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Severe asthma in children is a complicated disorder characterized by ongoing symptoms and persistent airway
inflammation despite treatment with high doses of inhaled and oral corticosteroids. Although knowledge of
asthma and its associated mechanisms has increased substantially over the past decade, significant gaps remain
about the determinants of severe asthma in children and the progression of the disorder across the lifespan.
This review highlights recent insights into severe asthma in children derived from the National Heart, Lung,
and Blood Institute’s Severe Asthma Research Program (SARP), with an emphasis on age-specific findings and
differences from severe asthma in adults. While the existence of a true severe asthma phenotype in children is
subject to some debate, given the results of SARP and other investigators, we conclude that there is indeed a
subgroup of children with severe asthma who have extreme morbidity and differentiating clinical features that
are identifiable very early in life. However, unlike adults with severe asthma, children with severe asthma are
more likely to fall in a more narrow cluster that is characterized by marked atopy and reversible airflow
obstruction. While SARP has advanced knowledge of severe asthma in children, considerable gaps remain for
which additional studies are needed.

Introduction

Asthma is the most common chronic lung disease of
childhood that affects >6.6 million children in the

United States.1 Whereas most children with asthma achieve
good symptom control when treated with low doses
(<500 mcg/day fluticasone equivalents) of inhaled cortico-
steroids (ICS), children with severe or difficult-to-treat asthma
remain highly symptomatic despite treatment with high
doses of ICS and even systemic corticosteroids.2,3 The
symptoms of severe asthma in these children may be at-
tributed to persistent airway inflammation and relative cor-
ticosteroid insensitivity,4,5 although a number of biological,
environmental, and/or social factors may also be responsi-
ble.6,7 Regardless of the underlying mechanisms, severe
asthma in children is a challenging disorder with significant
public health implications. Despite the low prevalence of
severe asthma in the general population, the significant
morbidity associated with the disorder accounts for nearly
50% of all asthma-related expenditures.8,9 This review will
focus only on children with severe, therapy-resistant asthma.
Unlike children with difficult asthma who may have poor
adherence, suboptimal environments, or psychological co-

morbidities that inhibit the response to asthma medica-
tions,10 children with severe, therapy-resistant asthma have
ongoing symptoms and airway inflammation despite best
attempts at corticosteroid treatment.11 Thus, this definition of
severe asthma implies that relevant comorbidities, social is-
sues, and poor medication adherence have fully addressed.11

This review highlights recent insights into severe asthma in
children derived from the National Heart, Lung, and Blood
Institute’s Severe Asthma Research Program (SARP), with an
emphasis on age-specific findings and differences from se-
vere asthma in adults. While SARP has advanced knowledge
of severe asthma in children, considerable gaps remain for
which additional studies are needed.

Overview of SARP and Definition of Severe
Asthma in Children

Given the relatively small number of patients with severe
asthma at any institution, single-center studies of severe
asthma are difficult to conduct. In 2001, the National Heart,
Lung, and Blood Institute solicited applications for SARP, a
multicenter program focused on the clinical and biological
attributes of severe asthma in adults and children. Awards

1Emory University Department of Pediatrics, Atlanta, Georgia.
2Department of Pediatrics, University of Virginia, Charlottesville, Virginia.

PEDIATRIC ALLERGY, IMMUNOLOGY, AND PULMONOLOGY
Volume 23, Number 2, 2010
ª Mary Ann Liebert, Inc.
DOI: 10.1089/ped.2010.0021

131



were made to 8 clinical sites at Brigham and Women’s
Hospital, Imperial College School of Medicine, National
Jewish Medical and Research Center, the University of
Pittsburgh, the University of Virginia (with coinvestigators at
the Cleveland Clinic and Emory University), the University
of Wisconsin, Wake Forest University, and Washington
University. Recruitment of pediatric subjects is primarily
done at Emory University, the University of Virginia, and the
University of Pittsburgh. Each of these SARP sites works
under a standard definition of severe asthma and follows
uniform procedures for asthma characterization. This col-
laborative approach to the study of severe asthma allows for
rigorous phenotyping of the disorder in greater numbers of
subjects with diverse backgrounds. Although children en-
rolled in SARP do not undergo bronchoscopy or imaging for
research purposes, they do complete SARP questionnaires
and undergo pulmonary function and plethysmography
testing, methacholine challenge, exhaled nitric oxide deter-
mination, and allergy skin prick testing. Children also sub-
mit blood samples for genetic studies and quantification of
immunoglobulin E (IgE) and peripheral eosinophils as de-
scribed previously.3,12 Data are reviewed for accuracy by a
centralized Data Coordinating Center. To date, 153 children
6–18 years have completed SARP characterization, including
83 (54%) males and 84 (55%) racial minorities. Ninety-three
(61%) children are <12 years of age. Features of a subset of
these children have been published previously.3

Although a number of definitions of severe asthma have
been proposed by both the National Asthma Education and

Prevention Program13 and the Global Initiative on Asth-
ma,14,15 the SARP definition of severe asthma was adopted
from the proceedings of an American Thoracic Society
Workshop on Refractory Asthma, which were published in
2000.16 According to this American Thoracic Society Work-
shop definition, severe asthma is present in any individual
with persistent asthma who (1) requires treatment with
continuous high-dose ICS or continuous oral corticosteroids
to maintain asthma control, and (2) has at least 2 minor cri-
teria, including use of asthma controller medications and
recent healthcare utilization (Table 1). This definition as-
sumes that comorbid conditions have been treated or ad-
dressed and that the patient is compliant with asthma
treatment.16 Proposed modifications for the SARP definition
include a requirement that the patient has been under the
care of an asthma specialist for a minimum period of time so
as to address the stability of the severe asthma assignment in
a supervised care environment. Thresholds for high-dose ICS
for adults and children were established by the SARP
Steering Committee according to the relative potency of each
drug as expressed by fluticasone equivalents. The list of
high-dose ICS appears in Table 2. For the purpose of severity
classification in SARP, any subject 12 years and older is
considered an adult.

The Preschool Years: Birth to Age 5

The Expert Panel Report offers a definition of severe
asthma in preschool children with nearly continuous symp-

Table 1. The Severe Asthma Research Program Definition of Severe Asthma, Adapted

from the American Thoracic Society Workshop on Refractory Asthma
16

Major criteria for severe asthma (must have at least 1 to achieve asthma control):
Treatment with high-dose inhaled corticosteroids
Treatment with continuous oral corticosteroids (at least 50% of the year)

Minor criteria for severe asthma (must have at least 2):
Treatment with additional controller medications to maintain asthma control
Daily use of short-acting bronchodilators (5 of 7 days)
Persistent airflow obstruction, with baseline FEV1 <80% predicted
One or more urgent care visits for asthma in the previous year
Three or more oral corticosteroid bursts in the previous year
A history of prompt deterioration in asthma symptoms with a reduction in the dose of inhaled corticosteroids or oral

corticosteroids
A near-fatal asthma event requiring intubation in the past

Table 2. Thresholds of High-Dose Inhaled Corticosteroids in Adults and Children

Adults (12 years and older), minimum mcg/day Children (<12 years), minimum mcg/day

Fluticasone 880 mcg (Flovent� HFA) 440 mcg (Flovent� HFA)
Fluticasone/salmeterol 1,000 mcg (Advair� discus) 500 mcg (Advair� discus)

920 mcg (Advair� HFA) 460 mcg (Advair� HFA)
Budesonide 1,600 mcg (Pulmicort� Turbuhaler) 600 mcg (Pulmicort� Turbuhaler)

1,440 mcg (Pulmicort� Flexhaler) 450 mcg (Pulmicort� Flexhaler)
2,000 mcg (Pulmicort� Respules)

Budesonide/formoterol 640 mcg (Symbicort� HFA) 480 mcg (Symbicort� HFA)
Flunisolide 800 mcg (Aerospan�) 1,250 mcg (Aerobid�)

2,500 mcg (Aerobid�)
Beclomethasone 640 mcg (Qvar� HFA) 160 mcg (Qvar� HFA)
Triamcinolone 2,500 mcg (Azmacort�) 1,200 mcg (Azmacort�)
Mometasone 880 mcg (Asmanex� Twisthaler) 440 mcg (Asmanex� Twisthaler)
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toms during the day, night-time awakenings more than once
weekly, use of rescue bronchodilators several times per day,
and extremely limited daily activities.13 This definition has
not been validated by clinical studies and the extent and
scope of preschool children who fit this description is un-
known. However, many children with severe asthma present
in school age recall relatively early onset of symptoms. Al-
though the lower age limit of children enrolled in SARP is
6 years, historical data from these children suggest that the
onset of asthma symptoms occurs earlier in life in children
with severe versus mild-to-moderate asthma.3 Whereas the
average age of asthma symptom onset was 60 months in
children with mild-to-moderate asthma, the majority of
children with severe asthma had symptoms that appeared
within the first 24 months of life.3 Although these data are
subject to recall bias, they suggest that features of severe
asthma in childhood may be identifiable in the early pre-
school years. Because children with severe asthma also had a
higher prevalence of atopic dermatitis and more skin prick
responses to aeroallergens by the early childhood years,3

these findings further suggest that allergic sensitization
may be a key factor in distinguishing severe from mild-to-
moderate asthma in young children.

The importance of allergic sensitization in asthma per-
sistence has been described previously.17,18 In the Tuscon
Children’s Respiratory Study, a large birth cohort study of
>1,200 newborns and their families,19 only preschool chil-
dren with atopic wheezing (distinguished by sensitization to
aeroallergens and increased serum IgE concentrations) had
active asthma symptoms and airflow obstruction between
6 and 13 years of age.20 By contrast, >80% of all nonatopic
preschool children had complete remission (ie, cessation) of
all asthma symptoms during the school-age years.21 Whereas
the majority of these nonatopic preschoolers had respiratory
symptoms only with upper respiratory infections during the
winter months, preschool children with atopic wheezing had
symptoms year-round that occurred both with and without
upper respiratory infections.18 Although there are currently
no clear markers to distinguish the likelihood of severe
asthma in young preschool children, evaluation of atopic
markers may prove useful. However, it is unclear whether
allergic mechanisms play a causal or supportive role in the
development of severe asthma in children.

There is a growing body of literature suggesting that
asthma may be present in young children well before the
onset of symptoms. In a recent birth cohort of healthy infants
in Norway, 3-day-old infants with the lowest pulmonary
function (as measured by the fraction of expiratory time to
peak tidal expiratory flow) were nearly twice as likely to
have current asthma and severe bronchial hyperresponsive-
ness at 10 years of age.22 Similarly, in the Tuscon Children’s
Respiratory Study, 2- to 3-month-old infants with the lowest
maximal expiratory flow at functional residual capacity at
2–3 months of age had significantly lower FEV1, FEV1:FVC,
and FEF25–75 values at 22 years, even after adjustment for
smoking status, atopy, parental asthma, and other potential
confounders.23 These data highlight the importance of fetal
determinants of airway function in some children and argue
for additional study of critical periods of lung development
in children at high risk for recurrent wheezing.

While the mechanisms of early airflow obstruction in
children are unclear, immune dysregulation may play an
important role. For instance, young infants with the lowest

concentrations of interferon g (IFN-g), a Th1 cytokine, have
an increased risk of recurrent wheezing during both the
preschool and school-age years.24 Because low IFN-g levels
during infancy are also associated with increased aeroaller-
gen skin prick sensitization by 12 months and 6 years of
age,25,26 wheezing in these children may be due to enhanced
Th2 cell differentiation. Interestingly though, classical hall-
marks of airway Th2 activation such as airway eosinophilia
and reticular basement membrane thickening are not iden-
tifiable in infants 12–24 months of age with wheezing dis-
orders.27 While eosinophilia and basement membrane
thickening are present in some preschool children after 24
months of age,28 other preschool children have neutrophilic
patterns of inflammation and increased interleukin-8 ex-
pression,29–31 perhaps due to respiratory viral infections that
may intensify during this time period.32

These findings highlight the phenotypic heterogeneity
present in young children with preschool wheezing, which
likely accounts for the differential response to asthma treat-
ment that is commonly observed in this population.33–36

Additional studies are critically needed to identify relevant
biomarkers of disease persistence and severity in preschool
children. Such biomarkers would useful in the refinement of
preschool wheezing phenotypes and would also aid in the
development of novel therapeutic interventions to slow the
progression and severity of wheezing in young preschool
children.

The School-Age Years: Age 6–11

Nearly 100 children aged 6–11 years with asthma have
participated in SARP to date. The features of this sample are
presented in Table 3. Compared to children with mild-to-
moderate asthma, children with severe asthma had increased
allergic sensitization as measured by serum IgE and exhaled
nitric oxide (FENO) and were significantly more likely to be of
African American or mixed race. Consistent with the SARP
definition, children with severe asthma also had increased
medication and healthcare utilization over the previous year.
Despite more aggressive treatment with ICS (848� 245 ver-
sus 328� 268 mg of fluticasone per day for severe versus
mild-to-moderate asthma, respectively), children with severe
asthma also had increased airflow obstruction as reflected by
baseline FEV1% predicted values. Although FEV1 improved
in both groups of children with maximum bronchodilator
administration of up to 720mg of albuterol sulfate, the best
postbronchodilator FEV1 remained significantly lower in
children with severe asthma (Table 3). As important, chil-
dren with severe asthma are differentiated from children
with mild-to-moderate asthma by increased presence of air
trapping as signified by marked increase in the residual
volume to total lung capacity ratio. These findings are similar
to those observed in other studies of severe and difficult-to-
treat asthma in children2,37–40 and suggest that structural
airway changes are present in children with severe asthma as
young as 6 years of age.

The Dunedin Multidisciplinary Health and Development
Study was one of the first to highlight abnormalities in
pulmonary function in school-age children according to
clinical phenotype.41 In this birth cohort study, children with
persistent wheezing or wheezing that relapsed (ie, re-
appeared after symptom cessation) since the preschool years
had significant airflow obstruction at 9 years of age that
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persisted through early adulthood.41,42 Further, structural
airway remodeling in adolescence and early adulthood was
3 times more likely in children with airway hyperrespon-
siveness at 9 years of age, evidenced by either a methacho-
line provocative concentration (PC20) of �8 mg/mL or an
FEV1 bronchodilator response of �10%.42 While this birth
cohort did not focus specifically on severe asthma, these
findings suggest that pulmonary function abnormalities ev-
ident during early childhood may persist and even worsen
throughout the adult years. However, it is worth noting that
pulmonary function declines are also present in a subset of
children with mild-to-moderate asthma. In the Childhood
Asthma Management Program, a multicenter, longitudinal
study of children 5–12 years of age with mild-to-moderate
persistent asthma,43 *30% of all enrolled children had de-
clines of �1% or more in postbronchodilator FEV1 regardless
of treatment allocation.44 Although the clinical relevance of
this finding is unclear, it may be related to altered lung
growth in a subset of asthmatic children.45 Alternatively,
these lung function declines may also be a feature of airway
remodeling and perhaps future asthma severity. A number
of recent reviews have highlighted histopathologic evidence
of the several mechanisms by which persistent asthma can
lead to airway remodeling, including pathological changes in
the airway smooth muscle bundle,46 disrupted epithelial
barrier integrity and function,47 and altered cross-talk be-
tween the airway epithelium and the mesenchyme.48 Al-
though the mechanisms and natural history of this
connection are still being discovered, this is a fertile area for
ongoing research and a major focus of SARP and related
research efforts.

While there are likely a number of different phenotypes of
severe asthma in school-age children,49 the majority of chil-
dren in this age group are characterized by distinct structural
airway changes and Th2-mediated patterns of airway in-
flammation.3,50–52 Whereas reticular basement membrane
thickening does not necessarily differentiate severe from
mild-to-moderate asthma in children,51,53,54 school-age chil-
dren with symptomatic severe asthma do have a greater
airway smooth muscle surface area and a more dense vas-
cular airway network.51 These features are associated with
airflow obstruction51 and suggest that the airway smooth
muscle and vessels play an important role in airway re-
modeling. Children with severe asthma are further charac-
terized by a greater CD4þ T lymphocyte density, a lower
ratio of IFN-g to interleukin-5, and increased numbers of
activated eosinophils with increased FENO.52,53,55,56 Although
airway neutrophils may also be present in a subset of chil-
dren with severe asthma,57 they often coexist with eosino-
phils in the airway tissue and epithelial lining fluid.2,50 Given
the limited data on severe asthma in children, further studies
of airway inflammatory biomarkers are acutely needed. The
development of noninvasive markers would be of particular
utility given the ethical and methodological limitations of
conducting research in this population.

The Adolescent Years: Age 12–17

Although fewer adolescents (n¼ 60) aged 12–17 years
have been enrolled in SARP, the features of these adolescents
are similar to those of the 6- to 11-year-old age groups (Table
3). Compared to adolescents with mild-to-moderate asthma,
adolescents with severe asthma were again more likely to be
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African American or of mixed race and were characterized
by higher serum IgE, increased FENO, and greater healthcare
utilization despite significantly higher doses of ICS
(940� 223 versus 326� 291mg of fluticasone per day for se-
vere versus mild-to-moderate asthma, respectively). Baseline
FEV1 was also lower in adolescents with severe asthma and
remained lower after maximal bronchodilation (Table 3).
These findings suggest that patterns of airway remodeling
are already established by adolescence and argue for addi-
tional study of airway physiology during early development.

The natural history of asthma progression during child-
hood is complex and not fully understood. There is in-
creasing data to suggest that children who wheeze
throughout childhood are more likely to be atopic and are
more likely to have increased airflow obstruction and
physician-diagnosed asthma in adolescence or early adult-
hood.58–61 However, the biological and genetic determinants
of asthma persistence in adolescents are unclear. Identifica-
tion of asthma persistence in adolescents is further compli-
cated by different clinical presentations or phenotypes of the
disorder. For instance, in the Tuscon Children’s Respiratory
Study, nearly 63% of patients with newly diagnosed asthma
at 22 years of age had episodes of wheezing during the first
3 years of life.60 On retrospective analysis, the patients with
newly diagnosed asthma in early adulthood were more
likely to have evidence of bronchial hyperresponsiveness at
6 years of age, independent of asthma symptoms.60 A sep-
arate study further demonstrated increased airway eosino-
philia as measured by FENO and increased bronchial
hyperresponsiveness in adolescents in clinical remission of
their asthma as compared to healthy controls.62 Although
these adolescents had no current asthma symptoms,62 these
findings suggest that there are certain clinical features iden-
tifiable during the adolescent years that might convey a risk
for asthma relapse later in life. In the Dunedin Multi-
disciplinary Health and Development Study, *35% of ado-
lescents with asthma in remission at 18 years of age relapsed
by 21 or 26 years.63 Factors associated with relapse in these

patients included atopy, airflow obstruction, and increased
responsiveness to methacholine or bronchodilators.63 These
same factors have also been implicated as risk factors for
subsequent asthma hospitalizations and may help identify
adolescents at risk of poor asthma control.64

Differences Between Children and Adults
with Severe Asthma

Because pediatric and adult subjects undergo similar
characterization procedures in SARP, it is possible to com-
pare the phenotypic differences between adults and children
with severe asthma. Similar to children with severe asthma,3

adults with severe asthma are characterized by air trapping
and incomplete reversal with bronchodilation, although the
magnitude of this airflow limitation is greater in the adults.65

By contrast, whereas allergic sensitization is a differentiating
feature of severe asthma in children,3 positive skin prick
responses are less prevalent in adults with severe asthma
and there are no significant differences in blood eosinophil
counts, FENO, or serum IgE between the severe and mild-to-
moderate groups.12 This inverse relationship between atopy
and severity was also noted in the European Network for
Understanding the Mechanisms of Severe Asthma66 and may
be attributable to alterations in the adaptive immune re-
sponse67 or an increased prevalence of comorbid conditions
such as gastroesophageal reflux, sinusitis, and pneumonia.12

Alternatively, because severe asthma in adults is a complex
condition associated with several different clinical presenta-
tions,49,68 further separation of severe asthma into different
phenotypes may be necessary to understand the features of
the disorder. Certainly, the vast majority of children with
severe asthma and persistent wheezing have asthma that
persists well into adult years. However, it is unclear how or
whether the features of severe asthma in these children
change across the lifespan.

In SARP study, attempts have been made to phenotype
adults with severe asthma according to clinical features and

pubertyprenatal/infancy tludaegaloohcs-ycnafni senior

Developmental Phase

Inception
< 24 months

Symptom
Severity

Mild to moderate remitting
asthma of childhood (75%)

Severe Persistent of Asthma
of Childhood (5-10%)

Late Onset Asthma
of Childhood (x?)

?

Determinants
• Atopy
• AA race
• Urban residence
• Viral infections

Adult Onset Severe Asthma
neutrophil predominant?

?

Infection-mediated?

eosinophil predominant?

Average 
Inception
60 months

Remitting non-atopic
wheeze

FIG. 1. Hypothesized development of severe asthma in children.
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inflammatory biomarkers.69 Because previous reports have
suggested that severe asthma in adults can be divided into 2
distinct phenotypes based on the age of diagnosis,70,71 adults
with severe asthma in SARP were stratified by the self-
reported age of asthma onset. Compared to adults with late-
onset asthma after 12 years of age, adults with early onset
asthma before age 12 had more positive skin prick responses
to aeroallergens, more self-reported allergic asthma symp-
toms, and greater lifelong healthcare utilization,12 similar to
previous reports.70,71 In a separate study, atopy also differ-
entiated one phenotype of severe asthma in adults, which
was also distinguished by the youngest age of asthma onset
and significant baseline airflow obstruction that reversed to
the near-normal range after maximum bronchodilator ad-
ministration,69 similar to our findings in children. Because of
the cross-sectional nature of SARP, it is difficult to determine
how the features of children with severe asthma enrolled in
SARP will manifest in adulthood. However, these early at-
tempts to phenotype severe asthma may be useful in future
prospective studies on the natural history of asthma severity
in childhood and adulthood.

Summary and Conclusions

Although knowledge of asthma and its associated mech-
anisms has increased substantially over the past decade,
significant gaps remain about the determinants of severe
asthma in children and the progression of the disorder across
the lifespan. Based on results from SARP and other investi-
gators, there is indeed a subgroup of children with severe
asthma who have extreme morbidity and differentiating
clinical features that are identifiable very early in life (Fig. 1).
Although phenotypic heterogeneity is an important feature
of severe asthma in both children and adults, children with
severe asthma are more likely to fall in a more narrow cluster
that is characterized by marked atopy and reversible airflow
obstruction. The preliminary experience from SARP suggests
that over time severe asthma becomes more diverse; that is, a
cadre of children with the common phenotype do progress,
but are joined by new onset severe asthmatics in which
obesity and fixed airflow obstruction are visible character-
istics. Whether these new phenotypes evolve from the com-
mon one as manifestations of the recurrent ‘‘hits’’ hypothesis
due environmental exposures versus new onset disease or
both will require long-term longitudinal cohort studies. This
knowledge will be critical for the development of new in-
terventions to diagnose and treat severe asthma in children.
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