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Asthma is a heterogeneous disorder that is characterized by

variable airflow obstruction, airway inflammation and

hyperresponsiveness, and reversibility either spontaneously or

as a result of treatment. Multiple causes no doubt exist for both

its inception and symptom exacerbation once the disease is

established. Factors underlying inception can range from viral

respiratory tract infections in infancy to occupational

exposures in adults. Factors underlying asthma exacerbations

include allergen exposure in sensitized individuals, viral

infections, exercise, irritants, and ingestion of nonsteroidal anti-

inflammatory agents among others. Exacerbating factors might

include one or all of these exposures and vary both among and

within patients. Asthma treatment is determined to a large

extent after an assessment of severity, which can be variable

over time and assessed in 2 domains: impairment (current) and

risk (long-term consequences). Unfortunately, despite the

availability of effective therapies, suboptimal asthma control

exists in many patients on a worldwide basis. The future

development of novel therapies and treatment paradigms

should address these disparities. (J Allergy Clin Immunol

2006;117:S456-61.)

Key words: Asthma, respiratory syncytial virus, rhinovirus, aller-
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NATURAL HISTORY (INCEPTION AND
PROGRESSION)

For many asthmatic patients, the disease has its roots
during infancy and early childhood. Viral respiratory tract
infections produce wheezing episodes during the first 3
years of life in about 50% of children.1 Some of these chil-
dren will stop wheezing (transient wheezers), whereas
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others will go on to have persistent symptoms that will
either dissipate before adolescence (primarily nonatopic
individuals) or continue into adolescence (atopic wheez-
ers).1 Once in remission, the disease process might remain
quiescent or the individual could relapse in later life.2-4

The pattern and rate of loss of lung function in
asthmatic subjects has been of interest and concern to
many investigators. A number of groups have reported
that the greatest absolute loss of lung function appears to
occur very early in childhood.1,4,5 Some have reported that
the peak in lung function that is achieved at about 20 years
of age in patients with asthma might be decreased6 and
that the rate of further loss during adulthood might be
increased in asthmatic subjects.7 About one fourth of
children with asthma could experience greater rates of
loss of lung function, and these children have certain phe-
notypic characteristics: younger age, male sex, higher
postbronchodilator FEV1 percent predicted, and greater
airway eosinophilic inflammation.8

The precise timing for the inception of the inflammatory
response characteristic of asthma is unknown. Although
recent biopsy studies in wheezing infants who have
documented reversible airflow obstruction do not show
any consistent inflammatory or structural changes (ie,
remodeling),9 other groups have demonstrated increased
numbers of inflammatory cells and mediators in wheezing
preschool children.10 Despite these advances in our under-
standing of factors contributing to mild persistent asthma
in children and their potential for long-term consequences,
much still needs to be learned.11

Risk factors

Risk factors in relationship to asthma have been eval-
uated in the context of disease inception (eg, viral infec-
tions,12 environmental exposures [eg, aeroallergens,13

pollution,14 and tobacco smoke15-17], lifestyle [eg, living
on a farm,18 diet,19,20 and antibiotic use21], comorbid con-
ditions [eg, atopic dermatitis22 and obesity23], and occupa-
tional exposures24 among others), as well as disease
severity (as defined by the risk domain, which is discussed
subsequently: hospitalizations,25 frequency and severity
of exacerbations,14,26,27 and loss of lung function7,17).
Genetic factors also contribute significantly to disease
expression and severity. Asthma is genetically classified
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as a complex disorder; as such, it does not follow
simple Mendelian inheritance characteristics. Hundreds
of genetic association studies on asthma-related pheno-
types have been conducted in different populations; these
have been recently reviewed.28 Although the importance
of gene-by-environment interactions in the expression of
disease has recently been highlighted,29,30 the complex-
ities involved in analyzing these relationships from a func-
tional perspective have proved to be challenging.31 Recent
pharmacogenetic evaluations in relationship to chronic
b-agonist use32 and corticosteroid efficacy have provided
new insights into the variability of response in asthmatic
patients.

Exacerbating factors

Allergens. Allergen exposure is important in host
allergic sensitization and as a common precipitant of
asthmatic symptoms in both children and adults. The
formation of antigen-specific IgE antibody to aeroaller-
gens (eg, mites, trees, grasses, and animal dander) does not
usually occur until 2 to 3 years of life. Thus aeroallergen-
induced asthma is uncommon during the first year of life
but begins to increase in prevalence during later childhood
and adolescence and peaks in the second decade of life.
Once established in genetically predisposed individuals,
IgE-mediated reactions are a major contributor both to
acute asthmatic symptoms and chronic airway inflamma-
tion. Chronic low-level exposure to indoor allergens (dust
mite and cockroach in particular) might play a major role
in both asthma inception and subsequent provocation of
symptoms.33 Although a wide variety of inhaled allergens
can provoke asthma symptoms, sensitization to house
dust mite,34 cockroach,35 Alternaria species,36 and possi-
bly cat37 are important in the pathogenesis of asthma. Dog,
but not cat, ownership during infancy has been shown to
reduce the subsequent development of allergic sensitiza-
tion and atopic dermatitis38; numbers of pets, and not
the type of furred pet, might also reduce future risk.39

These diverse findings indicate that these relationships
are indeed complex and might involve gene-by-environ-
ment interactions. Pollen immunotherapy in school-aged
children with only allergic rhinitis at the start of treatment
has been demonstrated to reduce significantly the subse-
quent risk of the development of airway hyperresponsive-
ness and asthma.40

Infections. Respiratory tract infections caused by
viruses,41 Chlamydia species,42 and Mycoplasma spe-
cies43 have been implicated in the pathogenesis of asthma.
Of these respiratory pathogens, viruses have been demon-
strated to be epidemiologically associated with asthma in
at least 3 ways. First, during infancy, certain viruses have
been implicated as potentially being responsible for the

Abbreviations used

GERD: Gastroesophageal reflux disease

NSAID: Nonsteroidal anti-inflammatory drug
inception of the asthmatic phenotype. The virus most con-
vincingly demonstrated in this regard has been respiratory
syncytial virus.12 However, because nearly every child has
been infected at least once with this virus by 2 years of age,
additional genetic, environmental, or developmental fac-
tors must contribute to the propensity of this particular
virus to be epidemiologically linked with childhood
asthma.44 Second, in patients with established asthma,
particularly children, viral upper respiratory tract infec-
tions play a significant role in producing acute exacerba-
tions of airway obstruction that might result in frequent
outpatient visits or in hospitalizations.45 Rhinovirus, the
common cold virus, is the most frequent cause of exacer-
bations, but other viruses, including parainfluenza, respi-
ratory syncytial virus, influenza, and coronavirus, also
have been implicated, albeit to a lesser extent. The in-
creased tendency for viral infections to produce lower air-
way symptoms in asthmatic individuals might be related,
at least in part, to interactions among allergic sensitization,
allergen exposure, and viral infections acting as cofactors
in the induction of acute episodes of airflow obstruc-
tion.46,47 Abnormalities in the innate immune response
that would prevent viral replication in airway epithelial
cells from asthmatic subjects have recently been demon-
strated.41 Third, paradoxically, infections have been con-
sidered to have the potential of actually preventing the
development of allergic respiratory tract diseases, includ-
ing asthma. Interest in this area increased after the ad-
vancement of the hygiene hypothesis,48 which proposed
that increasing family size coincident with an increased
number of infections might protect against these develop-
ments. On the basis of a progressively broader interpre-
tation of this initial hypothesis,49 a number of other
epidemiologic (eg, living on a farm18) and biologic (eg,
probiotics50) factors have been evaluated regarding their
ability to influence the development of allergic sensitiza-
tion, asthma, or both.

For infections with other microbial agents, recent atten-
tion has focused on Chlamydia species42 and Mycoplasma
species43 as potential contributors to both exacerbations
and the severity of chronic asthma in terms of loss of lung
function or medication requirements. Finally, infections
involving the upper airways (ie, sinusitis) have been con-
sidered to contribute to asthma control instability, evoking
the concept of a unified airway51 in relationship to inflam-
matory responses and alterations in airway physiology.

Exercise. Exercise is one of the more common precip-
itants of airway obstruction in asthmatic patients.52 The
symptoms of exercise-induced bronchospasm can include
any or all of the following: wheezing, coughing, shortness
of breath, and, in children, chest pain or discomfort. The
symptoms are most intense for 5 to 10 minutes and usually
resolve within 15 to 30 minutes after exercise cessation.
Under most circumstances, the degree of bronchoconstric-
tion is rarely severe enough to be life-threatening, and
such a situation almost invariably reflects advanced
untreated disease, confounding triggering factors (ie, con-
comitant allergen or irritant exposure), or both. Objective
documentation of airflow obstruction after an exercise
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challenge test (�15% decrease in FEV1) or a convincing
history with appropriate response to prophylactic or rescue
medication is required to make the diagnosis of exercise-
induced bronchospasm. Exercise challenge testing must
be of sufficient intensity and duration to be able to accu-
rately diagnose the condition, keeping in mind that such
confounding problems as vocal cord dysfunction might
need to be considered in the differential diagnosis.53

Nonsteroidal anti-inflammatory drugs. Approximately
5% to 10% of adult asthmatic patients will have an acute
worsening of symptoms to nonsteroidal anti-inflammatory
drugs (NSAIDs).54 The aspirin triad—asthma, nasal polyps,
and aspirin sensitivity—is usually found in adult asthmatic
patients. The response to aspirin or other NSAIDs begins
within an hour of aspirin ingestion and is associated with
profound rhinorrhea, eye lacrimation, and, potentially,
severe bronchospasm. Patients sensitive to aspirin usually
are reactive to all other NSAIDs, and variations in the fre-
quency and severity of adverse responses appear to depend
on the potency of each drug within this class of compounds
to inhibit the activity of the COX-1 enzyme.54 The use of
COX-2 inhibitors in aspirin-sensitive patients might be
possible and worthy of consideration.54

The sensitivity to NSAIDs is not IgE mediated but
involves the modulation of eicosanoid production. It
has been suggested that NSAIDs act by reducing the
formation of prostaglandins that help maintain normal
airway function while increasing the formation of asthma-
provoking eicosanoids, including hydroxyeicosatetraenoic
acids and large quantities of cysteinyl leukotrienes.54 In
addition, there is evidence that mast cell activation occurs,
and its mediators can be detected in nasal secretions during
an episode of aspirin-induced asthma.55 This syndrome
should be of concern in any asthmatic patient with nasal
polyposis, chronic sinusitis, and eosinophilia, although
the polyposis and sinusitis might precede the onset of
recognized NSAID sensitivity by years.

Gastroesophageal reflux. The true incidence of gastro-
esophageal reflux disease (GERD) in asthma and as a
causative factor in disease severity has yet to be estab-
lished. However, it has been estimated that as many as
45% to 65% of adults and children with asthma have
GERD. The mechanisms by which GERD affects asthma
are also not established but might include microaspiration
or irritation of the esophagus with reflux bronchospasm.
Although often asymptomatic in its presentation, many
patients have nighttime exacerbations or difficult-to-con-
trol symptoms. Confirmation of the importance of GERD
to asthma often requires endoscopy and 24-hour monitor-
ing of intraesophageal pH levels, with concomitant mea-
sures of peak expiratory flow rates. Recognition of this
factor in asthma severity is important because effective
therapy is currently available.56

Psychosocial factors. The role of psychosocial factors,
or stress, has undergone an important reevaluation both in
terms of a disease risk factor and a concomitant compo-
nent of severity. Evidence has shown that parental stress is
a risk factor for asthma expression in some children.57 The
mechanisms by which this occurs have not been defined
but might include the promotion of allergic inflammation.
Recent work has demonstrated dose-response–type rela-
tionships between panic and asthma and bidirectional
longitudinal associations between the 2 conditions.58

DISEASE PROGRESSION, PREVENTION,
AND TREATMENT

Although a number of research groups are investigating
strategies aimed at asthma prevention,59-63 this goal
has not yet been achieved. Therefore therapy at present
is directed primarily at achieving optimal control while
attempting to minimize both short- and long-term side
effects from any therapeutic intervention. Asthma control
is defined by an understanding of the patient’s asthma
severity, which can be viewed in 2 domains: impairment
and risk. Impairment is an evaluation of the concurrent
degree of control in achieving the following: minimal (or
no) chronic symptoms, including nocturnal awakenings
caused by asthma; minimal (or no) need for acute rescue
therapy, such as inhaled b2-agonists; establishment of
a normal lifestyle with no limitations on activities includ-
ing exercise; and normalization of pulmonary function.
The risk domain includes criteria that deal with future
events that the treatment program should either prevent
or reduce to the greatest extent possible: reduction (or
elimination of) in the frequency and severity of asthma
exacerbations; minimal or no loss of lung function
over time (considered to be a potential consequence of
airway remodeling); and minimal or no adverse effects
from medications.

The selection of pharmacologic treatment is determined
on the basis of the age of the patient and the severity of his
or her asthma. Because asthma is a variable but chronic
disease (or syndrome), specific treatment will need to
be adjusted both acutely, or during exacerbations, and
chronically, in the context of eliminating or reducing both
impairment and risk as they dynamically fluctuate over
time. A stepwise approach has been adapted for treatment
to accomplish these goals (see http://www.nhlbi.nih.gov/
guidelines/asthma/asthsumm.htm).64 The basis of the step-
wise approach is to increase the number, frequency, and
dose of medications with increasing asthma severity un-
til the patient’s disease has been put into remission (ie,
achieving optimal control for that individual). Once
remission has been established, step-down therapy can
be attempted to minimize medication burden whenever
possible.

In the last few years, a number of published clinical
trials using new therapeutic agents or novel treatment
strategies are noteworthy on the basis of their potential
effect in initiating or adjusting medication based on this
stepwise severity scheme. First, a 1-year-long trial per-
formed by the Asthma Clinical Research Network
demonstrated that in very mild persistent asthma (low
impairment and low risk), treatment with only a symptom-
based action plan (and not daily controller therapy) was
sufficient to maintain control of peak flow, asthma

http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.htm
http://www.nhlbi.nih.gov/guidelines/asthma/asthsumm.htm
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exacerbations, and quality of life and did not increase loss
of lung function during the 1 year of treatment.65 Although
monotherapy with an inhaled corticosteroid in this trial
significantly improved prebronchodilator FEV1, bronchial
reactivity, biomarkers of airway inflammation (exhaled
nitric oxide and sputum eosinophils), and symptom-free
days, the clinical relevance of these changes are open to
individual clinician interpretation.

Second, in preschool children with histories consistent
with asthma-like symptoms related only to viral infec-
tions, treatment with a leukotriene receptor antagonist was
shown to significantly reduce both the frequency of these
types of exacerbations and the amount of inhaled cortico-
steroid used to treat these episodes.66

Third, 2 studies have evaluated the use of combination
products containing an inhaled corticosteroid and a long-
acting b-agonist. In the first trial, guideline-defined con-
trol was achievable with combination therapy (fluticasone
plus salmeterol) in a significant proportion of patients
when it was used in escalating doses to reach these out-
comes.67 In the second trial a single inhaler containing a
combination product (budesonide plus formoterol) was
used both as a daily controller and as a rescue medication.
Compared with higher-dose monotherapy with budeso-
nide and a short-acting b-agonist for rescue or the combi-
nation product and a short-acting b-agonist for rescue,
reductions in the frequency of exacerbations over a 1-
year treatment period was significantly greater when the
combination therapy was used as both a daily controller
therapy and as a rescue medication.68

Fourth, therapy guided by physiologic variables or
biomarkers, such as airway hyperresponsiveness,69 spu-
tum eosinophil counts,70 or exhaled nitric oxide levels,71

might provide new directions for improving asthma
management.

Finally, therapy that globally or more selectively mod-
ulates immunoinflammatory networks with the use of
anti-IgE mAbs, allergen-derived peptides, modified re-
combinant allergen vaccines, and immunostimulatory
DNA sequences among others72-75 offer novel therapeutic
strategies both now and in the future.

SUMMARY

Asthma is a complex genetic disorder that is character-
ized by airway inflammation and reversible airflow
obstruction. It is further distinguished by multiple pheno-
types that might differ on the basis of age of onset,
triggering factors, and patterns of severity both during
acute exacerbations and on a more chronic basis, as
reflected by variably reversible loss of lung function. As a
result of this clinical heterogeneity, treatment approaches
need to be individualized and modified to obtain and
maintain adequate symptom and disease control over time.
Although current therapy is targeted at the development
of secondary and tertiary prevention strategies, ongoing
research is evaluating the prospects of primary prevention
as well.
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Among the asthma clinical trials published over the last several

years, a unique subset has focused on novel means for

inhibiting the airway inflammation that is believed to cause

airway obstruction in many patients. Such interventions,

broadly considered here as immune-modifying or

immunomodulatory therapies, include several new drugs

(omalizumab, suplatast tosilate, anti-cytokine antibodies,

soluble receptors, and recombinant cytokines) and bacterial

extracts. In this chapter we review the major findings with

these clinical trials and indicate which have changed the

management of asthma, which have not, and those that deserve

further study. (J Allergy Clin Immunol 2006;117:S461-4.)

Key words: Asthma, IgE, type I hypersensitivity, immunomodula-

tion, TH2 cell, eosinophil, mast cell, interleukin, airway hyperreac-

tivity, immunostimulatory sequence

Allergic asthma is an increasingly common ailment,
affecting at least 10% of adults in industrialized countries
at some point in their lives. Consequently, research into
the causes of asthma and attempts to improve therapies
have increased substantially over the last decade. Increas-
ingly, asthma clinical trials have focused on specific im-
mune molecules and signaling pathways that regulate
airway disease in asthma. Other interventions, although
not directed at any specific inflammatory pathway, none-
theless inhibit allergic inflammation through novel means.
Shared among these diverse studies is the recognition of the
central role that inflammation, especially type I hypersen-
sitivity mechanisms, play in asthma and the need to inhibit
them (Fig 1). In this chapter we review results from recent
studies that have used various immunomodulatory
approaches to inhibit allergic inflammation in asthma.
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Many clinical trials are based on extensive analysis of par-
ticular agents in animal models, and where relevant,
results from animal studies are briefly discussed. Although
more established agents, such as glucocorticosteroids and
leukotriene receptor antagonists, are also immunomodula-
tory, their use is considered separately in another chapter
of this Primer. Many of the topics considered here
were developed recently, and most of the available litera-
ture will be reviewed. However, other topics, such as abate-
ment of sinusitis and allergen reduction, are very large, and
only the most recent studies showing immunomodulatory-
like effects in asthma will be considered.

RECENT CLINICAL TRIALS EXAMINING
IMMUNOMODULATION IN ASTHMA

Manipulation of immunoglobulins

Omalizumab represents the first new class of anti-
asthma therapeutics approved by the US Food and Drug
Administration in more than 8 years, a humanized anti-IgE
mAb. This novel drug binds to the Fc portion of IgE,
preventing its association with immunoglobulin crystal-
lizable fraction e receptor 1 and therefore binding to mast
cells. By thus ‘‘disarming’’ mast cells, omalizumab is
intended to interrupt type I hypersensitivity reactions and
lessen asthma attacks. Omalizumab reduces serum IgE
levels by at least 95%,1 reduces sputum eosinophilia by
90%, and, within the lung, significantly decreases the
number of inflammatory cells expressing CD4, IL-4,
immunoglobulin crystallizable fraction e receptor 1, and
CD20.2 Early studies with omalizumab involved small
numbers of patients and indicated that it suppressed early-
and late-phase responses to inhaled allergen. Larger stud-
ies then showed that symptoms of adult patients were
improved on the medication, and patients were able to

Abbreviation used

sIL-4Ra: Soluble IL-4 receptor a
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