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Abstract
Objectives: The aim of this study was to describe the relationship between mould exposure induced by moisture damage and 
mould specifi c immunoglobulin G antibodies to 20 common mould species and their association with respiratory diseases. 
Materials and Methods: Mould specifi c immunoglobulin G (IgG) antibodies were monitored in teachers in a follow-up 
after an extensive mould remediation process in school buildings. IgG antibodies to 20 different microbes were determined 
from the sera of 26 teachers (19 exposed and 7 references) by enzyme-linked immunosorbent assay (ELISA). The serum 
samples were drawn twice, fi rstly at the completion of the remediation in the spring of 1997 and secondly, two years later 
in the spring of 1999. Health data was collected with self-administered questionnaires. Results: No statistical differences 
were found in the overall concentrations of 20 mould-specifi c IgG-antibodies between the study and control groups at the 
beginning of the study. An association between sinusitis and elevated mould-specifi c IgG-levels for Aspergillus fumigatus, 
Aspergillus versicolor, Aureobasidium pullulans, Chaetomium globosum, Cladosporium cladosporioides, Phialophora bubakii, 
Rhodotorula glutinis, Sporobolomyces salmonicolor, Stachybotrys atra, and Tritirachium roseum was found in the study group. 
Conclusions: In a two-year follow-up the total concentration of the IgG antibodies for Tr. toseum was lower at the end 
than at the beginning of the follow-up and this remained signifi cant for the group of teachers with sinusitis. The decrease 
in mould specifi c IgG to Cl. cladosporioides, Geotrichum candidum, Ph. bubakii and Rhizopus nigricans was associated with 
bronchitis. According to our knowledge, this is the fi rst study in which the association between elevated mould specifi c IgG 
antibodies and sinusitis was found in the school environment.
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INTRODUCTION

Exposure in moisture and mould damaged buildings 
has recently received public attention because of the 
increased risk for respiratory, irritative and allergic symp-

toms reported among both adults [1–13] and children 
[14–18]. Excess moisture-related problems are common 
in the modern building stock and a conservative estimate 
on the prevalence of such observations is approximately 
23% in Finnish residences [8], slightly varying prevalence 
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estimates being presented in different studies [2,7]. Mois-
ture problems have also been observed in schools and 
other public buildings. The association between moisture 
damage exposure and health is well documented, but 
the causal links between the exposing agents and ad-
verse health effects are still poorly understood. Also the 
pathophysiological mechanisms are to be revealed. The 
health fi ndings are mostly unspecifi c by their nature and 
therefore, diagnostic tools for detecting mould-associated 
health problems are urgently needed. Specifi c identifi ca-
tion of the link between health fi ndings and the building-
related pollution sources would improve the diagnostics of 
such illnesses and help their prevention and remediation. 
In search of relevant approaches to characterize the expo-
sure, the mould specifi c IgG antibodies would provide a 
direct link between environmental exposure to microbes 
and the human body, which is the target of this exposure. 
Serum mould specifi c immunoglobulin G antibodies (IgG) 
have been used as a marker of mould exposure in occupa-
tional environments with massive microbial exposures 
(105–106cfu/m3 of viable microbes) such as agriculture [19] 
and sawmills [20]. In indoor environments the microbial 
levels are much lower, usually in the range of 101–103 cfu/
m3 of viable fungi in homes and offi ces [21]. In a school 
environment, the levels of airborne fungi may be even 
lower [15]. However, measurements carried out especially 
in moisture-damaged school buildings revealed slightly el-
evated fungal concentrations and different fungal genera 
compared to “non-damaged” school buildings, including 
a large variety of fungi in the indoor air [15,22–24). It has 
not been previously reported whether mould-specifi c IgG 
antibodies in teachers could refl ect a possible relationship 
with school building-related exposure to moulds.
The aim of this study was to describe the relationship 
between mould exposure induced by moisture damage 
and mould specifi c immunoglobulin G antibodies to 20 
common mould species and their association with respira-
tory diseases. The study is a part of an intervention study 
carried out in a school building that underwent a thorough 
remediation of moisture and mould damage. The details 
of the overall approach of the intervention and associated 
studies have been reported by Haverinen et al. [16]. The 

health status of the teachers was surveyed repeatedly 
during the remediation process of the school building. 
The follow-up included repeated measurements of mould 
specifi c IgG antibodies right after the completion of the 
repairs and two years thereafter.

MATERIALS AND METHODS

Structural engineering study of the school buildings
The school center under study is a complex of three school 
buildings used by primary, secondary and high schools, lo-
cated in a small town in central Finland. In the spring of 
1996, the three buildings of the school center were fi rst 
inspected by performing visual investigation, recording 
the signs of mould growth, environmental measurements 
(including temperature and moisture measurements from 
specifi c locations) and structural openings. Exposure as-
sessment was continued with microbial sampling of indoor 
air, surfaces and damaged building materials. Based on 
those investigations, two of the school buildings, i.e., the 
secondary and high school buildings were considered 
as moisture-damaged (index) buildings and the primary 
school building as a non-damaged (reference) building.
The aim of the remediation process was to eliminate the 
causes of moisture damage and to replace the materials 
contaminated by mould. No major repairs were made in 
the reference building.

Microbial sampling
Indoor air microbes were collected with a six-stage impac-
tor (Andersen 10–800) [25] from classrooms, halls and 
personnel rooms during school days when the buildings 
were occupied. Samples for fungi were taken on 2% malt 
extract agar (MEA) and dichloran 18% glycerol agar 
(DG18), and samples for bacteria on tryptone glucose 
yeast (TGY) agar. Sampling campaigns were carried out 
before and after the intervention, and during a three-year 
follow-up. Indoor/outdoor (I/O) ratio of fungal concentra-
tions was used to evaluate differences between the three 
campaigns. Sampling time was 10 min and the detection 
limit (DL) 4 cfu/m3. Fungi were incubated for 7 days at 
25oC and then identifi ed morphologically mainly to genus. 
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Bacteria were incubated for up to 14 days at about 20oC. 
The number of actinomycetes was counted after 14 days 
of incubation and that of other bacteria after 5 days of 
incubation. Detection of actinomycete colonies was based 
on their dry, actinomycete-like appearance.

Symptom questionnaire study
The health data of the teachers (n = 44) working in the 
three school buildings were collected with a self-admin-
istered questionnaire. The survey was repeated three 
times, in the spring of 1996 before the remediation, in the 
spring of 1997 after remediation and two years later in the 
spring of 1999. The questionnaire based on the Örebro 
questionnaire (MM40) [26] and the Tuohilampi set of 
questionnaires [27] included 70 questions on general and 
irritation symptoms (15 questions), respiratory infections 
(7 questions), allergy (3 questions) and medical treatment 
(2 questions). Of the 44 teachers, 26 were eligible for the 
study. The group consisted of 19 females and 7 males, 
including 3 smokers (mean age of 45 years). Mean dura-
tion of employment at school was 15 years. Five teachers 
reported moisture problems at home, and fi ve teachers 
had diagnosed asthma.

Determination of serum immunoglobulin G antibodies
Serum samples for the mould-specifi c immunoglobulin G 
(IgG) antibody measurements were available for 26 (60%) 
teachers, of whom 19 worked in the index and 7 in the 
reference schools. The serum samples were drawn twice, 
fi rstly at the completion of the remediation in the spring 
of 1997 and secondly, two years later in the spring of 1999. 
The serum samples were stored at a freezer (-20° C) until 
all the serum samples were collected.
Serum IgG antibodies to 20 different microbes were deter-
mined by enzyme-linked immunosorbent assay (ELISA). 
The microbes in question were Aspergillus (A.) fumigatus, 
A. umbrosus, A. versicolor, Aureobasidium pullulans, Ceph-
alosporium curtipes, Chaetomium globosum, Cladosporium 
cladosporioides, Fusarium avenaceum, Geotrichum candi-
dum, Paecilomyces variotii, Penicillium brevicompactum, 
Phialophora bubakii, Phoma macrostoma, Rhizopus nigri-
cans, Rhodotorula glutinis, Sporobolomyces salmonicolor, 

Stachobotrys atra, Streptomyces albus, Trichoderma viride 
and Tritirachium roseum. The microbes were selected to 
represent internationally recognized fungi indicative of 
moisture-damaged buildings [24] and other microfungi 
common in Finnish buildings [21,28,29]. Before manufac-
turing fungal antigen extracts, the identifi cation of fungal 
species was confi rmed by a reference laboratory.
The microbial strains were grown on agar plates at +25oC 
for seven days to obtain spores and hyphal fragments for 
transferring into peptone broth (2% malt extract, 1% 
mycological peptone and 4% glucose in sterile water). 
The purity of each inoculated isolate was verifi ed before 
the transfer. After incubation for seven days at +25oC in 
cell culture bottles (Roux), microbial mass was separeted 
from culture fl uid by fi ltering and subsequent washes with 
phosphate bufferd saline (PBS). The microbial yield in 
PBS (1:1, v/v) was then autoclaved, homogenized and 
ultrasonicated. The homogenates were centrifuged for 30 
min at 23 300 g with a cooled centrifuge. After fi ltration 
through a 0.45 µm fi lter, the supernatants were stored at 
-70oC until use. Each microbial extract was serially diluted 
and used as capture antigen in ELISA using IgG positive 
sera diluted 1:100 and alkaline phosphatase conjugated 
goat anti-human IgG as detecting antibody in order to get 
optimal dilution for each antigen for further use in ELI-
SA. The antibody determination of the samples was made 
as a one set. For the laboratory analyses, the order of the 
samples from the index and reference schools was mixed 
and analyzed blinded in random order.
The 96-well microtiter plates (Nunc MaxiSorpTM, Roskil-
de, Denmark) were coated with 200 µl/well of the antigen 
extract in PBS (pH 7.4), incubated at +20oC over night, 
and then washed three times with deionized water. Serum 
samples diluted 1:100 in 10% fetal bovine serum (FBS) in 
PBS were added in a volume of 200 µl/well and the plates 
were incubated at +37° C for 2 h. After washing the wells 
twice with 0.05% Tween-20 in PBS and once with deion-
ized water, alkaline phosphatase conjugated goat antihu-
man IgG (Daco) was added in a volume of 200 µl/well 
at washed, as described earlier, and incubated with 200 
µl/well of substrate solution, 1 mg/ml p-nitrophenylphos-
phate (Sigma, Glostrup, Denmark) in diethanolamine-
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MgCl2 buffer (Reagena Ltd, Kuopio, Finland) at 37oC for 
30 min. The reaction was stopped with 100 µl/well of 2M 
NaOH, and the absorbances were measured at a wave-
length of 405 nm with a spectrophotometer (Labsystems 
Multiscan MS200, Helsinki, Finland).
The pooled positive control serum diluted 1:100 was in-
corporated on each plate as an interplate calibrator. The 
levels of microbe specifi c IgG are expressed as absorban-
ces at a wavelength of 405 nm.

Ethics
All the studied individuals were volunteers. The study 
protocol was approved by the Ethical Committee of the 
Kuopio University Hospital.

Statistical analysis
Mann-Whitney U test was used to test the differences be-
tween indoor-outdoor (I/O) ratio of the microbial concen-
trations. The absorbance values of the mould specifi c IgG 
antibodies were not normally distributed and therefore 
non-parametric tests were used and data were described 
with medians. Wilcoxon`s test and Mann-Whitney U test 
were used to compare absorbance values of mould specifi c 
IgG values between the teachers of index and reference 
schools and in the follow-up to analyze the change in ab-
sorbance values. The differences in the occurrence of the 
dichotomous symptoms and infection variables between 
index and reference groups were tested with chi-square 
test and Fisher’s exact test. The SPSS statistical package 
was used for all analyses [30].

RESULTS

The summary of microbes detected from the buildings 
during the three different sampling campaigns is shown 
in Table 1. The airborne concentrations of fungi varied 
from 4 to 357 cfu/m3. Concentrations of fungi in samples 
of damaged materials varied between below the limit of 
detection (<45 cfu/g) and 22 000 000 cfu/g. The number 
of various fungal types in the index school was initially 27, 
and it decreased to 17 and 12 after the remediation and 
follow-up. The corresponding numbers for the control 
school were 18, 10 and 5.

The I/O ratio of concentrations of viable fungi are shown 
in Table 2. It was signifi cantly higher (p = 0.005) in the 
index schools (1.46) than in the control school (0.33), but 
after remediation the values reverted to almost the same 
level (0.70–0.86), and I/O ratio of the two most common 
fungi, Penicillium and Cladosporium, decreased.
To sum up the health fi ndings, fi ve teachers (26%) in the 
index group had diagnosed asthma; seven (37%) reported 
one or more episodes of sinusitis; fi ve (26%) reported one 
or more episodes of bronchitis; fi fteen (79%) reported al-
lergic rhinitis; and three (19%) clinical atopy during the 
twelve months before the remediation. After remediation 
and in the three-year follow-up no new cases of asthma 
were recorded. The number of teachers with sinusitis 
decreased to two (11%) after remediation and to one 
(5%) in the follow-up, with bronchitis to zero and to one 
(5%), and with symptoms of allergic rhinitis to nine (47%) 
in both periods. All the exposed participants complained 
about hoarseness. Of the seven reference teachers, none 
reported asthma and the numbers of individuals with 
other symptoms were: three with sinusitis, one with bron-
chitis, four with symptoms of allergic rhinitis, one with 
atopic eczema and fi ve with hoarseness.
IgG-antibody concentrations at the beginning of the study 
(1997) in the index and reference groups are shown in 
Table 3. Also in Table 3 there are shown the IgG con-
centrations of the index group with and without infection 
episodes and symptoms of allergic diseases during the 
previous twelve months. At the beginning of this study, no 
statistical differences were found in the overall concentra-
tions of mould-specifi c IgG antibodies between the index 
and reference groups.
The teachers of the index school with reported episodes 
of sinusitis during the previous 12 months had signifi cantly 
higher mould-specifi c IgG levels to 10 moulds than those 
without sinusitis. These 10 moulds were A. fumigatus, A. 
versicolor, Au. pullulans, Ch. globosum, Cl. cladosporioides, 
Ph. bubakii, Rh. glutinis, S. salmonicolor, St. atra, and Tr. 
roseum.
The teachers of the index school with symptoms of al-
lergic rhinitis had higher IgG-levels to Rh. glutinis and S. 
salmonicolor than the teachers without these symptoms. 
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Table 1. The presence of microbes in air (x) and material (o) samples collected from the studied schools

Mould

Index school Reference school

1996
Before 

remediation
(na = 9,
nm = 9)

1997
After

remediation
(na = 11)

2000
After follow-

up
(na = 10)

1996
Before 

remediation
(na = 6,
nm = 1)

1997
After 

remediation
(na = 6)

2000
After follow-

up
(na = 3)

Acremonium
Aspergillus

A. fumigatus
A. niger
A. penicillioides
A. versicolor

Aureobasidium
Botrytis
Chaetomium
Chrysosporium
Cladosporium
Eurotium
Geomyces
Geotrichum
Gonatorrhodiella
Oidiodendron
Olpitrichum
Paecilomyces
Penicillium
Phialophora
Rhinocladiella
Rhizopus
Sphaeropsidales
Non-sporing
Trichoderma
Tritirachium
Ulocladium
Wallemia
Yeasts
Actinomycetes
Other bacteria

x o
x o
x o
x

x o
x
x
o

x o
x o
x o
x

o
x o
x o
x o
o

o
x o
x o
x o
o
x
x

x o
x o
xo

x
x

x
x

x

x

x
x

x
x

x
x

x
x
x
x
x

x

x
x

x
x
x

x
x

x

x
x
x

x
x
x

x
x
x

x
x
x
x
x

o

x

x

x
x
x

xo

x
x

x

x

x

x

x
x
x
x

x
x

x

x

x

na –number of air samples.
nm – number of material samples.

Table 2. Indoor-outdoor (I/O) ratio and geometric mean concentration of the airborne fungi, cfu/m3

 1996
Index building

(n = 9)

1997
Index building

(n = 11)

1996
Reference building

(n = 6)

1997
Reference building

(n = 8)

Total 1.46 (123) 0.70 (74) 0.33 (245) 0.86 (21)

Penicillium 1.95 (13) 0.54 (28) 0.95 (33) – (3)

Cladosporium 1.71 (15) 0.40 (5) 0.27 (65) – (0.6)

Yeasts 1.28 (14) 1.38 (21) 1.62 (8) – (3)

A. versicolor – (2) – (0) – (0.7) – (0)

A. fumigatus – (1) – (0) 0.48 (0.8) – (0)

Trichoderma – (0.6) – (0.3) – (0) – (0)

Not detected from outdoor air (–).
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There were no such differences in IgG concentrations in 
respondents with bronchitis and atopic eczema.
The initial total concentrations of IgG antibodies and IgG 
changes in the index group at the end of the follow-up 
are shown in Table 4. In the two-year follow-up, the IgG-
antibody concentration for Tr. roseum was signifi cantly 
lower than that at the beginning of the study. In the refer-
ence group there were no signifi cant changes (data not 
shown).
The change in the antibodies to Tr. roseum remained 
statistically signifi cant among the teachers of the index 
schools with one or more episodes of sinusitis; those with 
self-reported bronchitis during the previous 12 months in 
the initial phase of the study showed signifi cant decrease 
in IgG antibodies to Cl. cladosporioides, G. candidum, Ph. 
bubakii and R. nigricans and those with atopic eczema to 
R.nigricans and G. candidum.
As for teachers with allergic rhinitis in the follow-up, there 
were no changes in either group.
Gender or having asthma did not make any difference in 
the IgG levels in teachers of both groups at the beginning 
of the study or in the follow-up (data not shown). At the 
beginning of the study there were no signifi cant differ-
ences between the groups in the age, gender distributions, 
prevalence of smoking, years at school or self-reported 
moisture or mould problems at home.

DISCUSSION

Earlier studies have shown a clear association between 
high fungal exposure and elevated IgG antibodies to 
certain moulds [19,20,31]. Elevated mould-specifi c IgG 
antibodies have been associated with a disease, such as 
farmer’s lung but also with no mould-related disease, thus 
being rather a marker of exposure [32].
A signifi cant association between episodes of sinusitis and 
elevated mould specifi c IgG antibodies was found among 
teachers working in the moisture-damaged buildings. These 
subjects had higher levels of IgG-antibodies to 10 of 20 
moulds tested. Eight of the ten microbes were also isolated 
from the building, either in material or indoor air samples. 
An increased occurrence of sinusitis has been frequently 

connected with exposure to moisture or mould [11], but the 
association with IgG antibodies has not been previously re-
ported. Futhermore, the decrease in IgG antibodies for four 
moulds were signifi cant in the two-year follow-up among the 
exposed teachers with episodes of bronchitis before the re-
mediation. Increased episodes of bronchitis have also been 
connected with indoor moisture and mould problems [8]. It 
has been shown earlier that long-term exposure to indoor 
environments with moisture problems may increase the risk 
for hyperreactivity of the upper airways among teachers [33]. 
This acquired hyperreactivity may persist over years and its 
decrease is very slow even after taking successful remedial 
measures [34]. Infl ammation and swelling of the mucosa 
during sinusitis or bronchitis increase its permeability to 
any external exposure and may promote the exposure. On 
the other hand, mould exposure and related immunologi-
cal response may affect immunoresponses against common 
infective agents. The causative agents of sinusitis or bron-
chitis are assumed to be common respiratory pathogens, but 
usually they are found in the environment. Thus, sinusitis or 
bronchitis associated with exposure to indoor moulds may 
be a result of a still unknown chain of events between expos-
ing agents and the immune defence system of the host.
Symptoms of allergic rhinitis were common in the exposed 
group with the prevalence of 79%. The IgG antibodies 
for Rh. glutinis and S. salmonicolor were signifi cantly 
higher among the exposed subjects with allergic rhinitis 
than among those without it. The antibodies to those two 
moulds were also elevated among the exposed subjects 
with sinusitis. While sinusitis and allergic rhinitis are often 
found in the same patients, no association between these 
conditions and elevated IgG antibodies has previously 
been reported.
The association between atopic eczema and mould expo-
sure has not been emphasized in previous studies reported 
in the literature. It is evident that all irritants, including 
mould spores may worsen the symptoms of acute eczema. 
Atopic skin is more permeable to exposing agents because 
of the altered lipid concentration structure of the skin, 
and especially in the acute phase of eczema the skin is less 
protected to airborne dust exposure, which may possibly 
lead to IgG activation.
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An exceptionally large number of asthma cases were found 
in the index group; three of them had been diagnosed as an 
occupational disease induced by mould exposure, and all the 
asthmatic teachers were under regular medication. How-
ever, the levels of IgG antibodies to moulds did not differ 
between asthmatic and non-asthmatic teachers. In earlier 
studies, a preventive effect of smoking on IgG antibodies has 
been reported [35], but this fi nding was not confi rmed in this 
study. Females have been suggested to have higher mould 
specifi c IgG antibodies than males [36], but the number of 
males in this study was too small to draw any conclusions.
Overall concentrations of IgG antibodies to 20 moulds in 
the teachers of the index and reference schools did not 
differ. Similar fi ndings have recently been reported in 
school children [37–39]. These microbes can also be found 
in other environments, outdoors or in other buildings. 
Similarities in the presence of airborne indicator of fungi 
in index and reference schools before and shortly after 
remediation suggest certain resemblance of microbial 
exposure, which may obscure the differences in teachers’ 
antibody fi ndings in these particular schools.
During the two-year follow-up, IgG antibodies to Tr. 
roseum decreased signifi cantly among the index group 
and even more specifi cally among those individuals who 
had reported previous episodes of sinusitis. Tritirachium is 
an unusual mould found occasionally in indoor air and its 
health effects are practically unknown except for two iso-
lations in clinical case reports [40,41]. However, the genus 
of this mould often grows on moisture damaged materials, 
most frequently in paints and glues but also occasionally 
on wood, mineral insulation, gypsum boards or plastics 
[42]. In one of the index schools examined, Tr. roseum was 
found in one material sample before the remediation, thus 
being a possible source of this fungus.
This is a pilot study, where the association between el-
evated concentrations of mould specifi c IgG antibodies 
and respiratory infections has been found in mould-ex-
posed employees in damaged school buildings. The study 
population was small but the differences were detectable 
and statistically signifi cant. More understanding is needed 
on the pathophysiological mechanism and infl ammatory 
processes occurring in common respiratory infections dur-
ing mould exposure.
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