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Abstract
Exposure to allergens early in life can lead to sensitization and the development of childhood
asthma. It is thought that increased exposure with the advent of modern housing is likely
contributing to the rise in prevalence of childhood asthma during the past few decades. The
progression from allergen exposure to sensitization and asthma development has been noted with
respect to dust mites, pets, cockroach, mouse, mold, tobacco smoke, endotoxin, and air pollution,
although some have found a protective effect with pet and endotoxin exposure. Recent studies
have shown that allergen remediation may be beneficial in reducing asthma morbidity and
development, although there is also some evidence to the contrary. Examples of allergen
remediation that have been studied include the use of dust mite–impermeable covers, high-
efficiency particulate air filtration, integrated pest management, home repairs, ventilation
improvement, and pet removal. Several multifaceted, randomized controlled trials have shown that
reducing multiple early allergen exposures with environmental controls is associated with a
decreased risk of asthma.
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Introduction
It has been speculated that the reason for the increase in childhood asthma over the past few
decades is a change in environmental exposures. The advent of modern housing has led to
higher indoor temperatures and increased humidity, and combined with an increase in
furnishings, the home environment is very vulnerable to high levels of allergens such as dust
mites and molds. Furthermore, evidence indicates that sensitization to indoor allergens (eg,
house dust mite [HDM]) rather than outdoor allergens (eg, grass pollen) is a stronger risk
factor for the development of asthma [1, 2].

Allergic childhood asthma is thought to begin first with exposure to an inciting allergen,
followed by sensitization and the development of asthma or atopy. The timing of the
exposure may be important. Exposure beginning in infancy has been shown to place infants
with a family history of atopy at higher risk of the development of allergic diseases,
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including asthma [1, 3]. Given that childhood asthma may begin with an early exposure, the
utility of preventive measures to reduce allergen exposure has been studied. Specifically,
attention has been given to altering the home environment with remediation techniques to
reduce exposures. The purpose of this review is to discuss the common allergens found in
homes and schools that are associated with sensitization and with childhood asthma. We
also discuss the recent evidence that examines the efficacy of environmental controls in
reducing childhood asthma morbidity.

Dust Mite
The relationship among HDM exposure, sensitization, and childhood asthma has been well-
studied. It has been shown that there is a dose–response relationship between HDM allergen
and sensitization [4], and that sensitization is associated with increased risk of asthma-
related hospitalizations, unscheduled visits, and medication use [5]. The risk of developing
asthma was particularly increased in high-risk infants with early exposure to high levels of
HDM allergen (≥10 μg/g) [6]. The use of mite-impermeable covers as a control measure is
debated. A prospective, double-blind, placebo-controlled study involving 60 children
randomly assigned to receive mattress and pillow covers or sham covers found a reduction
in HDM allergen in the treatment group compared with the control group. Furthermore, this
reduction in allergen levels appeared to translate to significantly lowered doses of inhaled
corticosteroids (ICS) in the 1-year follow-up period [7]. However, a more recent study of
143 HDM-allergic asthmatics requiring ICS (16–60 years of age) showed that HDM-
impermeable mattress and pillow covers did not improve ICS use compared with sham
encasings, which may be explained by relatively low levels of HDM allergens and good
asthma control at baseline [8]. Another double-blind, randomized, placebo-controlled study
analyzing the effectiveness of allergen-impermeable bed covers in 1,122 asthmatic adults
also did not show any benefit [9]. Results from the Isle of Wight birth cohort also
demonstrated a decreased risk of asthma at 8 years of age in the intervention group, although
HDM avoidance was part of a multifaceted intervention, and it was difficult to determine
which intervention led to the decreased risk [10].

Feather-based bedding has been associated with lower levels of HDM allergen compared
with synthetic bedding [11, 12]. A recent randomized controlled trial studied 197 HDM-
sensitized moderate to severe asthmatic children to examine the difference between feather
bedding and HDM bedding covers. In this study, both the treatment and control groups
received dust mite covers, while the treatment group additionally received feather bedding.
The authors reported no significant differences between the two groups in terms of wheezing
episodes or quality of life, which may be explained in part by poor compliance with the use
of feather bedding in the treatment group and some feather bedding use in the control group.
However, a compliance analysis (rather than intention-to-treat analysis) revealed a possible
association between feather bedding and improved respiratory symptoms, although recall
bias may have influenced the results [13].

In another study using the Tasmanian infant cohort, Trevillian et al. [14] examined the
utility of a more comprehensive environmental approach to analyzing the relationship
between HDM control and asthma, hypothesizing that the levels of HDM allergen are
influenced by a combination of bedroom environmental factors. The authors showed a
significant increased risk of recent wheeze and childhood asthma at age 7 years in those
families using two or more synthetic infant bedding items (adjusted OR, 2.10). This
association was further strengthened by the use of heating, recent bedroom painting, and use
of bedroom carpeting. The risk was increased fivefold in the case of the association between
recent painting and risk of wheeze by age 7. Other measures in controlling HDM levels,
which to our knowledge have not been recently re-examined in intervention studies, include
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weekly washing of bedding with heated drying; avoidance of carpeting, upholstered
furniture, and stuffed animals; and keeping humidity levels below 50% [15]. However, a
recent meta-analysis of 54 trials from 1966 to 2007 involving HDM-allergic asthmatics
showed that interventions including acaricides, mattress covers, vacuum cleaning, washing,
air filtration, and ionizers were not successful in reducing HDM levels or asthma symptom
scores compared with placebo or no treatment [16]. Despite the results of these studies,
many factors, such as sample size, multiple other sensitizations, and exposures, may account
for the results in these HDM studies, and in general, standard-of-care practitioners routinely
recommend dust mite control measures for patients who are dust mite allergic.

Pets
Some evidence indicates that early exposure to pets is associated with decreased
sensitization to common aeroallergens in atopic and nonatopic children [17], although this
also has been debated. Early dog exposure may have a protective effect for childhood
asthma, especially in those without an atopic family history. Similarly, exposure to high
levels of cat allergen has been shown to be associated with decreased sensitization [18] and
may be protective for asthma [19]. However, a meta-analysis showed that early pet exposure
is associated with an increased risk of asthma [20].

A recent study utilizing the Prevention and Incidence of Asthma and Mite Allergy (PIAMA)
birth cohort analyzed the association between cat or dog exposure yearly up to age 8 years
and allergen sensitization, along with asthma development [21•]. The authors reported that
dog exposure at 3 months was associated with a decreased risk of sensitization to any
allergen (OR, 0.49; P<0.01), while cat exposure at 3 months was associated with a
decreased risk of HDM sensitization (OR, 0.68; P=0.02). Although these findings call into
question any protective effect pet exposure may have, the PIAMA study did not find a
significant association between early pet exposure and asthma development at age 8 years.
Therefore, it is unclear based on conflicting evidence whether elimination of pet prevents
childhood asthma development. Studies analyzing the effect of pet removal on asthma are
few, although Shirai et al. [22] reported a reduced need for ICS in pet-allergic asthmatics
who removed the pet from the home. The current standard of care is to recommend pet
removal in those patients who have a proven pet allergy.

Cockroach/Pest Management
High levels of cockroach allergen and mouse allergen have been well-described in the
homes of urban children, although there appear to be regional differences. A total of 98% of
101 kitchen dust samples from 101 apartments in Gary, IN, had detectable levels of Bla g 1
allergen [23], while a study examining samples from inner-city Baltimore schools found
cockroach allergen in 66% of dust samples [24]. A multicenter intervention study by
Morgan et al. [25] reported 68.4% of sampled bedrooms had detectable cockroach allergen
levels. Chew et al. [26] recently noted that exposure to cockroach allergen was associated
with sensitization in a dose–response manner in a group of inner-city children, while results
from the National Cooperative Inner City Asthma Study indicate that asthmatic children
sensitized to cockroach have an almost twofold higher risk of asthma-related
hospitalizations [5]. Data from the National Cooperative Inner City Asthma Study also
showed that the combination of cockroach allergy and exposure to high levels of allergen
was associated with higher rates of missed school days, wheezing, and hospitalizations [27].

Like cockroach allergen, mouse allergen exposure is associated with a high rate of mouse
sensitization [28]. Mouse allergen has also been shown to be a significant exposure among
school-aged children in schools and in homes [29, 30•], although the school exposure may
be more significant. In a study of four inner-city Boston schools, Sheehan et al. [30•]
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reported that asthmatic students attending the school with the highest levels of mouse
urinary protein also had more reported missed school days due to asthma. Thus, it is
imperative to consider potential exposures that asthmatic children may have outside the
home as targets for allergen control.

Integrated pest management (IPM) has been shown to be an effective control in reducing
cockroach and allergen levels, although to our knowledge, all studies have focused on IPM
measures in the home. IPM involves a combination of tactics aimed at pest elimination with
the use of pesticides and baits but also involves a long-term plan to prevent reinfestation by
improving structural conditions in the home via crack sealing, hole repair, and pest food
source removal. IPM has been shown to reduce levels of cockroach allergen, although a
study by Peters et al. [31] showed that allergen levels began to increase 6 months after the
intervention. A study by Kass et al. [32] used IPM at the building level rather than at the
level of individual apartments in New York City public housing. The authors compared IPM
intervention in eight buildings with five buildings that employed traditional pest control
measures. They reported that bedroom Bla g 2 levels 6 months after IPM were 40% lower in
the intervention group compared with the control group, and 30% lower compared with
controls in the kitchen at 6 months [32]. The results also appeared to translate to 57% lower
weekly cockroach counts at 3-month follow-up in the IPM group compared with the control
group, although this difference was not significantly sustained at 6 months.

Kass et al. [32] did not report improvements in mouse sightings or mouse allergen with IPM,
although this was likely due to the overall reduced amounts of mouse infestation in the New
York area. However, Phipatanakul et al. [33] showed that an intervention in Boston (a city
with more reported mouse allergen exposure) that included sealing holes, vacuuming, and
using low-toxicity pesticides and traps resulted in reduced mouse allergen levels. The Inner-
City Asthma Study was a randomized controlled trial of an intervention that targeted
cockroaches and rodents, although the intervention was based on influencing behavior
change rather than using IPM or pest control; the investigators reported a reduction in Bla g
1 even at the 2-year follow-up, and also found a strong correlation between cockroach
allergen reduction and decreased asthma morbidity [25]. Based on these studies, it appears
that IPM is effective in controlling cockroach and mouse infestation, but the results may be
difficult to sustain. More longitudinal studies are needed to examine not only the
effectiveness of pest control, but also whether IPM can result in decreased childhood asthma
morbidity. Our group is currently studying mouse-allergic children and whether IPM may
decrease asthma morbidity. Examining the effects of IPM in inner-city schools is also an
important area of future study.

Mold
The specific molds that have been implicated in asthma include Alternaria alternata,
Cladosporium spp, Aspergillus spp, and Penicillium spp [34], although Alternaria is
relatively better studied. Sensitization to Alternaria has been associated with an increased
risk of hospitalization among inner-city asthmatic children [5]. A recent meta-analysis of 33
studies found that building dampness and mold were associated with respiratory symptoms
and even asthma in children and adults, with ORs ranging from 1.37 to 1.75 [35], while
another meta-analysis cited a strong association between mold exposure and childhood
asthma exacerbations [36]. Results from the Cincinnati Childhood Allergy and Air Pollution
Study found that children in their birth cohort with verified high levels of home mold
exposure had a sevenfold greater risk of asthma as measured by the Asthma Predictive Index
[37]. Another longitudinal birth cohort study of 396 children similarly described an
association between both moisture damage and visible mold by 18 months of age [38].
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Mold remediation and its effect on childhood asthma has not been as well-studied compared
with HDM allergen, although both the school and home environments have been targeted
for mold control measures. In their analysis of mold levels in Finland, Lignell et al. [39]
reported that levels decreased in an elementary school with poor indoor air quality after a
thorough renovation. The renovation included installation of an exhaust system and an air
ventilation system [39]. The authors, however, were unable to demonstrate a significant
difference in respiratory symptom complaints. Kercsmar et al. [40] examined the effects of a
home-based mold remediation on 62 asthmatic inner-city children with home mold
exposure. The intervention group, like in the Lignell et al. [39] study, had extensive repairs
made in the home aimed at reducing mold exposure, such as leak repair, ventilation
alteration, removal of water-damaged materials, and improvements in damp basements.
They reported a significant reduction in mold scores at the 1-year follow-up, along with a
reduction in emergency department visits and hospitalizations, in the remediation group
[40]. These studies provide some evidence that mold levels can be controlled, although
achieving this control in both studies required expensive renovations that may not be
generalizable, especially in poorer urban communities. This may be the reason why control
measures for mold were not readily adopted by families of childhood asthmatics enrolled in
a study by Parker et al. [41]. One of the findings of this study was that these families, despite
having have nine visits by a “community environmental specialist” over a period of 1 year,
were less inclined to adopt behaviors to control mold exposure. Nevertheless, it is possible
that comprehensive control measures may prove to be cost-effective measures in future
studies and can help to decrease childhood asthma morbidity.

Environmental Tobacco Smoke
It is well-known that exposure to environmental tobacco smoke (ETS) is associated with
wheezing and increased asthma exacerbations in children. A total of 60% of children 3 to 11
years of age, or 22 million children, in the United States are exposed to ETS [42]. The risk
of asthma and wheezing may be highest among teenagers who smoke and are also exposed
to second-hand smoke [43].

The use of anticipatory guidance to reduce exposure to second-hand smoke has been shown
to not significantly improve asthma symptoms; furthermore, a recent Cochrane review
highlighted the ineffectiveness of most intervention studies whose aim was to reduce ETS
exposure in children [44]. Given that it may not be plausible for some children to avoid
ETS, the use of air filtration has been examined to help reduce asthma morbidity related to
ETS. A recent study by Lanphear et al. [45] provided some evidence for use the use of high-
efficiency particulate air (HEPA) air cleaners to reduce tobacco smoke exposure. These
cleaners, which have been shown to reduce levels of airborne particles 0.3 μm or greater in
size and nicotine, were used in a double-blind, randomized trial examining their effect on
unscheduled asthma visits in a group of asthmatic children. The authors randomly assigned
100 children known to have cigarette smoke exposure to an intervention group and provided
them with 2 HEPA filters for home use, while 115 children in the control group received a
placebo (inactive) air cleaner. After adjusting for baseline difference, the authors found
fewer unscheduled asthma visits in a 12-month follow-up period in the intervention group
compared with the control group (185 vs 227; P=0.043), corresponding to an 18.5%
reduction in the number of visits. The authors attributed this difference to a significant
reduction in the number of airborne particles seen in the intervention group compared with
the control group; however, there was no difference between the two groups with respect to
serum or hair cotinine levels or air nicotine levels.

The best preventive control measure for ETS is to avoid exposure in the home. A recent
study of 290 asthmatic children requiring daily controller therapy found that parental report
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of decreased exposure to ETS over a 12-month period following enrollment was associated
with decreased hospitalizations and emergency department visits [46]. These children also
had less risk for an episode of poor asthma control (OR, 0.45; P=0.042) compared with
children who had stable or increased exposure to ETS. A problem with this and other studies
that use parental reports of smoking behavior is recall bias, which likely leads to
overestimation of the intervention. Several multifaceted intervention trials also incorporate
tobacco cessation in their methods [25, 47]. The Canadian Primary Prevention Study, which
involved counseling of parents to cease smoking, did report lower second-hand smoke
exposure in children in the intervention group, while the Inner-City Asthma Study reported
no change in ETS exposure in their intervention group. Another randomized controlled trial
that involved repeated visits by a community health worker with the goal of modifying
parental behavior, including smoking habits, found no difference in the number of families
reducing ETS in the home [41]. Regardless, clinicians should encourage parents to quit
smoking given good evidence that associates secondhand smoke exposure with asthma
morbidity in children.

Endotoxin
Endotoxin is a component of the cell wall of gram-negative bacteria that is a potent
stimulator of the immune system, and while inhaled endotoxin can cause
bronchoconstriction and increased airway inflammation in adults, it is thought that early-
childhood exposure may have a protective effect. Many have reported on the protective
nature of endotoxin exposure in terms of its effect on childhood asthma development [48];
however, this is disputed by others. In a prospective birth cohort study of 440 children,
Celedon et al. [6] found that early endotoxin exposure was associated with a reduced risk of
atopy, but they also found an increased risk of wheezing at age 7 years in children with a
family history of atopy. Another study found no association between endotoxin exposure in
terms of risk of asthma or sensitization in children [49•]. If endotoxin exposure does
influence asthma development, there may be simple ways to identify elevated levels in the
home, making endotoxin exposure amenable to remediation studies. A recent study based in
an urban area showed that certain home characteristics, including dampness and visible
water damage, were associated with an increase in endotoxin levels, while once-weekly
bedroom cleaning was associated with reduced levels [50].

Air Pollution
Exposure to air pollutants has been associated with increased coughing, wheezing, and even
asthma in the first 2 years of life [51], although there is debate as to whether exposure to
traffic-related pollution can influence sensitization [52]. A more recent longitudinal analysis
of a birth cohort associated with PIAMA showed that traffic pollution was associated with
asthma and asthma-related symptoms at all ages up to 8 years of age [53]. Unfortunately,
parents are likely contributing to increased exposure to pollution in light of a recent survey
that reported that 75.0% of caregivers idle their vehicles within their community [54]). To
our knowledge, no studies regarding diminished levels of air pollution and its effect on
childhood asthma have been published, and this certainly would be a difficult but necessary
area of study.

Multifaceted Intervention Programs
A few studies have examined the effectiveness of a multifaceted intervention program on the
primary prevention of asthma in high-risk infants, defined in these studies as unborn
children with two or more atopic family members. Most children are sensitized to more than
one allergen [1], and an environmental control approach that targets multiple allergens may
be a necessary strategy. The Inner-City Asthma Study was a multicenter, randomized
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controlled trial that tailored a customized intervention targeting skin test–positive allergens
specific to asthmatic children 5 to 11 years of age. The investigators reported a decrease in
asthma symptoms in the intervention group compared with the control group—a decrease
that correlated with a significant decrease in dust and cockroach [25].

Targeting potential exposures of pregnant mothers with high-risk children also may be
necessary given that sensitization may occur in utero. Miller et al. [55] found evidence of
cord blood mononuclear cell proliferation in infants whose mothers had high home exposure
to cockroach and mouse [55]. However, this finding was challenged by a more recent study
that found that cord blood mononuclear cell proliferation was not associated with later
sensitization as measured by allergen-specific IgE at ages 2, 3, and 5 years, and also was not
associated with asthma at age 5 years [56].

Although there is conflicting evidence regarding in utero sensitization, several longitudinal,
multifaceted, randomized controlled trials described the results of beginning the intervention
before birth. The Canadian Primary Prevention Study (CPPS), begun in 1995, recruited
pregnant mothers whose unborn children had a high asthma risk. A total of 279 of the
infants' families underwent multifaceted intervention measures (avoidance of HDM, pets,
and tobacco smoke; encouraging breastfeeding; and delayed introduction of solid foods),
while 266 were assigned to a control group. The researchers found a decreased risk of
asthma in nonatopic children in the intervention group, with an OR of 0.26 [57]. However,
for those children who were atopic by 1 year of age and were persistently atopic at age 7,
there was an increased asthma risk with an adjusted OR of 15.5. The authors did report,
however, that the prevalence of asthma, defined as wheeze apart from colds along with
bronchial hyperresponsiveness, was increased at 7 years of age in the intervention group
[47]. Both Morgan et al. [25] and the CPPS lend support that multifaceted interventions
aimed at controlling exposures in high-risk infants may help reduce asthma risk, but that
atopic status at 1 year of age may be a strong predictor of the development of asthma despite
control measures to reduce exposure.

The Isle of Wight prevention study also showed a decreased risk of childhood asthma at 8
years of age in those infants randomly assigned to the prophylactic group, which was
characterized by HDM control with dust mite covers, acaricide, and food elimination diet in
pregnant mothers (OR, 0.24; P=0.005) [10]. A strength of this study was the 100% follow-
up rate at 8 years of age, although the intervention was not as comprehensive (no pet
control, no avoidance of second-hand smoke) as the CPPS. There was also no placebo
intervention in the control group. In addition, sensitization was reduced at the 8-year follow-
up, suggesting that primary prevention of dust mite exposure may interfere with the
development of childhood asthma.

Conclusions
A challenge in determining the effect of environmental controls on asthma is the large
number of variables involved that can influence the path from exposure to sensitization to
asthma. Potential exposures must be considered at home, at day care, and at schools, while
other airborne particles (eg, traffic-related pollution) also may be influential in the
development of asthma. In addition, there is conflicting evidence as to whether pet and
endotoxin exposure may be protective or preventive, although pet removal for pet-allergic
children should be stressed. The multifaceted, randomized controlled trials highlight the
beneficial outcome that can result from a primary prevention strategy, although they also
highlight the difficulty in attempting to control every possible exposure in the effort to
prevent sensitization. Further studies regarding remediation in schools are necessary, as is
public policy change that can regulate air pollution. Simple control measures such as
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mattress covers, HEPA filters, avoidance of ETS, pest control, and simple home repair may
offer protection from exposure in children, but investigators should continue to explore
comprehensive strategies to decrease and prevent childhood asthma.
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