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Asthma in inner-city children is prevalent, has increased
severity, and for many patients poses difficulty in achieving
control. Although some of the limitations to asthma control

in inner-city children include socioeconomic burdens, other
factors, such as environmental allergens, pollutants, infections,
and stress, contribute significantly to the disease burden found
in these children. As a consequence of these unmet needs for
asthma control in inner-city children, the National Institute of
Allergy and Infectious Diseases established research networks
with an ultimate goal of improving care for this at-risk
population. The Inner-City Asthma Network Program began
in 1991 and has, over the ensuing years, funded 3 distinct
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networks that have a common goal: to improve care for the
child with asthma. Each of these networks has expanded our
knowledge about asthma in the inner cities and asthma in
general. The National Institute of Allergy and Infectious
Diseases’ efforts continue with the current inner-city network,
the Inner City Asthma Consortium 2. The following article will
discuss the application of these inner-city networks to the study
of asthma, the contributions of each of the individual networks,
and how newly proposed efforts under the Inner City Asthma
Consortium 2 propose to improve our understanding and
eventual control of asthma in inner-city children. (J Allergy Clin
Immunol 2010;125:529-37.)

Key words: Asthma, inner city, cockroach sensitivity, asthma
treatment

In 2007, the Journal of Allergy and Clinical Immunology'
published a series of articles that reviewed the importance of
asthma in inner-city children and the commitment of the National
Institute of Allergy and Infectious Diseases (NIAID) to establish
research networks to study asthma in this population. The funded
networks were charged to identify risk factors, gain greater in-
sight into the mechanisms of how asthma in this population might
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Abbreviations used
ACE: Asthma Control Evaluation
ATS: American Thoracic Society
FEno: Fraction of exhaled nitric oxide
ICAC: Inner City Asthma Consortium
ICAS: Inner-City Asthma Study
NCICAS: National Cooperative Inner-City Asthma Study
NIAID: National Institutes of Allergy and Infectious Diseases
URECA: Urban Environment and Childhood Asthma

differ from that found in children not living in the inner city, and
evaluate potentially effective immune-based treatments. Many of
the previously identified issues with asthma or, for that matter,
other illnesses in the inner city, continue to exist today despite
significant advances on many fronts. For example, the burden of
asthma on affected children and their families remains significant,
with ongoing compromises to their day-to-day lifestyle.”> These
limits to a normal lifestyle in the inner city extend beyond the
pathophysiology of asthma to include socioeconomic hurdles,
such as availability of care, access to health care providers, costs
(both direct and indirect), and an absence of follow-up for im-
proved management.* What has not been established is whether
asthma in the inner city is distinct from asthma in other locales
in terms of pathogenesis and pathophysiology, and, if so, what
are the differences, and how might they affect treatment. These
questions remain important but not fully answered. Nonetheless,
for children living in our inner cities and having asthma, this dis-
ease continues to be highly prevalent, and many of these children
continue to have significant symptoms despite treatment.

OVERVIEW OF ASTHMA AND ITS SEVERITY IN
INNER-CITY CHILDREN

It is helpful to first define the children in these networks.
Children participating with the NIAID networks live in the inner

GLOSSARY

ALLERGEN: An allergen is an antigen that can induce a type | or IgE-
mediated hypersensitivity response.

ALLERGEN SENSITIZATION: Allergen sensitization is often referred to
as type 1 or IgE-mediated hypersensitivity. It develops when immuno-
logic exposure to allergens leads to the production of IgE antibodies. IgE
antibodies bind to Fce receptors on mast cells and basophils. Ensuing
allergen exposure cross-links the IgE antibodies, leading to the release
of histamine and other mediators that cause allergic symptoms.

ANTIGEN: An antigen is any molecule or molecular fragment that
stimulates an immune response. Antigens are processed and expressed
by the MHC, leading to the production of antibodies.

ASTHMA: Asthma is a chronic lung disease that affects approximately
7% of the populations. It is characterized by airway obstruction, bron-
chial hyperreactivity, and inflammation.

CORTICOSTEROIDS: Corticosteroids are anti-inflammatory compounds
synthesized from cholesterol within the adrenal cortex. They prevent phos-
pholipid release, decrease eosinophil action, and control electrolyte and
water levels by promoting sodium retention in the kidney. Synthetic corti-
costeroids are used in the treatment of inflammation in asthmatic patients.

EPIGENETICS: Epigenetics refers to a change in phenotype that occurs
by changes in gene regulation rather than changes in the DNA sequence.
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cities in neighborhoods that have been identified on the basis of
census tracts. Each of these census tracts has been designed to be
homogeneous with respect to population characteristics, eco-
nomic status, and living conditions. In general the study popula-
tions are residents of urban census tracts in which at least 20% of
the households have incomes less than the federal poverty level.

Based on this selection process, there has been speculation that
children living in these inner-city neighborhoods have asthma of
greater severity. However, severity, as discussed by Szefler et al®
in this issue, can be assessed and expressed in a number of ways.
First, severity can be judged by the amount of medication needed
to achieve asthma control. Whether the child with asthma in the
inner city requires a greater amount of medication to achieve
the same level of control as his or her counterpart in suburban
areas is not fully defined, but this information will be important
to eventually achieve improved management and understanding
of the pathophysiology in this population. Asthma severity can
also be reflected in the need for care or health care use. Care for
acute asthma is a frequent occurrence for inner-city children;
this need, however, might relate to many factors other than dis-
ease severity, including a lack of available or convenient
follow-up care or the use of the emergency department for nona-
cute care. Severity can also be determined by the response to med-
ication or ease by which control is achieved. Evidence that the
child with asthma in the inner city might be resistant or have
impaired responsiveness to corticosteroids is not established but
is of interest. Finally, whether the degree and, possibly, type of air-
way inflammation in asthma found in inner-city patients is greater
or distinct from a non—inner-city population and whether this dif-
ferential in airway injury contributes to disease severity has also
yet to be defined.

Although asthma severity remains of considerable interest and
importance, attention has expanded, or perhaps shifted, to identify
factors that limit control of asthma. Although asthma severity is
integrally linked with the response to treatment and control, other
factors need to be considered in determining methods to achieve

DNA methylation and chromatin remodeling are 2 mechanisms that
induce changes in gene regulation.

EXACERBATION: An exacerbation is an increase in the severity of a
disease or symptoms of a disease. Asthma attacks are an example of an
exacerbation of asthma and are characterized by airway inflammation,
which restricts airflow.

MICROBIOTA: Also referred to as normal flora, microbiota are microor-
ganisms typically associated with a particular tissue or organ. Under
normal circumstances, microbiota do not cause disease but rather act
symbiotically to maintain health.

MORBIDITY: Morbidity refers to a diseased state, disability, or poor
health of any cause. Rates of morbidity are of 2 types: the prevalence rate
refers to the number of subjects with a specific condition at a specific
time, and the incidence rate refers to the number of subjects with a
particular condition over a period of time.

PHENOTYPE: A phenotype represents the physical, physiological, and
behavioral traits of a subject produced by the interaction of the genetic
makeup and environmental influences.

SOCIOECONOMIC: The combination of social and economic factors,
socioeconomic factors within asthma should be considered when
designing a personalized management plan.

The Editors wish to acknowledge Michael D. Howell, PhD, for preparing this glossary.
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TABLE I. Objectives and key findings of NIAID-sponsored inner-
city asthma programs

NCICAS: 1991-1997
o In studies designed to determine the relationship of allergic sensitization
to asthma severity, cockroach was found to be a principal allergen
associated with disease severity.
ICAS: 1994-2001
e With an environmental avoidance trial, decreases in household
cockroach and house dust mite antigen were associated with reduction
in asthma morbidity.
ICAC: 2002 to the present
e ACE (Asthma Control Evaluation): This study compared the addition
of FENO measurements and guideline-directed care with guideline-
directed care alone.
o ICATA: This study was an evaluation of anti-IgE in inner-city asthma.
o Establishment of the URECA cohort to determine development factors
and environmental exposures on the expression of asthma in inner-city
children.

ICATA, Inner-City Anti-IgE Therapy in Asthma.

control and to use this approach to elucidate what limits this goal.
These factors can include environmental allergens, the load of
these allergens, pollutants, nutritional aspects, smoke exposure,
stress, obesity, and microbes. The NIAID-sponsored networks
represent a coordinated approach to learn more about asthma in
inner-city children, their interactions with multiple environmental
factors, and the complexities of these factors to the disease
process and, with this information, to formulate approaches to
improve the treatment and control of asthma in this population.

To appreciate and understand the development and achieve-
ments of the NIAID programs in patients with inner-city asthma
and the direction that they have given to research, the following
discussion will focus briefly on a number of aspects of these
programs: a description of the inner-city programs and their
findings, as well as an overview and description of the recently
renewed Inner City Asthma Consortium (ICAC) 2, with its
proposals and rationale for future research.

WHAT ARE THE NIAID-SPONSORED INNER-CITY
ASTHMA PROGRAMS, AND WHAT HAS BEEN
LEARNED FROM THEIR INDIVIDUAL AND
COLLECTIVE EFFORTS?

For nearly the past 20 years, the NIAID has funded networks to
study asthma in the inner cities; each of the 3 funded networks has
had distinct goals and research approaches to address asthma in
the inner city (Table I). Importantly, the findings of these networks
have constructed a foundation of expanding knowledge about
asthma in general and particularly about this disease in inner-
city children. To more fully appreciate where we are today in
terms of understanding the issues, their inherent complexities,
and approaches tied to controlling asthma in children living in
inner cities of the United States, it is helpful to briefly review
the goals and findings of each of the 3 individual inner-city
networks.

National Cooperative Inner-City Asthma Study
(1991-1997)

The goals of the National Cooperative Inner-City Asthma
Study (NCICAS) network were directed in 2 phases: (1) to
identify environmental factors that might be responsible for the
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increase in asthma prevalence in inner-city children and (2) to
develop an intervention strategy based on these initial findings.
The NCICAS was a very productive effort in terms of new
knowledge and publications. The brief summary below reflects
only a small component of their efforts but is intended to focus on
outcomes that have influenced the new ICAC. In one of their
initial efforts, a large population of 1,528 children with asthma
living in major US cities was recruited from inner-city neighbor-
hoods; they were young (mean age, 6.2 years), primarily black or
Hispanic, and highly atopic to a battery of environmental
allergens evaluated.® These children and their home environments
were comprehensively evaluated in terms of allergen sensitiza-
tion, allergen presence and distribution, and exposure, as well
as the associated or resulting clinical picture of asthma in these
patients.

A number of key findings emerged from this first network to
indicate that there is not a single factor or cause associated with
the observed high morbidity but that many components contribute
to the pattern of asthma in children living in the inner city. These
components include access to care; associated psychological fac-
tors of either the child, family, or both; and difficulties with adher-
ence to treatment. However, and important to understanding the
contributors to asthma in this population, the affected children
were found to have a high incidence of allergen sensitization,
with the presence of sensitization having a strong influence on
disease morbidity. Moreover, the allergens dominating the sensi-
tization profile of these children (ie, cockroach [36.8%], house
dust mite [34.9%], and mouse [22.7%]) were identified, along
with their environmental exposure. Sensitization and exposure
to cockroach in particular but not exclusively were associated
with critical and important clinical outcomes: increased hospital-
izations, wheezing, and unscheduled medical visits. The
increased need for health care use is a clear outcome indicator
that reflects a greater severity of underlying asthma in these chil-
dren. These observations were important and directive because
they further emphasized the relevance of the cockroach allergen
and other antigens, such as house dust mite, Alternaria species,
and mouse, as an indication of asthma severity and as an environ-
mental factor that limited the ability of these patients to achieve
good asthma control. These findings have also directed future
research activity toward one population of patients, the child
with cockroach allergen sensitization and exposure, as being
potentially an example of a key factor that needs to be addressed
to improve asthma control in inner-city children. The approach
and findings of the NCICAS have set the stage for the subsequent
networks.

Inner-City Asthma Study (1994-2001)

The goal of the Inner-City Asthma Study (ICAS), the second
NIAID-sponsored network, was to design and conduct multicen-
ter intervention trials that would reduce asthma morbidity among
inner-city children. The findings from the NCICAS were a strong
indication that one environmental component of inner cities that
contributed to disease severity was cockroach exposure and
sensitization, which was associated with greater markers of
asthma severity (ie, increased asthma symptom days and more
unscheduled medical visits). These findings suggested that a key
intervention or target to achieve better asthma control was a
reduction in environmental exposure to cockroach. From the
population of children previously recruited in the NCICAS, 937
asthmatic patients were identified and selected for an intervention
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study. Approximately half of these recruited children were
assigned to an intervention that consisted of remediation of
exposure to house dust mite, passive smoking, cockroaches, pets,
rodents, and molds; the intervention was carefully tailored to the
allergic sensitivity of the individual patient. The other half of the
recruited population served as a comparative control group.

As reported by Morgan et al,’ this environmental allergen
avoidance intervention led to a significant reduction in the aver-
age maximal number of days with asthma symptoms and un-
scheduled asthma-related health care use. This latter effect is a
key beneficial outcome because it reflects a lessening of the
asthma burden to the patient and family and a reduced need for
acute care because of uncontrolled asthma. Despite the significant
benefit noted on these outcomes, allergen avoidance had no effect
on lung function. These findings were important because they
pointed to the differential effects that treatments can have on
the various domains of asthma control. They also indicated that
different interventions can have different effects (ie, reduction
in symptoms vs improvement in lung function). These observa-
tions need to be considered in the design of treatment trials.

The findings from the ICAS were also important because they
suggested the feasibility of achieving greater patient benefit
through a reduction in the environmental allergen burden. More-
over, these observations suggested which of the components of
asthma control will likely be responsive to an avoidance approach
(ie, symptoms and exacerbations but not necessarily lung func-
tion). Moreover, the ICAS findings underscored the importance
of allergen sensitivity of a patient to their asthma morbidity and
identified cockroach as a key inner-city allergen that could limit
the achievement of optimal disease control. Finally, the ICAS
findings served as an excellent transition to the third network in
inner-city asthma, the ICAC, in which cockroach antigen sensiti-
zation and exposure continue to emerge as key factors in deter-
mining asthma severity and limitation to achieving disease
control, as well as a target for treatment in the inner-city
population.

ICAC1 (2002-2009) and ICAC2 (2009-2014)

The third NIAID-sponsored inner-city asthma network, the
ICAC, began in 2002 and entered its renewal phase, ICAC2, in
October 2009. During the first funding period, 2002-2009, the
ICAC made significant progress in a number of areas: the
establishment of a birth cohort (Urban Environment and Child-
hood Asthma [URECA]) and the completion and publication of
the results from the Asthma Control Evaluation (ACE) trial. The
results of this trial are reviewed in detail by Szefler et al’ in this is-
sue of the Journal. In addition, the ICAC has completed the Inner-
City Anti-IgE Therapy in Asthma trial; these data are undergoing
analysis. In addition, the ICAC has begun to assess the potential
effectiveness of immunotherapy treatment with cockroach antigen
in patients with asthma because this allergen continues to be a, if
not the, dominant allergic factor in asthma for inner-city children.

What questions will the ICAC2 address in its efforts to further
characterize asthma in inner-city children and the underlying
mechanisms? The current ICAC program, ICAC2, has identified a
number of projects and has begun to develop protocols to meet
their research goals over the next 5 years.

The ICAC is composed of 3 components that are designed to
direct the efforts of the program: the ICAC administrative
component and its site-based principal investigators; the NIAID,
represented by Drs Peter Gergen and Alkis Togias; and the
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Statistical and Clinical Coordinating Center (Dr Herman Mitch-
ell). The ICAC Steering Committee is composed of representa-
tives from the NIAID, the Statistical and Clinical Coordinating
Center, and representatives from the ICAC Administrative Center
(Drs William Busse, James Gern, and Christine Sorkness) along
with principal investigators from the 8 investigative sites
(Baltimore, Boston, Chicago, Dallas, Denver, Detroit, New
York, and Washington, DC), as well as the 2 investigators of the
Basic Science Sites (Drs Homer Boushey and David Schwartz).
The Steering Committee is responsible for the overall direction of
the consortium, including the planning of its clinical trials, pilot
studies, and preparation of manuscripts.

URECA

URECA’s primary goal, as detailed by James Gern in this issue
of the Journal,® is to establish a birth cohort of newborns who are
at high risk for asthma. These inner-city children were recruited at
birth and have been closely followed and studied to determine the
immunologic causes of asthma in this group. The recruited chil-
dren have had extensive evaluations of their immune system
and its development since birth to accomplish this goal. Further-
more, extensive environmental information on this cohort has
been and continues to be gathered, including key environmental
factors, such as viral respiratory tract infections and allergen
exposure and sensitization, along with the influence of stress,
diet (ie, vitamin D), pollutants, and obesity. From these observa-
tions, it will be possible to dissect and discover the gene-
environment interactions that occur in these high-risk inner-city
children and how these immune aspects might either contribute
to or cause asthma and perhaps provide clues to the eventual
prevention of this disease. Not only do these observations help
determine the developmental aspects of immune function in
inner-city children in relationship to environmental influences
and the eventual expression of asthma, but these data will also pro-
vide information that can be compared with other non—inner-city
birth cohorts. These observations can then be a key step in our ef-
forts to determine whether differences do indeed exist between
inner-city and non—inner-city asthma, what immune-based mech-
anisms might be involved to lead to these distinctions, and how
modifications of immune responses or environmental factors
might benefit asthma control in this population.

THE DEVELOPMENT OF IMMUNE-BASED
TREATMENT PROTOCOLS
Immunotherapy for inner-city children with asthma
A major component of the ICAC2 will be the design, devel-
opment, and implementation of clinical interventional protocols
to evaluate immune-based therapies to control asthma in inner-
city children. To conduct the newly designed clinical trials,
8 research sites have been identified and are responsible for the
recruitment and conduct of these studies. They include Drs
Rebecca Gruchalla (Dallas, Tex), Meyer Kattan (New York, NY),
Andrew Liu (Denver, Colo), George O’Connor (Boston, Mass),
Jacqueline Pongracic (Chicago, Ill), Stephen Teach (Washington,
DC), Robert Wood (Baltimore, Md), and Edward Zoratti (Detroit,
Mich). All of these sites have demonstrated access to inner-city
children and have extensive experience in the conduct of studies
involving an urban population. As noted above, sensitization to
cockroach is highly prevalent in the inner-city pediatric popula-
tions that comprise these networks and is an apparent major factor
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in determining the severity of asthma in this population. Morgan
et al’ have already shown the clinical benefit of reducing cock-
roach allergen exposure in sensitized children on relevant asthma
control outcomes. Another approach to diminish the host’s aller-
gic reaction to environmental allergens is to modify the immune-
based responses to environmental allergens. Our evaluation of
omalizumab in the Inner-City Anti-IgE Therapy in Asthma trial
has provided insight into how the use of a “broad-based” anti-
IgE regulation can affect asthma and what clinical outcomes ap-
pear most responsive to this form of treatment. To extend these
findings, it is known that immunotherapy, either subcutaneous
or sublingual, has clinical benefit with pollens and house dust
mite antigen in patients with allergic rhinitis and asthma.”'*
However, there are no, or at best limited, data on the effects of im-
munotherapy with cockroach in inner-city children with asthma.

Because immunotherapy has been shown to have sustained
benefit associated with its use, this immune-based approach has
considerable appeal for this highly exposed, allergen-sensitive
population of inner-city children and raises the possibility that
immunotherapy might be disease modifying, an outcome not
noted with current pharmacological interventions.'* Studies in
young children have shown that immunotherapy might attenuate
the eventual expression of asthma in allergic sensitized chil-
dren.'>'® Consequently, a major initiative over the next 5 years
will be to establish the most effective immunotherapy program
with cockroach allergen in inner-city asthma (ie, sublingual or
parenteral) and begin to evaluate its effect and effectiveness in
asthma. A key component to structuring these immunotherapy
trials will be the identification of a patient biomarker (eg, change
in antigen-specific IgE or increase in IgG4 levels) that might
reflect an immune response to treatment, potentially correlate to
clinical outcomes, and provide insight into the immune basis of
this therapy in an inner-city population.

Reducing future risks: Preventing exacerbations
The recent revision of the US Guidelines for Asthma Diagnosis
and Management'’ has proposed 2 major domains to judge the
effectiveness of asthma control: (1) impairment and (2) future risks.
Measures of control that are based on impairments include symp-
toms, need for short-acting [3-agonists for rescue treatment, and
lung function measurements. Instruments for these measurements
are established, and current asthma treatments have shown efficacy
based primarily on impairment outcomes. Future risks in asthma
control include exacerbations, progressive loss of lung function,
and side effects from medication. Asthma exacerbations can have
a profound effect on patients and their families because of the asso-
ciated morbidity, costs, inconveniences, and general disruption of
lifestyle, as well as the rare, but still real, risk for a fatal outcome.

What is known about asthma exacerbations in
children?

Our understanding and appreciation of asthma exacerbations has
increased considerably in the last 15 years. For children and, to a
lesser degree, adults, viral respiratory tract infections, particularly
the common cold virus, rhinovirus, are the major cause of these
attacks.'® Second, there is a seasonal pattern to asthma exacerba-
tions that shows a marked increase in September and October.
These “September” epidemics occur predictably every year and
coincide with children’s return to school and contracting a
cold."**° For many children, these exacerbations occur despite op-
timal medical management and well-controlled asthma before
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development of a respiratory tract infection. Although viral respi-
ratory tract infections trigger these exacerbations, underlying aller-
gic sensitization also appears as another and important risk factor in
this interaction. Treatment of asthma has been primarily directed
toward reducing existing airway inflammation and not necessarily
treating or modifying the underlying allergic processes, which
might be a major factor in the susceptibility for viral respiratory
tract infections. For most children with asthma, whether living in
the inner city or elsewhere, treatment that targets airway inflamma-
tion has been of considerable benefit and has reduced both impair-
ments and exacerbations.”' De spite the achievement of presumably
good asthma control with anti-inflammatory medications, many
children still have “breakthroughs” in their treatment coverage
and experience exacerbations of asthma when they “catch a
cold.” Improved control of exacerbations remains a major unmet
need in the treatment of asthma.

Given this unmet need in treatment, protocols for the ICAC2
are being developed that will focus on interventions that might be
of greater effectiveness in reducing asthma exacerbations.
Although our treatment will target a traditional outcome
(ie, exacerbations), the use of an anti-IgE intervention will also
attempt to modify underlying allergic sensitization because this
patient characteristic appears as a major risk factor for wheezing
with a respiratory tract infection.”>** Thus, it is our hypothesis
that underlying allergic sensitization and exposure to putative
allergens make the host more susceptible to an exacerbation
with a viral respiratory tract infection. Concomitant with this
goal will be the conduct of mechanistic studies to determine
how the interplay between allergic sensitization and respiratory
viruses leads to a loss of asthma control and an exacerbation,
and to determine the biological mechanisms that drive this
process and might be future targets for treatment.

Incorporation of basic science or translational
projects in the ICAC2

A new component to the ICAC2 will be the inclusion of 2 basic
science projects. The goal behind the addition of this research
effort to the ICAC2 is to apply novel, basic science investigation
to asthma in the inner city and, through these interactions,
determine basic underlying mechanisms of asthma and mecha-
nisms that are potentially unique to this high-risk group
of patients. Moreover, it is anticipated that the application of
innovative investigation, through the inclusion of basic mecha-
nisms, to the inner-city population of patients will provide
insights to novel treatments and management that are potentially
more effective for asthmatic patients in these environments.

Epigenetics

Multiple genes have been identified in patients with asthma and
with features of asthma.?>~° Expanded exploration into the
genetic regulation of asthma will need to take advantage of
genome-wide investigations to more fully determine the pattern
of gene products that might be involved and related to clinical fea-
tures of asthma. To date, however, studies have not given us defin-
itive information on how asthma in the inner city is regulated or
possibly unique or how asthma in the inner city might be differen-
tiated from asthma in non—inner-city environments.

Epigenetics is an approach that should allow us to explore the
possibility that environmental exposures can bring about func-
tional changes by methylating, for example, selective genes,
and, through this process, lead to altered function that is relevant
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FIG 1. A comparison of the effects of addition of nitric oxide (NO) monitor-
ing and guideline-directed care with guideline-directed care alone on max-
imum number of days with symptoms. During the run-in period, the
patients’ asthma treatment was adjusted before entering the control versus
the NO-monitoring group. Reprinted with permission from Szefler et al.?'

to asthma.?’” Because methylation or other changes to genes can
arise from environmental influences and can occur relatively
quickly, an epigenetic investigative approach of well-defined
and well-characterized populations promises to provide novel
and unexplored insights into how environmental influences of
the inner city might have an influence on asthma, particularly
for inner-city patients. David Schwartz from National Jewish
Health, Denver, Colorado, will lead this effort.

Microbiota

Microbes also have a tremendous influence on host immune
responses. However, the microbes in our intestine or our envi-
ronment are not one organism but a family of different organisms
(eg, bacteria and fungi). The collective influence of this
microbiota on the host’s immune system can arise from a variety
of environmental sources.”®* To begin to determine whether dif-
ferences exist in the microbiota of inner-city home environments,
collections of household dust will be analyzed to define the mix-
ture of bacteria, fungi, chitin, and allergens and, eventually, to
assess the overall influence of this microbiota on asthma. It is
hypothesized that inner-city home environments have a unique
microbiota profile given high concentrations of cockroach, mouse
droppings, and house dust mite found in these dwellings. More-
over, because there are interactions between bacteria, allergen
proteases, fungi, and chitin, for example, the pattern of microbes
that emerges in this mixture might influence the environment’s
allergenicity and the resulting immune response in the host.
Dr Homer Boushey from the University of California in San
Francisco will lead these studies.

What is known about asthma phenotypes in the
inner city, and what has been learned from the
ICAC?

Studies from the ICAC1 have begun to shed some light on this
question. The ACE trial has, indirectly, addressed differences in
asthma severity as a potential feature, or phenotype, and can be
assessed by the amount of treatment necessary to achieve asthma
control.?! The conduct and results of the ACE trial are reviewed in
greater detail in the article by Szefler et al’ in this issue. Briefly,
and relevant to a discussion of disease severity, the recruitment
of patients for the ACE trial identified subjects between 12 and
20 years of age who had an established diagnosis of asthma and
symptoms of persistent asthma or evidence of uncontrolled
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disease. At the initial study visit for the ACE trial, each subject
was assessed for ongoing symptoms, measures of pulmonary
function, and the overall level of asthma control. Based on these
entry assessments, the recruited subjects were treated according
to a 6-step escalating algorithm designed to achieve asthma con-
trol; treatment began with 100 p.g/d fluticasone and ranged up to
500 pg of fluticasone/50 g of salmeterol twice a day along with
either montelukast or low-dose theophylline.

Despite the use of asthma control medication at the screening
visit, the recruited subjects recorded an average (SD) of 5.6 (4.6)
maximum days per 2 weeks of asthma symptoms (Fig 1).>! These
values promptly decrease to 2.1 (2.7) and 2.4 (3.0) days in the
fraction of exhaled nitric oxide (FENO)—treated and control treat-
ment groups, respectively, and were sustained at this level of con-
trol for the entire study. Although some subjects in the FEno
group reached a higher level of step care based on increased
Feno levels, the level of symptom control was similar in the 2
groups.

As noted by Szefler et al,>' the majority of enrolled subjects in
both the guideline- and Feno plus guideline—directed groups
achieved a level 1 control status, which reflects 0 to 3 days of
symptoms and 0 to 1 nights of symptoms over the 2-week interval,
and FEV | values were greater than 80% of predicted value. There-
fore under the right management strategy and proper medication
doses, asthma control can be achieved and maintained in an inner-
city group of asthmatic patients.

A number of factors were believed to lead to this level of
asthma control. First, the enrolled patients were closely moni-
tored throughout the trial by skilled personnel. Second, medica-
tions were provided as part of the study, thus relieving the patient
of the need to secure his or her own drugs. Finally, considerable
effort was extended to maintain regular use of the medications
and a high level of treatment adherence, an approach that resulted
in a mean adherence of 86.6% during the study. These data
suggest that with guideline-directed treatment and medication
adherence, asthma control can be achieved and maintained in an
inner-city group of patients.

A number of conclusions can be derived from the ACE trial
as to the treatment of asthma in general and specifically in an
inner-city population and whether asthma severity is greater in
these populations.21 Of considerable interest was the observation
that an “algorithm-directed treatment” with step-care adjust-
ments based on guideline recommendations led to good asthma
control in a large portion of inner-city patients. At face value,
these observations raise the possibility that asthma severity in
the inner city might not be so different from that seen in other pop-
ulations and that facilitated efforts to use the correct medications
and at the correct dosages, along with a dedication to adherence
on the part of the patient, will lead to good asthma control.

Does this really mean that asthma severity might not be distinct
in inner-city children? For a number of reasons, such a conclusion
is premature and speculative at the present. First, recruitment for
the ACE trial did not include patients with more severe disease.
Second, the relative responsiveness to the step-care approach did
not include a non—inner-city comparative group. Finally, recruit-
ment was not random but rather included patients known to the
study centers and interested in being part of this trial. The question
as to whether greater asthma severity exists in inner-city children
with asthma remains largely unanswered but might be an impor-
tant facet of disease in this population and a factor in determining
the most appropriate treatment for individual patients.
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FIG 2. Urgent health care use increased with disease severity. Data are
shown as lifetime (ever) events and visits in the past year. Hosp, Inpatient
hospitalizations; Vent, need for mechanical ventilation. White bars, Mild
asthma (n = 5,164); hatched bars, moderate asthma; black bars, severe
asthma. *P < .0001, all groups are different from each other; ¥P < .0001,
mild and moderate groups are similar but different from the severe group.
Reprinted with permission from Moore et al.3?

Are there any distinct asthma phenotypes in
inner-city populations?

In an editorial accompanying their issue devoted to asthma in
2006, Lancet issued a challenge and a plea to abandon asthma as a
disease concept. The editorial went on to say, “The general con-
sensus now emerging is that, even in adults, asthma is unlikely to
be a single disease entity.” Wenzel*® describes an approach to dis-
tinguish different phenotypes and subphenotypes, such as aspirin
sensitive, late onset, and obesity related. Whether these pheno-
types simply represent different aspects of disease in a single un-
derlying pathological process, airway inflammation in persons
with different predispositions who are susceptible to different
triggers driven by specific cellular and molecular responses is
not known. Or, perhaps asthma, as a symptom, is really only
the clinical manifestations of several distinct diseases.”’ The lat-
ter is most likely.

Various investigative groups have begun to explore the features
of different asthma populations to gain insight into the existence
of various phenotypes or subgroups. As part of the National
Institutes of Health—supported Severe Asthma Research Program,
Moore et al*? recruited patients and has begun to define the clin-
ical features of patients with severe disease. In the study by Moore
et al, recruited patients who were classified with severe asthma
had clinical characteristics defined by an American Thoracic
Society (ATS) Workshop, which proposed 2 major and 7 minor
criteria to define this group.®® The suggested major criteria cen-
tered on the need for large doses of inhaled corticosteroids with
or without systemic corticosteroids to maintain asthma control.

When clinical features of asthmatic patients with mild and
moderate asthma were compared with those of patients meeting
the ATS criteria for severe disease, a number of differentiating
features emerged between the severe and nonsevere asthma
clusters. First, by recruiting based on the definition of the ATS
Workshop, patients with severe asthma required more medica-
tions, particularly corticosteroids, to achieve disease control.
However, when compared with subjects with moderate asthma,
indices of airflow obstruction were similar to those for severe
asthma. In contrast, when patients with mild, moderate, and
severe asthma were assessed for frequency of health care use,
distinctions between these groups became strikingly apparent.
Patients with severe asthma had a greater use of emergency care
and hospitalizations, as well as need for treatment in intensive
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care units or requirement for assisted ventilation and intubation
(Fig 2).3? These differences were consistently noted at 2 time
frames: (1) “everinalifetime” or (2) “in the past year.” Therefore
a feature of severe asthma is a greater frequency and need for
health care use, likely arising as the result of asthma exacerba-
tions, which occurred despite aggressive treatment with cortico-
steroids. An obvious question arising from these assessments is
whether patients with more severe disease are unresponsive or
partially responsive to corticosteroids.

Characterization of clinical features associated with severity in
children with asthma have not been extensively defined. However,
when Fitzpatrick et al** compared features of severe and nonse-
vere asthma in school-aged children in Atlanta, Georgia, a num-
ber of clinical aspects emerged to distinguish these levels of
disease severity. Children with more severe asthma had increased
symptoms, greater airflow obstruction, and higher prevalence of
allergen sensitization, a feature that contrasted with the adult pop-
ulation, in which positive skin test responses tended to be less in
patients with more severe disease. In patients with severe asthma,
there was also a greater variability in airflow obstruction and FENO
levels, a marker believed to reflect underlying inflammation that
was not responsive to treatment, including large doses of inhaled
corticosteroids, again raising the possibility of resistance to the
effects of corticosteroids. Finally, the frequency of exacerbations
was greater in those with severe disease, a characteristic shared
with the adult population.

Therefore a pattern is emerging that distinguishes severe
asthma from other forms of this disease. First, clinical features
that reflect ongoing impairments are greater: symptoms, airflow
obstruction, and interference with day-to-day activity. Further-
more, those with more severe disease have a greater frequency for
future risks (ie, asthma exacerbations), as reflected by the need for
more health care use. These markers of disease exist despite the
use of more medications, particularly inhaled and systemic
corticosteroids. The underlying mechanisms, particularly those
associated with airway inflammation, which likely contribute to
these clinical characteristics, are not well established. Nor is it
known whether certain phenotypes for asthma constitute clusters
of greater disease severity and whether one aspect of this
differential is resistance to treatment, including corticosteroids.

What have we learned about subpopulations of
inner-city patients with asthma?

Observations from the ACE trial might have begun to shed
insight into clinical characteristics in inner-city children that might
reflect more severe disease and possibly distinct phenotypes.
Higher doses of inhaled corticosteroids were required to achieve
asthma control in subjects who were obese, had a greater frequency
of allergen sensitization, and had higher IgE levels.>' There has
been considerable interest in the role of obesity in patients with
asthma as a distinct phenotype and as a potential risk factor for
more severe disease.*® The mechanisms by which obesity affects
asthma severity in our inner-city population are not established, but
because of the greater frequency of obesity in the inner city, this re-
lationship will continue to be of considerable interest and impor-
tance. We have already discussed the importance of allergen
sensitivity for asthma exacerbations with viral respiratory tract in-
fections. Whether sensitization to inner-city allergens, such as
cockroach, results in a distinct phenotype has not been explored
in detail but will be of interest as we define differences between



536 BUSSE

Inner City Risk Factor in Asthma
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FIG 3. A multiplicity of environmental factors influence the development of
asthma and the resulting phenotype. The resulting phenotypes will also
have variable levels of severity, which, in turn, will influence the response
to treatment and eventual asthma control.

asthma in inner-city and non-inner-city populations in which
unique characteristics can arise in the cockroach- versus house
dust—sensitized asthmatic patient. Important in these comparisons
will be an evaluation of responses to treatment.

What have we learned from our ICAC studies?
Analyzing the ACE population, which had a number of
historical characteristics and biomarkers determined before ini-
tiating the intervention protocol, Gruchalla et al*’ evaluated a
panel of patient factors that might predict future asthma control.
Included in this evaluation were determinations of FENo, total
IgE, and allergen-specific IgE levels; allergen skin test reactivity;
asthma symptoms before enrollment; peripheral blood eosinophil
counts; airway hyperresponsiveness; and sputum eosinophil
counts. By using this approach, maximum symptom days during
the ACE trial were modestly predicted by entry levels of symp-
toms, use and need for rescue (3-agonists, and a history of exacer-
bations. Symptoms, albuterol use, previous exacerbations, and
lung functions predicted future exacerbations to a similarly mod-
estdegree. Overall, these findings in the ACE trial suggest that the
control domains of impairment and future risk are influenced by
similar factors, at least in this particular population. Unfortu-
nately, these assessments did not appear sufficient to serve as
highly sensitive surrogates to link to future asthma outcomes.

What should be the next steps in establishing the
various phenotypes of asthma in the inner city?
These findings from the ACE trial in the ICAC1 have been
helpful in directing what future assessments of asthma are needed
to define existing phenotypes and, based on these data, to be able
to more fully determine and predict responsiveness to treatment.
We know and now appreciate that asthma is influenced by a wide
variety of environmental factors, including allergens, obesity,
nutrition, and stress, and these stimuli likely interact differently
within individual patients (Fig 3). Each of these external factors
has the capacity to generate an immune inflammatory pattern,
which might in turn determine the clinical features or phenotype
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of asthma, the response to treatment, and, possibly, the inherent
potential for impairment and future risks.

A critical next step to define inner-city asthma phenotypes (eg,
cockroach sensitive, obesity associated, viral respiratory tract
infection prone, and/or cigarette smoke exposed) and to determine
how these phenotypes might determine the patient’s response to
treatment, as well as risk for loss of asthma control, is the need to
link assessments of immune and inflammatory response patterns
to the existing clinical profiles. It is likely that such a fingerprint
will be a pattern of inflammation and not necessarily a single
cellular marker, cytokine, or chemokine. Moreover, it is also
likely that there will be additional variables in these inflammatory
response patterns that will be dependent on developmental aspects
of the patient. The peeling back of the multiple features that
eventually constitute the clinical expression or phenotype of an
individual asthmatic patient is likely to reveal a complex picture
that is influenced, to a large degree, by the genetic background
and broad description of the environment. Therefore to more fully
understand the asthmatic portraits of patients living in inner cities
will require a careful and systematic approach to define the
unique features, both clinical and immunologic, of asthma in this
population and from this information to more effectively design
management approaches, including a selection of medications
most likely to lead to improved disease control.

CONCLUSIONS

For children living in an inner-city environment, asthma
continues to pose a major burden to the patient, family, and
society. As a consequence of these outcomes and possibly
features of underlying asthma, the NIAID has developed research
networks with efforts directed toward identifying the major
effects of environmental allergens on asthma and developing
treatments to achieve control. Ongoing efforts of the current
network, the ICAC2, promise to further our understanding of the
potentially unique contribution of environmental allergens and
other coexisting factors to asthma in the inner city and to evaluate
immune-based therapies that will improve disease control in this
population and identify the mechanisms that might limit the
response to current treatment, including corticosteroids.
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ALLERGY ARCHIVES

Initial investigation of seasonal (September-November) outbreaks of asthma in New
Orleans by a pulmonary group pointed to exposure to grain dust allergens dispersed
from a grain elevator. The impression was that of a residential-industrial circum-
stance simulating that reported by Figley in Toledo. Contrary to that postulation,
John Salvaggio, MD (1933-1999), of Tulane University, conducted extensive studies
concentrated on hospital emergency department visits that uncovered valid evidence
for another explanation. His 2-year study focused on the relationship of climatologic
variables to semiquantitative rotoslide pollen and fungal spore aerometric sampling
data, and emergency room asthma admission rates at New Orleans Charity Hospital.
An interrelationship between certain climatologic factors, high airborne spore and
pollen concentrations, and asthma admission rates was documented. Large asthma
“epidemics” (above 40 asthma admissions per 24 hours) occurred almost
exclusively from June through December and in greater magnitude during Septem-
ber, October, and November. Asthma “epidemics” of considerable magnitude
occurred in late October and November immediately following the peak Ambrosia
pollination season. Salvaggio postulated that New Orleans epidemic asthma did not
involve a point source chemical or particulate pollutant but rather resulted from
sensitization of the local atopic population to diverse natural inhalant allergens
acting in seasonal patterns.!

1. Salvaggio J, Seabury J, Schoenhardt. New Orleans Asthma, V. Relationship
between Charity Hospital admission rates, semiquantitative pollen and fungal spore
counts, and total particulate aerometric sampling data. J Allergy Clin Immunol
1971;48:96-114.
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