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• Elevated FeNO, a marker of lower air-
way inflammation, was found in many
students.

• Signs of dampness in the classroom
were related to airway infections
among students.

• Students in classrooms with signs of
dampness had 31% higher FeNO values.

• Higher quantities of DNA fromAspergillus
versicolorwere related to higher FeNO.

• DNA from Aspergillus versicolor were re-
lated to asthma and respiratory symp-
toms.
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Few health studies exist on dampness andmould in schools in the tropics.We studied associations between frac-
tion of exhaled nitric oxide (FeNO), respiratory symptoms and airway infections among students and dampness
and fungal DNA in schools inMalaysia. A total of 368 randomly selected students from32 classrooms in 8 second-
ary schools in Penang, Malaysia, participated (58% participation rate). Information on current respiratory symp-
toms and the home environment was collected by a standardised questionnaire. FeNO was measured by NIOX
MINO (50 ml/min). The classrooms were inspected and dust was collected by vacuuming on special filters and
was analysed for five fungal DNA sequences by quantitative PCR. Linearmixedmodels and 3-level multiple logis-
tic regression (school, classroom, student) were applied adjusting for demographic data and the home environ-
ment. Totally 10.3% reported doctor's diagnosed asthma, 15.1% current wheeze, 12.4% current asthma, 37.3%
daytime breathlessness, 10.2% nocturnal breathlessness, 38.9% airway infections and 15.5% had pollen or furry
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pet allergy. The geometric mean of FeNO was 19.9 ppb and 45% had elevated FeNO (N20 ppb). Boys had higher
levels of FeNO. Chinese had less daytime breathlessness than Malay (OR= 0.30: p b 0.001). Indoor carbon diox-
ide levels were low (380–720 ppm). Dampness was observed in 18% of the classrooms and was associated with
respiratory infections (OR=3.70; 95% CI 1.14–12.1) and FeNO (p=0.04). Aspergillus versicolorDNAwas detect-
ed in 67% of the classrooms. Higher numbers of Aspergillus versicolorDNA in classroomdust were associatedwith
wheeze (p = 0.006), current asthma (p = 0.002), respiratory infections (p = 0.005) and elevated FeNO levels
(p=0.02). In conclusion, respiratory symptomswere common among the students and the high FeNO levels in-
dicate ongoing airway inflammation. Building dampness and the mould Aspergillus versicolor in schools in
Malaysia can be risk factors for impaired respiratory health among the students.

© 2016 Elsevier B.V. All rights reserved.
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Asthma
Mould
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1. Introduction

The school environment is important for school children but can be
contaminated by various pollutants such as chemicals, furry
pet allergens, mould and bacteria (Daisey et al., 2003; Salo et al.,
2009). Dampness and indoor mould can cause respiratory illness
(WHO, 2009) but there is a lack of epidemiological studies usingmolec-
ular methods to assessmould exposure (Norbäck and Cai, 2015). More-
over, few school environment studies exist that have studied
associations between observed signs of dampness in schools and respi-
ratory health in the students (Mi et al., 2006; Borras-Santos et al., 2013).
Quantitative Polymerase Chain Reaction (qPCR) can give quantitative
data on levels of most indoor moulds, irrespectively of viability
(Haugland et al., 2004; Vesper et al., 2005). The highest indoor fungal
DNA levels are found near the equator (Norbäck and Cai, 2011) but
there are few studies on associations between mould in schools in the
tropics and respiratory health in students. In a previous study from
Johor Bahru, Malaysia, we found associations between fungal DNA in
schools and respiratory symptoms among students, especially for the
mould Aspergillus versicolor and the gram-positive bacteria Streptomyces
sp. (Cai et al., 2011). Similar results were found in a multicentre school
study within the European Union (Simoni et al., 2011).

Fraction of exhaled nitric oxide (FeNO) has recently been used in ep-
idemiological studies in Asia (Xu et al., 2011; Zhao et al., 2013; Lim et al.,
2015). FeNO is a biomarker of TH2 driven lower airway inflammation
linked to allergic asthma (Alving and Malinovschi, 2010) rhinitis (Xu
et al., 2011, Zhao et al., 2013; Lim et al., 2015a) and sick building syn-
drome (SBS) symptoms (Lim et al., 2015b). FeNO has been measured
among office workers in Malaysia (Lim et al., 2015, Lim et al., 2016)
but we found no previous publications from Malaysia, or any other
tropical country, on associations between FeNO and the school
environment.

The first aim was to investigate associations between selected de-
mographic data and respiratory symptoms and infections and to mea-
sure the fraction of exhaled nitric oxide (FeNO) among junior high
school students in Penang, Malaysia. The second aimwas to study asso-
ciations between observed signs of dampness in the classrooms and re-
spiratory symptoms and infections and FeNO among the students. The
third aim was to measure the levels of five sequences of fungal DNA in
vacuumed dust from the students' classrooms and to study associations
between fungal DNA in the classrooms, and respiratory symptoms, air-
way infections and FeNO levels.

2. Material and methods

2.1. Ethics statement

The study proposal was approved by the Medical Research and
Ethics Committee of the National University of Malaysia and all partici-
pants gave informed consent. We obtained written consent from the
students after explaining to them the purpose of the study. The records
of study respondents' signatures are kept at the National University of
Malaysia. The students brought the questionnaire home to answer it
together with their parents or guardians, and we got signatures of ap-
proval from the students as well as from the parents. The medical
study and collection of dust from the schools had permission from
Penang State Health Department, the principal of each school and the
head teacher of each class involved in the study.

2.2. Study population

A total of 8 junior high schoolswere randomly selected in the state of
Penang, Malaysia. Four schools were selected from Penang Island and
four from the mainland (Northern Seberang Perai). Four classes of
grade two students were randomly selected in each school and 20 stu-
dents were randomly selected from each class. The study was per-
formed in October–November 2012.

2.3. Assessment of health data

We used a self-administered questionnaire from previous school
studies (Smedje et al., 1997; Cai et al., 2011; Mi et al., 2006; Zhao
et al., 2008; Norbäck et al., 2014) with questions on doctors' diagnosed
asthma, current asthma, allergies, respiratory symptoms and airway in-
fections obtained from the ISAAC study (Asher et al., 2006), the
European Respiratory Health Survey (ECRHS) (Janson et al., 2001) and
our previous school studies (Smedje et al., 1997; Cai et al., 2011; Mi
et al., 2006; Zhao et al., 2008; Norbäck et al., 2014). There were (yes/
no) questions on doctors' diagnosed asthma, current asthma medica-
tion (sprays, tablets etc.) and any asthma attack during the last
12 months. Moreover there were (yes/no) questions on respiratory
symptoms the last 12 months including: 1) wheezing or whistling in
the chest 2)wheeze orwhistling in the chest combinedwith breathless-
ness 3) daytime attacks of shortness of breath during exercise or while
resting (2 questions). 4) Night-time awakening with attacks of breath-
lessness or tightness in the chest. Moreover, there were yes/no ques-
tions on current smoking, allergy to cat, dog and pollen and parental
allergy/asthma. Finally, therewas one question on respiratory infections
during the last 3 months and two questions on the home environment
(environmental tobacco smoke and dampness/mould). The question-
naire was distributed to the selected pupils the same week as the tech-
nical measurements and answered with help of the parents at home.
Then staff from the research teamwent through the questionnaires dur-
ing a face-to-face interview with the students to clarify any uncertainly
in the questions. The student had no information on the environmental
data when they answered the questionnaires.

2.4. Inspection of the schools environment and dust sampling

Details on the school building, age and signs of dampness or mould
were noted. Temperature (°C), Relative Humidity (RH, %) and CO2

(ppm) were measured in the classrooms during normal activities for
1 h with Q-TrakTM monitors (TSI Incorporated, St. Paul, Minnesota,
USA). Settled dust was collected from floors, desks and chair (mixed
sample) by a 400Wvacuumcleaner providedwith a special dust collec-
tor (ALK Abello, Copenhagen, Denmark) as in previous school studies
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(Smedje et al., 1997; Zhao et al., 2008; Norbäck et al., 2014). The dust
was sieved through 0.3-mm mesh screen to obtain the fine dust,
weighed, and analysed for fungal DNA. All filters were stored at
−20 °C until sieving and the sieved dust samples were stored at
−80 °C.

2.5. Analysis of fungal DNA in vacuumed dust

The method for analysis of fungal DNA has been previously de-
scribed (Cai et al., 2011; Norbäck and Cai, 2011; Norbäck et al., 2014).
Briefly fungal DNA was extracted from 10 mg of sieved dust and five
multiplex reactions were performed in five separate tubes targeting
the DNA of the following species: total fungi, Aspergillus spp. plus
Penicillium spp. (Asp/Pen), Aspergillus versicolor (A. versicolor),
Stachybotrys chartarum (S. chartarum) and Streptomyces spp. The oligo-
nucleotides used for amplification and detection were designed by
Dynamic Code (Linköping, Sweden). The sequence “total fungal DNA”
covers a wide range of indoor fungi, mainly Ascomycetes, but it does
not cover all indoor fungi. The fungal DNA levels were presented as tar-
get copies/g dust.

The reaction targeting A. versicolor simultaneously amplified an in-
ternal positive control that was used to detect PCR inhibition. There
were no inhibition detected in any sample. DNA was extracted from
the samples using the YeaStar™ Genomic DNA Kit (Zymo Research,
Orange, CA) according to the manufacturer's instructions. The oligonu-
cleotides used for amplification and detection were designed using the
design software Primer Express 2.0 (Applied Biosystems, Foster City,
CA USA). Primers and probes for total fungal DNA, A. versicolor and S.
chartarum DNA are in the region of internal transcribed spacer 1, 5.8 S
rRNA and internal transcribed spacer 2. Primers and probes for Asp/
Pen DNA are in the gene for 28S rRNA and for Streptomyces DNA in
the gene for 16S rRNA. GenBank accession numbers AB030916.1,
AB002079.1, AJ639854.1, U00970.1, AF548081.1 and AF548082.1 were
used to design the test for total fungal DNA: GenBank accession num-
bers AF454157.1, Z48340.1, DQ914661.1, AF027863.1, AF433079.1,
DQ123641.1, U29632.1, AF0344456.1, AF034461.1, AF034455.1,
AF033395.1 and U29555.1 were used to design the test for Asp/Pen
DNA. GenBank accession number AJ937749.1 was used to design the
test for A. versicolor DNA: GenBank accession number AY180260.1 was
used to design the test for S. chartarum DNA: GenBank accession num-
bers EF017715.1 and AL939114.1 were used to design the test for
Streptomyces DNA: Amplification and detection was performed on a
7300 Real-time PCR Instrument (Applied Biosystems, Foster City, CA
USA) using the Taqman1 Universal Master Mix (Applied Biosystems,
Foster City, CA USA). A list of species captured by the different fungal
DNA sequences is available in the online S1 Appendix of our previous
publication (Norbäck et al., 2016a,b). The total fungal DNA sequence
was common for 7 Acremonium sp., 61 Alternaria sp. (including A.
alternata), 86 Aspergillus sp. (including A. fumigatus but not A.
versicolor), Aureobasidium mansonii, Aurerobasidium pullulans, Cerebella
andropogonis, 38 Cladosporium sp. (including C. herbarium), 14
Curvularia sp., Cylindorcarpon lichenicola, 3 Davidiella sp., Epicoccum
nigrum, 27 Eupenicillium sp., 6 Eurotium sp., 8 Fusarium sp.,
Hemicarpenteles paradoxus, Mycosphaerella macrospora, Mycosphaerella
tassiana, Nectria haematococca, 17 Neosartorya sp. 15 Paecillomyces sp.,
157 Penicillium sp., 3 Petromyces sp., Ramichloridium mackenziei, 9
Rhinocladiella sp., Sclerocleista ornata, 12 Stachybotrys sp., 3
Thermoascus sp. and 48 Trichoderma sp. We have used the term “total
fungal DNA” for this sequence since it coverers a wide range of indoor
fungi, mainly Ascomycetes, but it does not cover all indoor fungi. The
Asp/Pen DNA sequence was common for 37 Aspergillus sp. (including
A. fumigatus but not A. versicolor), Davidiella tassiana, 14 Eupenicillium
sp., 15 Eurotium sp., Hemicarpenteles paradoxus, 7 Neosartorya sp.,
Paecilomyces variotii, Paracoccidioides cerebriformis, 62 Penicillium sp.
and Thermoascus aurantiacus. The Streptomyces DNA sequence was
common for 187 Streptomyces sp., as well as Micromonospora
megalomicea. The A. versicolor DNA sequence was specific for A.
versicolor only. The S. chartarum DNA sequence was specific for
Stachybotrys chartarum and Stachybotrys chlorohalonata but not
Memnoninella echinata.

3. Statistical methods

Differences in symptom prevalence betweenmales and females and
between subjects with and without doctors' diagnosed asthma were
analysed by Chi-square test. Differences in amount of dust and levels
of fungal DNA in vacuumed dust in classrooms, with and without
signs of dampness, was analysed byMann-Whitney U test. Correlations
between exposure variables were analysed by Kendall's Tau beta. Ini-
tially, associations between demographic data and symptoms were ex-
amined by multi-level multiple logistic regression, keeping sex,
ethnicity, smoking, a history of atopy and parental asthma/allergy in
the models. Three levels were used, individual level, classroom level
and school level. Thenwe analysed associations between signs of damp-
ness in the classrooms, amount of dust in the classrooms, fungal DNA in
vacuumed dust and symptoms as well as categorized FeNO (normal vs.
elevated levels), adjusting for gender, sex, smoking, a history of atopy
and parental asthma/allergy. A FeNO level above 20 ppbwas considered
as an elevated level, in accordance with the American Thoracic Society
(ATS) guidelines for children (Dweik et al., 2011). As a next step, we
analysed associations inmutually adjusted 3-levelmultilevel logistic re-
gressionmodels with additional adjustment for two home environment
factors, environmental tobacco smoke (ETS) and dampness/mould, in-
cluding exposure variables that had p b 0.1 in the initial analysis. Finally,
FeNO was 10log-transformed and analysed as a dependent variable by
linear mixed models adjusting for the same variables as in the logistic
regression models and then adjusted for the two home environment
factors in mutually adjusted models, including exposure variables
with p b 0.1. Odds ratio (OR) with 95% confidence interval (95% CI)
was calculated for the logistic regression analyses. Antilog beta value
with 95% CI was calculated from the linear mixedmodels by calculating
antilog (10×) values. Statistics were performed with the STATA 13.0
statistical package using two-tailed tests and a 5% significance level.

4. Results

4.1. Personal characteristics and symptoms

A total of 368 students participated (58% of the recruitment) and the
mean age was 14 years (range 14–16 years). Based on the question-
naires, the children were 70% Malay, 15% Chinese and 15% Indian. The
prevalence of current smoking was 2.7% (0% in girls and 6.0% in boys).
Atopy in the cohort was reported as pollen allergy at 8.2%, cat allergy
at 7.9%, dog allergy at 3.0%, and either pollen, cat or dog allergy at
15.5%. A total of 24.5% of the students had a father or mother with asth-
ma or allergic rhinitis.

Current asthma was defined as having either asthma medication,
asthma attacks or wheeze with breathlessness last 12 months (12.4%).
A total of 5.4% of the students had current asthma medication, 5.4%
have had an asthma attack in the last 12 months, and 8.8% reported a
combination of wheeze and breathlessness in the last 12 months (Day-
time attacks of breathlessness occurring after exercise was common at
31.2%, while attacks at rest were less common at 16.4%).

Table 1 provides the data on the prevalence of asthma, respiratory
symptoms and FeNO concentrations, as well as the statistical analysis
stratified for gender and doctors' diagnosed asthma. In the bivariate
analysis, girls had a higher prevalence of daytime attacks of breathless-
ness (p=0.006)while boys hadmore often had elevated FeNO concen-
trations (p=0.003). Geometric mean for FeNOwas 19.9 ppb and 54.6%
had a FeNO value above 20 ppb. Elevated FeNO levels (N20 ppb) and all
types of respiratory symptoms, except airway infections, were more
common among students with doctors' diagnosed asthma. Themajority



Table 1
Prevalence of asthma and respiratory symptoms among pupils (N = 348) from eight junior high schools in Penang, Malaysia.

Symptoms Overall
(%)

Male
(%)

Female
(%)

p-Value Doctors' diagnosed
asthma
Nos

Doctors' diagnosed
asthma
Yes

p-Value

Study variables
Doctor's diagnosed asthma 10.3 12.5 8.5 0.21 NA NA
Wheeze or whistling in the chest last 12 months 15.1 14.9 15.2 0.93 11.0 50.0 b0.001
Current asthmaa 12.4 11.4 13.2 0.60 6.7 60.5 b0.001
Daytime attacks of breathlessness last 12 months (rest or
exercise)

37.3 29.7 43.7 0.006 34.4 63.9 0.001

Nocturnal attacks of breathlessness last 12 months 10.2 8.5 11.6 0.34 8.0 30.6 b0.001
Airway infections in the last 3 months 38.9 39.2 30.5 0.88 38.2 44.7 0.43
Elevated FeNO (N20 ppb) 45.4 53.7 38.0 0.003 42.4 70.3 0.001
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of the students with doctors' diagnosed asthma had respiratory symp-
toms, current asthma and elevated FeNO concentrations, but even
among those without doctors' diagnosed asthma, daytime attacks of
breathlessness (34.4%) and elevated FeNO levels (42.4%)were common.

4.2. Descriptive data on the school environment

The schools were concrete buildings with a concrete floor without
any paint or floor covering. None of the schools hadmechanical ventila-
tion or air conditioning units in the classrooms but there were electric
fans on the ceiling and glass window panes on both sides that were
kept open during lectures. Smoking was not allowed. The mean room
temperaturewas 28 °C (range of 25–30 °C), similar as themean outdoor
temperature (29 °C). The mean indoor relative air humidity was 79%
(range of 67–88%), similar as the mean outdoor air humidity (75%).
The mean CO2 concentration in the classrooms was 425 ppm (range of
380–720 ppm), and 407 ppm outdoors. All dust samples contained
total fungal DNA and Asp/Pen DNA. A. versicolor DNA was detected in
67% of the samples and Streptomyces DNA was detected in 94% of the
samples (Table 3). S. chartarum DNA in vacuumed dust was found in
one classroom only, at very low levels (5 CE/mg dust) and was not fur-
ther analysed in the regressionmodels. A total of seven classroom (22%)
had signs of water leakage in the ceiling but none had visible indoor
mould growth, and totally 65 students (17.7%) were from these damp
classrooms. There was a tendency of increased levels of total fungal
DNA (p = 0.07) and Streptomyces DNA (p = 0.08) in classrooms with
signs of dampness but no significant differences for the other DNA se-
quences of amount of fine dust (Table 2). There was a significant corre-
lation between total fungal DNA and Asp/Pen DNA (Kendal Tau beta
0.64; p b 0.001) and between total fungal DNA and Streptomyces DNA
(Kendal Tau beta 0.34; p = 0.08) but no other significant associations
between fungal DNA sequences or between the amount of fine dust
and any fungal DNA sequences.

4.3. Symptoms in relation to personal characteristics

In the logistic regression models, doctors' diagnosed asthma was
more common among students with a history of atopy (p b 0.001)
Table 2
Fungal DNA in vacuumed dust from classrooms (N = 32) in junior high schools in Penang, Ma

Dust exposure at school AM GM

Amount of fine dust (g) 3.76 3.27

Fungal DNA in dust (target copies/g dust)
Total fungal DNA 9.42 ∗ 104 7.32 ∗ 104

Asp/Pen DNA 4.61 ∗ 104 3.34 ∗ 104

A. versicolor DNA 65 15
Streptomyces DNA 10 7

AM= arithmetic mean, GM= geometric mean, GSD = geometric standard deviation.
Asp/Pen: Aspergillus/Penicillium, A. versicolor: Aspergillus versicolor, S. Chartarum: Stachybotrys ch
and parental asthma/allergy (p = 0.008). Wheeze was associated with
a history of atopy (p = 0.007) and parental asthma/allergy (p =
0.04). Current asthma was associated with current smoking (p =
0.01) and a history of atopy (p=0.006). Daytime attacks of breathless-
ness was more common in girls (p = 0.006) and less common in
Chinese students (p = 0.001). Night time attacks of breathlessness
was associated with a history of atopy (p=0.02), only. No associations
were found between the demographic data and airway infections
(Table 3).

4.4. Symptoms and FeNO in relation to signs of dampness and fungal DNA in
vacuumed dust

As a next step, we analysed associations between exposure in the
school and respiratory symptoms, airway infections and FeNO. We
used 3-level (student, classroom, school) using multiple logistic regres-
sion models for symptoms and categorized FeNO (normal vs. elevated
level; N20 ppb). There was a positive association between signs of
dampness in the classroom and airway infections. There was a negative
association between the amount of fine dust in the classroom and cur-
rent asthma (p = 0.02). There were positive associations between the
concentration of Aspergillus versicolor DNA in vacuumed dust and cur-
rent wheeze (p= 0.006), current asthma (p= 0.01), airway infections
last 3 months (p = 0.005) and elevated FeNO levels (p = 0.04)
(Table 4).

A total of 48.9% had ETS at home and 34.8% had dampness or mould
at home defined as either water leakage, signs dampness on the floor,
visible indoor mould or mouldy odour (Norbäck et al., 1999). Mutual
adjustment including school exposure variables with p b 0.1 and further
adjustments for the two home environment factors gave similar associ-
ations. Signs of dampness in the classroomwas still associated with air-
way infections and Aspergillus versicolor DNA was still associated with
wheeze, current asthma, airway infections and elevated FeNO levels.
However, the associations between amount of fine dust and wheeze
and current asthmawere no longer statistically significant (Table 5). Fi-
nally, associations between FeNO as a continuous variable (10log-
transformed to get normally distributed data) and the exposure vari-
ables were analysed by linear mixed models, adjusting for the same
laysia.

95% CI of GM Classrooms with levels above the detection limit (%)

3.10–3.45 100

6.79–7.89 ∗ 104 100
3.08–3.63 ∗ 104 100
NA 67
NA 94

artarum.



Table 3
Associations between respiratory health among students (N = 368) from junior high schools in Penang, Malaysia and demographic data.

Type of factors Doctors' diagnosed
asthma OR (95% CI)

Wheeze OR
(95% CI)

Current
asthma
OR (95% CI)a

Daytime attacks of
breathlessness OR (95% CI)

Nocturnal attacks of
breathlessness OR (95% CI)

Respiratory infections
OR (95% CI)

Female gender 0.67 (0.32–1.39) 1.15
(0.62–2.13)

1.53
(0.76–3.09)

1.93 (1.21–3.08)⁎⁎ 1.55 (0.72–3.36) 0.99 (0.64–1.53)

Chinese 0.52 (0.15–1.88) 1.72
(0.78–3.77)

0.58
(0.19–1.76)

0.30 (0.14–0.63)⁎⁎⁎ 0.16 (0.02–1.25) 0.98 (0.53–1.82)

Indian 1.42 (0.55–3.68) 0.96
(0.39–2.35)

1.07
(0.43–2.64)

0.55 (0.28–1.07) 1.40 (0.55–3.54) 1.10 (0.60–2.02)

Tobacco smoking 0.54 (0.06–5.31) 2.74
(0.61–12.4)

6.21
(1.47–26.1)⁎

0.51 (0.10–2.60) 2.85 (0.49–16.7) 2.35 (0.63–8.76)

Pollen or furry
pet allergy (atopy)

4.09 (1.92–8.73)⁎⁎⁎ 2.62
(1.31–5.25)⁎⁎

2.92
(1.37–6.23)⁎⁎

1.30 (0.70–2.42) 2.74 (1.20–6.29)⁎ 1,18 (0.66–2.13)

Parental
asthma/allergy

2.76 (1.31–5.82)⁎⁎ 1.97
(1.03–3.77)⁎

1.53
(0.75–3.14)

1.61 (0.96–2.69) 1.77 (0.82–3.84) 1.36 (0.82–2.24)

Reported data are Odds Ratios (OR) with 95% Confidence Interval (CI), including gender, ethnicity, tobacco smoking, parental asthma/allergy (heredity) and a history of atopy in themul-
tiple logistic regression models.
Ethnicity was analysed as categorical variable with Malay race as reference category.

a Current asthma medication, asthma attacks last 12 months or wheeze with breathlessness last 12 months.
⁎ p b 0.05.
⁎⁎ p b 0.01.
⁎⁎⁎ p b 0.001.
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confounders as in the logistic regression models. Signs of dampness in
the classroom was associated with elevated FeNO (p = 0.04) and
Aspergillus versicolor DNA (p= 0.03). Further adjustments by mutually
adjustedmodels and adding the two home exposure variables (ETS and
dampness/mould) gave similar associations. The values shows that hav-
ing signs of dampness in the classroom is associated with 31% higher
FeNO values, and an increase of Aspergillus versicolor DNA by
100 target copies/g dust is associated with 12% increase of FeNO.

5. Discussion

Respiratory symptoms were common and 45% of the students had
FeNO levels exceeding the reference value of 20 ppb for children sug-
gested by ATS (Dweik et al., 2011). Even among those without doctors'
diagnosed asthma, many (42%) had elevated FeNO levels. High levels of
Table 4
Associations between respiratory health among pupils (N = 368) in Penang, Malaysia and fun

Type of
exposure

Wheeze
OR (95% CI)

Current
asthma
OR (95% CI)a

Daytime attacks of
breathlessness
OR (95% CI)

Noctur
breath
OR (95

Amount of fine
dust

0.83
(0.68–1.02)(⁎)

0.79
(0.65–0.96)⁎

0.90 (0.79–1.03) 0.98 (0

Fungal DNA in dust (target copies/g dust)
Asp/Pen DNA 1.26

(0.38–4.20)
1.34
(0.53–3.34)

0.99 (0.48–2.04) 1.18 (0

A. versicolor
DNA

1.57
(1.14–2.17)⁎⁎

1.43
(1.09–1.99)⁎

1.20 (0.79–1.63) 1.14 (0

Streptomyces
DNA

1.13
(0.82–1.55)

0.78
(0.46–1.32)

0.91 (0.67–1.24) 1.27 (0

Total fungal
DNA

1.25
(0.61–2.52)

1.13
(0.64–1.98)

0.83 (0.54–1.27) 1.23 (0

Asp/Pen: Aspergillus/Penicillium, A. versicolor: Aspergillus versicolor.
Odds Ratio (OR) and 95% Confidence Interval (CI) were calculated by 3-level hierarchic logistic
history of atopy.
For FeNO as continuous variable, beta values with 95% Confidence Interval (CI) were calculate
heredity and a history of atopy. Data in the table are antilog-values.
(OR calculated for 1000 mg increase in fine dust).
(OR calculated for 105 target copies/g dust increase in total fungal DNA in vacuumed dust).
(OR calculated for 105 target copies/g dust increase in Asp/Pen DNA in vacuumed dust).
(OR calculated for 100 target copies/g dust increase in A. versicolor DNA in vacuumed dust).
(OR calculated for 10 target copies/g dust increase in Streptomyces DNA in vacuumed dust).

a Current asthma medication, asthma attacks last 12 months or wheeze with breathlessness
⁎ P = 0.05.
⁎ p b 0.05.
⁎⁎ p b 0.01.
FeNO have previously been reported among office workers in Malaysia
(Lim et al., 2015). A total of 10% had doctors' diagnosed asthma, a some-
what lower prevalence than the 13% found in our previous school study
from Johor Bahru, Malaysia (Cai et al., 2011).

Tobacco smoking was more common in boys than girls and related
to current asthma. Daytime attacks of breathlessness was more com-
mon in girls and less common in Chinese students. Gender differences
and associations for smoking and the lower prevalence of some respira-
tory symptoms among Chinese were similar to previous studies from
Johor Bahru (Cai et al., 2011;Norbäck et al., 2014). As expected, parental
asthma/allergy and a history of atopy were important determinants of
respiratory health.

About one fifth of the student had signs of dampness in their class-
room and these classroom had a two times higher levels of total fungal
DNA and Streptomyces DNA. The signs of dampness were signs of water
gal DNA and amount of fine dust in the classroom.

nal attacks of
lessness
% CI)

Respiratory
infections
OR (95% CI)

Elevated FeNO
(N20 ppb)
OR (95% CI)

Antilog FeNO
beta (95% CI)

.81–1.17) 1.01(0.81–1.28) 0.95 (0.85–1.07) 0.98 (0.94–1.03)

.47–3.00) 1.80 (0.54–5.97) 1.41 (0.77–2.57) 1.24
(0.97–1.57)(⁎)

.79–1.63) 1.79
(1.19–2.69)⁎⁎

1.27 (1.01–1.61)⁎ 1.12(1.02–1.23)⁎

.95–1.71) 1.2 (0.73–1.42) 0.90 (0.69–1.17) 1.00 (0.92–1.09)

.70–2.16) 1.31 (0.64–2.75) 1.21 (0.85–1.74) 1.13
(0.99–1.31)(⁎)

regressionmodels adjusted for gender, ethnicity (M/NM), tobacco smoking, heredity and a

d for 10logFeNO by linear mixed models adjusted for gender, ethnicity, tobacco smoking,

last 12 months.



Table 5
Not in the article, in text mutual models (p b 0.1) with home environment (ETS + mould/damp).

Type of exposure Wheeze
OR (95% CI)

Current asthma
OR (95% CI)a

Respiratory infections
OR (95% CI)

Elevated FeNO (N20 ppb)
OR (95% CI)

Antilog FeNO
beta (95% CI)

Amount of fine dust 0.87 (0.72–1.04) 0.83 (0.68–1.02) NA NA NA
A. versicolor DNA vacuumed dust 1.48 (1.08–2.01)⁎ 1.37 (1.01–1.88)⁎ 1.77 (1.18–2.65)⁎⁎ 1.27 (1.01–1.61)⁎ 1.10 (1.06–1.22)⁎

Asp/Pen DNA vacuumed dust NA NA NA NA 1.13 (0.88–1.45)
Total DNA vacuumed dust NA NA NA NA 1.08 (0.93–1.26)

Asp/Pen: Aspergillus/Penicillium, A. versicolor: Aspergillus versicolor.
NA = Not included in the final models since p N 0.1 in the previous models in Table 4.
Odds Ratio (OR) and 95% Confidence Interval (CI) were calculated by 3-level hierarchic logistic regressionmodels adjusted for gender, ethnicity (M/NM), tobacco smoking, parental asth-
ma/allergy, a history of atopy, ETS at home and mould/dampness at home.
For FeNO as continuous variable, beta values with 95% Confidence Interval (CI) were calculated for 10logFeNO by linear mixed models adjusted for gender, ethnicity, tobacco smoking,
parental asthma/allergy, a history of atopy, ETS at home and mould/dampness at home. Data in the table are antilog-values.
(OR calculated for 1000 mg increase in fine dust).
(OR calculated for 105 target copies/g dust increase in total fungal DNA in vacuumed dust).
(OR calculated for 105 target copies/g dust increase in Asp/Pen DNA in vacuumed dust).
(OR calculated for 100 target copies/g dust increase in A. versicolor DNA in vacuumed dust).
(OR calculated for 10 target copies/g dust increase in Streptomyces DNA in vacuumed dust).

a Current asthma medication, asthma attacks last 12 months or wheeze with breathlessness last 12 months.
⁎ p b 0.05.
⁎⁎ p b 0.01.
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leakage in the ceiling butwe could not observe visiblemould growth on
indoor surfaces. However, it is possible that the water leakage in the
ceilings had caused fungal growth inside the building construction. Stu-
dents in classroomwith signs of dampness hadmore often airway infec-
tions (OR= 3.70) and 31% higher levels of FeNO and these associations
remained significant in mutually adjusted models with additional ad-
justment for home environment factors.

We found two previous school environment studies on associations
between observed dampness in schools and respiratory health. One
prevalence study from Shanghai, China, found that students in schools
with observed indoor mould growth had more often asthma attacks
(OR = 2.40) (Mi et al., 2006). Moreover, a school study performed in
schools in Finland, the Netherlands and Spain found an association be-
tween observed moisture damage in the schools and nocturnal dry
cough in across the three countries (OR=1.15).Moreover, Finnish chil-
dren attending moisture-damaged schools had more often wheeze
(OR = 1.36), nasal symptoms (OR = 1.34) and respiratory-related
school absence (OR = 1.50) (Borras-Santos et al., 2013). However, we
found no previous study investigating associations between observed
dampness in schools ad FeNO, an objective marker of lower airway
inflammation.

Fungal DNA from Aspergillus versicolor in the classrooms was posi-
tively associated with current wheeze, current asthma, airway infec-
tions and FeNO levels. The association between this mould species and
respiratory symptoms is in agreement with a previous school study
from another part of Malaysia (Johor Bahru) (Cai et al., 2011; Norbäck
et al., 2014). Moreover, a similar association between A. versicolor DNA
in vacuumeddust from classrooms and asthmatic symptomsamongpu-
pils have been reported from a European school environment study
(Simoni et al., 2011). A. versicolor is often found in damp buildings and
produces the mycotoxin sterigmatocystin (Bloom et al., 2007). We
found no previous school environment study on associations between
fungal DNA and FeNO but one previous study found positive association
between levels of fungal DNA in dust in day care centers and FeNO in
day care center staff (Norbäck and Cai, 2015).

Our study has some strengths and limitations. One strength is that it
consisted of a random sample of schools, classrooms and students with-
in a defined area. However, the limited number of schools limits the ex-
ternal validity. Another strength is that dampness in the classroomswas
assessed by independent inspection by trained staff and moreover we
analysed fungal DNA as an objective marker of the amount of different
types of mould in the classrooms, and included adjustments for indoor
factors in the home environment. Finally, assessing not only question-
naire data on respiratory but also an objective marker of lower airway
inflammation (FeNO) is a strength of the study by limiting the problem
with recall bias.

Particles in indoor environments can be sampled by different
methods. We sampled dust by vacuuming of floors and upper horizon-
tal surfaces (desks and chairs). By vacuuming we can collect dust from
all parts of the classrooms and collect a wide range of particle size frac-
tions and we get enough dust to analyse different types of components.
The disadvantage is that some of the collected particles are large and
may not become airborne and thus not inhaled by the students.

We used the number of target copies per gram dust, as a proxy var-
iable for the exposure to mould in the classroom. One advantage with
molecular methods for detecting indoor mould is that a large number
of species can be detected irrespectively of the viability of the fungal
spores. A disadvantage is that there can be more than one target DNA
copy per cell, and the number of copies per cell can vary between fungal
species. However, the variation of number of target copies per cell is
most likely to result in a non-differential misclassification of the
mould exposure since it is unlikely that the number of target copies
per cell is related to the potential to cause adverse health effects. More-
over, varying extraction efficiency for different species, or for different
extraction methods, is another potential weakness of qPCR. The need
of optimizing the extraction method for fungal DNA has been demon-
strated for specific primers (Yamamoto et al., 2010) but the magnitude
of this problem is not known for universal DNA sequences.

The response rate was reasonable for a study including clinical tests.
All samples were analysed after questionnaire data was completed, and
environmental sampling was conducted the same week as the ques-
tionnaire study. Moreover, the students did not have any information
on the results of the environmental measurements when they an-
swered the questionnaires. Since Penang has a similar climate all year
around, ventilation flow or indoor levels of pollutants would be expect-
ed to be constant throughout the year. Thus we conclude that the study
was not seriously influenced by selection or information bias. However,
the cross-sectional study design limits the possibility to draw conclu-
sions on causality.
6. Conclusions

Our study found that respiratory symptoms were common among
the students and the elevated FeNO levels, even among students with-
out doctors' diagnosed asthma, indicate an ongoing lower airway in-
flammation. Dampness in the classroom and the mould Aspergillus
versicolor in schools in Malaysia can be risk factors for impaired
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respiratory health. More studies are needed on associations between
fungal exposure and respiratory health in the tropics.
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