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Health effects of indoor-air microorganisms

by Tuula Husman, DriedSci

Husman T. Health effects of indoor-air microorganisms. Scand J Work Environ Health 22;1:5—13.

The review provides a summary and discussion of current data on exposure to indoor-air microorganisms and
their health effects, for example, respiratory irritation and nonspecific symptoms, respiratory infections, asthma
and allergy, alveolitis and organic dust toxic syndrome, and chronic bronchitis, as well as a summary and

discussion of the health effects of mycotoxins.
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Indoor air complaints are one of today’s most common
problems in the communal surveillance of environmen-
tal health and in the occupational health care provided
for offices, day care centers, and schools. Even hospitals
and retirement homes have similar problems. The variety
of indoor-air problems include insufficient ventilation,
excess temperature and dry air, draft, emission of chemi-
cals from construction materials (eg, formaldehyde, sty-
rene and volatile organic compounds), inorganic dusts,
mites, and, finally, microbial growth caused by water
damage or dampness in construction. The objective of
this presentation is to summarize the current knowledge
on the health effects of indoor-air microorganisms, as
shown in epidemiologic research, and briefly review the
pathophysiological processes behind these health effects.
The health effects of mites, bacterial endotoxins, and
algae have been excluded from this paper.

Exposure

In real life, the health effects of indoor-air exposure are
always caused by a mixture of physical, chemical, and
biological factors. Temperature, relative humidity, ex-
tensive cold or hot surfaces, and draft affect the percep-
tion of indoor-air quality and modify the effects of chem-
ical and microbiological contaminants. In buildings with
moisture and microbiological problems, the exposure is
probably a complex mixture of microorganisms and both
organic and inorganic dust and volatile chemicals. In
epidemiologic research, it is practically impossible to
distinguish between the effects of various exposures, and
thus the exposure is often defined as damp housing or as

water-damaged buildings than more specifically as mold
or microorganisms. In practical situations of risk assess-
ment, it is necessary to quantify both the exposure and
the effect, and still some amount of uncertainty remains
when causal relationships and the health risks are esti-
mated. A considerable number of epidemiologic studies
on indoor-air problems has been published without prop-
er evidence of exposure.

The human organism reacts to the exposing agent in
a nonspecific way, and the reactions are similar no mat-
ter whether the exposure in question is a chemical, inor-
ganic dust, or biological agent, such as microorganisms.
In only a few cases is the response specific to certain
microorganisms or even to a group of microorganisms.
These specific responses can be proved only through
experimental exposure.

Fungi are eukaryotic organisms that have both sexual
and asexual reproduction mechanisms, and they produce
spores in one or both of the reproductive life cycles.
Spores, mycelia, and organic compounds released by the
microbial colony can be harmful to health. Fungi are
ubiquitous with species found in the soil and vegetation.
Their spores are common even in indoor environments
and in any construction material. Actinomycetes are soil
bacteria that form spores and mycelia and grow under
environmental conditions similar to those of fungi. Most
of the studies reviewed in this article concern the health
effects of mold and actinomycetes.

The most common outdoor molds are Cladosporium,
Aspergillus, Penicillium, Alternaria, Candida, Botrytis,
and Helminthosporium. The most prevalent indoor molds
in nonproblem houses are Penicillium, Aspergillus, and
Cladosporium (1). In Nordic countries, Cladosporium is
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the most common mold in outdoor air, while the concen-
trations of Alternaria are much lower than in middle
Europe. Actinomycetes are found only in small amounts
in outdoor air samples in Finland. Outdoor air is the most
important source of fungi in normal indoor air.

When a building is damaged by moisture or water
leakage the aforementioned common microorganisms are
replaced by mold and other microorganisms requiring
higher water activity in the growth media. The occur-
rence of these microorganisms in indoor air, on surfaces,
or in construction indicates water damage or abnormal
moisture in the construction. The airborne concentra-
tions of these mold spores are not necessarily high in
water-damaged buildings, but sometimes even low con-
centrations of unusual species provide a hint of hidden
mold growth in the building. A list of indicator microor-
ganisms typical of water-damaged buildings (table 1)
was given in 1992 by an expert group in an international
workshop held in Baarn, The Netherlands (2).

Health effects of indoor-air microorganisms

In this review, the health effects of indoor-air microor-
ganisms, mold, and actinomycetes have been divided
into the following five categories: (i) irritative symp-
toms, (ii) respiratory infections, (iii) allergic diseases,
(iv) alveolitis and organic dust toxic syndrome (ODTS),
and (v) other chronic pulmonary diseases (eg, chronic
bronchitis). These categories are artificial and partly
overlapping, and it may be difficult to distinguish be-
tween symptoms and diseases, (eg, nasal congestion and
excretion from common cold or flu, prolonged cough
and phlegm production from chronic bronchitis, or chest
tightness and wheezing from asthma). The definitions of

Table 1. Microorganisms indicating moisture or health problems
in relation to air samples or surfaces of a building (2).

Condition required Microorganism

High water activity (a,, > 0.90—0.95) Aspergillus fumigatus
Trichoderma
Exophiala
Stachybotryst
Phialophor
Fusariuma
Ulocladium

Yeasts (Rhodotorula)
Actinomycetes

Gram negative bacteria
(e.0. Pseudomonas)

Moderate water activity (0.90 > a, > 0.85) Aspergillus versicolor:

Lower water activity (a, < 0.85) Aspergillus versicolor:
Eurotium
Wallemia
Penicillia (eg,
Penicillia chrysogenum,
Penicillia aurantiogriseum®)

2 Important toxigenic microorganisms.
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diseases and symptoms vary in different studies and dif-
ferent countries and languages, but, in spite of these
differences, the aforementioned outcome measures form
a picture of numerous adverse health effects associated
with indoor-air microorganisms.

Irritative and nonspecific symptoms

Several irritative symptoms have been described among
residents in water-damaged and damp buildings. The
most prevalent symptoms are irritation of the respiratory
tract and the eyes (3, 4). In a Canadian study of almost
15 000 respondents, dampness and mold problems were
categorized into the following four groups: moisture,
mold or mildew, flooding, and both dampness and mold.
Dampness and mold were associated with several respi-
ratory symptoms, eye irritation, and chronic respiratory
disease (4).

In The Netherlands, Brunekreef and his co-workers
found exposure to mold to be associated mainly with
lower respiratory symptoms, cough and phlegm produc-
tion, and wheezing among 3 344 adult respondents (5).
Similar findings had been previously published by
Waegemaekers et al for a smaller material (6).

In Sweden, a cross-sectional study of 26 houses with
problems with dampness and mold and 21 reference
buildings showed statistically significant associations be-
tween the exposure and upper and lower respiratory
symptoms, eye irritation, headache, and tiredness (7).
Also for Swedish children, the risk of prolonged cough
after a respiratory infection was 2.3-fold and the risk of
an attack of coughing during physical strain was 1.7-fold
for children living in homes with water damage com-
pared with those living in normal homes (8).

Among Finnish preschool children, nasal congestion
and excretion, persistent cough, phlegm, and wheezing
were significantly associated with dampness and mold in
homes. The strongest associations were found between
the symptoms and mold odor during the past year and
water damage over a year ago. No objective measures of
mold were made in this study (9). In Finnish apartments
and town houses, rhinitis, sore throat, hoarseness, pro-
longed cough, and phlegm were significantly more
prevalent among the residents exposed to dampness or
mold than among the referents (10).

The concentrations of airborne mold spores are gen-
erally not particularly high in water-damaged buildings,
but they were found to be higher in damp apartments
than in reference apartments, and the fungal genera were
different from those in reference apartments (11).

A few studies have been published in which an asso-
ciation between indoor relative humidity and lower res-
piratory symptoms has been found (12), but in other
studies similar associations were not proved (13). In the
Scandinavian climate, the relative humidity of indoor air
is mainly regulated by weather conditions and heating,



and moisture accumulation in the structures can be a
phenomenon totally independent of the relative humidity
of the air.

Nonspecific symptoms like fatigue and nausea have
also been associated with damp housing. The association
was statistically significant in a Finnish study (10). Simi-
lar and, in some cases, even more severe and prominent
nonspecific symptoms have been described in other
countries. A case of chronic fatigue syndrome was final-
ly found to be caused by mold growth in patients’ homes
(14). In Scotland and in London, England, Platt and his
co-workers described symptoms such as nausea, vomit-
ing, constipation, backache, and joint pain, together with
respiratory symptoms associated with mold exposure
(15). Headache, dizziness, and difficulties in concentrat-
ing were also associated with mold exposure in a Finnish
study (10).

In Edinburgh, Scotland, Martin et al found no signifi-
cant association between the occurrence of symptoms
and damp housing (16). Strachan et al have also pub-
lished a study in which no association was found be-
tween mold spore concentrations and symptoms (17).

Respiratory infections

The occurrence of common respiratory infections is high-
er in exposure to building mold. This finding is consist-
ent for both adults and children (3, 6). The ultimate cause
of the infection is usually common respiratory patho-
gens, viruses causing common cold and flu, and second-
ary bacterial infections, such as sinusitis or acute bron-
chitis.

In a Finnish study, the number of adults who had had
at least one respiratory infection during the previous 12
months was significantly higher in the mold-exposed
group than in the unexposed reference group. Among
children, the attack rate for respiratory infections was
significantly higher for the exposed group, although al-
most two-thirds of the children in both study groups had
at least one infection during the previous 12 months (10).
Similar results were found among children attending a
moldy day care center (18). In addition to common colds,
the occurrence of paranasal sinusitis was increased in the
exposed group (10).

The occurrence of infections in the lower respiratory
tract (eg, acute bronchitis) has been higher in mold expo-
sure situations. An association between acute infection
of the middle ear in children and mold exposure has also
been suspected (18).

Actinomycetes and certain fungi (eg, Aspergillus)
cause severe infections in the human body. Aspergillosis
has been described for bronchi, paranasal sinuses, verte-
brae, and postoperational infections (19—24), Allergic
bronchopulmonary aspergillosis can also be followed by
invasive aspergillosis (25). Direct infections caused by
mold are very rare in otherwise healthy persons, but in
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most cases fungi cause opportunistic infections in organ
transplantation patients, immunosuppressed patients, and
patients with human immunodeficiency virus (26—28).
Actinomycoses have been found in lungs, paranasal si-
nuses, and wounds with extracorporeal contamination,
as well as in intrauterine infections in users of intrauter-
ine devices (26, 29). Skin lesions and dermatitis can also
be caused by microorganisms typical to water damage in
buildings [eg, dermatitis caused by Sporobolomyces (30)
and an intravascular infusion canule infected by Exophi-
ala (31)]. In Sweden, an increase in the occurrence of
invasive mycoses has been reported (32).

The underlying mechanisms behind the association
between mold exposure and an increased occurrence of
common respiratory infections are still largely unknown,
but altered mucociliary function is one possible explana-
tion. The volatile compounds of mold affect the mucocil-
iary functions of respiratory mucosa of guinea pigs in
experimental exposure (33). During asthmatic attacks,
the mucociliary movement is accelerated at first, but in
repeated or chronic exposure it rapidly deteriorates and
ceases (34). In addition, certain molds have immunosup-
pressive effects on animals in experimental exposure
(35).

The underlying mechanism behind sinusitis asso-
ciated with mold exposure can be either inflammatory
and vascular processes causing nasal congestion or aller-
gy to mold (36—40).

Allergic diseases

Like any biological material, several molds are known
allergens and cause allergic rhinitis, asthma, and aller-
gic conjunctivitis. Alternaria, Cladosporium, Aspergil-
lus, and Botrytis, which commonly occur in outdoor air,
are allergenic (1, 41, 42). Allergenic molds that com-
monly occur in indoor air are Penicillium, Aspergillus,
Mucor, and Rhizopus. Other important allergens are
Fusarium and Aureobasidium, common in farming en-
vironments and in older houses. Stachybotrys atra, bet-
ter known for its toxic effects, is also allergenic (43).
Health effects of wood-deteriorating fungi are less well
known, but at least Serpula species (formerly called
Merulius) is allergenic. It is impossible to give any com-
plete list of allergenic microorganisms because new spe-
cies are continuously being detected and reported (35,
44, 45).

Fungal allergens are primarily found in the spores,
but they also occur in other structures (eg, mycelia). All
identified fungal allergens are water-soluble glycopro-
teins, some of which are enzymes. Certain high-molecu-
lar weight carbohydrates are also allergens (46). Only a
few fungal allergens have been precisely characterized
(47—49). Allergy to mold and other fungi mediated
through immunoglobulin E (IgE) can be proved by skin
prick tests or by detection of antigen-specific IgE anti-
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bodies in a serum sample with any of the available test
kits (RAST, Phadiatop, CLA-Mast, etc) (50, 51).

The specifity, sensitivity, and repeatability of skin
tests have been rather poorly documented. Both false
negative and false positive test results are possible. The
fungal extracts commercially available are mixtures of
soluble materials from spores, mycelia, cellular metabo-
lites, and cytoplasm. Toxic surface materials and other
excreted material can modify or accentuate the allergic
response. Extracts are usually produced from fungi
grown in laboratories and the properties of the microor-
ganisms can differ from those of the microorganisms
growing in the damaged building. Therefore, considera-
ble batch-to-batch variation may exist between the ex-
tracts. In addition growth media and other similar factors
can influence the contents and quality of fungal extracts
(1, 52). There are not enough properly standardized and
characterized extracts available. The cross-reactivity be-
tween different fungal extracts is not known, but it has
been suggested that the level of cross-reactivity may be
high (53).

Estimates of the prevalence of mold allergy vary
from 5 to 50% for different populations. Mold allergy
can be more common for children than for adults (54). In
selected populations like asthmatics in humid climate the
prevalence of mold sensitivity may be as high as 70%
(55). In southwestern Finland, almost 30% of asthmatic
children had specific IgE antibodies to mold or yeasts
(53). The prevalence of mold allergy in the Finnish adult
population has not been studied.

In Canada, 12% of outdoor workers and 5% of refer-
ents have been shown to have a positive skin prick test to
Alternaria extract (56). In Denmark, in an unselected
adult population, the frequency of positive skin prick
tests to mold was 3.2% whereas for Cladosporium it was
1.5% (57).

The outdoor concentrations of fungi depend on both
the season and weather conditions (58). In a subarctic
climate, the outdoor concentrations are usually highest in
the spring and autumn. The patients allergic to mold
have their most prominent symptoms during these sea-
sons (59).

In population studies, both increased risk of asthma
and an increase in asthmatic symptoms have been found
in association with mold exposure or damp housing. In
The Netherlands, a cross-sectional study of 328 adults
showed significantly higher risk for asthma and allergy
in association with dampness and indoor mold when
adjustment was made for possible confounders. An asso-
ciation between the exposure and asthma symptoms and
wheezing was evident as well (6). In a Canadian study,
the association of dampness and mold with wheezing,
dyspnea with wheezing, asthma, and other chronic respi-
ratory disease was statistically significant for children
(60). For more than 5000 Swedish children an odds ratio
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of 1.8 was found for asthma when those living in apart-
ments with water damage were compared with unex-
posed referents (8). In Brunekreef’s study (5), a similar
trend was found, but statistical significance was not
reached for an association between asthma and other
allergies and mold exposure. An association between
chronic chest disease and the indoor concentration of
mold spores has also been found by van Wageningen et
al (61). In some case-referent studies, a significant asso-
ciation has also been found between asthma and mold
exposure. In Cardiff, visible mold growth was found in
inside the walls of the homes of almost 20% of the cases
of 72 asthmatic patients who were matched with refer-
ents (62). Instead, Jaakkola and his co-workers found no
association between the occurrence of asthma and expo-
sure to dampness or mold among preschool children (9).

The occurrence of asthmatic symptoms shows a
clearer association with damp housing and mold expo-
sure than medically diagnosed asthma does. In Scotland,
the prevalence of wheezing was four times higher among
1000 7-year-old children living in mold-exposed homes
than among the referents. However, the exposed children
had no excess of allergic rhinitis or otitis media (63). In
Great Britain, in a study population of 1200 children, the
risk of wheezing was twofold for those exposed to mold,
and also other symptoms were more prevalent for this
group (15). In South Wales, wheezing and breathless-
ness were significantly more prevalent among adults
living in apartments with damp bedrooms (64).

In the eastern states of the United States, a population
of 4600 children showed a statistically significant asso-
ciation between asthma symptoms and mold exposure at
home but no significant association with medically diag-
nosed asthma. The odds ratio (OR) was 1.8 for wheezing
and 2.1 for prolonged cough (3). In Great Britain, a
significant association was found between indoor mold
concentrations and the prevalence of breathlessness and
wheezing among exposed children (15).

In a large Canadian study (12 000 subjects), the odds
ratio was 1.5 for asthma and 1.6 for chest tightness in
association with mold damage at home. However, no
difference was found in hyperactivity tests, either during
physical strain or rest, between the exposed and refer-
ence groups (65). Because the parents were aware of the
exposure, Strachan has suggested that the findings were
probably due to overreporting rather than to true differ-
ences caused by the exposure (66).

It has been suggested that an increased prevalence of
allergy associated with home dampness would be due to
mite allergy rather than to mold allergy because IgE
antibodies to mites and to mold are often found in the
same persons (3). This may be true in moderate and
humid climates where dampness and mold are present in
the same apartments (67, 68). However in colder subarc-
tic climates such as Scandinavia, the conditions are dif-




ferent during the heating season. For example, in Fin-
land, mites were equally rare in water-damaged homes
and in reference apartments during the winter (11).

In a case-referent study of 259 children with chronic
respiratory symptoms and 257 referents in The Nether-
lands, home dampness was associated with increased
sensitization to dust mites and mold among both cases
and referents, as measured with specific IgE antibodies
against mites and a mixture of mold, but the sensitization
to mites and mold was much more common in sympto-
matic children. For symptomatic children the prevalence
of IgE antibodies was 36% against mites and 9% against
mold. The respective prevalences were 12% and 0.1% (2
cases) for nonsymptomatic children. Only five children
were sensitized to mold but not to mites. It was therefore
not possible to evaluate the independent role of these
factors (69). In a Danish adult population the sensitiza-
tion was 14% to mites and 3.2% to mold, as measured
with skin prick tests (57).

Alveolitis and organic dust toxic syndrome

The most severe pulmonary disease caused by mold and
actinomycetes is without any doubt allergic alveolitis, or
hypersensitivity pneumonitis. Alveolitis is caused by any
biological dust that has particles smaller than 10 pum. It
has been calculated that the alveolar deposition rate is
highest for particles with an aerodynamic size, or about
3 um (70). Of the molds, Acremonium, Penicillium, As-
pergillus, and also actinomycetes have spores that are
small enough to reach the alveoli.

Allergic alveolitis has traditionally been reported in
occupational exposure situations and very seldom in in-
door-air exposure. The most common form of alveolitis
in Finland is farmer’s lung, with over 100 cases re-
ported every year to the national register of occupa-
tional diseases. Other types of alveolitis caused by oc-
cupational exposure are also found, for example, in saw
mill workers, greenhouse workers, and mushroom work-
ers. Alveolitis is also found among persons with exotic
hobbies like pigeon breeding. In indoor-air exposure,
only sporadic cases of alveolitis have been reported in
Finland (71). In other countries, a few cases of alveolitis
caused by Penicillium species have been reported, along
with sporadic cases caused by yeasts, such as Sporo-
bolomyces and Rhodotorula (72— 74). In some cases,
the findings have not met all the classical diagnostic
criteria of alveolitis.

The distinction between humidifier fever and hyper-
sensitivity pneumonitis is sometimes not clear. Suda et al
(75) have reported cases of hypersensitivity pneumonitis
associated with the use of an ultrasonic humidifier. The
patients had precipitins to Cephalosporium and Candida.
Fungi and bacteria could be cultivated from the water.

The differential diagnosis between alveolitis and or-
ganic dust toxic syndrome (ODTS) is also vague, and
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commonly accepted diagnostic criteria for ODTS have
not been published. It is, however, a shared opinion of
many researchers that, in ODTS, reversible functional
changes of the lung occur and lymphocytic cells can be
found in bronchoalveolar lavage, but fibrosis is not de-
tected either in chest X rays or in lung biopsies. Symp-
toms are basically the same for alveolitis and ODTS.
During massive exposure, the symptoms of ODTS can
be even more prominent than those of alveolitis (Terho,
personal communication). Milder forms of alveolitis are
sometimes called “reactio alveolitica.” Mild cases of
ODTS seem to occur relatively often in mold exposure,
both in workplaces and in apartments. Both ODTS and
reactio alveolitica are sometimes underdiagnosed in in-
door-air exposure (personal communications with physi-
cians working in university hospitals in Finland).

Chronic bronchitis

An association between microbial exposure and a high
prevalence of chronic bronchitis has been reported for
nonsmoking farmers (76), and similar preliminary re-
sults have been found between indoor-air exposure and
symptoms of chronic bronchitis. The increased risk of
chronic bronchitis associated with living in water-dam-
aged buildings was statistically significant when adjust-
ed for age, gender, atopy, and smoking (10).

In chronic bronchitis, bronchoalveolar lavage fluid
contains increased proportions of neutrophils, and thus
the underlying immunologic response is differentiated
from that of alveolitis (77). The possible association be-
tween mold in indoor air and symptoms of chronic bron-
chitis needs further attention in future research.

Health effects of mycotoxins

Mycotoxing are toxic secondary metabolites of fungi.
Spores and mycelial fragments carry the toxins or they
are adsorbed on dust particles. Mycotoxins are absorbed
in humans or animals via airways or through the skin
because most of them are lipid soluble (78).

Mycotoxins are produced by various species of fun-
gi, such as Fusarium, Trichoderma, Cephalosporium and
Stachybotrys. Most of the adverse health effects of my-
cotoxins are caused by trichothecenes (79). At the sub-
cellular level, trichothecenes inhibit protein synthesis and
damage DNA (deoxyribonucleic acid). Stachybotrys tox-
in inhibits thymocyte proliferation (80). At the cellular
level, trichothecenes are toxic to most eukaryotic cells,
and particularly to cells of the immune system. Cytotox-
icity is expressed as the destruction of cells or the inhibi-
tion of mitosis. The organ toxicity is based on direct
cytotoxicity (79).

Trichothecenes are skin irritants causing redness of
the skin at low doses (81). High concentrations destroy
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the skin layers and cause acute necrosis with minimal
inflammation. The mucosa of the mouth, esophagus, and
intestine can be affected, and necrosis and inflammation
occur rapidly (79).

At sublethal doses, trichothecenes kill the cells of the
immune system, whereas low doses modulate the im-
mune response in all mammals. Immunosuppression fa-
vors bacterial, viral, and parasitic infections. Tri-
chothecenes affect the bone marrow and inactivate the
production of blood cells and platelets. This phenome-
non, together with effects harmful to the blood-clotting
mechanism, causes bleeding of the mucosa and intestine.
Changes in heart rate, the electrocardiographic results,
and a decrease in blood pressure have also been reported
(79).

In water-damaged buildings, Stachybotrys atra is the
most important mycotoxin producing mold. Fusarium is
also found often, but it is more common in farming
environments, for example, in grain. Stachybotrys seems
to be common in houses in which long-term moisture
accumulation takes place, and it is usually a sign of a
serious moisture problem in a building (2, Nevalainen,
unpublished data). It is a cellulose-degrading fungus,
and it grows on moist paper and wood. Stachybotrys may
be one of the building-associated fungi that need special
attention when health disorders and control measures
related to mold-problem buildings are being assessed
(43).

In association with Stachybotrys exposure, several
symptoms and diseases have been described for humans,
such as recurrent colds and flu, general malaise, sore
throat, headache, fatigue, diarrhea, dermatitis, and skin
irritation (82), as well as fatigue and impaired immune
function (83), neuromuscular disturbances, rhinitis, and
pneumonia (84). Stachybotrys is also allergenic and can
cause asthma and rhinitis (43).

Discussion

The evidence for adverse health effects of mold exposure
in moisture-damaged buildings is convincing. The asso-
ciation between mold exposure and irritative symptoms
of the respiratory tract and eyes is strong (3—10, 12, 14,
15), and only a few contradictory studies have been pub-
lished (13). However, the exact mechanisms behind these
inflammatory processes remain partly obscure. Some in-
teresting studies are in progress concerning this aspect.
Much confusion has been caused by the fact that
there is no linear correlation between airborne mold spore
counts and the occurrence of symptoms (10, 11). It is
obvious that certain mold genera and actinomycetes are
more potent irritants than other common indoor microor-
ganisms (2, 79). The release of spores may also vary
according to moisture and other local conditions in the
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growth media (85). In the future, the main focus in mi-
crobial risk assessment will probably be on the identifi-
cation of microbial strains on surfaces and in construc-
tion, and less on the total count of microbial spores in
indoor air.

An international workshop held in Baarn, The Neth-
erlands, in 1992 has suggested a list of microorganisms
indicating serious microbial problems in buildings (table
1). This list has been selected according to requirements
of the microorganisms themselves, the water activity of
the growth media, and only partly according to the po-
tential health effects of the microorganisms. Evidently,
the probability for adverse health effects is also higher
under conditions in which the indicator microorganisms
are able to grow (10, 11, 79, 82—84). This list of indi-
cator microorganisms also includes the potentially toxi-
genic Stachybotrys, Fusarium, and Aspergillus (2).

The genera to be identified in buildings greatly de-
pend on the sampling method and culture media. Multi-
ple and repeated sampling gives a more reliable indica-
tion of the exposure in moisture-damaged buildings (86).

Obviously, individual factors of the exposed persons
affect the response and variety of symptoms. Individual
sensitivity, age, smoking, atopic predisposition, previous
exposure to microorganisms, and other irritants and
chemicals, as well as the perception of unpleasant odors
and smells, can modify the adverse effect.

The evidence for an association between mold expo-
sure and respiratory infections is vaguer than is the case
with respiratory symptoms (3, 6, 10, 18). Future research
is needed, especially intervention studies which could
show the effect of the cessation or reduction of exposure
after remedial measures in the building. At the national
level, common respiratory infections have huge eco-
nomic consequences, and even a small reduction in the
incidence rates may have considerable effects even at the
population level (87).

Several molds are known to be allergenic in humans
(1, 35, 41—45, 54). The relative risk of allergic dis-
eases in association with damp housing has been two-
to threefold in different studies (6, 8, 15, 60, 65). How-
ever, the association between mold exposure and aller-
gy is not simple and straightforward. It is obvious that
direct type I hypersensitivity mechanisms explain only
a part of the increased risk of asthma and other allergic
diseases associated with mold exposure. In a Finnish
study, the excess of asthma cases in a mold exposed
town house was not connected with objective evidence
of type I hypersensitivity to molds (88). In addition to
type I immediate hypersensitivity, there may be delayed
cell-mediated responses and indirect inflammatory
mechanisms that promote the outbreak of asthma. It is
also obvious that mold exposure is a strong irritant fac-
tor and therefore worsens the symptoms of any preex-
isting allergic disease in the same manner as other non-



specific irritants, such as tobacco smoke, traffic exhaust,
or cold air (89, 90).

The exact inflammatory and immunologic processes
behind the association between mold exposure and aller-
gy are still largely unknown, but recent progress in the
study of the pathophysiological mechanisms behind asth-
ma and rhinitis suggest that the basic mechanism is pri-
marily the same no matter what the exposure agent (91).
In research on outdoor-air pollution it has been shown
that especially small particles (less than 10 or 5 um in
size) are the most dangerous (92). In asthma research it
has been shown that asthma is actually more an inflam-
matory disease than an allergic one and the production of
interleukins and nitrogen oxide has been found in acute
asthma attacks (93, 94). It seems that, among the molds,
the most harmful microorganisms are those which have
small spores; this finding is consistent with the findings
in outdoor pollution.

Inflammatory processes of the respiratory system are
currently subject to wide and vivid research. Ongoing or
planned research projects concentrate on the mechanisms
of small particles and inflammatory mediators like nitro-
gen oxides, interleukins, and other mediators (94). The
results of these studies will certainly clear up the mecha-
nisms of physiological responses caused by molds and
other small particles.

Patients exposed to indoor air microorganisms de-
scribe a variety of nonspecific symptoms, such as fa-
tigue, fever, headache, and joint pain, which may be
symptoms of mild ODTS or a chronic form of allergic
alveolitis. However, these symptoms are often labeled as
the chronic fatigue syndrome or fibromyalgia (95). One
of the problems in the differential diagnosis of these
diseases is the lack of exact diagnostic criteria or objec-
tive tests. Their symptoms have become increasingly
common, and they cause a considerable amount of disa-
bility and human suffering.

Finally, it should be kept in mind that mold exposure
is only one among several indoor-air exposures. There
are numerous old and new exposures of great impor-
tance, such as radon, tobacco smoke, formaldehyde,
ozone, ammonia and amines, other volatile organic com-
pounds from various sources, mites, high and low tem-
peratures, insufficient ventilation, odorous pollutants
from industry, traffic exhaust penetrating indoors, and
the like. The evaluation of exposure and the risk assess-
ment of indoor-air problems call for better cooperation
and coordination between experts in occupational health
care, labor protection, and environmental health surveil-
lance.
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