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ABSTRACT

Background: Asthma is among the most common chronic diseasesiloiren in the United
States (US). Mold exposures have been linked torestlevelopment and exacerbation. In
homes, mold exposures have been quantified usengnkiironmental Relative Moldiness Index
(ERMI) and higher home ERMI values have been linkedccupant asthma.

Objective: In this analysis of the School Inner-City Asthntady 2 (SICAS 2), we aimed to
evaluate the ERMI’s applicability to measuring moidchools compared to homes, to assess
the relationship between the prevalence of astimsahools and mold levels, and to examine the
prevalence of asthma in relationship to studergsiagraphics and the physical characteristics
of school-buildings.

Methods: Northeastern US schools (n=32) and homes (n=33 saected and the 36-ERMI
molds were quantified in a dust sample from eaahstbom (n=114) or home. School building
characteristics, student demographics and asthevalpnce data were collected from the
SICAS 2 study or obtained from government websitaaear regression and mixed models
were fit to assess the association of current asimevalence and physical characteristics of the
school, make-up of the student body and the ERMtime

Results: Levels of outdoor Group 2 molds were significarfd<0.01) greater in schools
compared to homes and higher Group 2 levels indshwere linked to higher asthma
prevalence for their students. The presence offAsEhool buildings correlated significantly
(p=0.02) with lower asthma prevalence.

Conclusion: Higher mold levels in northeastern US schoolsevessociated with an increase in

students’ asthma.
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Highlight Box

What is already known about this topic? Mold exposures have been linked to asthma

development and exacerbation.

What does this article add to our knowledge? The Environmental Relative Moldiness Index

(ERMI) metric can be used to objectively quantifglthexposures in schools as well as in

homes.

How does this study impact current management guidelines? Mold contamination should be

reduced in schools; air-conditioning may help.

Key words: asthma; ERMI; mold; Northeast; schools, homes
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110 AHHSII- American Healthy Homes Survey |1
111  AC- air-conditioning

112  ERMI- Environmental Relative Moldiness Index
113 GIS Geographic Information System

114 HEPA- High efficiency particulate air

115 HUD- USDepartment of Housing and Urban Devel opment
116 gPCR- Quantitative polymerase chain reaction
117 S CAS2- shool Inner-City Asthma Study 2
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INTRODUCTION

Asthma is among the most common chronic diseafselsildren in the United States, with the
highest prevalence in African American /Blacks &hispanic children as well as those of low
socio-economic status Children with asthma are more likely to requinesegency department
visits and hospitalizations compared to childrethait asthma. Although the causes of asthma
are unknown, indoor mold exposures have been litkedthma development and
exacerbations?

Mold exposures in children’s homes have beem@mfocus in asthma epidemiological
studies’® However, there is a growing recognition that emvinents outside the home,
particularly the school, are also an important sewf mold exposures?’ According to, the
Health Effects of School Environment stéty'Schools should be routinely tested for global
indoor molds’ evaluation”. Subsequently, the ScHookr-City Asthma Study (SICAS 1) was
designed to understand the effects of indoor aleexposure, including molds, in school and
asthma prevalendg?

The SICAS 1 study demonstrated that studergsscbom-specific exposures were associated
with worsening asthma symptoms and declines in fungtion?*#® Therefore, an intervention
study (SICAS 2) using HEPA filtration in the classms in schools was undertaken in order to
reduce indoor allergen, including mold, exposudfésThe focus of this analysis of the SICAS 2
study was the quantification of the mold contamoraat baseline (in years 1 to 4 of the study)
in the classrooms of the schools selected fortiindys

In the SICAS 1 study, 38 schools were assessgeéars 2008 to 2013 and 100% of the 438
classrooms tested were positive for mold in thealilected with Burkard Indoor Recording Air

Samplers? For this analysis of the SICAS 2 study, a moldrgification metric developed for
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homes, called the Environmental Relative Moldinestex (ERMI)?” was evaluated for its
usefulness in measuring mold contamination in sishoo

The ERMI is based on measurement of 36 moldsgugiantitative PCR (QPCR) assays in the
analysis of dust samples from a representativematsampling of US homes (n=1096) from the
American Healthy Homes Survey (AHHS), conductedulgh the US Department of Housing
and Urban Development (HUB}. Of the 36 molds quantified, 26 Group 1 molds wsstected
as indicators of water-damage in the home. The irentaten Group 2 molds were chosen
because they enter homes from the outside airperitent of water damagé.Since the ERMI
was created to estimate mold contamination for t&iés unclear if the ERMI metric is
broadly applicable to schools.

The ERMI metric was applied previously in oneafistudy of asthma prevalence in schdbls.
In that study, the average ERMI value for classr@amone school with a history of water
damage was compared to the average ERMI valudséoschools without histories of water
damage. Although this was only a small study résellts suggested that the ERMI metric might
be a useful measure of mold contamination resuftiomm water damage in schools.

For this study, there were three goals: to eatalthe ERMI’s applicability to measuring mold
in schools compared to homes, to assess the reatppbetween the prevalence of asthma in
schools and mold levels, and to examine the praealef asthma in relationship to students’

demographics and the physical characteristicstu@ebuildings.



178 METHODS

179  Recruitment and Data Collection

180 The School Inner-City Asthma Intervention®t (SICAS 2) is a randomized, controlled
181 clinical trial using environmental interventions debed from successful home-based

182 interventions. The SICAS 2 study was approvedieyimstitutional Review Board of Boston
183 Children’s Hospital. The description of SICAS 2dtunethods and data collection details have
184  been previously publishéd®

185 This arm of the SICAS 2 study was limited to itmeestigation of 32 schools in school years
186 2014 through 2018, for grades K-8 (ages 4 to 15syeld). Validated surveys assessed

187 demographic characteristics of the students emtatl@ach school and the physical

188  characteristics of the school buildings, as prespdescribed?**Low income was defined as a
189 family income <$20K/year. The data for the prevatenf asthma in each of the schools was
190 obtained from government websites. We compare@RMI metric from baseline assessments
191 in SICAS 2 schools (n=32) with an independent groluportheastern homes (n=33) sampled in

192 HUD’s second AHHS, conducted in 2017-23109.

193 Dust Sample Collection, gPCR Analysis and ERMI caldations

194 In each of the schools, dust samples were d¢etldftom between 1 to 11 classrooms (median 3
195 classrooms per school) based on the number ofr#isidecruited for the study. In each

196 classroom (n=114), settled dust was collected aiBwiffer™ dust cloth (Proctor and Gambile,
197 Cincinnati, OH, US) from above floor surface (etgps of light fixtures, bookshelves, doors

198 etcetera), as previously descrifdThe technician, using disposable gloves, wipeth sample

199 site with a single Swiffer™ cloth until the clotledame gray to black. The cloth was then placed
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in a sealable bag and returned to the laboratorgnfdd analysis. In each home, dust was
collected by vacuuming twoTin the bedroom and living room, as previously désci®’ In
side-by-side testing, vacuumed collected dust améfe3 collected dust provided comparable
ERMI analysis result&’

The vacuumed dust from the AHHS 2 samples was/ered from the samplers, as previously
described’ The dust was recovered from the Swiffer clotlssprviously described? The
mold analysis was performed on 5.0 + 0.1 mg ofesiedust (300u pore) from each sample by a
commercial laboratory (Mycometrics LLC, Monmoutimdtion, NJ). After the concentrations
of each of the 26 Group 1 molds and ten Group 2iewere determined, the ERMI values were
calculated, as shown in the equation below. Thensetilogs of the concentrations of the Group
2 molds &) was subtracted from the summed logs of the cdratgans of Group 1 molds;) to

produce the ERMI valug.

26 10
ERMI = ) " log,o(s1:)— Y _ log;o(s2;)

=] J=1

Geospatial Mapping of the Schools and the Enrolle8tudents’ Prevalence of Asthma

School addresses were geocoded using geograpbimiation systems (GIS) Arc-GIS 10.2.2
(Environmental Systems Research Institute, Red|aDd¥ The average prevalence of asthma
for each school was shown by proportionately sgggats on the map at the school locations
(Figure 1). To assess whether participating schsthima prevalence rates were significantly
clustered versus occurring in a random spatiatidigion, we used univariate Moran’s |

statistic, a global measure of spatial autocorigatA univariate Moran’s | statistic calculates
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the degree to which a value at each unit (in tagecschool) are associated with the values of its
3 neighboring schools and calculates a globalssiafior the study region. This statistic is
interpreted similarly to a correlation coefficiemith values ranging from —1 indicating negative
spatial autocorrelation, schools tend to have rmghwith very different prevalence rates, to
lindicating positive spatial autocorrelation, sdsaeith high or low prevalence rates tend to be
clustered near one another. For confidentialityppses, masking geographic techniques were

utilized for Figure 1 but the spatial relationshigtween schools was preserv&d.

Statistical Analysis

The differences in concentrations of each of3&RMI molds in the schools versus homes
were evaluated by the Wilcoxon rank sum test, cbecefor multiple comparisons using the
Holms—Bonferroni test. The average summed lodeeGroup 1 and Group 2 molds and the
ERMI values for the schools were compared usingStineent T-test.

Asthma prevalence was based on the total stymgntlation (n=13,027) for all 32 schools
using the latest school year for which asthma peexa data were available, 2016-2017 school
year, except for two of the schools. For thesesalwols, the latest data for asthma prevalence
were from the 2009-2010 or 2013-2014 school yeaspectively.

For the statistical analyses, some of the phaysitaracteristics of the schools were grouped
into categories as follows: the number of roomghaschool were grouped: 1=11-20, 2=21-30,
3=31-40, 4=41-50, and 5=>50. The number of clasaswere grouped as follows: 1=<10,
2=11-20, 3=21-30, 4=31-40, and 5=>40. The schodting age was based on the year the
school was built and years were grouped as folldwdefore 1900, 2=1900-1949, 3=1950-

1969, and 4=> 1970.
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Linear mixed models, with a random intercepghatschool level (114 classroom
measurements in 32 schools), were used to accoualuistering by classrooms in schools.
These models were used to test the associatiorebatasthma prevalence (independent
variable) and ERMI components (summed logs Gro@pdk, ERMI itself) values (dependent
variable) (n=31). Covariates were chosen throughauiate analysis. Any building or student
characteristic that had an association (p<0.05gusgiear regression) with asthma prevalence
was added to the linear mixed model. All p-valwese two-sided (unless specifically stated
otherwise) and considered statistically significaith p<0.05. All analyses were performed in

STATA 16.0 (StataCorp, College Station TX).
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RESULTS

Table 1 presents the geometric means for ea8b &RMI-molds in the schools (n=32)
compared to homes (n=33). In schools, 11.5% (332€)e Group 1 molds were significantly
higher than in homes, while in homes, 15.4% (4t@he Group 1 molds were significantly
higher than in schools. However, 60.0% (6/10hef&roup 2 molds in schools were
significantly higher than in homes, but only 10.024L0) of the Group 2 molds in homes were
significantly higher than in schools.

Table 2 shows the mean and standard deviatoorieé summed logs of the Group 1 molds,
summed logs of the Group 2 molds and ERMI valueshf® schools and homes. The summed
logs of the Group 1 molds in both the schools amuds were not significantly different (Table
2). The summed logs of the Group 2 molds wereifsigntly greater in schools compared to
homes, but the ERMI values were significantly ggeat homes than schools.

Table 3 shows the results of the linear mixedie®of asthma prevalence (independent
variable) and school ERMI metric component valukepéndent variable) (n=31). A 5%
significant (p<0.01) difference in asthma prevaen@s associated with a 0.90-unit greater
Group 2 mold value, i.e., about a 1/3 standardat®ri in Group 2 valuesAsthma prevalence
was not significantly associated with ERMI valups@.06) or Group 1 mold levels (p=0.89).

Table 3 also shows the results of the linearaggion analyses for asthma prevalence and the
school building and student demographic charatiesis Of the building characteristics
considered in this study, only air-conditioning (Aas significantly associated with asthma
prevalence, i.e., a lower prevalence (7.3% withv&C17.6% without AC, p=0.02).

The percentage enroliment of the different,-gkdhtified racial groups (African

American/Black, White, Hispanic or Other), was tmy demographic characteristic
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significantly associated with asthma prevalencél@8). Asthma prevalence was negatively
correlated with %White (-0.37, p=0.03) and %O0th6er37, p=0.04). The schools with
predominantly African American/Black or Hispaniadént bodies were associated with a higher
prevalence of asthma but these associations weatistically significant. However, if

African American/Black plus Hispanic percentages@mbined, then the correlation between
higher prevalence of asthma and student bodie®pri@adntly African American/Black plus
Hispanic was significantly associated with increbasthma prevalence (0.41 [0.09,0.78]
p=0.02).

As a result of the univariate analysis, AC aacial groupings were added to the linear mixed
model to adjust for any changes in the significamicihe association of Group 2 mold levels and
the higher asthma prevalence. These covariatesadignprove but rather reduced the
significance of the association of the Group 2 raalith the higher prevalence of asthma (0.72
[-0.09,1.52], p=0.08).

Figure 1 shows the geospatial relationship betwle school locations and the relative
prevalence of asthma, i.e., proportionally sizestspn the map. The Moran’s | of 0.06
(p=0.22) indicates that there was no significamtisp autocorrelation of asthma prevalence

within the participating schools.
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DISCUSSION

The ERMI metric was previously used in a stutlgree school in the northeast US, in
Springfield, MA?® This school was the subject of a Health Impacte&sment conducted by the
EPA because the school had a long history of watdslems. Visible mold growth was
observed on the first level and wet carpeting weteaed on the second and third levels of this
school. High ERMI values, as well as high Growgn@l Group 2 mold levels were measured in
many of this school’s classrooms. About 21% ofghuwelents were reported to have asthma.
Although this was only one school, the results ggted that the ERMI metric might be usefully
applied in other schools.

The ERMI metric was developed as a weightedesttbassess potentially harmful indoor
home mold exposures. Here, we assessed variaticthe ERMI between homes and schools
and the utility of the school based ERMI measurstirdies of asthma prevalence in school-age
children. The schools and homes showed similarageeGroup 1 mold levels, but the homes
had significantly lower Group 2 levels than thecubs.

The geospatial analysis (Figure 1) showed ttiavals with higher prevalence of asthma were
not clustered suggesting a widely distributed sewfoexposure, e.g., from outside air. Those
schools with higher Group 2 mold levels had sigaifitly greater asthma prevalence among their
students compared to schools with lower levels@u@ 2 molds. Therefore, the differences in
the prevalence of asthma was not indicative ofsgwyificant differences in mold growth
resulting from water-damage indoors but ratherdiacassociated with the increased levels of
molds from outside entering and accumulating insitteols.

The ten Group 2 molds live primarily outdoordiare they are common in soil, on leaf

surfaces, etcetera and many of these molds asotiree of known allerger{s. One of the
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Group 2 molds that was detected in significanthler concentrations in the schools was
Alternaria alternata (Table 1). Baxi et al”® showed that children with asthma who were
sensitized to and exposed to high levelsltdrnaria alternata in their classrooms had
significantly more asthma symptom days than thdse were exposed to lower levels or not
sensitized.

In homes, the Group 2 mold levels can vary du@dtors like cleaning frequency, window
ventilation, et¢? Additional factors in schools that can affect Gr@mold levels or growth
include the presence of carpeting vs. solid-surfexx@ing, frequency of vacuuming or floor
cleaning by the janitorial staff, etc. These fiagrand maintenance differences can be
especially critical if excess moisture is not cohliéd in the school, which could allow molds to
grow. Another potentially important factor is theesence or absence of AC.

Most of these schools did not have AC (n=30/3)e lack of AC means that the schools and
classrooms are more likely to be open to the oetsid Schools with AC had a significantly
lower prevalence of asthma but in our adjusted ma@dde was not significantly associated with
lower Group 2 mold levels (-1.2 [-4.4,2.0], p=0.48jowever, there are two limitations to this
interpretation. First, there were only two schaeith AC, which limits the power of the test.
Second, it is reasonable that the presence of AiCeduce outdoor air from entering a school.
Therefore, it may not make sense to adjust the hfod&C, since, by necessity, AC will limit
the flow of outside air into the schools. Therefore tested the AC’s presence with any
association with Group 2 mold levels using a limaated model with random intercept at the
school level with only AC as predictor.

The presence of AC reduced Group 2 mold levels tactor of 2.6 (p=0.10). Since we are

only interested in the negative effect of AC on @@ levels, a one-sided test demonstrated that
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there was a significant negative effect (p=0.05hefpresence of AC on Group 2 mold levels.
The larger SICAS 2 study will help to clarify anggsible role of AC. In addition to AC, the
frequency of window and door opening could alsectfthe levels of Group 2 molds. Cleaning
frequency and thoroughness could also affect tiid-bp of Group 2 molds inside schools.

Schools with predominantly African American/Bigaus Hispanic students were more likely
to have a higher prevalence of asthma. This fopdrconsistent with other studies that showed
that the prevalence of asthma is greater in theserwnities>™>* There have been many factors
that have been identified as contributing to higbeels of asthma in these populations,
including genetic differences, diet, exposure gghkr levels of air pollution, etceteta®® The
results from the full SICAS 2 interventional trellould help to clarify these results.

A limitation in this baseline study is the smalimber of schools and homes evaluated.
However, despite this small number, statisticaliydicant differences were detected. Also,
asthma prevalence data was only based on the 2l6szhool year (with the two exceptions
noted earlier). However, the prevalence of astim&ach individual school tends to be
relatively stable over time. We chose the mostnedata to be most temporally associated with
our mold sampling and to minimize any potentialctassification of the outcome. Another
possible limitation in the study was that only 36lds were quantified and there are certainly
many more molds in these schools and homes. Higlughput sequencing technologies have
been used in recent studies to reveal many of tinedds that were not quantified by the
ERMI.*"* These sequencing approaches have added greatly tmderstanding of the
complexity of indoor fungal communities. Howevire36-ERMI molds have been found to be

relevant to asthma health outcomes in many geograpéas in the US.
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Another possible limitation in this study waatlonly a few of the possible building and
student body characteristics were included in trayasis. However, these characteristics
provided important insights into their associatiath mold levels and/or with the prevalence of
asthma.

The ERMI characterization of indoor molds in remihas been successfully used to predict
asthma-related health effects of mold exposuredssing a weighted scoring system of specific
water-damage related molds and molds from outdmarces®® Here we assessed the
differences between ERMI values in homes and sehindhe northeast US and found that
values for water-damage related molds were sintfilawever, the values for outdoor-sourced
molds in the school were significantly higher.this limited analysis from SICAS 2, the Group
2 (outdoor sourced) molds in schools were assatiaitth greater school asthma prevalence.
These findings suggest that intervention studles3ICAS 2 and studies of other methods to

improve school indoor air quality may be importemteducing asthma.
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FIGURE 1. Geospatial map of schools in the study and théivelarevalence of asthma.
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TABLE 1. Population of each mold compared in schools andgsom

24

Group 1

Aspergillus flavus
Aspergillus fumigatus
Aspergillus niger
Aspergillus ochraceus
Aspergillus penicillioides
Aspergillusrestrictus
Aspergillus scleratiorum
Aspergillus sydowii
Aspergillusunguis
Aspergillus versicolor
Aureobasidium pullulans
Chaetomium globosum
Cladosporium sphaerospermum
Eurotium amstel odami
Paecilomyces variotii
Penicillium brevicompactum
Penicillium corylophilum
Penicillium crustosum
Penicillium purpurogenum
Penicillium spinulosum
Penicillium variabile
Scopulariopsis brevicaulis
Scopulariopsis chartarum
Sachybotrys chartarum
Trichoderma viride
Wallemia sebi

Group 2

Acremonium strictum
Alternaria alternata
Aspergillus ustus
Cladosporium cladosporioides 1
Cladosporium cladosporioides 2
Cladosporium herbarum
Epicoccum nigrum

Mucor group

Penicillium chrysogenum
Rhizopus stolonifer

Schools

GM
13
6.6

49.5
1.9

37.2
3.4
1.2
5.3
13
7.1

483.1
2.3

20.9

97.4
5.5
5.0
3.2

10.9
11
1.0
3.7
1.8
1.3
1.2
2.0

58.2

2.8
94.3
2.9
493.8
45.1
212.2
608.3
7.9
46.3
4.8

HUD Homes

GM
1.0
1.7
7.0
3.1

116.9
8.8
2.3
3.2
11

26.4

215.9
1.6

37.4

55.3
15
7.2
5.0
7.9
1.0
1.0
54
14
2.7
1.2
3.7

267.5

9.6
28.1
11
487.5
21.9
190.5
15.6
8.4
22.8
1.7

Wilcoxon
p-value
NS
NS
NS
NS
<0.001
<0.001
NS
NS
NS
<0.001
<0.001
NS
NS
<0.001
NS
NS
NS
<0.001
NS
NS
NS
NS
NS
NS
NS
<0.001

<0.001
<0.001
NS
<0.001
<0.001
<0.001
<0.001
NS
<0.001
NS
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The geometric means (GM) as cell equivalents pedus (CE/mg dust) for each of the 36
molds in the schools and homes and the Wilcoxdmtealues. P-values were adjusted for

multiple comparisons using the Holms-Bonferront.teSignificant differences are bolded.
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634 TABLE 2. Comparison of the ERMI metric components in schaold homes.

Schools Homes T-test
Metric Mean SD Mean SD p-value
Group 1 19.2 6.2 19.9 5.9 0.59
Group 2 15.6 3.2 12.5 3 <0.001
ERMI 3.6 4.8 7.4 5.1 <0.001
635
636

637 The mean and standard deviations (STD) for the seariogs Group 1 molds (Group 1),
638 summed logs Group 2 molds (Group 2) and ERMI valaesortheastern schools and homes.
639

640

641

642

643

644

645

646

647

648

649

650
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TABLE 3. Associations between asthma prevalence and schdables related to mold

652 quantification, building characteristics and stud#ggmographics

653

654

655

656

657
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Variable Beta* p-value
Mold
Group 1 0.09 0.89
Group 2 0.9 0.005
ERMI -0.82 0.06
Standardized
Beta
Building
# Rooms 0.16 0.37
Classroom # 0.26 0.15
# Floors -0.12 0.5
Air-condition -0.41 0.02
Basement -0.16 0.39
Age 0.13 0.48
Enrollment (#s) -0.15 0.4
Low income % 0.24 0.18
Race
Black % 0.14 0.45
White % -0.37 0.04
Hispanic % 0.24 0.18
Other % -0.37 0.04

95% Confidence Interval

-1.14,1.32
0.27,1.53
-1.69, 0.04

-0.20, 0.53
-0.10, 0.62
-0.49, 0.25
-0.07, -0.75
-0.52,0.21
-0.24, 0.50

-0.52,0.21

-0.12, 0.61

-0.23, 0.51
-0.72, -0.03
-0.20, 0.61
-0.71, -0.02

*Beta values for mold outcomes represent assoaidtioeach 5% increase in asthma

prevalence. Standardized Betas are reported fédibgiand student characteristics and 95%

confidence intervals are given for each variabéeie. Significant associations are bolded.
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