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ABSTRACT: Allergen exposure plays a major role in the development of sensiti-
zation, inflammation and symptomatic asthma. The development of new means of
detecting allergens has enabled the evaluation of the effect of a reduction in aller-
gen exposure to be better assessed. In order to prevent allergen exposure it is nec-
essary to determine the allergen sources and reservoirs to which avoidance measures
should be directed. The allergen sources and reservoirs of mite, cat, dog, cock-
roach, rodent, mould and pollen allergens are briefly reviewed.
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The relationships between allergen exposure, sensitization, nonspecific bronchial France

hyperreactivity and asthma symptoms are discussed. Recognition of the risks, envi-
ronmental control, and reduction in allergen loads should be among the objectives

of asthma management.
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Numerous studies have demonstrated an increasing
prevalence and severity of asthma in certain countries
[1]. Reasons for this increase are not fully known, but
an increased allergen load could be partially respons-
ible. For genetically predisposed subjects, allergen expo-
sure is a risk factor for sensitization because the relationship
between allergen exposure and asthma has now been
more accurately documented [2]. Recognition of this
risk is essential.  Allergens also play a major role in
the development of inflammation and symptomatic
asthma. The therapeutic implication is that allergen
avoidance could prevent the onset of asthma in some
atopic children, and could play an important role in the
management of asthma.

The development of new means of detecting aller-
gens (i.e. immunochemical assays involving monoclonal
antibodies [3], quantitative and semiquantitative gua-
nine measurements for mite allergens [4]), has made it
possible to identify thresholds for the risk of sensitiz-
ation and symptom expression for the major aeroaller-
gens. Allergen sources and reservoirs, can now be more
precisely determined, objective quantitative data con-
cerning exposure can be obtained, and the effects of a
reduction in allergen exposure better evaluated.

Allergen sources and reservoirs

Mite allergens

Two major groups of mite allergens have been iden-
tified. Group I allergens are 25 kD, thermolabile pro-
teins, primarily found in mite faeces. Group II allergens
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are essentially of somatic origin, have molecular weights
of 15 kD, and are heat-resistant proteins. The ratio of
Group I to Group II allergens in faeces ranges from
20-33 [5]. Group I and II mite allergens are proteo-
lytic enzymes. Biochemical studies have demonstrated
Der p I to be a cysteine protease [6], and Der p II a
lysozyme. Moreover, amylase activity was found in
extracts of Dp whole mite growth medium and corre-
lated with Der p I concentrations [7]. Group III and
Group IV allergens have also been reported. Der p III
and Der f III have also been demonstrated to be pro-
teinases [8], although belonging to the serine group of
proteinases.

Mattresses are the major reservoir of house dust mite
allergens. Their amounts are not dependent upon the
type of mattress [9]. Carpets constitute another impor-
tant allergen reservoir. DYBENDAL et al. [10] have shown
that carpets and floors accumulated more dust, proteins
and allergens per unit area than smooth floors. Pillows,
blankets and all textile-based objects are also ecological
niches occupied by mites. It has been suggested that
concentrations of allergen measured in settled dust are
less representative than concentrations of airborne aller-
gens to which people are exposed [11]. In the air, Group
I and Group II allergens are mainly carried by particles
larger than 10 pum which only become airborne when
disturbed e.g. by vacuum cleaning [12, 13].

Cat allergens

The major cat allergen (i.e. Fel d I) is found mainly
in the sebaceous glands of the skin, but also in the sali-
vary glands [14-16]. Fel d I is a tetrameric polypeptide,
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with a molecular weight of 35-39 kD on size extraction
high-performance liquid chromatography (HPLC) and
17-18 kD in sodium dodecyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE) [17]. It is especially
abundant in dust from carpets and upholstered furniture.
Cat allergens are so widespread that they are part of our
daily environment; there is hardly a dwelling without
Fel d I in its dust. In contrast with mite allergens, cat
allergens remain suspended in the air for extended peri-
ods of time, even without disturbance. They are carried
by different-sized particles, some of which have an aero-
dynamic diameter less than 2.5 pm [18, 19]. Various
factors determine the concentrations and airborne behav-
iour of cat allergens. We were able to show that with-
in 30 min of entering a 30 m? clean room, a cat was
found to increase airborne Fel d I by 30-90 ng-m= [19].
The presence of a carpet in a room results in a signifi-
cant increase in the airborne concentrations of Fel d I,
in comparison with the same room with a bare floor.
Increased ventilation modifies the distribution of parti-
cles carrying Fel d I, favouring those with aerodyn-
amic diameter greater than 10 um [19].

After removal of the cat from the home, Fel d I lev-
els in house dust remain high for a long period [20].
Even following regular routine cleaning of a home, cat
allergen levels take 12—16 weeks to fall below the lev-
els associated with asthma [21].

Dog allergens

Dog allergens are found mainly in skin, but are also
present in serum and saliva [22]. A major allergen, Can
f I, has been purified [23]. Can f I is a polypeptide with
a molecular weight of 22-25 kD. Albumin is another
allergen of some importance, the molecule is considered
responsible for cross reaction between cat and dog extracts
[24]. Assays based on monoclonal or monospecific anti-
bodies have shown Can f I levels to be one order of
magnitude above those of Fel d I i.e. up to 10 ng-g' of
dust. The concentration of the allergens may vary as
much within as between breeds. It has been shown that
dog allergens could be present in high concentrations
even where dogs have no access, for instance in schools
[25]. On average, levels of dog allergens are 100 times
greater in dust from homes with a dog than those with-
out [26].

Cockroach allergens

Cockroach allergens are important sensitizing agents,
especially in populations with asthma living in large eco-
nomically deprived urban areas [27, 28]. This allergen
seems to have a less important role in Europe than in
the USA. The prevalence of cutaneous sensitization to
cockroach in atopic patients is about 10% in Europe,
53% in the USA and 46% in Asia [29]. Two major
allergens have been identified: Blag I and Blag II.

Cockroach allergens are found mainly in the exo-
skeleton as well as in faeces [30-32]. The highest
concentrations of cockroach allergens are present in

dust from kitchen floors and cupboards [33, 34]. The
size and type of the particles carrying cockroach aller-
gens are still unknown.

Rodent allergens

In rodents, the major allergen sources are urine, fur,
saliva and skin [35-37]. The major allergens in rat and
mouse urine have been identified [38]. Rat n IA is a
prealbumin with a molecular weight of 21 kD. Rat n IB
is an alpha-2-eu-globulin with a molecular weight of 16
kD. The major allergen from mouse is Mus m I, a pre-
albumin with a molecular weight of 18—19 kD. A sec-
ond important allergen is Mus m II, a glycoprotein with
a molecular weight of 16-21 kD. Significant allergen
levels have been demonstrated in both litter and floor
dust. Rodent allergens are carried by particles with aero-
dynamic diameters ranging from 0.8—-5 pm [39, 40].

Mould allergens

Moulds are part of the allergens found in the indoor
and outdoor environments. The abundance and variety
of household moulds contrast with the small number of
fungal allergens known and tested [41]. The major aller-
gens of Alternaria (Alt a I), Cladosporium and Aspergillus
have been identified [42, 43]. Moulds are capable of
growing on the surface or inside most substrates of plant
or animal origin. Air itself is not a habitat for moulds,
but most moulds rely on dispersal by air currents. Warm
and humid spells permit optimal mould growth.

Pollen allergens

Although fungal spores are far more frequent than
pollen allergens, pollen allergens are more clearly impli-
cated in allergic diseases. Occasionally, they may be a
component of house dust. In subjects sensitized to pollen,
there appears to be a clear relationship between pollen
levels and symptoms. However, the part played by pollen
in provoking asthma has been a subject of wide debate,
since the sizes of most airborne pollens range from 20-60
pm. It is now known that pollen allergens may be car-
ried by submicronic particles. Studies by SoLomoN et al.
[44] on Ambrosia and by SpiEksMa et al. [45] on Gramineae
have confirmed the presence of airborne allergenic deter-
minants in fractions of submicronic dimensions. SUPHIOGLU
et al. [46] investigated the mechanism by which rye grass
pollen causes asthma, and concluded that starch granules
released from rye-grass pollen are micronic particles, and
that these particles cause asthma.

Relationship between allergen exposure, sensitization,
nonspecific bronchial hyperreactivity and symptoms
The role of allergens in sensitization

The presence of allergens in the environment is an obvi-
ous and necessary requisite for sensitization to occur.
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The massive introduction or transplantation of new plant
species into regions previously lacking them has re-
sulted in new sensitizations: this happened with Ambro-
siaceae in the Turin region, Hungary, Romania and
Yugoslavia, and Cupressacae in the Mediterranean region.
The sudden increase in asthma in Kuwait, which start-
ed in the 1950s, has been attributed to the import of
Prosopis, the pollen of this tree being considered respon-
sible for numerous sensitizations [47].

The percentage of positive skin tests to Dermatophagoides
is lowest at high altitude, where the content of major
mite allergens is also less [48]. It has been shown [49]
that levels of specific immunoglobulin E (IgE) against
mites are higher if the environmental levels of major
Dermatophagoides allergens are greater than 2 pg-g! of
dust.

Studies performed prior to the 1950s had shown that
of all mammalian allergens, those of horses and cattle
were mainly responsible for sensitization, whereas aller-
gies to cats, dogs and other household pets (such as var-
ious rodents) were infrequent. In 1960, RyssinG [50]
was still able to show that 25% of 460 asthmatic chil-
dren had positive skin tests to horse. The situation has
reversed (at least in urban settings), due to a doubling
presence of household pets over a 20 year period, their
presence in confined spaces, and the increase in their
allergen density.

The earlier the exposure, the greater seems the risk of
sensitization. The first year of life appears to be an es-
pecially vulnerable period, as has been suggested by stud-
ies relating sensitization to date of birth [51]. WARNER
et al. [52] have demonstrated a correlation in infants
between concentrations of major Group I mite allergen
and major cat allergen (i.e. Fel d I) and the presence of
positive skin test and specific IgE to mites and cat, respec-
tively.

A combination of genetic and environmental factors
contributes to sensitization and to the phenotypic expres-
sion of respiratory allergy. In one controlled study,
involving 70 mite-sensitized patients presenting with
asthma and/or rhinitis and 113 control subjects, 90% of
house dust samples had major mite allergen levels greater
than 2 pg-g!, which is considered to be a threshold level
for sensitization [53]. The absence of significant dif-
ferences between patients and controls underlines the
importance of the genetic background. In a case-control
study, WICKMANN et al. [54] showed a significant dif-
ference in terms of mite allergen exposure levels, between
mite-sensitized asthmatic children and atopic asthmatic
children not sensitized to mites. YOUNG et al. [55] have
demonstrated that for siblings, the levels of major
Dermatophagoides Der p I allergens in mattress dust
determined the development of mite allergy only in those
with an atopic background.

The role of allergens in nonspecific bronchial
hyperreactivity (NSBHR) and asthmatic symptoms

In 1970, ALTOUNYAN [56] showed that in patients aller-
gic to grass pollen NSBHR increased during the pollen

season and diminished with its end. Similarly, one
observes an increased NSBHR following a specific-
allergen bronchial provocation test [57]. SEeArs et al.
[58] have shown that NSBHR due to histamine varied
according to the degree of allergen sensitization. Thus,
sensitization to animal allergens (i.e. cat, dog) or to
Aspergillus fumigatus resulted in a relative risk of NSBHR
>10. The role played by mites in triggering asthma or
rhinitis is not always easily demonstrated. CHARPIN ef
al. [48] found a decreased prevalence of mite asthma and
rhinitis when previous exposure to their allergens had
been less pronounced. A classic example of the impact
of allergen pressure is the increase from 0.1 to 7.3% in
the prevalence of asthma in certain regions of Papua;
regions with a greater prevalence of asthma also had a
greater number of mites-g!' house dust [59]. A prospec-
tive study involving 67 children has shown that in 19
out of 20 who still had asthma at the age of 10 yrs, expo-
sure levels of Der p I during the first year of life had
been greater than 10 pg-g' of dust [60]. Certain mite-
allergic asthmatics exhibit asthma in one dwelling,
whereas they are asymptomatic in another. A study with
patients meeting these selection criteria, has allowed us
to show that symptom occurrence in a particular dwelling
depended upon major mite allergen levels, as indirectly
evaluated by a guanine assay [61]. Several authors [62,
63] have shown that inhalation of Fel d I levels between 8
and 80 ng by cat-sensitized asthmatic subjects was likely
to provoke bronchospasm. Similarly, high concentrations
of major cockroach allergens (i.e. Bla g I, Bla g II) are
found in the dust from homes of cockroach-sensitized
patients with asthma and perennial rhinitis [34].

When the causes of sudden and severe asthma attacks
are listed, exposure to perennial or seasonal allergens is
seldom included. However, O'HOLLAREN et al. [64] con-
cluded, in a retrospective study of 11 asthmatics, aged
11-25 yrs, who had suffered respiratory arrest during the
Alternaria sporulation season, that exposure to Alternaria
resulted in a 200 fold greater risk of respiratory arrest.
This work refers to several other studies from Argentina,
New Orleans and Northern California, where there has
been a marked correlation between the number of hos-
pital emergency visits by asthmatics and local climato-
logical conditions, including mould spore counts. GELBER
et al. [65] have investigated the role of indoor allergens
in 114 adult asthmatic patients presenting to an emer-
gency room. Thirty eight percent of the asthmatics, but
only 8% of the control subjects, were allergic to one of
three indoor allergens (dust mite, cat and cockroach al-
lergens) and had high levels of the relevant allergens in
their homes.

Both the occurrence of asthma epidemics and the
decrease in the number of cases once the incriminated
allergen has been identified and eliminated, confirm the
influence of allergen pollution upon asthma, and the
need to reduce levels. Indeed, an epidemic of soybean
dust-related asthma in Barcelona from 1981 to 1987
resulted in 958 emergency room admissions, and over
15 deaths [66, 67]. Since the soybean dust-related
asthma outbreak was reported in Barcelona, similar sit-
uations have been found in other harbours [68].
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If allergens favour sensitization, symptom development
and severity, as well as the increase in NSBHR, their
reduction should have the opposite effect. Residence at
high-altitude represents proven therapy for mite asthma.
Following a 9 month stay at high altitude, VERVLOET et
al. [69] found a parallel between the clinical improve-
ment and a significant drop in serum IgE specifically
directed against Dermatophagoides. Allergen eradica-
tion is likely to result in diminished NSBHR which is
proved to be lower 4 months after the grass pollen sea-
son than it is during the season [70, 71]. NSBHR also
decreases in mite-allergic asthmatics after a stay at high
altitude or in an environment equally poor in mite aller-
gens (72-75). When allergen eradication is possible, it
should be performed at an early stage. ARSHAD et al.
[76] have found that reduced exposure of infants to aller-
gens in house dust lowered the frequency of allergic dis-
orders in the first year of life.

Almost every foreign protein that accumulates in a
home can give rise to sensitization and asthma. However,
allergy to domestic mites has a central role in the devel-
opment of asthma and the maintenance of NSBHR. Mite
avoidance appears to be a therapeutic option in patients
at risk. Complete eradication of dust mites and their
allergens is up to now impossible [77]. However, mite
allergen concentrations can be reduced by a combination
of methods using acaricides [78, 79], with methods to
separate mites from the sleeper by encasing mattresses,
and further systems for decreasing humidity in the indoor
environment [80]. Domestic pets, especially cats, are
also a leading cause of asthma. It is clear that atopic
patients should avoid keeping domestic pets. Airborne
cat allergens can also be dramatically reduced by com-
bined measures: washing the cat, reducing furnishing,
vacuum cleaning and air filtration [19].

In conclusion, it is necessary to determine allergen
sources and reservoirs, which are the main target of avoid-
ance measures. The problem is a difficult one, but it is
not insurmountable. The example provided by occupa-
tional asthma shows that despite eradication, over half
the subjects still exhibit bronchial hyperreactivity and
symptoms. This unfavourable evolution may be imputed
to an excessively long exposure. One can certainly try
to influence the sometimes unfavourable evolution by
accurate aetiological diagnosis. Although the need for
such a diagnosis is not questioned in occupational asth-
ma, its value in extrinsic asthma to indoor or outdoor
allergens is not always recognized, at a time when one
is more concerned with treating the resulting inflamma-
tion than with identifying and eliminating the cause.
Recognition of the risks, environmental control and reduc-
tions in allergen loads should remain part of the thera-
peutic goal in the management of asthma.
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