus
(code 493.92), or (2) the presence of the
diagnosis of asthma noted anywhere in
the medical record. Because the diagno-
sis of asthma can be difficult to make in
infants and young children, EIP case sub-
jects aged younger than 2 years were ex-
cluded from this analysis. EIP case sub-
jects with a diagnosis of pneumonia
were identified by the presence of any
ICD-9 code for infectious pneumonia (vi-
ral, bacterial, fungal, or organism un-
specified) among children who had at
least 1 chest radiograph during their
hospitalizations.

Data Analysis and Statistical
Methods

The following groups were compared
in bivariate analysis: (1) EIP case sub-
jects with asthma from the 2003—2009
influenza seasons versus case sub-
jects with asthma from the 2009 pan-
demic and (2) EIP case subjects with
asthma with confirmed influenza B vi-
rus infections versus seasonal influ-
enza A virus infections versus 2009
H1N1 virus infections. During all sea-
sons, case subjects with confirmed in-
fluenza B virus infections were used as
the reference group for comparison
with case subjects with either sea-
sonal influenza A or 2009 HIN1 virus
infections. In the analysis comparing
case subjects by influenza type, case
subjects with untyped influenza virus
infections were excluded during the
2003—-2008 seasons and were as-
sumed to have 2009 H1N1 virus infec-
tions during the 2009 pandemic on the
basis of national influenza virologic
surveillance data, which indicated that
the 2009 H1N1 virus accounted for 99%
of all circulating influenza viruses in
the United States during the 2009
pandemic.?

x? tests were used to calculate P val-
ues in bivariate analyses. Statistical
analyses were conducted by using SAS
9.1 (SAS Institute, Cary, NC).

Human Subjects Review

The nature of this data collection was
determined by the Centers for Disease
Control and Prevention to be for rou-
tine public health surveillance pur-
poses and was not subject to institu-
tional review board approval for
human research protections.

RESULTS

During the 2003—-2009 influenza sea-
sons, 2165 children aged 2 years or
older were hospitalized with laboratory-
confirmed influenza, of whom 701
(32%) had asthma. During the 2009
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TABLE 1 Characteristics of Children With Asthma Hospitalized With Laboratory-Confirmed Influenza, EIP Surveillance for Influenza-Associated

Hospitalizations, 2003—2009 (N = 1434)

2003-2004 2004-2005 2005-2006 2006—2007 2007-2008 2008-2009 2009 Pandemic
n % n % n % n % n % n % n %
Total EIP cases aged =2y 536 313 306 232 386 392 1660

EIP cases aged =2 y with asthma 184 34 95 30 105 34 63 27 125 32 129 33 733 44

Median age, y 7 7 6 5 6 5 7
2-5 64 35 32 34 38 36 24 38 47 38 50 39 174 24
6-9 49 27 27 28 30 29 23 37 44 35 42 32 300 41
10-13 39 21 12 13 20 19 6 9 15 12 14 11 156 21
14-17 32 17 24 25 17 16 10 16 19 15 23 18 103 14
Male 114 62 50 53 57 54 49 78 70 56 80 62 459 63
White 66 36 31 33 31 30 23 37 48 38 53 41 262 36
Black 88 48 37 39 36 34 21 33 52 42 43 33 267 37
No other underlying condition@ 153 83 67 71 72 69 40 63 90 72 85 66 540 74
Received seasonal influenza vaccine® 66/162 41  44/85 52 31/86 36 24/53 45 40/112 36  56/121 46  131/507¢ 26

Median length of stay, d 3 4 3 3 3 3 3
Received antiviral treatmentd 48/100 48  24/52 46 35/65 54 17/41 41 36/80 45 20/68 29 408/463 88
Had a chest radiograph 156 85 76 80 89 85 60 95 107 86 109 84 628 86
ICD-9 diagnosis of pneumonia® 57/149 38  30/73 41 33/86 38 27/58 47 44/103 43 38/106 36  276/603 46
ICU admission 32 17 13 14 16 15 15 24 16 13 21 16 158 22
Respiratory failure® 4 2 4 4 5 5 7 11 ) 4 1 9 35 5
Extracorporeal membrane oxygenation 0 1 <1 1 <1 0 0 0 5 1
Death 1 <1 1 <1 1 <1 0 1 <1 0 7 1

a 0f the following underlying conditions: cardiovascular disease; chronic lung disease; chronic metabolic disease; febrile seizures; hemoglobinopathies; immunosuppression; neurologic
disorders, including cerebral palsy and seizure disorders; and pregnancy.

b At least 1 dose.

¢ 0f patients admitted after August 31, 2009, when seasonal influenza vaccine became available.

d0f patients admitted within 2 days of symptom onset.

¢ 0f children who had chest radiographs during their hospitalizations and had available ICD-9 code data.

TDefined as requiring mechanical ventilation.

pandemic, 1660 children aged 2 years
or older were hospitalized with pre-
sumed or confirmed 2009 HIN1 influ-
enza, of whom 733 (44%) had asthma.
Children with asthma made up a signif-
icantly larger proportion of all chil-
dren hospitalized with influenza dur-
ing the 2009 pandemic compared with
previous influenza seasons (44% vs
32%; P < .01). Of 1434 case subjects
meeting the definition for a case with
asthma hospitalized with influenza,
607 children (43%) had an acute
asthma ICD-9 code (for either acute
asthma exacerbation or status asth-
maticus) and a diagnosis of asthma in
the medical record, 761 children (53%)
had a diagnosis of asthma but did not
have an acute asthma ICD-9 code, and
66 children (5%) had an acute asthma
ICD-9 code but no diagnosis of asthma
in the medical record.

During all seasons, the median age of
children with asthma hospitalized with
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influenza ranged from 5 to 7 years, al-
though a larger proportion of children
with asthma were aged older than 5
years during the 2009 pandemic than
during previous seasons (76% vs 64%;
P < 01). Fifty-three percent to 78% of
children with asthma hospitalized with
influenza were male, and 63% to 83%
had no additional medical conditions
(Table 1). Among children with a med-
ical condition in addition to asthma,
seizure disorders (21%); neuromuscu-
lar disorders, including cerebral palsy
(20%); and hemoglobinopathies (17%)
were the most common conditions.

During the 2003-2009 influenza sea-
sons, only 36% to 52% of hospitalized
children with asthma with known vac-
cination status had received at least 1
dose of the current seasonal influenza
vaccine. For children with asthma
aged 2 through 8 years who required 2
doses of influenza vaccine to be fully
vaccinated intheir first season of influ-

enza vaccination, full vaccination sta-
tus could not be determined because
of incomplete data on the number of
vaccine doses received during the cur-
rent season.

During 2003—2009, 406 (58%) of 701
children with asthma and influenza
were admitted to the hospital within 2
days of symptom onset. During the
2009 pandemic, 463 (63%) of 733 chil-
dren with asthma and influenza were
admitted within 2 days of symptom on-
set. Among children with asthma ad-
mitted within 2 days of symptom onset,
a larger proportion of children admit-
ted during the 2009 pandemic were
treated with antiviral medications
than those admitted during 2003—2009
(88% vs 44%; P < .01). The effect of
antiviral treatment on hospital course
could not be evaluated because data
on the timing of hospital events (eg,
diagnosis of pneumonia, ICU admis-
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sion, respiratory failure) in relation to
antiviral treatment were not collected.

Compared with children with asthma
hospitalized with influenza during
2003-2009, a larger proportion of chil-
dren with asthma hospitalized during
the 2009 pandemic were diagnosed
with pneumonia (of children with
chest radiographs during hospitaliza-
tion: 40% vs 46%; P << .01),and a larger
proportion of those whose only under-
lying medical condition was asthma
required admission to an ICU (no addi-
tional medical conditions: 14% vs 21%,
P = .01, =1 additional medical condi-
tions: 22% vs 24%, P = 6). However,
the proportion of children with asthma
with respiratory failure was not signif-
icantly different during the 2003—2009
influenza seasons and the 2009 pan-
demic, irrespective of the presence of
additional medical conditions (no ad-
ditional medical conditions: 3% vs 3%,
P = .5; =1 additional medical condi-
tions: 10% vs 11%, P = .7). During the
2003—-2009 influenza seasons, 2 (<1%)
children with asthma hospitalized with
influenza required extracorporeal
membrane oxygenation, and 4 (1%)
children died. During the 2009 pan-
demic, 5 (1%) children with asthma re-
quired extracorporeal membrane oxy-
genation, and 7 (1%) children died. Of
11 children with asthma who died dur-
ing the 2003—2009 influenza seasons
and 2009 pandemic, asthma was the
only known underlying medical condi-
tion in 6 (55%).

Comparison of Complications and
Outcomes by Influenza Type

During the 2003—-2009 influenza sea-
sons and the 2009 pandemic, among
children with asthma hospitalized with
influenza, 116 had confirmed influenza
B virus infections, 494 had seasonal in-
fluenza A virus infections, and 733 had
presumed 2009 H1N1 virus infection.
Children hospitalized with influenza A
virus infections were more likely to
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TABLE 2 Health Status and Complications Among Children With Asthma Hospitalized With
Laboratory-Confirmed Influenza, EIP Surveillance for Influenza-Associated

Hospitalizations, 2003—2009 (N = 1343)

B, Reference, Seasonal A, 0dds Ratio 2009 H1NT, 0dds Ratio
n (%) n (%) (95% Confidence n (%) (95% Confidence
Interval) Interval)

Total 116 494 733

No additional underlying 67 (58) 365 (74) 2.1(1.4-3.1) 540 (74) 2.0 (1.4-3.1)
medical conditions?

ICD-9 diagnosis of 37/92 (40)  157/404 (39) 0.9 (0.6-1.5) 276/603 (46) 1.3 (0.8-2.0)
pneumonia®c¢

ICD-9 diagnosis of 33/112 (29)  233/4869 (50) 24 (1.5-3.7) 359/700 (51) 2.5 (1.6-3.9)
asthma exacerbation®

ICU admission 17 (15) 85 (17) 1.2 (0.7-2.1) 158 (22) 1.6 (0.9-2.8)

Respiratory failured 7(6) 24 (5) 0.8 (0.3-1.9) 35 (5) 0.8 (0.3-1.8)

a 0f the following underlying conditions: cardiovascular disease; chronic lung disease; chronic metabolic disease; febrile
seizures; hemoglobinopathies; immunosuppression; neurologic disorders, including cerebral palsy and seizure disorders;

and pregnancy.
b Excluding cases with missing ICD-9 code data.

¢ 0f children who had chest radiographs during their hospitalizations.

d Defined as requiring mechanical ventilation.

have no additional underlying medical
conditions than children hospitalized
with influenza B virus infections (sea-
sonal influenza A: odds ratio: 2.1 [95%
confidence interval: 1.4-3.11; 2009
H1N1: odds ratio: 2.0 [95% confidence
interval:  1.4-3.1]). Children with
asthma hospitalized with influenza A
virus infections also were more likely
to be hospitalized with acute asthma
exacerbations or status asthmaticus
(seasonal influenza A: odds ratio: 2.4
[95% confidence interval: 1.5-3.71;
2009 HIN1: odds ratio: 2.5 [95% confi-
dence interval: 1.6-3.9]) compared
with children with asthma with influ-
enza Bvirus infections who were more
likely to be hospitalized with a nonas-
thma acute diagnosis (Table 2).

DISGUSSION

In this analysis, children with asthma
accounted for 32% of children aged 2
to 17 years hospitalized with seasonal
influenza and 44% of children aged 2 to
17 years hospitalized with 2009 H1N1
influenza. Among children with asthma
who were hospitalized with influenza,
the majority did not have additional un-
derlying medical conditions, and a
substantial proportion had pneumonia
or required ICU admission. In addition,
compared with children with asthma

hospitalized with seasonal influenza, a
greater proportion of those with 2009
H1N1 influenza had evidence of a se-
vere hospital course, as indicated by
an increased incidence of pneumonia
and need for intensive care, although
the proportion of children with asthma
who developed respiratory failure was
the same among children with sea-
sonal or 2009 H1N1 influenza.

Despite long-standing recommenda-
tions for influenza vaccination of peo-
ple with asthma,’%'" and that influenza
vaccination remains the most effective
influenza prevention strategy,"" influ-
enza vaccination coverage among US
children with asthma remains poor.'
Among hospitalized children with
asthma in our cohort, less than one-
half had received at least 1 dose of sea-
sonal influenza vaccine for the current
season, consistent with national esti-
mates of influenza vaccination cover-
age among people with asthma. The
effect of influenza vaccination on hos-
pital course and outcomes among chil-
dren in our cohort could not be eval-
uated because data onthe number of
doses of influenza vaccine received
were incomplete for children aged 2
through 8 years who require 2 doses
of influenza vaccine in their first year
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of influenza vaccination to be consid-
ered fully vaccinated. Although it is
unclear whether influenza vaccina-
tion is effective against preventing
influenza-associated asthma exacerba-
tions,'®'* influenza vaccination has
been shown to be effective in pre-
venting laboratory-confirmed influ-
enza among children with asthma
and should be encouraged in this high-
risk group.’ Children with asthma
with additional underlying medical
conditions are likely to have contact
with multiple providers within the
health care system, which should be
recognized as additional opportunities
to provide influenza vaccination to this
vulnerable population.

Both influenza strain—specific and, to
a lesser degree, type-specific differ-
ences in clinical manifestations and in-
fluenza severity have been observed in
previous epidemiologic studies” but
still are not well defined. In this analy-
sis, we found that children with
asthma hospitalized with influenza A
virus infections were more than twice
as likely to be hospitalized with acute
asthma exacerbations or status asth-
maticus as children hospitalized with
influenza B virus infections. Hospital-
ized children with influenza A virus in-
fections also were more likely to have
no additional underlying medical con-
ditions. This observation might sug-
gest that influenza A viruses are capa-
ble of inducing more severe airway
inflammation and bronchial hyperre-
sponsiveness in children with asthma,
although this propensity also may vary
by influenza A virus strain.
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