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Background: The Childhood Asthma Management Program, a
5-year randomized clinical trial of treatments for childhood
asthma, has enrolled and characterized a cohort of 1041 chil-
dren with mild-to-moderate asthma.

Objective: We sought to describe self-reported sensitivities and
environmental exposures and investigate the relationships
between self-report of these exposures as asthma triggers and
their prevalence in the home.

Methods: Self-reports of sensitivities and home exposures were
obtained by interview with the child or parent. Sensitivities
were further assessed by using allergy skin testing (prick or
puncture) against a core battery of allergens. Home exposures
were further assessed by using analysis of a home dust sample.
Results: Environmental exposures were surprisingly common
despite self-reported sensitivities to environmental factors. Of
patients reporting that cigarette smoking frequently causes asth-
ma symptoms, 26 % reported having at least one parent who
smokes cigarettes. Thirty-nine percent of patients reporting that
exposure to animals frequently causes asthma symptoms live
with a furry pet in their home. We found a smaller proportion
of homes with a high level of cat allergen (P < .001) among the
children who reported that animals frequently or always trigger
asthma symptoms compared with those who reported that ani-
mals never or occasionally trigger asthma symptoms, suggesting
modification of the home environment. No such results were
seen for dog exposure. However, clinical symptoms did not
reduce exposure to parental cigarette smoking (P = .15), house
dust (P = .31), or damp and musty areas (P = .51).
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Conclusion: These data suggest that children with mild-to-
moderate asthma are frequently symptomatic and exposed to a
wide variety of environmental exposures that are perceived to
trigger symptoms by means of self-report. Although environ-
mental modification of asthmatic homes may occur, many chil-
dren remain exposed to agents that are known to trigger their
asthma. (J Allergy Clin Immunol 2001;107:634-40.)
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The Childhood Asthma Management Program (CAMP)
has been launched as a multicenter long-term trial aimed
at assessing long-term issues in childhood asthma and its
management. One thousand forty-one children aged 5 to
12 years at enrollment were recruited from November
1993 to September 1995 at 8 participating clinical centers
after satisfying entry criteria that supported the diagnosis
of chronic mild-to-moderate asthma and the likelihood of
continuing with the trial for 5 years. Children have been
randomized to one of 3 treatment groups for the study
duration: inhaled corticosteroid (budesonide, 200 mg
twice daily), inhaled nonsteroidal anti-inflammatory agent
(nedocromil, 16 pg twice daily), or placebo. B-Agonist
(albuterol administered by means of metered-dose inhaler)
is provided as a rescue bronchodilator for all children. Pro-
cedures for adding or tapering medical intervention for
asthma while maintaining the integrity of the study proto-
col have been standardized. A short course of prednisone
is used for severe asthma exacerbation. Although the pri-
mary outcome measure of CAMP is lung growth deter-
mined by postbronchodilator FEV, secondary outcome
measures include instruments to assess asthma severity,
methacholine airway responsiveness, somatic growth,
bone density, neurocognitive development, and individual
and family functioning.

The clinical characteristics of mild-to-moderate asth-
ma have not been well described.l® CAMP is unique in
that the trial used criteria based on symptoms and med-
ication use to define a group of children with mild-to-
moderate disease. A 28-day screening period during
which the child received only B-agonists as needed to
relieve asthma symptoms was used to confirm this diag-
nosis before randomization. Demographic and general
characteristics of the CAMP population have been
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Abbreviation used
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reported in detail elsewhere.!0:11 This article investigates
the relationships between self-reported sensitivities and
environmental exposures.

METHODS

The details of the CAMP study design, rationale, and methods
have been published.!2 Children aged 5 to 12 years with chronic
asthma were recruited over a 23-month period from clinic rosters;
emergency department records; primary care practices; radio, televi-
sion, and newspaper advertisements; and other sources. Entry crite-
ria included asthma symptoms, medication use, or both for 6 months
or more in the previous year. Patients were excluded if they had
needed prednisone bursts more than 5 times or had more than one
hospitalization for asthma in the year before their initial interview.

All candidates were evaluated over a period of 5 weeks to 4
months (5 visits) to confirm the presence of mild-to-moderate
asthma and for the gathering of baseline information. From the
second screening visit on, participants kept asthma symptom and
medication use diaries, as well as twice daily peak flow diaries to
confirm the presence of ongoing asthma. For at least a 28-day
period, children received only as-needed albuterol for asthma
therapy. Symptoms and medication use were monitored during
this 28-day period. Asthma was considered to be too mild if there
were fewer than 8 days with asthma symptoms or with morning
or evening peak flow less than 80% of personal best values. Asth-
ma was considered too severe if, in this 28-day period, the child
used more than 8 puffs of albuterol for each of 3 consecutive
days, had night awakenings caused by asthma averaging more
than 1.5 times per week, had mean daily diary card symptom
scores of greater than 2 (scale, 0-3), or had used medication other
than albuterol to control asthma.

Data were collected by interview between the research coordi-
nator and parents, child, or both (depending on child’s age) regard-
ing demographics, history of asthma symptoms and severity, treat-
ment for asthma, asthma triggers, allergy history, features of the
home environment, and relevant family history.

Allergy skin testing for pertinent inhalant allergens was carried
out by a CAMP-certified technician using the prick or puncture
method. Children were tested for sensitivity to a core battery of
allergens (Der p 1, Der f 1, cat [standardized], dog [mixed breed],
American cockroach, German cockroach, Penicillium species mix,
Aspergillus species mix, Timothy grass, and short ragweed [stan-
dardized]), as well as 4 to 6 site-selected allergens. Seven clinical
centers tested children for sensitivity to Alternaria species.

A home dust sample was obtained after randomization (mean
duration, 6 months) with a vacuum cleaner (Douglas Redi-vac
Model #6735; Scott-Fetzer, Walnut Ridge, Ariz) fitted with a dis-
posable filter. Dust samples were analyzed at a central laboratory
for their content of dust mite, cat, dog, and cockroach allergens. An
agar plate was streaked for enumeration of fungal colonies, which
were not further identified.!2

Randomization depended on successful completion of the base-
line evaluation and signed consent of the parent or guardian to the
child’s enrollment. Signed assent of the child participant was also
required at some clinics. The institutional review board of each cen-
ter approved the trial.

The CAMP database involves a distributed data management
system. All data are keyed twice in immediate succession by the
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same person. Extensive checks and audits are run on a routine basis
by the data coordinating center. All analyses were performed with
SAS version 6.12 software.!3 The Pearson %2 statistic was used to
test the association of a self-report of exposure triggering asthma
symptoms and the prevalence of the exposure in the children’s
homes or the sensitivity to the exposure, as determined by means of
skin prick testing.14

RESULTS
Demographics

Characteristics of the CAMP population are summa-
rized in Table I, and more detailed descriptions can be
found elsewhere.10:11 The mean age of the children at
study entry was 8.4 years, and 60% were boys. Thirty-
two percent of the children represented various ethnic
minority groups. The educational background of the par-
ent or legal guardian escorting the child to the initial
screening visit suggests that most of the children came
from well-educated families; 82% had some college or
postsecondary education or training or had finished col-
lege. Seventy-four percent of the US respondents report-
ed combined family yearly earnings equaling or exceed-
ing $30,000.

Asthma history and medications

Thirty-six percent of children had their first asthma
episode before the age of 2 years, and 90% had their first
asthma episode before the age of 7 years. Duration of
asthma since onset of symptoms ranged from 6 months
to 12 years (median, 5.6 years). A majority of children
(62%) had their first identified asthma episode during a
respiratory infection (Table I). For 19% of the children,
their first asthma episode was associated with allergic
exposure. Although most study participants did not
require hospitalization in the year before study entry,
35% had required oral corticosteroids in the previous 6
months. Eighty-seven percent of children had asthma
symptoms 2 or more times a week for 6 or more months
in the year before interview, and 75% required bron-
chodilators 2 or more times a week for 6 or more months
during the year before study entry.

Self-reported asthma triggers for the study group
are summarized in Fig 1. Factors perceived by the
respondent as causing asthma symptoms at study entry
always or frequently included respiratory infections
(77%), spring and fall pollens (53%), changes in the
weather (48%), exercise (42%), and tobacco smoke
(40%). Other factors were less frequently cited as
asthma triggers.

Allergy skin testing

Eighty-eight percent of the children had at least one
positive skin test response (Table I), and 70% had 3 or
more positive test responses. Sensitivities to Der p 1, Der
f 1, cat, and Timothy grass were the most common over-
all and were seen in 43%, 42%, 49%, and 47% of study
children, respectively. Thirty-seven percent of the 915
children tested for sensitivity to Alternaria species had a
positive test response.
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FIG 1. Exposures causing asthma symptoms.

TABLE I. Characteristics of study participants and their
families

Combined study group”
8.4 +2.1y(5-13)

Characteristic

Age at randomization, mean + SD (range)

Minority ethnicity-race 32%
Male sex 60%
Parent-guardian attended or completed 82%
college or postsecondary education
Annual household income >$30,000 74%T
Conditions associated with first asthma episode
Infection 62%
Exercise 7%
Allergic exposure 19%
Asthma symptoms and medication use
Symptoms >2 times per wk for 26 mo 87%
Bronchodilator use 22 times per wk for 26 mo 75%
Asthma medication most days for 26 mo 59%
Oral steroids in last 6 mo 35%
At least 1 positive allergen skin test response 88%
Family history of asthma or atopic disorder
At least 1 parent with asthma 41%
At least 1 parent with hay fever, eczema, or 64%
other atopic disorder
Sibling with asthma 37%*
Sibling with hay fever, eczema, or other atopic 38%*%
disorder

“Because of missing data, numbers of patients range from 1021 to 1041,
except as noted.

“Denominator for percentage is defined as US participants who responded
(n=879).

“Denominator for percentage is defined as CAMP children with siblings for
whom asthma status was known (n = 905).

SDenominator for percentage is defined as CAMP children with siblings for
whom atopic status was known (n = 902).

Family history, smoking history, and the
home environment

Many of the children with asthma recruited for this
trial came from asthmatic and atopic families. Of the
children entering the trial, 41% had at least one parent
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TABLE Il. Characteristics of the home environment

Characteristic Combined study group

Mother’s previous smoking habits

During pregnancy 14%

Before 2 y of life 20%

Between 2 y and first grade 21%

Father’s previous smoking habit
Before 2 y of life 32%
Between 2 y and first grade 30%
Current smokers in household

Mother currently smokes 16%

Father currently smokes 20%

No parent smokes 72%

One parent smokes 20%

Both parents smoke 8%

Child smokes 0%

Pets in the home (self-report)

Furry pet 53%
Cat 23%
Dog 34%
Rodent 12%

Bird 9%

Heating and cooking devices

Gas stove 40%

Fireplace 20%

Wood stove 9%

Allergen level (house dust sample)

Der p 1 + Der f1>2000 ng/g (n = 969) 42%

Fel d 1 >8000 ng/g (n = 969) 29%

Can f 1 >8000 ng/g (n = 888) 44%

Mold >25,000 cfu/g (n = 958) 20%

Month of dust collection (n = 968)

Dec, Jan, Feb 20%

March, April, May 29%

June, July, Aug 32%

Sep, Oct, Dec 19%

Because of missing data, numbers of patients range from 1005 to 1041,
except as noted.

with asthma. In addition, 37% of the study children with
siblings had siblings with asthma. Sixty-four percent of
the children had at least one parent with hay fever,
eczema, or another atopic disorder. Thirty-eight percent
of the CAMP children with siblings had siblings with
hay fever, eczema, or another atopic disorder.

Many of the children with asthma recruited for this
study were exposed to tobacco smoke (Table II). Forty-
one percent were exposed either during pregnancy or in
the first 2 years of life. Surprisingly, many of these chil-
dren with asthma continued to be exposed to tobacco
smoke on a regular basis at study entry, with 28% living
in a home with at least one parent smoking cigarettes.
None of the children smoked at study entry.

Despite a high prevalence of allergic disease in study
families and of skin test reactivity in the children, 53%
reported having a furry pet in the home as of study entry
(Table II). Other potential home irritant exposures for
children with asthma recruited into this study included
gas stoves (40% of children), fireplaces (20% of chil-
dren), and wood-burning stoves (9% of children).
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TABLE lll. Exposure to triggers in the home or skin test outcome versus self-report of trigger causing asthma symp-

toms
Trigger Trigger
frequently/always occasionally/

Trigger/exposure in home or sensitivity to trigger causes asthma (%) never causes asthma (%) P value®

Animals
Furry pet in home 39% 59% <.001
Fel d 1 >8000 ng/g 18% 34% <.001
Can f 1 >8000 ng/g 42% 44% .63
Skin test response positive to cat 75% 39% <.001
Skin test response positive to dog 35% 18% <.001
No. of children reporting effect of trigger 2937 737%

Cigarette smoke
Both parents smoke 6% 9% 13
At least 1 parent smokes 26% 30% 15
No. of children reporting effect of trigger 397 606

House dust
Dermatophagoides pteronyssinus + Dermatophagoides farinae >2000 ng/g 38% 42% 31
Skin test response positive to D pteronyssinus 58% 41% <.001
Skin test response positive to D farinae 50% 40% .03
Skin test response positive for D pteronyssinus or D farinae 63% 46% <.001
No. of children reporting effect of trigger 1508 880l

Damp or musty areas
Mold >25,000 cfu/g 19% 21% 51
Skin test response positive to Penicillium species 29% 24% 11
Skin test response positive to Aspergillus species 29% 21% .02
Skin test response positive to Penicillium or Aspergillus species 39% 30% .01
No. of children reporting effect of trigger 1901 823#

P values were determined with the Pearson x?2 statistic (1 df).

TNumber of patients varies from 248 to 293 because of missing data.
#Number of patients varies from 630 to 737 because of missing data.
SNumber of patients varies from 133 to 150 because of missing data.
[Number of patients varies from 826 to 880 because of missing data.
INumber of patients varies from 169 to 190 because of missing data.
#Number of patients varies from 763 to 823 because of missing data.

Analysis of home dust samples for allergens indicated
that many children were living in homes with allergen
levels above the threshold for high risk for symptoms
(Table II). Dust mite allergen levels above 2000 ng/g,
generally regarded as a risk factor for sensitization,!5
were noted in 42% of home dust samples; cat allergen
levels above 8000 ng/g!> were noted in 29% of samples,
and mold colony counts above 25,000 colony-forming
units (cfu)/g were noted in 20% of homes.

We examined the relationship of a self-report of expo-
sures triggering asthma symptoms and the prevalence of
those exposures in the children’s homes (Table III). We
found a lower proportion of homes with a high level of
cat allergen (P < .001) among the children who reported
that animals frequently or always triggered asthma symp-
toms compared with those who reported that animals
never or occasionally triggered asthma symptoms. No
such relationship existed for dogs (Table III). However,
clinical symptoms did not reduce exposure to parental
cigarette smoking (P = .15), house dust (P = .31), or
damp or musty areas (P = .51), and the prevalence of
exposures continued to be high, even among children

who reported adverse personal effects of these exposures
(parental cigarette smoke, 26%; furry pet, 39%; and
house dust, 38%). The self-reports of animals, dust, and
mold causing asthma correlated with the skin test results
for these triggers (Table III). Sensitization to cats or dogs
was significantly more prevalent in subjects reporting
that animals frequently cause asthma symptoms relative
to those subjects reporting that animals cause asthma
symptoms occasionally or never (Table III). However,
there were large numbers of children who reported that
animals frequently or always cause asthma symptoms
who did not have positive test responses to cat allergen
(25% of those reporting animals frequently cause symp-
toms) and who did not have positive test responses to dog
allergen (65%).

For all allergens examined (cat, dog, dust mite, Peni-
cillium species, and Aspergillus species), higher propor-
tions of the children reporting that allergen exposure fre-
quently or almost always causes asthma had positive skin
test responses to the exposure compared with those
reporting that exposures never or occasionally cause
asthma (Table III).
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DISCUSSION

The characteristics of the CAMP participants approx-
imate the goals of the trial reasonably well, which were
to enroll children with mild-to-moderate asthma that
might potentially benefit from long-term anti-inflamma-
tory therapy and hence influence growth of lung func-
tion. The descriptive characteristics of the CAMP partic-
ipants demonstrate a consistency with known truisms
about prepubertal childhood asthma.!-9.16 In general, this
disease has a male predominance, as is found in the
CAMP participants, and usually asthma onset occurs
before the age of 6 years.!7 In the CAMP trial 84% of our
patients had disease onset before the age of 6 years.
Information on oral steroid use and asthma symptoms
demonstrates that the CAMP enrollees had significant
disease, at least symptomatically. Almost 90% of patients
had symptoms more than 2 times a week for at least 6
months during the year before enrollment, and 75% used
a bronchodilator at least twice a week for at least 6
months during the year before enrollment.

Our study documents for the first time in a large sam-
ple the environmental burden faced by children with
mild-to-moderate asthma with regard to the home envi-
ronment. High levels of parental cigarette smoking (28%
with one or both parents as smokers), furry pets in the
home (present in over 50% of CAMP patients’ homes),
house dust mite allergen (>2000 ng/g in 42% of homes),
and mold counts (>25,000 cfu/g in 20% of homes) signi-
fy the importance of environmental exposure for this dis-
ease.15.18-21 This is underscored by the prevalence of skin
test reactivity of 88% in the CAMP cohort (=1 positive
prick skin test response). Clearly, the bulk of childhood
asthmatic subjects are atopic, and this has been shown in
multiple investigations.22.23 It remains to be seen
whether atopic or nonatopic asthmatic subjects have a
more benign clinical course.!6:24

Our study design does not allow us to determine
whether CAMP parents were counseled about environ-
mental exposure before collection of these baseline data.
Because all trial participant families were repeatedly
counseled about these exposures after study entry, our
longitudinal data should allow us to assess the effective-
ness of this intervention.

Analysis of exposure to triggers versus self-report of
triggers causing asthma attacks (Table III) indicates less
exposure in the more sensitive children with respect to
cigarette smoke, cat allergen in the home, damp and
musty areas, and house dust. However, only analysis
related to cat allergen yielded statistically significant dif-
ferences (P < .001). Although the lesser amount of expo-
sure reported for the more sensitive children suggests
that families of more sensitive children may be trying to
reduce environmental exposures, the nontrivial propor-
tion of children reportedly having high sensitivity and
high exposure demonstrates the challenge for the clini-
cian in attempting to keep patients with mild-to-moderate
asthma symptom free and functioning at their highest
level. The correlation between sensitivity to the allergen
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and self-report of the allergen causing asthma is support-
ive of the accuracy of the patients’ self-reports.

It will be important to determine in the CAMP trial the
extent to which sensitization and allergen level interact
with treatment in determining growth of lung function in
the CAMP children. It is important to recognize the rela-
tively preserved pulmonary function in the face of mod-
erate symptoms seen in the CAMP patients. This sce-
nario of relatively frequent symptoms with preserved
lung function is typical of childhood asthma and has
often caused clinicians to consider the disease benign
and not worthy of aggressive treatment. Although in the
short term, such as in the 28-day screening period before
randomization, the morbidity associated with minimal
medication use is relatively small, the obvious concern
and rationale for the CAMP trial is that continued symp-
toms and inflammation can ultimately result in deteriora-
tion of lung function and less than optimal lung growth.
The central premise behind the trial is that control of the
environment, avoidance of triggers, and continuous anti-
inflammatory treatment should improve and maximize
growth of lung function, thus working to prevent the
development of disease progression and, ultimately, to
prevent the development of fixed airflow obstruction.
Only the completion of this trial and the analysis of its
longitudinal data will allow us to determine the answer to
this question.
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APPENDIX

The members of the CAMP Research Group as of November
1999 are as follows:

Clinical centers

ASTHMA, Inc, Seattle, Wash: Gail G. Shapiro, MD (director);
Thomas R. DuHamel, PhD (codirector); Mary V. Lasley, MD (codi-
rector); Tamara Chinn, RN (coordinator); Leonard C. Altman, MD;
Frank S. Virant, MD; Paul V. Williams, MD; Dominick A. Minotti,
MD; Michael S. Kennedy, MD; Jonathan W. Becker, MD; Chris
Reagan; Grace White; C. Warren Bierman, MD (1992-1997); Mar-
ian Sharpe, RN (1992-1994); Timothy G. Wighton, PhD (1994-
1998).

Brigham & Women’s Hospital, Boston, Mass: Scott Weiss,
MD, MS (director); Dirk Greinder, MD (codirector); Walter Torda,
MD (codirector); Martha Tata, RN (coordinator); Nancy Madden,
RN, BSN; Anne Plunkett, RN, BSN, NP; Sally Babigian, RN; Peter
Barrant, MD; Linda Benson; Tatum Calder; Anthony DeFilippo;
Cindy Dorsainvil; Margaret Higham, MD; Kay Seligsohn, PhD;
Meghan Syring; Melissa Van Horn, PhD; Jose Caicedo (1998-
1999); Julie Erickson (1998-1999); Phoebe Fulton (1997); Jennifer
Gilbert (1997-1998); Mary Grace, RN (1994-1996); Stephanie
Haynes (1993-1998); Deborah Jakubowski (1999); Susan Kelleher
(1993-1997); Jay Koslof, PhD (1993-1995); Dana Mandel (1996-
1998); Agnes Martinez (1994-1997); Jean McAuliffe (1994-1995);
Paola Pacella (1993-1998); Paula Parks (1993-1995); Johanna
Sagarin (1998-1999); June Traylor, MSN, RN (1996-1998); Car-
olyn Wells, RN (1993-1995); Ann Whitman, RN (1994-1996).

The Hospital for Sick Children, Toronto, Ontario, Canada:
Joe Reisman, MD, FRCP(C), MBA (director); Ian MacLusky, MD,
FRCP(C) (codirector); Henry Levison, MD, FRCP(C) (director,
1992-1996); Anita Hall, RN (coordinator); Yola Benedet; Susan
Carpenter, RN; Jennifer Chay; Kenneth Gore, MA; Sharon Klassen,
MA; Melody Miki, RN, BScN; Renée Sananes, PhD; Christine
Wasson, PhD; Michelle Collinson, RN (1994-1998); Jane Fin-
layson-Kulchin, RN (1994-1998); Noreen Holmes, RRT (1998-
1999); Joseé Quenneville, MSc (1993-1995).

John Hopkins Asthma & Allergy Center, Baltimore, Md: N.
Franklin Adkinson, Jr, MD (director); Peyton Eggleston, MD (codi-
rector); Karen Huss, DNSc (coinvestigator); Leslie Plotnick, MD
(coinvestigator); Margaret Pulsifer, PhD (coinvestigator); Cynthia
Rand, PhD (coinvestigator); Barbara Wheeler, RN, BSN (coordina-
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