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Home-based environmental interventions have demonstrated
clinical benefit for children with asthma. Although much is
known about school-based exposures, few studies have
comprehensively examined the role the school environment
plays in asthma and how effectively changing the environment
might reduce morbidity when adjusting for exposures in the
home. This review summarizes the importance and common
challenges of school-based environmental assessment and
intervention studies linked to health effects. We focus on the key
components of study development and the challenges and
benefits to implementation. (J Allergy Clin Immunol
2014;nnn:nnn-nnn.)
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Asthma is one of the most common childhood diseases,
affecting up to 15% of children in the United States; is
disproportionately more common in urban and inner-city envi-
ronments; and is the leading cause of missed school days in
America.1-3 Decades of previous research have demonstrated that
allergen, mold, and pollutant exposure in the inner-city home
environment is associated with significant childhood asthma
morbidity.4-9 Many of these allergens and pollutants are also
present in the inner-city school environment, where children
spend 7 to 12 hours per day.10-24 These exposures in the school
environment might be contributing to asthma morbidity.10-24

Home-based interventions to remove allergens and pollutants
have demonstrated significant clinical benefit in asthmatic chil-
dren, and therefore environmental intervention in schools is a
logical next step.25,26 School- and classroom-based interventions,
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although challenging, have the unique opportunity to effectively
and efficiently benefit a community of children in the school
environment as opposed to only those in a single home.

The focus of this perspectives article is to discuss the
challenges and potential benefits of comprehensive environ-
mental assessment and health outcomes in inner-city schools.
The discussion is based on the relevant recently published
literature and the experiences of the authors as investigators in
this field. It also discusses the need for future comprehensive
school-based environmental intervention studies and provides a
perspective on interventions with potential benefit. The primary
disease of interest in this perspectives piece is environmentally
mediated asthma, although environmental interventions in
schools might affect the morbidity of other allergic and irritant-
induced diseases as well.
EXPOSURES IN THE SCHOOL ENVIRONMENT
The school environment has been shown to be a significant

reservoir for allergens and pollutants.10-24 A comprehensive
review of allergen exposures in schools has been published previ-
ously in the Journal of Allergy and Clinical Immunology and will
not be discussed in detail here,27 aside from key concepts from
recent data published since the review was written. As in home
environments, it is unlikely that a single school- or classroom-
based environmental exposure is solely responsible for asthma
morbidity.28,29

Indoor allergens known to be important in urban home
environments might also be important in schools, including
cockroach (Bla g 1 and Bla g 2), cat (Fel d 1), dog (Can f 1),
mouse (Mus m 1 and mouse urinary protein), dust mite (Der f 1
and Der p 1), and molds. Historically, cockroach and mouse
allergen have been of particular interest because these exposures
have been linked to higher asthma morbidity in inner-city
children than other commonly encountered allergens in home
environments.9,30-32 Previous studies found cockroach and
mouse allergens to be highly prevalent in school environ-
ments.12,19 The School Inner-City Asthma Study (SICAS) is a
prospective, National Institute of Allergy and Infectious Dis-
eases–funded comprehensive study of classroom- and school-
specific exposures and asthma morbidity among students in ur-
ban schools.25 This study has consistently found much higher
levels of mouse allergen in schools compared with those in the
same students’ home environments,21,23 with levels similar to
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those seen in occupational laboratory animal settings.33 School
cat and dog allergen levels in this same study were variable21

and not at levels previously shown to worsen symptoms.34

Although there was very little cockroach allergen discovered,
we measured significant classroom-specific dust and airborne
mold levels in the schools24 at levels well above those known
to exacerbate symptoms in homes.35 Other studies in Europe
have demonstrated cat and dog allergen at high levels in schools,
likely caused by passive transfer from students with pets in their
homes.18 Additionally, recent work has demonstrated that the
greatest burden of dust mite exposure might indeed be outside
the home as well.36

Furthermore, schools are typically centrally located within a
community and might be in closer proximity to heavy traffic
routes and commercial or industrial exposures. They also
frequently serve as a hub for pick-up, drop-off, and idling of
cars and buses, potentially contributing to a site-specific increase
in ambient pollution. Inside, classroom activity resuspends
particles, thereby increasing exposure.37 Schools sometimes
have poor ventilation38 and inadequate building maintenance.39

Finally, in contrast to homes, most schools no longer have active
kitchens, and smoking is prohibited, leaving little contribution of
indoor sources to indoor air pollution. Children are frequently
physically active in school, potentially increasing the inhaled
dose of pollutants.37 These factors make schools a unique micro-
environment of indoor air pollutants and particulates, as well as
associated molds and other allergens carried on these particles.

The Health Effects of Indoor Air Pollutants group has an
ongoing prospective study evaluating indoor air pollution in
Europe. This study was borne out of a demand for research on
indoor air pollution from the European Union’s 7th Framework
Programme. Thus far, the Health Effects of Indoor Air Pollutants
group has found high levels of mold in schools, particularly those
with moisture damage.40-43 These mold findings corroborate the
results from the SICAS study done in the United States.24

A recent cross-sectional study in Taiwan additionally found that
fungal spore levels in classrooms correlated with asthma symp-
toms and found relief of symptoms on weekends and holidays.44

Additional studies suggest that high levels of microbial byprod-
ucts might correlate with respiratory symptoms, although results
were mixed.40-43 However, recent metagenomic studies suggest
that the effect of microbial exposures on asthma might depend
not only on the quantity but also on the biodiversity of microbial
exposures, whichmight be characterized by using sequencing and
newer techniques that hold promise for the future.45,46

Because it is evident that multiple and varied exposures are
responsible for school-specific asthma morbidity, it is unlikely
that one type of environmental assessment or intervention will be
applicable in all schools.29 Below is a discussion of the general
principles of school-based environmental assessments and inter-
ventions based on the studies that have been done to date.
SCHOOL-BASED ENVIRONMENTAL

ASSESSMENTS AND INTERVENTIONS

The challenges of community outreach and buy-in
Before one can begin to comprehensively assess how the

specific school or classroom environment affects students, in-
vestigators must establish a trusting relationship with the
community.25 Our experience has involved nearly a decade of
ongoing community relationships.
First, commitment from the senior school administrators is
necessary to introduce any research program in the schools.25 In
our experience, investigation then involves local community sup-
port from the individual principals, teachers, school nurses,
administrative support, facilities management, andmedical direc-
tors, as well as the students and their families. This commitment
stems from the trust that the investigators will give back to the
community in some capacity through education, health care
accessibility, or some other mechanism.25

The second means for establishing trust is by raising awareness
for the study or the issue being studied in a way that demonstrates
the investigators’ commitment to the community. For example,
our ongoing work has used investigator-led neighborhood asthma
initiatives, advocacy groups, informational parents’ nights, and
high school students in research mentorship programs to bolster
interest and awareness.25 Work in schools is only made possible
because of longstanding community trust and relationships devel-
oped from these experiences.25 The initial phase of our work
enabled us to build the community trust necessary to objectively
evaluate the school environment and the effects on health inde-
pendent of home exposures.

Once the investigative team has community buy-in, investiga-
tors can then begin to design a study to fit the unique challenges of
the school environment. Part of this design must include attention
to the barriers to study participation and retention that are
commonly encountered in all inner-city studies, such as lack of
transportation, unstable housing, neighborhood violence, lan-
guage barriers, and lack of access to care.47-50 Investigators often
must adapt study materials to the languages of the participants,
and committed, multilingual, multicultural study staff are needed
to maintain trust among participants’ families and the commu-
nity.47,49 Minimizing staff turnover and providing incentives to
participants are resource-intensive measures but are ultimately
necessary for success in these studies.

Once enrolled, investigators must continually work to retain
study participants. The phenomena leading to study drop-out have
been studied in various other inner-city studies.47-50 In these
studies it was found that lack of social support, having few con-
tacts, out-of-date contact information, and caretaker stress were
predictors for study dropout.47,49 School-based studies provide
the additional challenge that students might change to a school
outside the study.25 Unlike home-based studies, in which subjects
can frequently be lost to follow-up, schools generally knowwhere
children are and have state-mandated enrollment and attendance
records. In our experience buy-in from the schools enables staff to
maintain participation by the families and students, and as a
result, we have been successful in maintaining excellent engage-
ment and follow-up from our families.
Environmental assessment in schools: Strategies

and challenges
Investigators must also collect information on the home

environment to fully understand whether school-based environ-
mental interventions improve asthma morbidity. In SICAS we
used standard methods for objective environmental sampling and
validated surveys and inspection forms for these measures, as
have been used in home-based studies.25,51 Collection of these
data enables adjustment for home exposure in the final results.

The clinical health outcomes data should be linked to the
exposure data, and ultimately, interventions should target changes
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in clinical outcomes and not just decreases in exposure burden.
Although ideally obtained at school, some procedures and
surveys should be obtained in a clinic setting for more accurate
data collection. Subjective data should include parent and student
screening surveys focused on asthma and allergic disease
morbidity.52-55 Objective health outcomes data can include pul-
monary function tests, peak flow, exhaled nitric oxide measure-
ment, nasal sampling, blood and/or urine collection, skin prick
testing, or other validatedmeasures of asthmamorbidity and asso-
ciated conditions.25 The precise outcomes data obtained are up to
the discretion of the investigator. From our experience, with
extensive community support from the school staff, surveys and
some simple objective measures, such as lung function, can be
obtained at school.25

Within the school, classrooms, cafeterias, gymnasiums, and
other frequented areas should be evaluated. Each of these areas
can harbor different exposures to varying levels and ideally
should be assessed independently.12,20,23 The conditions of each
room should be considered with attention to the condition of
every measurable feature, including the walls, ceilings, windows,
and floors and the presence of animals, both domestic animals and
pests.25 This requires on-the-ground assessment of the rooms by
research staff in a systematic and standardized fashion included in
the study design.

Dust sampling can be done through vacuuming in a stand-
ardized format that includes dust from floors, desks, and
chairs.25,50,56,57 Airborne allergens can bemeasured with air sam-
plers, and the methods for using each of these devices have been
previously described.25,58-60 Traditional mold sampling methods
have used spore levels as a proxy for mold exposure levels27,61;
however, the complexity of mold sampling and its clear relation
to health outcomes are not fully elucidated and beyond the scope
of this article.25,62,63 Air pollution sampling is very well estab-
lished because it is widely done for both research and personal
purposes.25,64,65 In our experience, however, there aremany logis-
tic and staffing challenges behind using well-established methods
such that they are not disruptive to the school environment. Our
school visits required multiple staff and vehicles to transport
equipment and monitoring supplies, which needed to be placed
in safe nondisruptive areas and run silently yet still collect the
data in a discrete and unobtrusive way. Using personal exposure
monitors might be considered in the near future to provide addi-
tional information on a child’s daily exposures66 but similarly
involve support from the families and students.
Environmental interventions in schools
Ideally, the intervention portions of school environmental

studies would be prospective, longitudinal, randomized, double-
blind controlled trials using sham interventions as controls. The
school-based environmental intervention studies done to date
have been small and cross-sectional and did not control for
exposures in the home environment.10-20,25,67-70 A small random-
ized trial in Australia found that when controlling for the home
environment, replacing school heaters and thus reducing NO2

levels reduced asthma symptoms.68 These types of heaters are
not used in schools in the United States, and most schools do
not use gas stoves, making indoor sources of NO2 less likely. In
Sweden rigorous interventions to reduce pet dander in schools
have been done, but such interventions, including pet avoidance
measures or even banning pet ownership, would not be practical
in the United States.69-71 Several small longitudinal studies in
Europe have found improvement in asthma symptoms with build-
ing maintenance, repair of air filtration systems, repair of mois-
ture damage, and reduction in mold exposure.72-74 The authors
acknowledge that there are cases when a more extensive
building-level intervention or repair might be needed to reduce
allergen exposure. However, environmental intervention studies,
both in schools and homes, have primarily focused on practical
and feasible study interventions rather than complete building
reconstruction.10-20,25,68-70

Given the paucity of comprehensive data on school-based
environmental interventions and health outcomes, successful
home-based strategies currently serve as the model for school-
based interventions. One practical intervention to consider is the
use of air filtration systems to reduce environmental expo-
sures.75,76 A recent rostrum on air filtration published in the
Journal of Allergy and Clinical Immunology outlined what is
known in this field and called for more rigorous trials and
research.75 With regard to types of air filtration systems, room
high-efficiency particulate air (HEPA) filters might be more prac-
tical for study purposes75,77 and be used to control classroom-
specific exposures. If successful within single classrooms, these
results could inform future school-wide practices. Two recent
well-designed home-based studies demonstrated that HEPA
filters reduce particulate matter and demonstrated benefits on
health effects.78,79 Similarly, a pilot study demonstrated that
HEPA filters reduce mold spore counts in day care centers, which
have similar conditions to the school environment.80 Our group is
currently piloting strategies toward effective school-based envi-
ronmental reduction techniques modeled from successful home-
based strategies and adapted for tolerance and acceptability in a
school and classroom setting. Some ongoing home-based studies
include NCT01251224, which is evaluating the role of home-
based integrated pest management, air filtration, and cleaning in
improving asthma morbidity. Other ongoing trials examine the
effect of home-placedHEPAfilters on smoke exposure in children
(NCT00006565) and dog allergen exposure in asthmatic adoles-
cents with dog allergy (NCT00220753). Another trial,
NCT01869543, is comparing portable bedroom-placed HEPA
filters with central air systems on asthma morbidity.

Another example of a feasible school-based environmental
intervention is integrated pest management. Our school-based
studies have identified that children with asthma in inner-cities
have markedly higher levels of mouse allergen in their schools
compared with levels in their individual bedrooms.21,23 There are
ongoing trials evaluating the role of integrated pest management
in the home, including NCT01251224, which is focused on asth-
matic children with mouse allergy. Extrapolating from the home-
based intervention studies, using strategies that have been
successful in reducing pest allergens in home environments
should be helpful for school-based studies as well.56,81

A landmark study from the Inner-City Asthma Study Group
published in the New England Journal of Medicine demonstrated
that multifaceted removal of multiple allergens and pollutants
through allergen-impermeable covers, HEPA filter vacuum
cleaners, HEPA air purifiers, and professional pest control can
improve asthma outcomes.26 The results of these interventions
had similar effects on symptomatic days as inhaled corticoste-
roids.26 The improvements in asthma symptoms seen during
the intervention lasted at least 1 year after the intervention
was discontinued, suggesting persistent benefits.26 Modeling
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school-based studies after successful multifaceted home-based
interventions such as this can include using a comprehensive
component, such as a HEPA air filter, plus a tailored component,
such as integrated pest management, to collectively reduce
allergen and pollutant levels.
Challenges of environmental intervention studies in

schools
Implementing environmental interventions in schools is not a

simple process. When using HEPA filters as an example, similar
to the environmental assessment tools, the filters themselves must
be physically unobtrusive. They must be placed carefully such
that they can function effectively yet are not inadvertently turned
off or altered by curious students.82 The filters must be large
enough to purify the air of an entire classroom, which can be
much larger than the bedrooms studied in most home-based inter-
vention studies. The filters must be acoustically tolerable, which
can be challenging at the high flow rates required to filter the air in
a large classroom. Furthermore, previous studies have shown that
air filters are affected by the volume and air exchange rates of a
given room.77 Thus the size, windows, doors, and actual dimen-
sions of each classroommust be considered when analyzing study
results. Filters themselves should be replaced and serviced, taking
into account these variables.

Despite these challenges, blinding is possible for select school-
based interventions. For example, students might be blinded to
sham and active filters in the classrooms. The school-based
integrated pest management intervention can be done after hours
so that the students, teachers, and parents are likely to be blinded.
Additionally, interventions that cannot be randomized from
classroom to classroom, such as integrated pest management,
can be randomized between schools and focused on cafeterias.
Large-scale interventions might be more difficult to blind, such as
heavy duty building maintenance to remove mold and repair
cracks.
THE FUTURE
Despite the logistic challenges of implementing comprehen-

sive school-based interventions, evidence provides support
toward the importance of school and classroom exposures and
health outcomes.68-74,80 Our ongoing efforts are evaluating the
additive role of the school environment, adjusting for the home
environment, on health outcomes and should provide additional
support for school-based environmental intervention as a next
step. The school can eventually be considered an effective target
for asthma morbidity prevention. School-based interventions
have the potential to reduce exposures for many symptomatic
children in contrast to the individual families affected by home-
based interventions. If effective, results from school-based inter-
ventional studies could inform public policy change, funding, and
initiatives. Unlike home intervention strategies, these efforts
would likely not be dependent on individual family practice and
funds, either privately or through health insurance.

Although this might seem to be an expensive undertaking for
cities, preliminary studies suggest that environmental interven-
tions might be cost beneficial.83 A recent study found that educa-
tion regarding such things as allergen-impermeable covers and
pest management yielded a net savings of more than $14 million
when accounting for direct medical expenses and indirect
expenses, such as lost work productivity.83 In inner-cities, in
which the burden of disease is so great, interventions might
reduce the cost to the community even further. We have focused
this perspective on inner-city school environments because the
majority of previous home-based interventions have focused on
inner-city populations, who have a disproportionately high
asthma burden.4-9,84,85 Nonurban school environments might
also be important if these interventions prove effective. This
perspective is not intended to suggest that school-based interven-
tions should replace home-based interventions but that a compre-
hensive school-based environmental intervention would be an
important first step to provide information on the additional or
independent role of school-based environmental interventions.
Finally, if the benefits from school-based interventions last
beyond when the intervention is performed, as they did in the
home-based study by Morgan et al,26 the effect will be even
greater.

At the time of this perspective piece, there is an unmet need for
rigorous and comprehensive school-based environmental inter-
vention with clinical outcomes studies. Although the home
environment has been extensively studied, the school environ-
ment is less well understood, largely because of the logistic and
community hurdles described. Previous indoor environmental
intervention trials focused on subjects in single homes. If it can be
demonstrated that reduction of classroom-specific exposures
leads to improved asthma outcomes, these findings can be
translated into efficient and cost-effective strategies to benefit
communities of children through improvement of the school
environment, where children in America spend the majority of
their day.
REFERENCES

1. Silverstein MD, Mair JE, Katusic SK, Wollan PC, O’Connell EJ, Yunginger JW.

School attendance and school performance: a population-based study of children

with asthma. J Pediatr 2001;139:278-83.

2. Moonie SA, Sterling DA, Figgs L, Castro M. Asthma status and severity affects

missed school days. J Sch Health 2006;76:18-24.

3. Joseph CL, Foxman B, Leickly FE, Peterson E, Ownby D. Prevalence of possible

undiagnosed asthma and associated morbidity among urban schoolchildren.

J Pediatr 1996;129:735-42.

4. Call RS, Smith TF, Morris E, Chapman MD, Platts-Mills TA. Risk factors for

asthma in inner city children. J Pediatr 1992;121:862-6.

5. Sarpong SB, Hamilton RG, Eggleston PA, Adkinson NF Jr. Socioeconomic status

and race as risk factors for cockroach allergen exposure and sensitization in chil-

dren with asthma. J Allergy Clin Immunol 1996;97:1393-401.

6. Kattan M, Mitchell H, Eggleston P, Gergen P, Crain E, Redline S, et al. Charac-

teristics of inner-city children with asthma: the National Cooperative Inner-City

Asthma Study. Pediatr Pulmonol 1997;24:253-62.

7. Eggleston PA, Rosenstreich D, Lynn H, Gergen P, Baker D, Kattan M, et al. Rela-

tionship of indoor allergen exposure to skin test sensitivity in inner-city children

with asthma. J Allergy Clin Immunol 1998;102:563-70.

8. Crain EF, Walter M, O’Connor GT, Mitchell H, Gruchalla RS, Kattan M, et al.

Home and allergic characteristics of children with asthma in seven U.S. urban

communities and design of an environmental intervention: the Inner-City Asthma

Study. Environ Health Perspect 2002;110:939-45.

9. Rosenstreich DL, Eggleston P, Kattan M, Baker D, Slavin RG, Gergen P, et al.

The role of cockroach allergy and exposure to cockroach allergen in causing

morbidity among inner-city children with asthma. N Engl J Med 1997;336:

1356-63.

10. Tortolero SR, Bartholomew LK, Tyrrell S, Abramson SL, Sockrider MM, Mark-

ham CM, et al. Environmental allergens and irritants in schools: a focus on

asthma. J Sch Health 2002;72:33-8.

11. Custovic A, Green R, Taggart SC, Smith A, Pickering CA, Chapman MD, et al.

Domestic allergens in public places. II: Dog (Can f1) and cockroach (Bla g 2)

allergens in dust and mite, cat, dog and cockroach allergens in the air in public

buildings. Clin Exp Allergy 1996;26:1246-52.

http://refhub.elsevier.com/S0091-6749(14)01320-7/sref1
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref1
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref1
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref2
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref2
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref3
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref3
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref3
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref4
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref4
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref5
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref5
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref5
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref6
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref6
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref6
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref7
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref7
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref7
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref8
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref8
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref8
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref8
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref9
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref9
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref9
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref9
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref10
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref10
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref10
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref11
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref11
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref11
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref11


J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

HUFFAKER AND PHIPATANAKUL 5
12. Sarpong SB, Wood RA, Karrison T, Eggleston PA. Cockroach allergen (Bla g 1)

in school dust. J Allergy Clin Immunol 1997;99:486-92.

13. Dungy CI, Kozak PP, Gallup J, Galant SP. Aeroallergen exposure in the elemen-

tary school setting. Ann Allergy 1986;56:218-21.

14. Wickens K, Martin I, Pearce N, Fitzharris P, Kent R, Holbrook N, et al. House

dust mite allergen levels in public places in New Zealand. J Allergy Clin Immunol

1997;99:587-93.

15. Dybendal T, Elsayed S. Dust from carpeted and smooth floors. V. Cat (Fel d I) and

mite (Der p I and Der f I) allergen levels in school dust. Demonstration of the

basophil histamine release induced by dust from classrooms. Clin Exp Allergy

1992;22:1100-6.

16. Dotterud LK, Van TD, Kvammen B, Dybendal T, Elsayed S, Falk ES. Allergen

content in dust from homes and schools in northern Norway in relation to sensi-

tization and allergy symptoms in schoolchildren. Clin Exp Allergy 1997;27:

252-61.

17. Munir AK, Einarsson R, Schou C, Dreborg SK. Allergens in school dust. I. The

amount of the major cat (Fel d I) and dog (Can f I) allergens in dust from Swedish

schools is high enough to probably cause perennial symptoms in most children

with asthma who are sensitized to cat and dog. J Allergy Clin Immunol 1993;

91:1067-74.

18. Perzanowski MS, Ronmark E, Nold B, Lundback B, Platts-Mills TA. Relevance

of allergens from cats and dogs to asthma in the northernmost province of Swe-

den: schools as a major site of exposure. J Allergy Clin Immunol 1999;103:

1018-24.

19. Chew GL, Correa JC, Perzanowski MS. Mouse and cockroach allergens in the

dust and air in northeastern United States inner-city public high schools. Indoor

Air 2005;15:228-34.

20. Amr S, Bollinger ME, Myers M, Hamilton RG, Weiss SR, Rossman M, et al.

Environmental allergens and asthma in urban elementary schools. Ann Allergy

Asthma Immunol 2003;90:34-40.

21. Permaul P, Hoffman E, Fu C, Sheehan W, Baxi S, Gaffin J, et al. Allergens in ur-

ban schools and homes of children with asthma. Pediatr Allergy Immunol 2012;

23:543-9.

22. Sheehan WJ, Hoffman EB, Fu C, Baxi SN, Bailey A, King EM, et al. Endotoxin

exposure in inner-city schools and homes of children with asthma. Ann Allergy

Asthma Immunol 2012;108:418-22.

23. Sheehan WJ, Rangsithienchai PA, Muilenberg ML, Rogers CA, Lane JP, Ghaem-

ghami J, et al. Mouse allergens in urban elementary schools and homes of chil-

dren with asthma. Ann Allergy Asthma Immunol 2009;102:125-30.

24. Baxi SN, Muilenberg ML, Rogers CA, Sheehan WJ, Gaffin J, Permaul P, et al.

Exposures to molds in school classrooms of children with asthma. Pediatr Allergy

Immunol 2013;24:697-703.

25. Phipatanakul W, Bailey A, Hoffman EB, Sheehan WJ, Lane JP, Baxi S, et al. The

school inner-city asthma study: design, methods, and lessons learned. J Asthma

2011;48:1007-14.

26. Morgan WJ, Crain EF, Gruchalla RS, O’Connor GT, Kattan M, Evans R 3rd, et al.

Results of a home-based environmental intervention among urban children with

asthma. N Engl J Med 2004;351:1068-80.

27. Salo PM, Sever ML, Zeldin DC. Indoor allergens in school and day care environ-

ments. J Allergy Clin Immunol 2009;124:185-94, e1-9.

28. Ownby DR. Will the real inner-city allergen please stand up? J Allergy Clin

Immunol 2013;132:836-7.

29. Gruchalla RS, Pongracic J, Plaut M, Evans R 3rd, Visness CM, Walter M, et al.

Inner City Asthma Study: relationships among sensitivity, allergen exposure, and

asthma morbidity. J Allergy Clin Immunol 2005;115:478-85.

30. Ahluwalia SK, Peng RD, Breysse PN, Diette GB, Curtin-Brosnan J, Aloe C, et al.

Mouse allergen is the major allergen of public health relevance in Baltimore City.

J Allergy Clin Immunol 2013;132:830-5, e1-2.

31. Phipatanakul W, Eggleston PA, Wright EC, Wood RA. Mouse allergen. II. The

relationship of mouse allergen exposure to mouse sensitization and asthma

morbidity in inner-city children with asthma. J Allergy Clin Immunol 2000;

106:1075-80.

32. Phipatanakul W, Eggleston PA, Wright EC, Wood RA. Mouse allergen. I. The

prevalence of mouse allergen in inner-city homes. The National Cooperative

Inner-City Asthma Study. J Allergy Clin Immunol 2000;106:1070-4.

33. Curtin-Brosnan J, Paigen B, Hagberg KA, Langley S, O’Neil EA, Krevans M,

et al. Occupational mouse allergen exposure among non-mouse handlers.

J Occup Environ Hyg 2010;7:726-34.

34. Platts-Mills TA. Allergen avoidance in the treatment of asthma: problems with the

meta-analyses. J Allergy Clin Immunol 2008;122:694-6.

35. Pongracic JA, O’Connor GT, Muilenberg ML, Vaughn B, Gold DR, Kattan M,

et al. Differential effects of outdoor versus indoor fungal spores on asthma

morbidity in inner-city children. J Allergy Clin Immunol 2010;125:593-9.
36. Tovey ER, Willenborg CM, Crisafulli DA, Rimmer J, Marks GB. Most personal

exposure to house dust mite aeroallergen occurs during the day. PLoS One 2013;

8:e69900.

37. Stranger M, Potgieter-Vermaak SS, Van Grieken R. Characterization of indoor air

quality in primary schools in Antwerp, Belgium. Indoor Air 2008;18:454-63.

38. Godwin C, Batterman S. Indoor air quality in Michigan schools. Indoor Air 2007;

17:109-21.

39. Mendell MJ, Heath GA. Do indoor pollutants and thermal conditions in schools

influence student performance? A critical review of the literature. Indoor Air

2005;15:27-52.

40. Peitzsch M, Sulyok M, Taubel M, Vishwanath V, Krop E, Borras-Santos A, et al.

Microbial secondary metabolites in school buildings inspected for moisture dam-

age in Finland, The Netherlands and Spain. J Environ Monit 2012;14:2044-53.

41. Jacobs JH, Krop EJ, Borras-Santos A, Zock JP, Taubel M, Hyvarinnen A, et al.

Endotoxin levels in settled airborne dust in European schools: the HITEA school

study. Indoor Air 2013;24:148-57.

42. Borras-Santos A, Jacobs JH, Taubel M, Haverinen-Shaughnessy U, Krop EJ, Hut-

tunen K, et al. Dampness and mould in schools and respiratory symptoms in chil-

dren: the HITEA study. Occup Environ Med 2013;70:681-7.

43. Jacobs J, Borras-Santos A, Krop E, Taubel M, Leppanen H, Haverinen-Shaugh-

nessy U, et al. Dampness, bacterial and fungal components in dust in primary

schools and respiratory health in schoolchildren across Europe. Occup Environ

Med 2014;71:704-12.

44. Chen CH, Chao HJ, Chan CC, Chen BY, Guo YL. Current asthma in schoolchil-

dren is related to fungal spores in classrooms. Chest 2014;146:123-34.

45. Segata N, Waldron L, Ballarini A, Narasimhan V, Jousson O, Huttenhower C.

Metagenomic microbial community profiling using unique clade-specific marker

genes. Nat Methods 2012;9:811-4.

46. Abubucker S, Segata N, Goll J, Schubert AM, Izard J, Cantarel BL, et al. Meta-

bolic reconstruction for metagenomic data and its application to the human mi-

crobiome. PLoS Comput Biol 2012;8:e1002358.

47. Zook PM, Jordan C, Adams B, Visness CM, Walter M, Pollenz K, et al. Retention

strategies and predictors of attrition in an urban pediatric asthma study. Clin

Trials 2010;7:400-10.

48. Senturia YD, McNiff Mortimer K, Baker D, Gergen P, Mitchell H, Joseph C, et al.

Successful techniques for retention of study participants in an inner-city popula-

tion. Control Clin Trials 1998;19:544-54.

49. Gern JE, Visness CM, Gergen PJ, Wood RA, Bloomberg GR, O’Connor GT, et al.

The Urban Environment and Childhood Asthma (URECA) birth cohort study:

design, methods, and study population. BMC Pulm Med 2009;9:17.

50. Mitchell H, Senturia Y, Gergen P, Baker D, Joseph C, McNiff-Mortimer K, et al.

Design and methods of the National Cooperative Inner-City Asthma Study.

Pediatr Pulmonol 1997;24:237-52.

51. Arbes SJ Jr, Sever M, Vaughn B, Mehta J, Lynch JT, Mitchell H, et al. Feasibility

of using subject-collected dust samples in epidemiologic and clinical studies of

indoor allergens. Environ Health Perspect 2005;113:665-9.

52. Redline S, Larkin EK, Kercsmar C, Berger M, Siminoff LA. Development and

validation of school-based asthma and allergy screening instruments for parents

and students. Ann Allergy Asthma Immunol 2003;90:516-28.

53. Knorr RS, Condon SK, Dwyer FM, Hoffman DF. Tracking pediatric asthma: the

Massachusetts experience using school health records. Environ Health Perspect

2004;112:1424-7.

54. Baxi SN, Sheehan WJ, Gaffin JM, Yodying J, Panupattanapong S, Lane JP, et al.

Agreement between parent and student responses to an asthma and allergy ques-

tionnaire in a diverse, inner-city elementary school population. Ann Allergy

Asthma Immunol 2011;107:371-3.

55. Gruchalla RS, Gan V, Roy L, Bokovoy J, McDermott S, Lawrence G, et al.

Results of an inner-city school-based asthma and allergy screening pilot study:

a combined approach using written questionnaires and step testing. Ann Allergy

Asthma Immunol 2003;90:491-9.

56. Phipatanakul W, Cronin B, Wood RA, Eggleston PA, Shih MC, Song L, et al. Effect

of environmental intervention on mouse allergen levels in homes of inner-city Bos-

ton children with asthma. Ann Allergy Asthma Immunol 2004;92:420-5.

57. Smedje G, Norback D, Edling C. Asthma among secondary schoolchildren in

relation to the school environment. Clin Exp Allergy 1997;27:1270-8.

58. Custis NJ, Woodfolk JA, Vaughan JW, Platts-Mills TA. Quantitative measurement

of airborne allergens from dust mites, dogs, and cats using an ion-charging

device. Clin Exp Allergy 2003;33:986-91.

59. Platts-Mills JA, Custis NJ, Woodfolk JA, Platts-Mills TA. Airborne endotoxin in

homes with domestic animals: implications for cat-specific tolerance. J Allergy

Clin Immunol 2005;116:384-9.

60. Platts-Mills J, Custis N, Kenney A, Tsay A, Chapman M, Feldman S, et al.

The effects of cage design on airborne allergens and endotoxin in animal rooms:

http://refhub.elsevier.com/S0091-6749(14)01320-7/sref12
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref12
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref13
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref13
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref14
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref14
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref14
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref15
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref15
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref15
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref15
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref16
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref16
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref16
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref16
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref17
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref17
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref17
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref17
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref17
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref18
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref18
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref18
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref18
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref19
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref19
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref19
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref20
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref20
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref20
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref21
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref21
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref21
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref22
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref22
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref22
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref23
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref23
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref23
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref24
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref24
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref24
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref25
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref25
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref25
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref26
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref26
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref26
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref27
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref27
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref28
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref28
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref29
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref29
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref29
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref30
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref30
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref30
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref31
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref31
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref31
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref31
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref32
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref32
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref32
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref33
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref33
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref33
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref34
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref34
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref35
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref35
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref35
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref36
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref36
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref36
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref37
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref37
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref38
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref38
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref39
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref39
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref39
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref40
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref40
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref40
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref41
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref41
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref41
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref42
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref42
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref42
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref43
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref43
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref43
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref43
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref44
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref44
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref45
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref45
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref45
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref46
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref46
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref46
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref47
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref47
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref47
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref48
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref48
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref48
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref49
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref49
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref49
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref50
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref50
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref50
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref51
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref51
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref51
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref52
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref52
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref52
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref53
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref53
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref53
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref54
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref54
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref54
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref54
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref55
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref55
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref55
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref55
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref56
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref56
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref56
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref57
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref57
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref58
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref58
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref58
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref59
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref59
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref59
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref60
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref60


J ALLERGY CLIN IMMUNOL

nnn 2014

6 HUFFAKER AND PHIPATANAKUL
high-volume measurements with an ion-charging device. Contemp Top Lab Anim

Sci 2005;44:12-6.

61. Burge HA, Rogers CA. Outdoor allergens. Environ Health Perspect 2000;

108(suppl 4):653-9.

62. Green BJ, Mitakakis TZ, Tovey ER. Allergen detection from 11 fungal species

before and after germination. J Allergy Clin Immunol 2003;111:285-9.

63. Muilenberg ML. Sampling devices. Immunol Allergy Clin North Am 2003;23:

337-55.

64. Lee K, Levy JI, Yanagisawa Y, Spengler JD, Billick IH. The Boston residential

nitrogen dioxide characterization study: classification and prediction of indoor

NO2 exposure. J Air Waste Manag Assoc 1998;48:736-42.

65. Zota A, Adamkiewicz G, Levy JI, Spengler JD. Ventilation in public housing:

implications for indoor nitrogen dioxide concentrations. Indoor Air 2005;15:

393-401.

66. Delfino RJ, Staimer N, Tjoa T. Personal endotoxin exposure in a panel study of

school children with asthma. Environ Health 2011;10:69.

67. Oeder S, Dietrich S, Weichenmeier I, Schober W, Pusch G, Jorres RA, et al.

Toxicity and elemental composition of particulate matter from outdoor and indoor

air of elementary schools in Munich, Germany. Indoor Air 2011;22:148-58.

68. Pilotto LS, Nitschke M, Smith BJ, Pisaniello D, Ruffin RE, McElroy HJ, et al.

Randomized controlled trial of unflued gas heater replacement on respiratory

health of asthmatic schoolchildren. Int J Epidemiol 2004;33:208-14.

69. Karlsson AS, Andersson B, Renstrom A, Svedmyr J, Larsson K, Borres MP.

Airborne cat allergen reduction in classrooms that use special school clothing

or ban pet ownership. J Allergy Clin Immunol 2004;113:1172-7.

70. Karlsson AS, Renstrom A, Hedren M, Larsson K. Allergen avoidance does not

alter airborne cat allergen levels in classrooms. Allergy 2004;59:661-7.

71. Munir AK, Einarsson R, Dreborg S. Allergen avoidance in a day-care center.

Allergy 1996;51:36-41.

72. Lignell U, Meklin T, Putus T, Rintala H, Vepsalainen A, Kalliokoski P, et al.

Effects of moisture damage and renovation on microbial conditions and pupils’

health in two schools—a longitudinal analysis of five years. J Environ Monit

2007;9:225-33.

73. Meklin T, Potus T, Pekkanen J, Hyvarinen A, Hirvonen MR, Nevalainen A.

Effects of moisture-damage repairs on microbial exposure and symptoms in

schoolchildren. Indoor Air 2005;15(suppl 10):40-7.
74. Smedje G, Norback D. New ventilation systems at select schools in Sweden

—effects on asthma and exposure. Arch Environ Health 2000;55:18-25.

75. Sublett JL, Seltzer J, Burkhead R, Williams PB, Wedner HJ, Phipatanakul W. Air

filters and air cleaners: rostrum by the American Academy of Allergy, Asthma &

Immunology Indoor Allergen Committee. J Allergy Clin Immunol 2010;125:

32-8.

76. Sublett JL. Effectiveness of air filters and air cleaners in allergic respiratory

diseases: a review of the recent literature. Curr Allergy Asthma Rep 2011;11:

395-402.

77. Du L, Batterman S, Parker E, Godwin C, Chin JY, O’Toole A, et al. Particle

concentrations and effectiveness of free-standing air filters in bedrooms of chil-

dren with asthma in Detroit, Michigan. Build Environ 2011;46:2303-13.

78. Butz AM, Matsui EC, Breysse P, Curtin-Brosnan J, Eggleston P, Diette G, et al. A

randomized trial of air cleaners and a health coach to improve indoor air quality

for inner-city children with asthma and secondhand smoke exposure. Arch Pediatr

Adolesc Med 2011;165:741-8.

79. Lanphear BP, Hornung RW, Khoury J, Yolton K, Lierl M, Kalkbrenner A. Effects

of HEPA air cleaners on unscheduled asthma visits and asthma symptoms for

children exposed to secondhand tobacco smoke. Pediatrics 2011;127:93-101.

80. Bernstein JA, Levin L, Crandall MS, Perez A, Lanphear B. A pilot study to inves-

tigate the effects of combined dehumidification and HEPA filtration on dew point

and airborne mold spore counts in day care centers. Indoor Air 2005;15:402-7.

81. Pongracic JA, Visness CM, Gruchalla RS, Evans R 3rd, Mitchell HE. Effect of

mouse allergen and rodent environmental intervention on asthma in inner-city

children. Ann Allergy Asthma Immunol 2008;101:35-41.

82. Batterman S, Du L, Parker E, Robins T, Lewis T, Mukherjee B, et al. Use of free-

standing filters in an asthma intervention study. Air Qual Atmos Health 2014;6:

759-67.

83. Jassal MS, Diette GB, Dowdy DW. Cost-consequence analysis of multimodal

interventions with environmental components for pediatric asthma in the state

of Maryland. J Asthma 2013;50:672-80.

84. Bryant-Stephens T. Asthma disparities in urban environments. J Allergy Clin

Immunol 2009;123:1199-208.

85. Strickland MJ, Darrow LA, Klein M, Flanders WD, Sarnat JA, Waller LA, et al.

Short-term associations between ambient air pollutants and pediatric asthma

emergency department visits. Am J Respir Crit Care Med 2010;182:307-16.

http://refhub.elsevier.com/S0091-6749(14)01320-7/sref60
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref60
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref61
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref61
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref62
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref62
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref63
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref63
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref64
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref64
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref64
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref65
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref65
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref65
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref66
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref66
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref67
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref67
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref67
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref68
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref68
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref68
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref69
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref69
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref69
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref70
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref70
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref71
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref71
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref72
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref72
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref72
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref72
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref73
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref73
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref73
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref74
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref74
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref75
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref75
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref75
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref75
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref76
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref76
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref76
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref77
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref77
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref77
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref78
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref78
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref78
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref78
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref79
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref79
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref79
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref80
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref80
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref80
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref81
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref81
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref81
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref82
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref82
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref82
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref83
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref83
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref83
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref84
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref84
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref85
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref85
http://refhub.elsevier.com/S0091-6749(14)01320-7/sref85

	Introducing an environmental assessment and intervention program in inner-city schools
	Exposures in the school environment
	School-based environmental assessments and interventions
	The challenges of community outreach and buy-in
	Environmental assessment in schools: Strategies and challenges
	Environmental interventions in schools
	Challenges of environmental intervention studies in schools

	The future
	References


