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Prevalence of Asthma in School Children
on the Arizona-Sonora Border
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What is already known about this topic? Population-based studies have previously shown that Mexican-born children
living in the United States have a lower prevalence of asthma than children not born in Mexico. However, the causality of
this remains unclear.

What does this article add to our knowledge? Using the International Study of Asthma and Allergy in Children
questionnaire, we found a significantly higher prevalence of asthma in school children of Mexican descent in Arizona,
compared with those in Sonora, Mexico, despite proximity and common ancestry.

How does this study impact current management guidelines? This difference in asthma prevalence may be attrib-
utable in part to environmental influences. Understanding these differences may identify modifiable risk factors for asthma.
BACKGROUND: Mexican-born children living in the United
States have a lower prevalence of asthma than other US children.
Although children of Mexican descent near the Arizona (AZ)-
Sonora border are genetically similar, differences in
environmental exposures might result in differences in asthma
prevalence across this region.
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OBJECTIVE: The objective of this study was to determine if the
prevalence of asthma and wheeze in these children varies across
the AZ-Sonora border.
METHODS: The International Study of Asthma and Allergy in
Children written and video questionnaires were administered to
1753 adolescents from 5 middle schools: Tucson (school A),
Nogales, AZ (schools B, C), and Nogales, Sonora, Mexico
(schools D, E). The prevalence of asthma and symptoms was
compared, with analyses in the AZ schools limited to self-
identified Mexican American students.
RESULTS: Compared with the Sonoran reference school E, the
adjusted odds ratio (OR) for asthma was significantly higher in
US schools A (OR 4.89, 95% confidence interval [CI] 2.72-8.80),
B (OR 3.47, 95% CI 1.88-6.42), and C (OR 4.12, 95% CI 1.78-
9.60). The adjusted OR for wheeze in the past year was
significantly higher in schools A (OR 2.19, 95% CI 1.20-4.01)
and B (OR 2.67, 95% CI 1.42-5.01) on the written questionnaire
and significantly higher in A (OR 2.13, 95% CI 1.22-3.75), B
(OR 1.95, 95% CI 1.07-3.53), and Sonoran school D (OR 2.34,
95% CI 1.28-4.30) on the video questionnaire compared with
school E.
CONCLUSIONS: Asthma and wheeze prevalence differed
significantly between schools and was higher in the United
States. Environmental factors that may account for these
differences could provide insight into mechanisms of protection
from asthma. � 2016 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2017;5:114-20)

Key words: Asthma; Bacterial Load; Environment; Mexican
Americans; Socioeconomic Factors; Wheezing

Asthma is a chronic disease for which an individual’s early life
exposures may be critically important as preventive or modu-
lating factors.1 Although the prevalence of asthma in Hispanic
children across the United States is similar to the prevalence of
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Abbreviation used

ISAAC- In
ternational Study of Asthma and Allergy in Children
asthma in non-Hispanics, there is variability among Hispanics,
with the risk of asthma in children of Mexican descent being very
low compared with other subgroups.2-5 Evidence supports an
effect of nativity on this risk.6 Children who were born in and
emigrated from Mexico have been shown to have a lower prev-
alence of asthma than Mexican American children born in the
United States.6-11 Degree of acculturation, age of immigration to
the United States, immigrant generation, and duration of time
lived in the United States have all been associated in a dose-
dependent manner with the prevalence of asthma.9,12-15 Much
of this prevalence data, however, is acquired through national
surveys. In contrast, cross-sectional analyses of socioeconomically
distinct but geographically and ethnically similar regions can
provide unique insight into the impact of social and economic
factors on disease prevalence.16

The US-Mexico border spans more than 3000 km, with the
“border region” extending 100 km on each side of the border, as
defined by the La Paz Agreement. Most of the region’s popula-
tion reside in 14 city pairs straddling the border, one of which
comprises the sister cities of Nogales, Arizona, USA, and
Nogales, Sonora, Mexico. Once a large shared city and envi-
ronment where people easily traversed the US-Mexico border,
this region has gradually separated into discrete cities following
the adoption of stricter border controls. Nogales, Sonora, is the
larger city, housing 90% of the region’s population (approx.
241,129). Although the population of Nogales, Arizona, is 95%
Hispanic, societal infrastructure is consistent with US standards
and contrasts with that of Sonora in sanitation, access to clean
drinking water, access to health care, and traffic density. The
extent to which the border partition has impacted disparities
between the environments, populations, and disease prevalence is
not yet clear.17 Tucson, Arizona, is located approximately
110 km north of Nogales, Arizona, along the Interstate 19
corridor. Although the general population of Tucson is reported
to be 41.6% Hispanic,18 some census tracts within Tucson are
more than 90% Hispanic.

We hypothesized that as a result of environmental and/or
social differences in these areas, the prevalence of asthma is lower
in Sonora than in Arizona, and that these differences would be
detected across this region, despite the proximity of the areas
studied. We therefore sought to compare the prevalence of
asthma and asthma symptoms among middle school aged chil-
dren in 3 cities within this unique border location: Tucson,
Arizona; Nogales, Arizona; and Nogales, Sonora, Mexico.

METHODS
We conducted a cross-sectional study of asthma and asthma

symptoms among adolescents from 5 schools near the US-Mexico
border: 1 school in Tucson, Arizona (school “A”), 2 in Nogales,
Arizona (schools “B” and “C”); and 2 in Nogales, Sonora (schools
“D” and “E”) (Figure 1). The Arizona schools were chosen for the
high proportion of Hispanic children. The schools in Sonora were
chosen to represent children from higher (school D) and lower
(school E) socioeconomic status. Characteristics of each school are
shown in Table I. To capture students in the 13- to 14-year-old age
range, seventh and eighth grades were invited to participate. Parental
consent was obtained through forms or school-facilitated opt-out
notifications, and a statement of assent read before questionnaires
were distributed. Surveys were completed during a 4-week span in
late spring 2015, during a single school day for each school, except
for the Tucson school, which was surveyed over 2 days. Study
documents were translated by a professional translator familiar with
regional Spanish from English to Spanish, and then backtranslated
by our bilingual study staff and investigators. The study was
approved and monitored by the University of Arizona Human
Subjects Protection Program.

Written questionnaire
Survey questions were taken directly from the International Study

of Asthma and Allergy in Children (ISAAC), a questionnaire to
assess asthma prevalence that has been validated in multiple pop-
ulations around the world.19-23 Children were asked to report if they
“ever had asthma,” “ever had wheezing or whistling in the chest,”
and “wheezing in the past 12 months.” Subjects also recorded age,
gender, and primary language spoken at home. In US schools,
questionnaires were offered in both English and Spanish. In Mexican
schools, questionnaires were offered in Spanish.

Video questionnaire

The ISAAC video questionnaire was administered to all partici-
pants. Students were instructed to watch 5 separate scenarios
depicting asthma symptoms. After each scene, the students were
instructed to answer the corresponding question of whether they
have had these symptoms, and whether and how frequently the
symptoms occurred in the past 12 months. Wheeze was defined
based on responses to the first scenario, which depicts a person
wheezing at his or her desk. Questions were asked in English in
Arizona schools and Spanish in Sonora.

Dust collection
Dust sampling methods are reported in this article’s Online Re-

pository at www.jaci-inpractice.org.

Bacterial DNA extraction and quantitation
Bacterial DNA extraction and quantitation methods are reported

in this article’s Online Repository at www.jaci-inpractice.org.

Statistical methods

Demographic characteristics by school were compared by Fisher’s
exact test and one-way analysis of variance. Differences in asthma
prevalence and reported wheeze were initially compared across
schools by Fisher’s exact test. We then calculated odds ratios for
asthma and wheeze using mixed-effects logistic regression models to
adjust for age and gender, and to control for within class-period
correlation. The strength of agreement between written and video
questionnaires was assessed by kappa coefficient, defined as fol-
lows24: poor (<0.20), fair (0.21-0.40), moderate (0.41-0.60), good
(0.61-0.80), or very good (0.81-1.0). Statistical significance was
defined as P < .05. All tests were performed using Stata version 10.0
(StataCorp, College Station, Tex).

RESULTS

A total of 1753 students participated in this survey. Partici-
pant characteristics are presented in Table II. A high proportion
of students from Arizona schools self-identified as Hispanic of
Mexican origin (Table II). All participants in Mexico were
assumed to be Hispanic of Mexican origin. As our hypothesis
focused on students of Mexican origin, all further analyses
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FIGURE 1. Map of school location with population density (people per square kilometer) by quintiles.
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exclude the US students who did not identify as being of
Mexican origin. Table II shows the distribution of languages
spoken in the home for each school. The proportion of house-
holds speaking English without Spanish was greater for schools in
the United States, with the highest proportion in the school
located furthest from the US-Mexico border.

Rates of reported asthma and asthma symptoms from each
school are displayed in Table III. Children in Arizona schools
reported significantly higher rates of ever having asthma
compared with children in Sonora schools (25.8% vs 8.4%,
respectively, P < .001). This was also true for wheeze in the past
year as reported on the written questionnaire (16.9% vs 9.6%,
P < .001).

A slightly different pattern was evident from the video ques-
tionnaire. Although students in the Arizona schools and school E
reported similar rates of wheeze in the past year to those reported
on the written questionnaire, children in school D reported
double the rate of wheeze in response to the wheezing video scene
(Table III) compared with what they reported on the written
questionnaire. Although rates of wheeze reported on the video
questionnaire are higher in the United States compared with
Mexico, this was not statistically significantly different (16.5% vs
14.2%, respectively, P ¼ .27). The inter-rater agreement (kappa
value) between an affirmative response to the written and video
questionnaire on the wheeze question was moderate for schools A
and B, and only fair in schools C, D, and E.

The odds ratios for asthma and wheeze in each school,
adjusting for age, gender, and class period, are presented in
Table IV, using school E in Sonora as a reference. Schools A and
B had higher odds ratios for asthma and wheeze in the past year
as reported both on written and video questionnaires. School C
had a higher odds ratio for reported asthma, compared with
school E. Interestingly, the odds ratio for wheeze in the past
year on the video questionnaire was also significantly higher for
school D.

Adjustment for language spoken in the home was not per-
formed in the logistic models shown in Table IV, because there
was no variability of language spoken in the Mexican schools.
However, among US participants, the odds ratio for asthma was
1.71 (1.14-2.55, P ¼ .009) for those who spoke English only
and 0.88 (0.61-1.28, P ¼ .52) for those who spoke both English
and Spanish, compared with those who spoke Spanish only in
the home (Table E1, available in this article’s Online Repository
at www.jaci-inpractice.org). Similarly, wheeze in the past year
showed a similar language gradient among participants in the
United States, with odds ratios for ever wheeze on the written
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TABLE I. Demographic and socioeconomic characteristics of
each middle school

Total school

enrollment,

all grades Ethnicity

Estimate of

socioeconomic status

Arizona schools

A 931 89% Hispanic
10% Native

American
<1% White

Free and reduced
lunch 84%

B 783 98% Hispanic
<1% Native

American
<1% White

Free and reduced
lunch 100%

C 621 98% Hispanic
<1% Native

American
<1% White

Free and reduced
lunch 100%

Sonora schools

D 593 n/a High urbanization
Low marginalization
15 students/computer
16 students/teacher

E 463 n/a Low urbanization
High marginalization
31 students/computer
17 students/teacher
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questionnaire being 1.88 (1.15-3.08, P ¼ .01) and 1.30
(0.82-2.05, P ¼ .27) for those who spoke English only or both
English and Spanish, respectively, compared with exclusive
Spanish speakers. Inter-rater statistics for agreement between the
written and video questionnaire by home languages were mod-
erate for all groups, with kappa of 0.53 for English no Spanish,
0.41 for English and Spanish, and 0.42 for Spanish no English.

The average mass of dust per square meter varied by school.
The dust load, measured as grams of dust per square meter, was
markedly lower in Arizona schools A and B compared with
schools D and E (Figure E1 and Table E2, available in this
article’s Online Repository at www.jaci-inpractice.org). The
bacterial load, measured as bacterial DNA copies per square
meter, was substantially higher in schools D and E (Figure E1
and Table E2).

DISCUSSION
Our study shows a lower prevalence of asthma and wheeze

reported in children of Mexican origin attending school in
Nogales, Sonora, Mexico, compared with Nogales, Arizona, and
Tucson, Arizona. Rates of lifetime asthma were 3-fold higher in
children from the Arizona schools. Symptoms reported in the
past year, a marker of current asthma, were also substantially
higher in children from Arizona compared with those from
Sonora when reported in response to the written questionnaire.

Our results are consistent with the few studies of asthma in
the US-Mexico border zone that collectively suggest higher rates
of asthma and allergic disease on the US side of the Texas-
Mexico border,14,25 and along the California-Mexico border,26

particularly among those who are Hispanic. In 1996,
Stephen et al27 compared respiratory symptoms in primary
school-aged children in Nogales, Arizona, and Nogales, Sonora.
In this study, the frequency of wheeze was significantly higher in
the Arizonan students, which is similar to our findings. A high
rate of asthma hospitalization has also been observed on the US
side compared with the Mexican side of the border, and reducing
this rate is an objective of both the Healthy Border 2010
initiative28 and the Healthy Border 2020 initiative.29

Although the overall rate of asthma among children inMexico is
estimated at 13%,30 rates of asthma in Mexico vary widely by
geographic region, even when utilizing the same ISAAC question-
naire that was used in this study.31-34 This regional variability
supports the hypothesis that environmental and/or sociocultural
factors differentially impact the development of asthma among
groups in Mexico. Further, this variability creates the potential to
identify low risk areas, and to investigate the lifestyle characteristics
that are associated with lower asthma prevalence, as has been done
for farming communities in Europe.1,35,36

Tucson and both cities of Nogales are officially grouped as a
combined statistical area, based on their social and economic ties.37

However, there are a number of social and environmental differ-
ences between the Arizona cities and Nogales, Sonora. There has
been substantial population growth in Nogales, Sonora, estimated
at 40% from 2000 to 2010,38 compared with only 20% in the
Arizona region.37 Population density is also substantially greater in
Nogales, Sonora (Figure 1). The average number of people per
household is 2.5 in Tucson, 3.1 in Nogales, Arizona, and 3.8 in
Nogales, Sonora.39,40 The rapid population growth in Nogales,
Sonora, has resulted in increased traffic and development of
neighborhoods that lack sanitation and access to clean drinking
water.41,42 The neighborhood that feeds into school E is one of
these, with only 20% of the population having access to sewers or
sanitation.43,44 Further, air pollution as a result of increased traffic
and industrial emissions is also higher on the Mexican side of
Nogales than on the US side.45 There are multiple other differences
between the communities (eg, prenatal care,46,47 breastfeeding,48

and cesarean-section rates49), which may contribute to differences
in the prevalence of asthma andwheeze. Bacterial exposure, utilizing
endotoxin measurement as proxy, has been previously inversely
associated with atopy and asthma, particularly in farming com-
munities.50,51 The notable differences of dust load and bacterial
load were identified among the schools in this study, whereas a
rough estimate of the overall environmental exposures of these
children likely reflects meaningful differences in community ex-
posures. In the context of different asthma rates among the schools,
this is consistent with the possibility that environmental microbial
exposures may impact asthma risk and development.36,52

The difference in asthma reporting and symptoms between
the 2 Nogales, Sonora, schools may reflect differences in expo-
sures and populations represented in those schools. Although
children in both schools have equal access to medical care
through state health systems, schools D and E represent very
different populations and environments within the city of
Nogales, Sonora. School D is physically located in the middle of
the maquiladora park (ie, industrial complex with multiple
manufacturing factories), where there may be industrial emis-
sions.1 This school also functions as a magnet school, attracting
children of higher socioeconomic status who live in neighbor-
hoods across the city, requiring separate application, entrance
examinations, and external endorsement for admission.
In contrast, school E is in a colonia that originated as a squatters’
settlement for maquiladora workers. This colonia has limited
access to sanitation and infrastructure despite a very high

http://www.jaci-inpractice.org


TABLE IV. Odds ratio from mixed-effect logistic regression models for ever having asthma and wheeze in the past year

School

Written questionnaire Video questionnaire

Asthma, ever Wheeze, past year Wheeze, past year

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Tucson, Ariz

A 4.89 (2.72-8.80) <.001 2.19 (1.20-4.01) .01 2.13 (1.22-3.75) .008

Nogales, Ariz

B 3.47 (1.88-6.42) <.001 2.67 (1.42-5.01) .002 1.95 (1.07-3.53) .03

C 4.13 (1.78-9.60) .001 1.67 (0.63-4.42) .30 1.60 (0.63-4.07) .32

Nogales, Sonora

D 1.36 (0.68-2.71) .32 1.26 (0.62-2.54) .52 2.34 (1.28-4.30) .006

E ref ref ref ref ref

P value <.0001 .0003 .058

CI, Confidence interval; OR, odds ratio.

TABLE III. Student report of ever having asthma and wheeze in the past year

School

Written questionnaire Video questionnaire

Agreement of written, video wheeze

Kappa, P value

Asthma, ever

% (proportion)

Wheeze, past year

% (proportion)

Wheeze, past year

% (proportion)

Tucson, Ariz

A 28.0 (169/603) 16.0 (97/603) 17.3 (106/613) 0.45, <.001

Nogales, Ariz

B 22.0 (76/346) 18.6 (66/354) 15.7 (56/357) 0.45, <.001

C 26.0 (14/54) 14.3 (8/56) 14.0 (8/57) 0.41, .001

Nogales, Sonora

D 9.6 (28/292) 9.5 (28/295) 18.5 (56/302) 0.29, <.001

E 6.8 (14/206) 7.7 (16/209) 8.0 (17/212) 0.26, <.001

P value <.001 <.001 .008

TABLE II. Demographic characteristics of participants, by school

Total participants Gender Age, y Hispanic, Mexican Origin Languages spoken at home (Hispanic, Mexican origin only)

n* Male Mean (range) % (n) English, no Spanish English and Spanish Spanish, no English

Tucson, Ariz

A 783 47.6 (369/776) 13.4 (11-16) 79.9 (622/779) 34.3 (211/615) 44.2 (272/615) 21.5 (132/615)

Nogales, Ariz

B 384 50.5 (191/378) 13.3 (12-16) 93.2 (357/383) 14.8 (51/345) 55.4 (191/345) 29.9 (103/345)

C 72 37.5 (27/72) 12.7 (10-16) 81.9 (59/72) 12.1 (7/58) 70.7 (41/58) 17.2 (10/58)

Nogales, Sonora

D 302 45.0 (130/289) 13.6 (12-16) NA 2.1 (6/284) 4.9 (14/284) 92.7 (265/284)

E 212 52.3 (104/199) 13.5 (11-15) NA 0.0 (0/198) 2.0 (4/198) 98.0 (194/198)

P values .15 <.001† <.001 <.001

NA, Hispanic ethnicity and of Mexican origin question not applicable to children in Sonoran schools.
Unless indicated, values are expressed as percentage, with number per total responses received.
*Total participants n reflects the number of students in each classroom on the day of survey administration. Reported denominators for each variable reflect the number of
students responding to that question.
†P values assessed by ANOVA. All groups were significantly different from each other in post hoc testing.
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population density (Figure 1), and is highly marginalized as
measured by the Mexican National Council for Population.53

Social differences are also evident in the higher proportion of
English spoken in the home among children of school D,
compared with those of school E. The differences in reported
asthma symptoms between these schools may therefore reflect
both environmental and socioeconomic differences.
One limitation of this study is the reliance on self-reporting of
asthma and symptoms. This is a limitation of all studies utilizing
the ISAAC questionnaire, which was validated in mixed ethnic
populations.23 Children with a personal or family history of
asthma may better understand the asthma-specific terms used in
the survey. However, health care in Nogales, Sonora, is available
to everyone through 1 of 3 state-run health care systems. In fact,
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residents of Arizona are more likely to lack access to health care,
and even under the Affordable Care Act, Hispanics in Arizona
are among the most under-enrolled groups.54 In addition,
schools A, B, and C are in medically underserved areas with
limited access to care. Therefore, rates of reported asthma in
Arizona in this study may be underestimated.

An assumption underlying our hypothesis in conducting this
study is that the children surveyed were born in the catchment
area for their school. In fact, some students who live in Mexico
cross the border to attend school in Arizona and some Arizona
students may have been born or raised in Mexico and immi-
grated to the United States. Asking children where they were
born would have provided this information. However, given the
current political climate in Arizona regarding illegal immigra-
tion,55 we opted not to ask about birthplace because it may have
made participants feel uncomfortable despite the confidential
and deidentified nature of the questionnaires, particularly in a
public school setting. In either case, misclassification of birth-
place would bias toward no difference between the cities.
Maternal nativity may affect asthma reporting, with children of
foreign-born mothers being less likely to report asthma,56 but
this too would bias toward no difference. Further, although we
assume genetic similarity among the participants, we acknowl-
edge the lack of information documenting genetic admixture.

Language spoken in the home may be utilized as a surrogate
marker of acculturation and shows a predicted gradient of
English to Spanish from Tucson to Mexico (Table II), sup-
porting the previously reported effect of acculturation on
regression to the local mean of disease status.6 Within the Ari-
zona schools, we see a gradient of asthma prevalence that varies
by language spoken in the home.

The lack of concordance between response to the written and
video questionnaires identified in this study, being only fair to
moderate, is consistent with previously published literature for
ISAAC.23,57 Although ISAAC has been utilized in Spanish-
speaking or Latin American countries,58,59 with sensitivity and
specificity of the wheeze question at 44.2% and 90%, respec-
tively,58 one ISAAC validation study noted relative underreporting
of wheeze in Spanish-speaking adolescents when compared with a
video vignette depicting a child wheezing.60Wheeze may, however,
be the best symptom indicator of asthma in Mexican school chil-
dren.30 With binational and bilingual studies such as this, the
terminology used to assess asthma symptoms may not translate
accurately. Specifically, the term “wheeze” may be misunderstood
in non-English languages.61 We recognized that our results may
therefore be confounded by translation and choice of words. The
differences in video questionnaire results between schools D and E
may also have resulted from methodological issues. Administration
of the video questionnaire in school D was challenging due to the
lack of student engagement, behavioral issues, and technical diffi-
culties that made it hard to hear the video.

This study shows that asthma prevalence reflects a gradient
spanning Tucson to Sonora, with rates particularly low in regions
of low socioeconomic status in Sonora. These differences, in a
population of adolescents from similar ethnic background, sug-
gest that environmental factors contribute to this gradient in a
complex way, potentially mediated by socioeconomic status,
education, and acculturation. Further study is warranted to assess
the environmental and social factors that contribute to these
differences in prevalence in a single population of common
ancestry who live on both sides of the US-Mexico border.
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TABLE E1. Prevalence of asthma and symptoms among US stu-
dents, by language spoken at home among children self-identified
as Hispanic of Mexican origin

Language spoken

at home Asthma (ever)

Wheeze past

year, written

Wheeze past

year, video

English, no Spanish 35.4 (91/257) 21.5 (57/265) 19.3 (51/263)

English and Spanish 22.0 (108/491) 17.0 (83/489) 16.8 (85/501)

Spanish, no English 24.3 (57/235) 12.9 (31/240) 14.0 (34/243)

P value <.001 .04 .27

TABLE E2. Dust and bacterial load, by school

School Dust load (g/m
2
)

Bacterial DNA

concentration (million

copies/g dust)

Bacterial DNA load

(million copies/m
2
)

A 0.033 635 21

B 0.092 963 89

D 1.206 7004 8450

E 1.399 773 1080

SUPPLEMENTAL METHODS

Dust collection
Dust samples were obtained in schools A, B, D, and E. School

C had not granted permission for dust collection at the time of
the study. In schools A and B, dust was collected from the sci-
ence classrooms in which the children were surveyed. In schools
D and E, dust was collected from science classrooms and the
auditorium in which the children were surveyed. Dust was
collected using a 12 AMP Eureka 3670G Mighty Mite canister
vacuum cleaner (Eureka, Peoria, Ill) equipped with a preweighed
X-Cell 100 dust collection sock (Midwestern Filtration, West
Chester Township, Ohio) inserted in the crevice tool.23 A 1 m2

template was laid on the floor in each room and vacuumed for 5
minutes. Dust samples from each school were combined, dried in
an oven at 105�C-110�C for 24 hours, and then homogenized
for each school and sieved using an electrical shaker (Ro-tap,
Tyler, Mentor, Ohio) to particle size <150 mm.

Bacterial load assessment
DNA was extracted from 43-112 mg of dust using the Fast

DNA spin kit for soil (MP Biomedicals, Solon, Ohio) following
standard manufacturer protocols. Extracted DNA was quantified
using a Qubit 2.0 Fluorometer (Life Technologies, Carlsbad,
Calif). DNA yields ranged from 0.53 to 14.9 ng/mL.

qPCR was performed using the SensiMix SYBR Hi-ROX Kit
(Bioline USA, Boston, Mass). Concentrations of bacterial 16S
rRNA genes were estimated using primers ACT CCT ACG
GGA GGC AGC AG and ATT ACC GCG GCT GCT GG.60

Quantification standards were generated from a pGEM-T Easy

plasmid (Promega, Madison, Wis) containing the bacterial 16S
rRNA gene fragment of Escherichia coli JM109. A standard curve
was created using 10-fold dilutions ranging from 3 � 10�7 to
300 copies and calculations were performed according to the
Applied Biosystems protocol (Applied Biosystems, Foster City,
Calif).
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FIGURE E1. Bacterial load and dust load, by school. A, Load of dust from pooled samples collected from schools A, B, D, and E,
calculated as grams of dust per square meter vacuumed. B, Bacterial load of pooled dust samples collected from schools A, B, D, and E,
calculated as copies of bacterial DNA per square meter vacuumed, in millions.
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