
Short communication

Increased prevalence of atopy among children exposed to mold

in a school building

Background: The purpose of this study was to assess the occurrence of
immunoglobulin E sensitization to common environmental allergens (atopy)
and new allergic diseases among schoolchildren after starting school in a
water-damaged school building. The staff and pupils of a Finnish elementary
school with visible water damage and mold complained of respiratory and
skin symptoms. The school building was examined and widespread moisture
damage was found. A control school with no visible water damage was also
examined. No indication of exceptional microbial growth was found in the
samples taken from this school.
Methods: History of allergic diseases and the year of diagnosis were
established by a questionnaire. IgE antibodies to the common environmental
allergens were determined from randomly selcted groups from both schools.
Results: Elevated IgE values were signi®cantly more common among the
exposed children, as was the occurrence of new allergic diseases after the
children started at the school.
Conclusions: The odds ratios for the IgE values of the study groups indicated
a possible relationship between exposure to microorganisms and IgE
sensitization. Exposure to spores, toxins, and other metabolites of molds may
have complex results with unknown immunogenic effects that may act as a
nonspeci®c trigger for allergic sensitization leading to the development of
atopy.
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Respiratory symptoms including wheezing (1±4), asth-
ma (4, 5), and other respiratory diseases (6, 7) have
been found to be associated with exposure to molds
in water-damaged buildings. Atopy seems to be
increasing in industrialized countries, possibly because
of decreased infectious morbidity in childhood (8±10),
but current discussion also indicates that the cause is
multifactorial and still obscure. Little is known about
the effects of water damage in schools on respiratory
morbidity and allergy among schoolchildren,
although it seems that the quality of school environ-
ments may cause asthmatic symptoms or airway
in¯ammation (11, 12).

Our earlier study showed that exposure to molds in
a school building was associated with an increased
occurrence of respiratory symptoms and infections
among the exposed children (13). The aim of this

study was to examine cross-sectionally the possibility
of an association between immunoglobulin E
(IgE) sensitization (atopy) or reported new allergic
diseases and exposure to molds among children after
they started school in a water-damaged school
building.

Material and methods

Exposure

The staff and pupils of a Finnish elementary school (school E) with
visible water damage and mold complained of respiratory and skin
symptoms in 1994±5 (13).

In the spring of 1995, the building of school E was examined by
the Tampere Regional Institute of Occupational Health. The
examination revealed prolonged, marked, and widespread moisture
damage on all three ¯oors of the school, the most serious damage
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being found on the ground ¯oor, where visible mold and water on the
¯oor were observed. Representative microbiologic samples of the air
(Andersen 6-stage impactor) and building surfaces and materials
were collected. Several species of microorganisms indicating
moisture damage (Penicillium, Aureobacidium, Cladosporium,
Geotrichum, and Aspergillus) were identi®ed from the samples
taken from all three ¯oors. The most extensive growth was found in
samples taken from the ground ¯oor, especially from one classroom
(class X), where also the growth of mycotoxin-producing molds (e.g.,
Stachybotrus atra) was found. Because it is not possible to assess the
health risk in water-damaged buildings only on the basis of
microbiologic grading, the results of both investigations (technical
and microbiologic) were used to assess the extent and severity of the
moisture damage and to draw reliable conclusions also for
renovation purposes.

The same type of investigation was carried out in a control school
(school C) situated about 5 km from school E. School C is a single-
story building. No observation of moisture damage or any indication
of exceptional microbial growth was found in the samples taken from
this school.

The duration of the children's exposure in school E varied
according to the number of school years. The children who started
school in 1994 had had 1 year of exposure when the ®rst questionnaire
was answered, whereas the children in the sixth grade in 1994±5 had
been exposed for 6 years. The average exposure of all the children in
school E was 3 years. Children in class X were in the second grade in
the 1994±5 school year, and their exposure by the end of the school
year was 2 years. They had been in the same classroom on the ground
¯oor both years.

School E was renovated in the summer of 1995, and a new
investigation in the autumn of 1995 indicated that the renovation had
been successful and exposure to microorganisms had ceased.

Subjects and methods

A questionnaire was sent in September 1995 to the parents of the
schoolchildren (age range 7±12 years, in grades 1±6) (n=397)
attending school E and also to the parents of the schoolchildren of
the same age and same grades (n=192) who attended school C.
Altogether, 92% (365) of the parents of the exposed children from
school E and 92% (175) of the parents of the unexposed children from
school C answered the questionnaire. The study populations are
described in Table 1 (class X is described later in this section).

In May 1996, a second questionnaire was sent to the parents who
answered the ®rst questionnaire. Altogether, 303 in school E and 175
in school C responded. A history of allergic diseases (conjunctivitis,
rhinitis, and asthma) among the children and their ®rst-degree
relatives and the year of diagnosis were inquired about. The question
of reported allergic disease was as follows: ``Has your child had
allergic rhinitis, and, if so, when (what year) was it diagnosed?'' The
same type of question was asked for allergic conjunctivitis and
asthma. A corresponding question for allergy in the family was asked
so that only full siblings and biologic mothers and fathers were
included in the comparison. The comparison of allergic diseases
before and after the children started school, including the 1995±6
school year and the allergic diseases of relatives, was based on the
answers given in the second questionnaire. The number of new
allergies was determined from the data on children whose parents
reported that an allergic disease had been diagnosed in any year later
than the year their child had started school.

All the parents were asked for permission to take a blood sample
from their child for testing. The children were selected randomly
(®xed random sample) from those for whom permission was given so
that each ¯oor in school E, was equally represented. For school E,
12% of the parents refused, the percentage being under 10% for school
C. Blood samples were drawn from 69 children (19%) in the exposed
group and 50 children (29%) in the unexposed group.

After the responses to the ®rst questionnaire and the patients'
records were examined, respiratory symptoms and diseases were
found to be markedly commoner among children in class X (11).
Therefore, blood samples were also drawn for testing from 12 of the
14 children whose parents responded to the ®rst questionnaire and
who were not a part of the random sample (six children from class X)
of the entire school. The parents of two children refused to let their
children participate in the blood tests.

IgE antibodies to a mixture of 10 common environmental allergens
(birch, timothy, mugwort, horse, cat, dog, Dermatophagoides
pteronyssinus, Cladosporium herbarum, olive tree, and Parietaria
judaica) were determined with a multi-RAST screening test
(PhadiatopH, Pharmacia & Upjohn Diagnostics, Uppsala, Sweden)
(14). The children with elevated IgE values (i0.4) in the Phadiatop test
were then tested speci®cally for eight of the 10 allergens used in the test
and for three additional mold allergens (Penicillium notatum,
Aspergillus fumigatus, and Cephalosporium acremonium) (RAST,
Pharmacia & Upjohn Diagnostics, Uppsala, Sweden). Olive tree
and P. judaica, used in the Phadiatop test, were excluded from this
analysis because they do not exist in Finland.

Statistics

The statistical analysis was based on odds ratios (OR) and means
supported by 95% con®dence intervals (95% CI). The calculation was
done with CIA software, as described by Gardner & Altman (15).

A logistic regression analysis was used to determine the signi®cant
risk factors for elevated IgE values. The independent variables were
sex, pets at home, daily exposure to tobacco smoke, number of adults
at home, number of children at home, apartment building (type of
housing), recorded visits to a doctor, school, and reported allergy.
The calculations were done with SPSS/Win (Version 9.0) software.

Results

IgE values

Elevated IgE values were found in the Phadiatop test
for 40 (58%) of the exposed children and 17 (34%) of
the unexposed children. There was a signi®cant
difference when the distribution of the elevated
values in school E was compared with that of
school C (Table 2).

The distribution of speci®c IgE allergens was later
tested; 39% of the children in school E had antibodies
to animal allergens (cat, horse, or dog), 68% to
pollens, and 13% to house-dust mite. The correspond-
ing percentages for the children in school C were
69%, 87%, and 19%, respectively.

In our study, there was only one positive IgE
®nding for molds in school E (A. fumigatus), and two
children had positive IgE antibodies to molds in
school C; one child to three molds (C. herbarum, A.
fumigatus, and C. acremonium) and the other to two
molds (C. herbarum and A. fumigatus). IgE tests were
not available for all the molds found in the building
(e.g., Stachybotrus atra).

Reported allergy

According to the questionnaire, 37% of the exposed
and 39% of the unexposed children had a family
history of allergy (parents or full siblings). Altogether,
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17% of the children (21% of the boys and 13% of the
girls) in school E and 14% (14% of the boys and 13%
of the girls) in school C reported current or previous
allergic rhinitis, allergic conjunctivitis, or asthma
(Table 3). Reported allergic diseases before school
age were evenly distributed in the study groups; 7.9%
in school E and 7.6% in school C. When only new
allergic diseases after the children started school were
compared, the occurrence in school E was higher than
in school C.

Of the 20 children in school E and eight children in
school C who reported allergies and underwent the
Phadiatop test, 85% in school E and 87% in school C
had elevated IgE values (atopy).

In the logistic regression analysis, the risk of having
an elevated IgE value was 17 times higher for the
children who had reported an allergic disease and
three times higher for those going to school E. These
were the only signi®cant ®ndings in the analysis.

Results in class X

Fifteen of the 18 children (83%) had elevated IgE
antibodies (Table 2). The odds ratios of the elevated
Phadiatop levels were signi®cantly higher for class X
than for school C and for the rest of school E. These
®ndings suggested a relationship between different
levels of exposure to microorganisms and IgE
antibodies.

Altogether, 34% of the children in class X had a
family history of allergy; 33% were currently experi-
encing or had previously experienced allergic rhinitis,
allergic con-junctivitis, or asthma; and 11.1% had had
allergic diseases before school age (Table 3). New
allergic diseases after the children started school were
commoner in class X than in the rest of school E or
in school C. The difference was signi®cant when class
X was compared with school C, and almost
signi®cant (CI >90%) when class X was compared
with the rest of school E.

Discussion

To our knowledge, this study is the ®rst to report an
association between exposure to molds in a water-
damaged school and an increase in IgE sensitization
(atopy) among schoolchildren. Exposure to molds in
school as a consequence of exceptionally extensive
water damage was con®rmed by an examination of
the technical structure of the building and micro-
biologic measurements (13). The study groups were
comparable with regard to age, passive smoking,
previous allergic diseases, and ownership of pets.
However, the randomized subgroups for speci®c
IgE measurements differed slightly with regard to
confounders. According to the logistic regression
analysis adjusted for the known con-founders,
the only variables affecting the IgE levels
were reported allergic diseases and attendance in
school E.

There was no indication of selection with regard to
allergy in any of the study groups. A relationship
between the number of siblings and atopy has been
observed earlier, possibly because of more numerous
infections in larger families (10, 16). Although there
were more siblings among the unexposed children
than among the exposed children, a controlled
analysis of the confounders in the present study
indicated that the number of siblings had no

Table 2. Comparison of randomized study groups according to children's allergen-speci®c

IgE levels, when rated as negative (<0.4) or elevated

IgE level
OR

95% CINegative Elevated

School C 33 17 Reference

School E 29 40 2.68 (1.26±5.70)

Class X 3 15 9.71 (2.46±38.20)

Class X 3 15 1.42 (1.06±1.90)*

* Class X vs. rest of school E (class X not included in school E).

Table 1. Characteristics of exposed and unexposed groups according to ®rst questionnaire. Table includes only children whose parents answered both questionnaires

Questionnaire Randomized IgE group

School E School C Class X Random school E Random school C Class X blood test

Number 303 175 18 69 50 18

Boys/girls 146/157 86/89 11/7 39/30 24/26 11/7

Age range (Sept. 1994) (years) 7±12 7±12 8±9 7±11 7±12 8±9

Average age (Sept. 1994) (years) 8.24 8.76 7.82 8.26 8.7 7.77

Pets at home (%) 57 62 44 54 52 22

Moisture damage at home (%) 8.9 9.6 9.1 2.8 12 5.5

Daily exposure to tobacco (%) 3.9 3.4 5.6 1.4 4 5.5

Children in families (mean) 2.1 3.3 1.9 1.8 3.48 1.9

Residence in apartment building (%) 30 0 17 30 0 16

School E: children of exposed school; school C: children of control school; class X: children of most exposed class in school E.
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signi®cant effect on the results. IgE screening with
Phadiatop has been widely used in atopy screening,
and its reliability has proved to be good (14).

When the ®rst questionnaire was sent, the water
damage in school E was obvious, and the parents
were aware of it. This situation could have caused
bias and could have weakened the comparability of
the responses to the questionnaire between school E
and school C. However, the reported respiratory
infections did not differ from those in the patient
records at the local health center (13). There was also
a high correlation between reported allergic diseases
and elevated IgE values among the children belonging
to the randomized groups.

In epidemiologic studies, the occurrence of IgE-
mediated allergy to molds has varied because of the
lack of standardization of allergen extracts and
because of differences in the study populations (14,
17±21). An increase in IgE antibodies to molds has
been found among asthmatic children (18). In our
study, there was only one positive IgE ®nding for
molds in school E (A. fumigatus), and two children
had positive IgE antibodies to molds in school C; one
child to three molds (C. herbarum, A. fumigatus, and
C. acremonium) and the other to two molds (C.
herbarum and A. fumigatus). IgE tests were not
available for all the molds found in the building (e.g.,
Stachybotrus atra). Our results support earlier
observations and experience indicating that the
health effects of water-damaged buildings are not
caused by IgE-mediated allergy to microorganisms
but probably by other mechanisms (22).

The children exposed to molds in school E had
had, according to patient records, more respiratory
infections during the school year than the unexposed
children (13). This ®nding is similar to the results of
studies on the health effects of water damage in
residences (6, 7). There was a tendency toward a
greater occurrence of allergic diseases among the
exposed children during their school years (Table 3);
that is, during the same time that exposure to

microorganisms caused by moisture damage took
place. The occurrence of reported allergic diseases
before school was equal in both groups. Children in
class X, with heavier exposure, had a higher level of
IgE and tended to have more new reported allergic
diseases than the children from other classes of school
E.

These ®ndings suggest a potential relationship
between exposure to molds and both the level of
IgE sensitization to common environmental aller-
gens (atopy) and the occurrence of new reported
allergic diseases in children of water-damaged school
buildings.

Our results indicate that the individual suscept-
ibility of exposed subjects may be in¯uenced by
several factors associated with mold exposure; for
example, inhaled mycotoxins or volatile organic
compounds, which may, in some complex way,
affect the immune response (22, 23±27).

Long-term exposure to spores, toxins, and other
metabolites of molds may have complex properties
with unknown immunogenic effects that may act as
a nonspeci®c trigger for allergic sensitization
(development of atopy). The potential immunogenic
role of mycotoxins and other volatile organic
compounds of molds on IgE sensitization should be
investigated. The follow-up of the study groups after
the renovation of the school building and the
cessation of the mold exposure may give more
information on the development of atopy and allergic
diseases.
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Table 3. Reported allergic diseases in study groups

Study

groups

Total number

of children

Reported allergies before

starting school
OR

(95% CI)

New occurrences after

starting school
OR

(95% CI)% n % n

School C 175 7.6 14 Reference 5.5 10 Reference

School E 303 7.9 24 0.99 (0.50±1.97) 9.2 28 1.61 (0.80±3.57)

Class X 18 11.1 2 1.44 (0.30±6.90) 22.2 4 5.05 (1.37±18.5)

Class X 18 11.1 2 1.49 (0.32±6.92)* 22.2 4 3.32 (0.99±11.1)*

* Class X vs rest of school E (class X not included in school E).

Savilahti et al.

178



References

1. WAEGEMAEKERS M, vAN WAGENINGEN N,
BRUNEKREEF B, BOLEIJ SM. Respiratory
symptoms in damp homes. Allergy
1989;44:192±198.

2. STRACHAN DP. Damp housing and
childhood asthma: validation of
reporting of symptoms. BMJ
1989;297:1223±1226.

3. SPENGLER J, NEAS L, NAKAI S, et al.
Respiratory symptoms and housing
characteristics. Indoor Air 1994;4:
72±82.

4. MAIER W, ARRIGHI H, MORRAY B,
LLEWELLYN C, REDDING G. Indoor risk
factors for asthma and wheezing among
Seattle schoolchildren. Environ Health
Perspect 1997;105:208±214.

5. PLATT SD, MARTIN CJ, HUNT SM, LEWIS

CW. Damp housing, mold growth and
symptomatic health state. BMJ 1989;
298:1673±1678.

6. BRUNEKREEF B, DOCKERY DW, SPEIZER

FE, WARE JH, SPENGLER JD, FERRIS BG.
Home dampness and respiratory
morbidity in children. Am Rev Respir
Dis 1989;140:1363±1367.

7. DALES RE, ZWANENBURG H, BURNETT R,
FRANKLIN C. Respiratory health effects
of home dampness and molds among
Canadian children. Am J Epidemiol
1991;134:196±203.

8. SHIRAKAWA T, ENOMOTO T, SHIMAZU SI,
HOPKIN JM. The inverse association
between tuberculin response and atopic
disorders. Science 1997;275:77±79.

9. MATRICARDI PM, ROSMINI F, FERRIGNO

L, et al. Cross sectional retrospective
study of prevalence of atopy among
Italian military students with antibodies
against hepatitis A virus. BMJ
1997;314:999±1003.

10. BODNER C, GODDEN D, SEATON A.
Family size, childhood infections and
atopic diseases. Thorax 1998;53:28±32.

11. SMEDJE G, NORBACK D, EDLING C.
Asthma among secondary school-
children in relation to the school
environment. Clin Exp Allergy 1997;
11:1270±1278.

12. RYLANDER R, NORRHALL M, ENGDAHL U,
TUNSATER A, HOLT PG. Airways
in¯ammation, atopy, and (1±>3)±beta-
D-glucan exposures in two schools. Am
J Respir Crit Care Med 1998;
158:1685±1687.

13. SAVILAHTI R, UITTI J, LAIPPALA P,
HUSMAN T, ROTO P. Respiratory
morbidity among children after the
renovation of a water damaged school
building. Arch Environ Health 2000;
55:405±410.

14. ERIKSON NE. Allergy screening with
PhadiatopH and CAD PhadiatopH in
combination with a questionnaire in
adults with asthma and rhinitis. Allergy
1990;45:285±292.

15. GARDNER MJ, ALTMAN DG, editors.
Statistics with con®dence ± con®dence
intervals and statistical guidelines.
London: British Medical Journal, 1989.

16. VON MUTIUS E, MARTINEZ FD, FRITSCH

C, NICOLAI T, REITMEIR P, THIEMANN

HH. Skin test reactivity and number of
siblings. BMJ 1994;308:692±695.

17. BURGE HA. Fungus allergens. Clin Rev
Allergy 1985;3:319±329.

18. KOIVIKKO A, VIANDER M, LANNER AÊ . The
use of the extended Phadebas RASTH

panel in the diagnosis of mold allergy in
asthmatic children. Allergy 1991;
46:85±91.

19. BURR ML, MULLINS J, MERRETT TG,
STOTT NCH. Indoor molds and asthma.
J R Soc Health 1988;108:99±101.

20. DOTTERUD LK, VORLAND LH, FALK ES.
Mold allergy in schoolchildren in
relation to airborne fungi and
residential characteristics in homes and
schools in northern Norway. Indoor Air
1996;6:71±76.

21. TASKINEN T, MEKLIN T, NOUSIAINEN M,
HUSMAN T, NEVALAINEN A, KORPPI M.
Moisture and mold problems in schools
and respiratory manifestations in
schoolchildren: clinical and skin test
®ndings. Acta Paediatr 1997;86:
1181±1187.

22. HUSMAN T. Health effects of indoor-air
microorganisms. Scand J Work Environ
Health 1996;22:5±13.

23. FLANNIGAN B, MCCABE EM, MCGARRY

F. Allergenic and toxigenic micro-
organisms in houses. J Appl Bacteriol
Symp Suppl 1991;70:61±73.

24. HENDRY KM, COLE EC. A review of
mycotoxins in indoor air. J Toxicol
Environ Health 1993;38:183±198.

25. JOHANNING E, BIAGINI R, HULL D,
MOREY P, JARVIS B, LANDSBERGIS P.
Health and immunology study
following exposure to toxigenic fungi
(Stachybotrus chartarum) in a water-
damaged of®ce environment. Int Arch
Occup Environ Health 1996;68:
207±218.

26. GARRETT MH, HOOPER BM, RAYMENT

PR, ABRAMSON MJ. Increased risk of
allergy in children due to formaldehyde
exposures in homes. Allergy 1999;54:
330±337.

27. TARKOWSKI M, GORSKI P. Increased IgE
antiovalbumin level in mice exposed to
formaldehyde. Int Arch Allergy
Immunol 1995;4:422±424.

Atopy and molds

179


