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A Different Disease

Erwin W. Gelfand1

1Division of Cell Biology, Department of Pediatrics, National Jewish Health, Denver, Colorado

Asthma currently affects the lives of more than 30 million Americans
from infancy to the elderly. In many ways, pediatric asthma differs
from adult asthma, including childhood-onset adult asthma. Despite
many advances in our understanding of the disease, the natural
historyofasthma is notwelldefined,especially in different subsetsof
patients. For many with allergic asthma the disease has its origins in
early childhood, associated with early sensitization to aeroallergens
and exposure to repeated viral infections. These early life exposures,
coupled with genetically determined susceptibility, have a major
impact on the natural history of the disease. A number of risk factors
during the critical early stages in the initiation of asthma have been
associated with subsequent outcomes. In addition, protective fac-
tors linked to early life experiences have also been delineated which
may impact the development of atopy and asthma and reduce the
prevalence of these diseases. Cumulatively, the data highlight the
critical nature of this early period in which immune/inflammatory
responses in the lung are initiated and serve to maintain the disease
in subsequent years.
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CHILDHOOD ASTHMA

Most cases of persistent wheezing and defined as asthma begin
in early childhood and to a large extent define respiratory health
throughout the individual’s lifetime (1–3). Wheezing is fairly
common in young children, in particular preschoolers. Because
of the complexity of the initiating events (4), it is often difficult
to predict whether the wheezing infant will go on to develop
asthma. Cohort studies have demonstrated that roughly half of
the ‘‘early’’ wheezing children become asymptomatic by school
age. Although this group may have diminished lung function
early on, by 6 years function is improved, although perhaps to
levels still below normal (1). Children who had wheezing that
began in infancy and continued at 6 years demonstrated normal
function initially, with reduced lung function by 6 years. It thus
appears that children defined as asthmatic with persistent
wheezing have some ongoing chronic inflammatory process that
results in airway alterations and some loss of lung function in
early childhood, which extends to varying degrees into adult-
hood. It is of interest that adults with significant airway
obstruction by age 30 to 40 already demonstrated reduced lung
function by 10 years of age (5).

These findings highlight the fact that allergic asthma often
begins in early childhood but the natural course of the disease can
follow several pathways. In the majority of individuals with
persistent wheeze, those with asthma, the disease continues
through late adolescence and into adulthood, with or without
a transient or permanent reprise in the second to third decade of
life. In a longitudinal birth cohort study, approximately one third
whose asthma appeared to be in remission at 18 years of age
relapsed by 21 or 26 years of age. Relapse was not easily predicted,
especially by measurements of airway responsiveness. Atopy and
lower FEV1/FVC ratio at 18 years of age were significant in-
dependent prognostic factors for relapse in multiple logistic
regression analyses (6). Among the factors predicting persistence
or relapse were sensitization to house dust mites, airway hyper-
responsiveness, female sex, smoking, and early age at onset (7).

There are many unknown features in the natural course of
the disease. For example, it is not known whether patients with
initially mild disease progress to experiencing moderate to
severe disease or if it remains mild, and whether severe asthma
begins early and remains severe. Patients with persistent disease
have diminished lung function, and there is an inverse correla-
tion between lung function and disease severity (8, 9). Out-
comes in adult asthma may be determined primarily in early
childhood. Although lung function abnormalities are estab-
lished by the early school years, they may not progress to
a large extent thereafter (7). Even in the very young, and
certainly by school age, some of the characteristic inflammatory
and remodeling features of chronic asthma observed in adults
are found on biopsy specimens in young children (10, 11). Some
of the characteristic features of asthma, including increased
reticular basement membrane thickness, were seen in preschool
children with confirmed wheeze between the ages of 1 and 3
years (12). Since these changes in airway remodeling are
described in very young patients, well before repeated cycles
of inflammation and decline in lung function, other possibilities
warrant consideration. Among these potential causes, early
remodeling may be the result of impaired barrier function
resulting from disruption of epithelial tight junctions enabling
inhaled materials to pass through to the airway wall, triggering
activation of immune/inflammatory cells (13).

Although most individuals with asthma have mild to mod-
erate disease, about 5 to 10% have severe disease that is
refractory to treatment with currently available medications
(14). Little is known about the age-related differences in the
characteristics of asthma, especially severe asthma in children
and adults. In a cross-sectional analysis of severe asthma, the
clinical differences in children and adults were considerable
(15). Children were more likely to be male, to be more sensitive
to the suppressive effects of glucocorticoids, and to have less
impaired lung function. Only 28% of the children would have
been classified as having severe persistent asthma based on
FEV1 data, and more than 40% would have been classified as
having mild persistent disease. These findings related to FEV1
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values are consistent with previous reports highlighting the in-
adequacy of FEV1 measures as indicators of disease severity in
children (16, 17). However, despite higher mean FEV1 values in the
children, they displayed a greater annual decline in FEV1 than the
adults (1.8% versus 0.4%, respectively) (15). The findings illustrate
the importance of monitoring lung function serially over time to
better understand asthma progression in children.

Childhood asthma, at least initially, is more likely to be epi-
sodic. In addition to differences in FEV1, children tend to hyper-
inflate, to increase total lung capacity and residual volume, and
to have less airway resistance (Raw) and better airway conduc-
tance to airflow (18). Thus, FEF25–75 may be a more sensitive
measure of airflow obstruction than FEV1 in children with
asthma (16), although the test is very effort dependent and
results potentially inconsistent.

NATURAL HISTORY OF CHILDHOOD-ONSET ASTHMA

Asthma in early life may also differ from asthma in childhood.
Asthma in early life is characterized by parental asthma, a
history of eczema, and early allergic sensitization, as discussed
further below. The infants appear less responsive to inhaled
glucocorticoids, and the inflammatory response, if present, may
be neutrophilic in nature (19). Roughly 80 to 90% of children
with asthma will have allergic asthma, eosinophilic inflamma-
tion, some changes consistent with airway remodeling, and
a generally good response to inhaled glucocorticoids (20).

Lung development may be affected by the asthmatic pro-
cesses, an important and not well-defined aspect of asthma in
children. Significant impairment of lung function may occur early,
even prenatally (1, 21). Reduced lung function in early infancy
has been associated with later obstructive airway disease. Lung
function was measured in a prospective birth cohort study of
healthy infants shortly after birth, using tidal breathing flow–
volume loops. Compared with infants with lung function above
the median, children at or below the median were more likely at
10 years of age to have a history of asthma, to have current
asthma, and to have severe bronchial hyperresponsiveness (22).

Another risk factor for persistent wheezing in later child-
hood is transient tachypnea of the newborn. Maternal asthma,
birthweight over 4,500 g, male sex, and urban location were risk
factors for development of transient tachypnea of the newborn
period, and these infants were at significant risk for persistent
wheezing later in life (23).

This could lead to different models of disease progression, as
illustrated in Figure 1, with one group beginning normally, but
rapidly deteriorating with progressive loss of lung function.
Another group, after an initial insult, more slowly lose lung func-
tion. Another group may begin with low function, and only lose
further function slowly over time. It is unclear at present whether
this apparent heterogeneity in natural history reflects the activa-
tion of different pathophysiologic pathways resulting from dif-
ferent environmental exposures and/or genetic susceptibilities,
or are the consequences of abnormalities in lung development.

This modeling of early asthma heterogeneity becomes im-
portant after considering the needs for specific pharmacologic
interventions early in the onset of disease. Based on several
studies, it appears that inhaled corticosteroids (ICS) do not
interfere with the progressive loss of lung function in children
with asthma. In the first well-controlled longitudinal study, the
Children’s Asthma Management Program (CAMP), ICS were
no better than placebo or nedocromil in maintaining lung
function (postbronchodilator FEV1) over the 4 years of the
study (24). At least three other studies have reached similar
conclusions, showing that ICS have little benefit on the natural
course of the disease or maintenance of lung function at end-

point (25–27). This is despite the obvious benefits of ICS on
symptoms, use of rescue medications, and urgent care visits while
on the medications. Somewhat more revealing in the CAMP
cohort was a group of decliners, children who had a significant
decline in lung function over the duration of the study (28). These
patients were equally distributed over the steroid, nedocromil,
and placebo arms, further highlighting the inability of cortico-
steroids to prevent the progressive loss of lung function.

EARLY ORIGINS OF ASTHMA

Much of the data point to the initiation or inception of asthma
in infancy and early childhood. It is thus important to consider
the factors that may influence this critical period. Currently, the
development of allergic asthma is proposed to be the result of
gene–environment interactions. Atopy and asthma show a strong
genetic susceptibility with parental asthma associating with
asthma prevalence in the offspring. How other atopic diseases,
eczema, food allergy, or rhinitis influence the likelihood of
developing asthma is unclear. In infants with atopic dermatitis,
mutations in the filaggrin gene in the skin or other keratinizing
epithelia were associated with an increased risk for eczema by
more than threefold, a substantial risk for allergic rhinitis, as
well as asthma occurring in the context of eczema (29). Sur-
prisingly, eczema in the first 2 years of life was associated with
an increased risk of asthma in boys but not girls (30).

Epidemiologically, asthma prevalence appears to be increas-
ing more in younger than older children. Based on all of the
epidemiologic information gathered, a critical area requiring
investigation is the nature and consequences of early life ex-
periences on the natural history of asthma and their potential
impact on asthma heterogeneity. Early exposures to environ-
mental factors are thought to play important roles in concert
with genetic susceptibility. These environmental factors include
exposures to microbial products, indoor and outdoor allergens,
poor air quality, and environmental tobacco smoke. Economic
status may also play an important role in this susceptibility (31).
In addition to the risk factors, there are a number of potential
protective factors that have been identified.

A balance between these different exposures ultimately de-
termines outcome. This balance is perhaps best illustrated from
numerous epidemiologic studies comparing antenatal and peri-
natal exposure to farms and livestock, endotoxin, and consump-
tion of unpasteurized farm milk, and their preventative influ-
ences on development of atopy and asthma (32). Moreover,
it may be that it is antenatal maternal exposure to diverse

Figure 1. Models of disease progression from childhood to adulthood.

(A) Normal: remains normal, (B) begins normal: steep slope resulting in

severe obstruction over time, (C) begins normal: rapid decline early on

resulting in severe obstruction, and (D) Begins with low values and
continues with low lung function. Adapted by permission from

Reference 47.

Gelfand: Pediatric Asthma 279



mircrobial compounds that is required for protection against the
development of atopic sensitization in the offspring (33). Al-
though not entirely defined, these studies collected under the
umbrella of the ‘‘hygiene hypothesis’’ emphasize the impor-
tance of early life experiences in dictating whether a susceptible
infant will develop atopy and asthma or not.

FACTORS IMPACTING THE INDUCTION AND
PROGESSION OF ASTHMA

Taking advantage of these findings, a model can be developed
that distinguishes (at least) two stages of asthma: an induction
(inception) or sensitization phase and a maintenance or pro-
gression phase. Conceptually, the pathway(s) and triggers leading
to the first phase, which represents the ‘‘origins of asthma,’’
differs from the pathways contributing to the later, maintenance
phase. In animal models, these two phases are easily distin-
guished; for example, IL-4 is essential in the initial phase, whereas
IL-13 becomes critical in the second phase. Importantly, this
distinction may also explain the failure of clinical trials with
certain drugs, such as those targeting IL-4 in asthmatics who are
clearly beyond the induction phase and where preventing the
effects of IL-4 have limited benefit in the maintenance phase.

Among the factors that may impact the induction phase in
infancy, early allergen sensitization and respiratory syncytial
virus (RSV) infection appear to be important (Figure 2). The
role of early sensitization to allergen on the natural history of
wheezing was studied in a large multicenter allergy study group
(34). The study followed 1,300 children from birth to 13 years of
age who had early wheezing in the first 3 years of life. Allergen
exposure was assessed at 6 and 18 months, and 3, 4, and 5 years
of age. Lung function was assessed at 7, 10, and 13 years of age.
Of the children who wheezed by 3 years of age, 90% who were
not atopic lost their symptoms by school age and had normal
lung function at puberty. In contrast, early sensitization in the
first 3 years of life (positive skin test responses to house dust
mite, dog, or cat) was associated with a loss of lung function at
school age. Exposure to high levels of perennial allergens early
in life further aggravated disease. Sensitization and exposure
later in life or sensitization to food allergens had little impact on
asthma development. These findings suggest that the likelihood
of developing a chronic course of asthma, bronchial hyper-
responsiveness, presumably continuing airway inflammation, and
loss of lung function at school age and puberty were influenced
by early aeroallergen sensitization in the first 3 years of life. This
study, if validated, offers a means of predicting outcomes early
in the course of the disease and confirms the importance of age
at initial sensitization in defining later outcomes. The findings
indicate that the processes initiating chronic airway inflamma-
tion, altered airway function, even remodeling, begin in early
life. These results have important therapeutic implications; the
eradication of culprit allergens may not be achievable and could
accelerate rather than decrease the risk of atopy (35). Reducing
house dust mite exposure by encasing mattresses and pillows
has failed to impact development of asthma (36). As reported
recently, exposure thresholds to different allergens for sensiti-
zation or asthma appear to be sufficiently low, making it
unlikely that interventional measures to reduce domestic aller-
gen levels alone will impact the incidence of sensitization or
asthma in childhood (37).

In infancy, exposure to many viruses, even repeatedly, is
common. During early life, exposure to RSV has been linked to
asthma. Whereas RSV bronchiolitis in infancy was not associ-
ated with persistent wheezing, in infants hospitalized for severe
RSV bronchiolitis, the link to persistent wheezing and asthma
may be stronger (reviewed in Reference 38). Peculiar to RSV is

the failure to develop protective immunity, so reinfection with
RSV is not uncommon. Using an animal model, we examined
the consequences of age at initial infection on the response to
reinfection 5 weeks later (39). In mice initially infected with
RSV at weaning (3 wk of age), reinfection 5 weeks later elicited
a significant airway and tissue lymphocytosis, but the animals
were protected against development of airway hyperresponsive-
ness (AHR) to inhaled methacholine. In contrast, after initial
infection with RSV of newborn mice (, 1 wk of age), rein-
fection 5 weeks later resulted in a marked airway eosinophilic
inflammatory response, enhanced goblet cell metaplasia and mucus
hyperproduction, and heightened AHR to inhaled methacho-
line (increased lung resistance). Infected initially as newborns,
these mice also developed increases in RSV-specific IgE (a risk
factor in young infants as well), and this was shown to augment
AHR on reinfection (40). Thus, similar to early allergen expo-
sure, early infection with RSV can result in altered airway
function. Further, the combination of RSV infection and allergen
sensitization enhances development of airway inflammation and
altered airway function (41–44). The potential interactions of
allergen and virus in potentiating asthma is illustrated in
Figure 3, where environmental exposure, genetic susceptibility,
and age-dependent factors intersect to increase immune/in-
flammatory responses in the lung, resulting in increased airway
dysfunction. The propensity of the young to develop allergen-
specific and virus-specific IgE further enhances lung allergic

Figure 2. Stages of asthma. Asthma may be divided into two main
stages: an initiation or inception phase, and a maintenance or pro-

gression phase. The triggers and pathways activated may differ in the

different stages. In the initiation phase, early allergen exposure and
repeated viral infections coupled with genetic susceptibility may be

important in setting the outcomes in the second stage.

Figure 3. Importance of gene–environment interaction on the origins

of asthma. Gene–environment interactions contribute to the develop-
ment of altered airway function and airway inflammation. Host factors

and the age at initial exposure to allergen and/or virus are important

determinants of the specific immune responses to the exposure. The

development of allergen-specific and virus-specific IgE enhances the
immune/inflammatory responses in the lung.
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responses, contributing to greater airway inflammation and
altered airway function.

Although much of the work associating virus infection and
later risks for developing asthma has focused on RSV, recent
studies have emphasized potential associations with other
viruses in infancy. Among viral illnesses developing in infancy
and early childhood in an outpatient setting, rhinovirus infec-
tions may be among the predictors of the subsequent develop-
ment of asthma at age 6 in a high-risk cohort (45). The risk
factors may not be restricted to early virus infections. Neonates
colonized in the hypopharynx with bacteria such as Streptococcus
pneumoniae, Haemophilus influenzae, or Moraxella catarrhalis may
also be at risk for recurrent wheeze and asthma early in life (46).

Support for this notion of a critical susceptibility in early life
to the initiation of disease is that neonates are skewed to
developing a more pronounced Th2, proallergic cytokine re-
sponse, which in turn contributes to the development of atopy.
Although the concept of a Th1/Th2 imbalance is attractive for
its simplicity, further study of events in the early sensitization
period are required to define specific predisposing factors and
what truly renders the genetically at-risk infant susceptible to
developing an atopic disease such as asthma.

INTERVENTION AND PREVENTION OF ASTHMA

What then are the opportunities in at-risk infants and toddlers
to intervene in this critical initiation or inception phase? Can we
take advantage of the epidemiologic studies on farms to un-
derstand how tolerance to specific allergens may be induced at
a critical stage of exposure? The timing for intervention is par-
ticularly critical, as tolerance induction is more easily achieved
early in the developing immune response as opposed to revers-
ing an established immune response. Corticosteroids are not the
answer, as they impart little to no disease-modifying benefits.
All of the data point to a critical window of opportunity to
induce tolerance to specific allergens. A number of strategies
have been proposed, even initiated, in manipulating at-risk
infants. These strategies have included allergen avoidance and
purposeful allergen exposure, and vaccination with different
microbial products or the (killed) microbes themselves. Immu-
notherapy in infancy is another avenue currently under in-
vestigation. Given the ethical issues of researching infants, it
will take considerable time to demonstrate the efficacy of any
one of these strategies. Nonetheless, as Sears and coworkers
have noted, even delaying the onset of asthma by 10 years may
reduce the risk of relapse by almost 70% (7).

CONCLUSIONS

Children with asthma are different than adults with asthma.
Asthma may also have very different phenotypes at various
stages of the disease or at different ages, from infancy to ado-
lescence. In terms of lung function, lung physiology, and immu-
nopathology, these differences are now being defined and likely
contribute to the significant heterogeneity of the disease in
children. The inception phase of the disease occurs at a critical
time-point with early allergen exposure and viral infections
intersecting with genetic susceptibility, setting the stage for future
outcomes. Little is known about whether the natural history of
the disease or the specific pathophysiologic pathways, once ini-
tiated, set the stage for long-standing disease. Importantly, there
is a critical absence of validated predictive markers, especially
noninvasive markers, to monitor disease progression in chil-
dren. Currently available medications have either not been
tested as part of an early intervention strategy for their in-
fluence on the natural history of childhood asthma or, as in the

case of corticosteroids, have shown no disease-modifying effects.
The ability to influence development of early immune tolerance
is one of the important challenges today. ‘‘Asthma is like a tin of
sardines—we are all looking for the key.’’
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