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EDITORIAL

Indoor environmental factors and respiratory illness

Outdoor air pollution has received much scientific interestdeveloped over a decade ago enabling quantification of
as a possible cause of respiratory symptoms and a comlergen exposure in epidemiological studies and the
tributory factor in the increase of asthma. However, theinvestigation of the properties of allergen-carrying parti-
majority of people in the developed world spend the overcles. Exposure and sensitization to dust mites has been
whelming majority of their time inside one type of building suggested as a major cause of asthma in most parts of the
or another, and the indoor environment has begun to attraetorld.

deserved attention over the last several years. We are

beginning to appreciate that living in a damp house may

have more adverse effects on respiratory health than livingdlouse dust mite allergens and asthma

next to a busy motorway. e . . . .
. S s Sensitization to mite allergens is the single strongest risk
A study by Andriesseet al. in this month’s issue of the . ) )
factor for asthma, especially among children in temperate

Journa_l IS the last in a series of papers Investigating theﬁp]mates [3]. Mites seem to be important throughout the
association between home dampness and respiratory hea

[1]. This is one of the first studies which relies not only on world and not only in the .USA a’?‘?' Egrope. Lequ a'l..
questionnaires, but also on the objective measurement 5?cently reported that atopic sensitization was a significant

. o . risk factor for asthma in ethnic Chinese populations living in
both pulmonary function (PEF variability) and atopic three different areas of southeast Asia (Hong Kong, Kota

status (skin prick testing). Performed as part of the . ; . : )
PEACE study (Pollution Effects on Asthmatic Children K'”ap‘.""“ _and S_an Bu), with adjusted odds .ratlos for mite
8ensmzatlon being 1.9, 5.8 and 5.6, respectively [4].

in Europe), it examined the relationship between observe : . :
. . . L The level of exposure to mite allergens in early life may
moisture stains and moulds in homes and PEF variability ; T
S . . . be the determinant of a subsequent sensitization. In a
symptoms and medication use in 1614 children in 14 .
LT . . German Multicentre Atopy Study (MAS-90), more than
centres across Europe. PEF variability in atopic children . . .
. : 1300 newborn babies were followed to investigate the
but not in those who were non-atopic, was found to be . g .
; : . influence of exposure to indoor allergens on atopic sensi-
associated with reported moulds in the home. The study._ . . I
i S : . ization [5]. The number of children who were sensitized to
also provides some fascinating insights into the differences . : : .
. : : -. _Mmites was small at the first birthday but increased gradu-
between European countries in housing conditions

(reported moisture stains varied from 2.9% in Norway toa”y’ with cumulative rates of sensitization being 0‘.5%’
38.8% in Poland; moulds from 2.9% in Norway to 36% in 1.9% and 3.8% at 1, 2 and 3 years of age. Those children

Italy), use of gas stoves<@% in Scandinavia>70% who d_eve_lpped senlsitization 0 dustmite by3ye§rs of age
in The Netherlands, Poland and lItaly), smoking habitshad significantly hlghgr level of mite allergen in the|r
(regular smoking inside the home ranged from 4% inh(?meS than nons_ensfuzed ones. Or_1|y one of 86 children
Finland to >70% in Greece) and even pet ownershipWIth a strong family history of allergic disease, followed

. . . S from birth until 5 years of age in Linkoping, Sweden,
(ranging from<10% in some places in Scandinavia to o2 . 2
X developed sensitization to dust mites [6]. This is probably
over 30% for cats in Amsterdam).

Living in damp conditions has been identified as a riskconsequent to the very low exposure to mite allergens (the

factor for respiratory symptoms in children [2]. Is it highest level recorded was only 3:§/g) Even in the areas

because of a direct relationship with moulds, or areW|th relatively few mites in homes (e.g. Norway), sensiti-

. . _zation to mites was shown to correlate strongly to levels of
home dampness and moulds simply a surrogate for high . : X .
) - . ...~ mite allergen in mattresses (corresponding to odds ratio
house dust mite allergen levels? High indoor humidity is

o : : OR] of 16) [7].
prerequisite for house dust mite population growth and th o I .
. : In addition to sensitization, exposure to mite allergens

presence of moisture stains and moulds may thus be an . X
s X . may be a risk factor for the development of symptomatic
indicator of high mite allergen levels. Furthermore, cer- . . .

. . . . asthma. Peatt al have recently studied children from six
tain fungi that are present in house dust may partially

digest human skin scales making them more palatable folrreglons of New South Wales, Australia, with a range of

mites. and funai mav even be the food source for mites evels of mite allergens [8]. Mite-sensitive children in each
The t,echni ueg for ?/neasurin mite alleraen levels wer of the areas were at significant risk of having asthma, with
q 9 9 he magnitude of this risk doubling for every doubling of the

Correspondence: A. Custovic, North West Lung Centre, Wythenshaw&urrent level of exposure to mite allergens.
Hospital, Southmoor Road, Manchester M23 OLT, UK. Finally, there may be a dose-—response relationship
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between mite allergen exposure and asthma severity butl-year-old children and in a multiple regression analysis
there are many potential confounders. Many asthmatidoth persistent asthma (diagnosed by age 6 and present at
patients are sensitized and exposed to more than orege 11) and new asthma (diagnosed after age 6) were
allergen, and viruses, air pollution, exercise, emotion, maignificantly associated with positive skin testAtternaria
make asthma severity worse; the relative contribution ofat age 6 (OR 3.4 and 2.2, respectively) [13]. Although
each of these factors to the airway inflammation is difficultAlternaria found indoors is predominantly from outdoor
to elucidate. Nevertheless, when Pet al. compared sources, it is present in similar concentrations both indoors
children living in areas with different levels of exposure and outdoors. Exposure Adternariaallergen has also been

to mites, the greater bronchial reactivity was found in mite-shown to be a risk factor for sudden respiratory arrest in
sensitized children in the area with the highest mite levelsasthmatics [14].

[9]. We have found a modest but significant correlation In a recent publication in this journal, Garredt al
between the concentration of Der p 1 and Der p 2 in thénvestigated factors associated with airborne fungal spore
bed and objective indices of asthma severity (non-specificoncentrations and health outcomes in children [15].
bronchial hyperreactivity, FEY and PEF variability) in  Respiratory symptoms were associated with an increase in
mite-sensitized adult asthmatics, but not for patients withindoor Cladosporiumexposure, but not with mean total
negative skin prick tests to mites [10]. spore concentrations. Visible mould growth in houses was
not associated with respiratory symptoms. Asthma in chil-
dren was associated with exposurePenicilliumin winter

and atopy with exposure taspergillusspores. Exposure to
Over the last few years, several studies have presentgdladosporiumand Penicillium was a risk factor for sensi-
evidence about communities with low mite exposure intization to these genera but also for allergy to other fungal
which other allergens dominate sensitization. Wagtel. extracts and, in the case Bénicilliumexposure, for allergy
have studied the prevalence of sensitization to mite, cato house dust and dog. It is thus possible that fungal
and dog allergen in relation to current exposure at homexposure may have an allergen-specific effect on sensitiza-
in 124 asthmatic children living in three climatic zones in tion but also a non-specific effect on immune system
Sweden [11]. Dust mite allergen levels were higher infacilitating sensitization to other allergens (perhaps via
homes in the south whilst cat and dog allergens tended tmycotoxins angB-glucans).

be higher in the north. House dust mite sensitization was A different approach to assess the relationship between
significantly higher in the south, while sensitivity to cat andhome dampness, moulds and respiratory symptoms has
dog allergens was more prevalent in children in central andeen used in a recent study: in a case-control design the
northern parts of the country. In this MAS-90 study, there wasauthors investigated whether asthmatic patients are more
a quantitative relationship between exposure to Fel d 1 idikely to live in damp housing than age- and sex-matched
early life and sensitization to cats (median Fel d 1 concentraeontrol subjects, and whether increasing severity of damp-
tions 150ng/g vs 64ng/g in sensitized and nonsensitizedess is associated with the increasing severity of asthma
children, respectively) [5]. Pet ownership in traditional Chi- [16]. The dampness survey assessing objective measure-
nese living in Kota Kinabalu and San Bu is rare, and asthmanent of dampness including spot temperature and relative
is not associated with pet allergy. Contrary to this, in thehumidity measurement within each room, measurement of
westernized Hong Kong where pet ownership (and thusiumidity of the walls and the presence and severity of
exposure) is much higher, being sensitized to animalisible mould growth was performed. Asthmatic patients
dander represents a significant risk factor for asthmavere 2—3 times more likely to live in a damp house than
(OR 2.3) [4]. controls (after controlling for employment status, house-

A recent study suggested that in the inner city areas witlhold income, active and passive smoking, age, sex and pet
low mite allergen levels and high proportion of cockroach-ownership). Furthermore, the severity of asthma increased
infested houses, sensitization to cockroach allergens wasith increasing dampness (both self-reported and
common and the most important risk factor for asthma [12].observed) and a significant correlation was found between
Cockroach sensitization is not confined to inner-city popu-the severity of dampness and both asthma severity score
lations but occurs wherever substandard housing or aparénd airflow obstruction. The authors suggested exposure
ment buildings sustain cockroach infestation. to house dust mites and/or moulds as a possible causal
factor.

Whilst exposure to dust mite, cat, dog and cockroach
allergens can be assessed using monoclonal antibody-based
In a desert environment in Tucson, Arizona, the mouldELISAs, there is as yet no reliable objective method of
Alternaria is the major allergen associated with asthma inmeasuring exposure to mould allergens. Most studies have

Cats, dogs and cockroaches

Are indoor moulds important?
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used either questionnaires to assess home dampness atelelopment of allergen detection tests. It is essential that
fungal contamination, or air sampling for spore concentrationsimilar developments are achieved with mould allergens.
as an alternative way of measuring fungal exposure. Thi$Ve need reliable and effective ways of measuring indivi-

means that epidemiological evidence for the relationshiplual exposure to mould allergens so that quantitative
between exposure to moulds and asthma development igelationships between exposure, sensitization and symp-
approximate at best. toms can be investigated in epidemiological studies; aero-
dynamic characteristics of allergen-carrying particles can
be determined; and the biochemical properties of these

Indoor environment and respiratory disease: is it all due .
allergens defined.

to mites?

The indoor environment of modern homes contains many
antigens that can cause allergic disease in susceptibleeferences

individuals. The major biological sources of allergens _
1 Andriessen JW, Brunekreef B, Roemer W. Home dampness

range from acarids (e.g. house dust mites), insects (e.g: _ . . ;
. . . and respiratory health status in European children. Clin Exp
cockroaches), domestic animals (cats and dogs) and fungi ,
¢ h dent d I derived f t Allergy 1998 28:1191-200.
(_) suc sou_r(_:es as rodents and pollens erlve_ rom out, | CY, Hsu LY. Home dampness and childhood respiratory
side. In addition, we must not forget the potential role of  gymptoms in subtropical climate. Arch Environ Health 1996;
indoor air pollution (e.g. N@and ozone) and endotoxins 51:42—6.
as the enhancers of allergic sensitization. The evidence for3 squillace SP, Sporik RB, Rakes G et al. Sensitisation to dust
a causal relationship between factors in the indoor envir- mites as a dominant risk factor for asthma among adolescents
onment and asthma is most complete for exposure to house living in Central Virginia. Multiple regression analysis of a
dust mites. This is due in part to mites being the most population-based study. Am J Respir Care Med 1997,
important source of allergens in temperate climates and 156:1760-4. . o _
partly because two site monoclonal antibody-based ELISA 4 thlaung R,HoP, '-,ali“fCWK’f'-a' CKr:N' SG”Z'“SI?“OT‘ t?j,'“ha'ed,
to Group 1 mite allergens was the first to be developed. Itis 2/€"9ens as a risk factor for asthma and allergic disease in
. . . . . Chinese population. J Allergy Clin Immunol 1997; 99:594-9.
tempting to try to explain any relationship between indoor .
h ) Wahn U, Lau S, Bergmann R et al. Indoor allergen exposure is
environment and respiratory health, such as the presence o‘?

. . ; ) h X a risk factor for sensitisation during the first three years of life. J
moisture stains and fungi, as being mediated by high Allergy Clin Immunol 1997; 99:763-9.

exposure to mites (in damp homes) in house dust mite-g Munir AKM, Kjellman NIM, Bjorksten B. Exposure to indoor

sensitized individuals. Indeed, in a study by Verhafal allergens in early infancy and sensitization. J Allergy Clin

the association between home dampness and respiratory Immunol 1997; 100:177-81.

symptoms appeared to be characteristic of mite allergic7 Dotterud LK, Van TD, Kvammen B et al. Allergen content in

children [17]. dust from homes and schools in northern Norway in relation to
However, there is much more in house dust than house Sensitisation and allergy symptoms in schoolchildren. Clin Exp

dust mites. In the study by Andriessest al [1], the Allergy 1997; 27:252—61. _ _

restriction of the analysis to subjects whose skin tested® 7€t JK, Tovey ER, Toelle BG et al. House dust mite allergens:

positive to mites did not make the association stronger a major risk factor for childhood asthma in Australia. Am J

. . L . " Respir Crit Care Med 1996; 152:144-146.
even though atopic children living in houses with moulds

. N ) . > 9 PeatJK, Tovey E, Gray EJ et al. Asthma severity and morbidity
had higher PEF variability than non-atopic children. This — ;, 5 population sample of Sydney schoolchildren: Part II.

may imply that it was not house dust mite allergy, but  |mportance of house dust mite allergens. Aust NZ J Med

sensitization to some other allergen(s) that was important. 1994; 24:270-276.

When analysis was restricted to subjects sensitized ta0 Custovic A, Taggart SCO, Francis HC et al. Exposure to house

moulds, association with PEF variability was found to be  dust mite allergens and the clinical activity of asthma. J Allergy

stronger, suggesting that mould allergy may be important in ~ Clin Immunol 1996; 98:64—-72.

Europe. 11 Warner AM, Bjorksten B, Munir AKM et al. Childhood asthma
The isolation of house dust mite, cat, dog and cockroach and exposure to indoor allergens: low mite levels are associated

. . . ith sensitivity. Pediatr Allergy Immunol 1996; 7:61-7.
allergens allowed the biochemical properties of these Wt ity 9y ’
9 prop 2 Rosenstreich DL, Eggleston P, Kattan M et al. The role of

aIIerggns to _be defined. The usage o_f the purified allergens cockroach allergy and exposure to cockroach allergen in
for _Sk'n testlr_lg and se_rum IgE annbo_dy assays enabled causing morbidity among inner-city children with asthma. N
their allergenic properties to be established. Furthermore, gng| 5 Med 1997; 336:1356-63.

the production of monoclonal antibodies has providedi3 Halonen M, Stern DA, Wright AL et al. Alternaria as a major
reliable and consistent markers for specific allergens. allergen for asthma in children raised in a desert environment.
This has led to improved purification procedures and the Am J Respir Crit Care Med 1997; 155:1356-61.
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