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The association between pet ownership in childhood and subsequent asthma and sensiti-
zation is very controversial. Intriguing, but contradictory, reports have caused considerable
uncertainty in parents who wish to avoid asthma and allergic disease in their children. This
article argues that high allergen exposure is a risk factor for asthma and allergic disease. It
describes dispersal of pet allergens in society and critically assesses epidemiological studies
regarding how early exposure to pet allergens affects subsequent immunoglobulin E-sensiti-
zation and allergic diseases. Additionally, this article evaluates the effects of allergen exposure
in already sensitized subjects with asthma. Cat and dog allergens are ubiquitous in society and
may induce sensitization and allergic symptoms in predisposed individuals, regardless of pet
ownership. This, in combination with selection mechanisms for pet ownership in families with
a history of allergic diseases, makes it difficult to study associations between early exposure to
pets and subsequent allergic disease. Nevertheless, exposure to pet allergens worsens asthma
in already sensitized children. Thus, it is clear that clinicians should advise sensitized asthmat-
ics that avoidance of exposure to indoor allergens is an important element in the treatment of
allergic disease.
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Introduction

People have had pets and farm animals
since time immemorial. We have been depen-
dent on cows for milk, hens for eggs, horses for
transportation, dogs for protection and com-
pany, cats for chasing rodents, and rodents
for...well, something. Archeological findings
demonstrate that our ancestors died of violent
acts, infectious diseases, and rickets, but we
know very little about whether they suffered
from asthma and allergies.

We do know that allergies and asthma have
increased in prevalence over recent decades,
and currently, at least one in three children suf-
fers from asthma, hay fever, or dermatitis (1).
Although genetic predisposition to asthma is
well-recognized, genetic factors alone cannot
explain the increase in the prevalence of asthma
during the past 20 yr. The role of environmen-
tal factors in asthma and sensitization is fur-
ther supported by the large differences in the
prevalence of allergic diseases in different
countries and between groups with similar
ethnic backgrounds living in the same country
(1-3). Apart from changes in exposure to micro-
organisms (4), possible environmental determi-
nants include changes in lifestyle and altered
indoor climate, which, in turn, may increase
the exposure to indoor allergens.

Every day, pediatricians, general practitio-
ners and allergologists observe that individu-
als with asthma or hay fever find their condition
worsens after contact with furred pets or pol-
len. Simultaneously, studies report contradic-
tory results regarding whether early exposure
to pets increases or decreases the risk of child-
hood asthma. From a public health perspec-
tive, this makes it difficult to determine what
advice one should give to patients, as well as
to parents who wish to prevent asthma and al-
lergic diseases in their children (5,6).

Aim

This article argues that high allergen expo-
sure is a risk factor for asthma and allergic
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diseases. However, because the issue is contro-
versial and not straightforward, I have chosen to
ask a single question and to answer it from
two angles, with the focus on different situa-
tions:

Situation 1. A newborn child with allergic par-
ents.

Situation 2. A child without pets at home who
reacts with asthma and rhino-
conjunctivitis to cats and dogs in
friends” houses.

Should families keep or remove the cat or
dog they already have, and if they do not have
one, should they get one? The focus here is on
pet allergens, and the effects of house dust mite
(HDM) allergen are mentioned only briefly.

Epidemiological Studies

Epidemiological studies can assess rela-
tionships between exposure and disease in
human populations. To calculate risk associa-
tions, it is very important that exposure and
outcomes are clear and specific (7). For exam-
ple, pet exposure can be estimated through
reported pet ownership, pet contact, or by mea-
suring pet allergen at home. Outcomes can be
assessed through reported symptoms, diag-
noses, or medication. Measures of association,
such as odds ratio, are the preferred way of
expressing results of dichotomous outcomes
(e.g., sick vs healthy). Confidence intervals
around these measures indicate the precision
of these results. The odds ratio and confidence
interval reveal the strength, direction, and
plausible range of an effect, as well as the like-
lihood of chance to occur (8). Attributable or
etiological fraction denotes the proportion of a
disease that is attributable to a certain risk fac-
tor in a population. Effect modification is a type
of interaction between variables, where the
strength of association between exposure and
outcome is influenced by a third variable—for
example, genetic predisposition. Data regarding
exposure and outcome can be collected pro-
spectively or retrospectively.
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Cross-sectional studies can examine the pres-
ence or absence of exposure and disease at a
certain time. Because both exposure and out-
come are ascertained simultaneously, the tem-
poral relationship between the two might be
unclear. Data regarding exposure may also be
collected in retrospect, but the data may then
be subject to recall bias.

Cohort studies proceed in a logical sequence,
from exposure to outcome. An exposed and an
unexposed group are followed prospectively
to determine outcomes. If the exposed group
develops a higher prevalence or incidence of
the outcome than the unexposed group, then
the exposure is associated with an increased risk.

Case—control studies begin with an outcome
and look for exposure retrospectively. Nested
case—control studies are performed within a
cohort study.

Randomized, controlled trials are the gold
standard of epidemiological research. Partici-
pants are assigned exposures purely by chance.
They are then followed prospectively, as in
cohort studies. This reduces the likelihood of
bias in determination of outcomes.

To evaluate whether a study measures what
it was designed to measure (internal validity),
potential bias must be considered. Bias in epi-
demiological research denotes deviation from
the truth (9). There are three general categories
of bias.

1. Selection bias: the exposed and unex-
posed groups differ in some important
aspect, aside from the exposure. Partici-
pation bias is one type of selection bias.

2. Information bias: information about out-
come is obtained in different ways for ex-
posed than for unexposed individuals.
Differential information bias, such as re-
call bias in cross-sectional studies, may
increase or decrease the estimated risk,
depending on the direction of the bias;
nondifferential information bias tends to
obscure real difference.

3. Confounding: the results can be accounted
for by the presence of a factor that is asso-
ciated with both exposure and outcome
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but that is not directly involved in the
causal pathways. Confounding can be
controlled for through restriction, match-
ing, stratification, or with multivariate
techniques.

Different types of bias or misclassification
of exposure or disease may distort or obscure
true risk associations. For example, families
who have a pet and want to keep it might
report wheezing less often than those without
a pet, and families with an atopic constitution
might choose not to report their pet ownership
if the primary prevention program advises
them not to keep pets. Therefore, critical inter-
pretation of epidemiological studies is essen-
tial for the formulation of proper prevention
programs (10).

Allergen Dispersal and Exposure

Dispersal

Cat and dog allergens are ubiquitous and
have been found in dust samples from many
different environments: schools, day care cen-
ters, hotels, cinemas, pubs, buses, trains, hos-
pitals, department stores, and homes without
cats (11-16). Cat allergen is carried in clothing
(17-19), and accumulation of cat allergen in
environments without cats has been shown to
correlate with the number of visitors who
either have a cat at home or who are in regular
contact with a cat (14,16). However, to a large
extent, cat and dog allergens are airborne, and
the allergen levels in the air do not always cor-
relate with those in dust (20-23). Airborne
allergen levels provide a more accurate esti-
mate of the level of personal allergen exposure
in alow-exposure environment, so long as ade-
quate sampling methods and assays are used.
In a study in which airborne cat allergen was
collected with personal samplers from children
attending classes with many (>25%) or few
(<10%) cat owners and from homes with or
without cats, the median airborne cat allergen
concentration in classrooms was significantly
higher than that found in the homes of non-cat-
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owners, and there was a fivefold difference in the
median levels of airborne cat allergen between
classes with many and few cat owners. Non-
cat-owners in classes with many cat owners
had higher levels of cat allergen in their mat-
tresses at home than did non-cat-owners in
classes with few cat owners, and allergen lev-
els in the clothes of non-cat-owners increased
after a school day (24). This indicates that aller-
gen is spread through clothing from homes
with cats to public places, where the allergen
then disperses in the air and contaminates the
clothes of individuals without cats.
Consequently, it is difficult to remain unex-
posed to cat and dog allergens. Even if families
do not keep pets indoors, their children will be
indirectly exposed to the allergens either in
public places or at home, where allergens are
equally likely to come from the clothes of visit-
ing pet owners and other family members. The
levels of cat and dog allergens in pet-free homes
where relatives or friends have cats or dogs
have been shown to be significantly higher
than those found in pet-free homes without
any reported cat or dog contact but are lower
than those found in homes with a cat or dog
(25). On the other hand, HDM allergens are car-
ried on larger particles, and only a small pro-
portion is believed to be directly respirable,
which makes it easier to estimate exposure (26).

Exposure

The prevalence of cat and dog ownership
differs somewhat among countries. Approxi-
mately 20% of Swedish households have cats,
and 16% have dogs (27,28). In the United King-
dom, pet ownership is more common: about
one-third of all homes have a cat, and one-
quarter of all homes have a dog (28,29). More
than half of the population of Atlanta, GA
reported cat or dog ownership (30). In urban
Ghana, the proportion of cat and dog owners
is comparable to that in the United Kingdom,
but because the pets are often kept outside,
allergen levels in many homes with pets are
lower than those in homes without pets in the
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United Kingdom (31). This indicates that simi-
lar proportions of pet ownership in different
countries do not equate to similar levels of
exposure to allergen and that actual measure-
ment of cat (Fel d 1) and dog (Can £ 1) allergen
is essential to estimate individual exposure.

It has been suggested that children with a
family history of allergic diseases are born into
a low-risk environment, and it has been shown
that families in which the mother is allergic not
only tend to keep fewer cats (32) but also tend
to have lower levels of cat and HDM—but not
dog—allergens in mattress dust samples (33,34).
We can only speculate as to whether this is be-
cause of preventive measures or because the
index child or a sibling had developed symp-
toms of allergic disease.

Health Effects

Associations Between Allergen Exposure,
Sensitization, and Asthma

The case for a causal relationship between
allergen levels, sensitization, and asthma would
best be supported by evidence for a dose-
response relationship between exposure and
symptoms. Many population-based studies
have confirmed a strong association between
asthma and sensitization to indoor allergens
(2,35-38). The sensitizing allergen varies; HDM
is the major allergen in many parts of the world,
whereas cockroaches are common sources of
allergen in larger cities in the United States; the
mold Alternaria is a common allergen in the
deserts of Australia and the United States; and
cats and dogs are common sources of allergen
in Scandinavia (39—42). This may reflect that an
individual with asthma is susceptible to sensi-
tization to the most prevalent perennial aller-
gens in the environment, rather than indicating
an increased risk of asthma when an individual
is exposed to these specific allergens. There-
fore, the evidence for a causal relationship
between allergens and asthma in a general
population depends on epidemiological find-
ings showing a strong association between spe-
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cific immunoglobulin E (IgE) and asthma in
children who already have the disease.

The causal relationship between allergen
exposure and subsequent sensitization or asthma
is controversial. In 1998, a review of the litera-
ture suggested increased risk of sensitization
in childhood after early exposure to pets (43),
whereas another review found little consistent
association between allergen exposure and
asthma prevalence (44). A recent meta-analysis
concluded that pet exposure increased the risk
of wheezing in older children (45), and more
recent studies have added conflicting data
regarding the relationship between pet expo-
sure and sensitization or asthma in children,
adolescents, and adults.

Importantly, it must be recognized that
asthma and sensitization do not necessarily
occur hand-in-hand. Many of the recent stud-
ies have measured associations between early
allergen exposure and asthma, whereas others
have used general sensitization or even allergen-
specific sensitization as outcome variables.
Clearly, these associations are not directly com-
parable, and this may be one reason for the dis-
parate results. Age may also be a factor: young
children may not yet have developed IgE anti-
bodies to inhalant allergens; therefore, their
asthma may not be combined with sensitiza-
tion and may not be classified as allergic.

In an attempt to summarize the literature
on associations between early allergen expo-
sure and subsequent sensitization or asthma,
Table 1 presents the most often cited works.
Other exposures, such as environmental tobacco
smoke, breastfeeding, gender, and heredity for
allergic disease, may act as confounders or
effect modifiers in the causal relationship (46—
48), but these have not been included in the
table. Some of the studies are reviewed in the
following sections.

Early Allergen Exposure, Subsequent IgE
Sensitization, and Symptoms

Sporik et al. (49) presented the key study
linking allergen exposure in infancy to the subse-
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quent development of asthma. They reported
a weak dose-response relationship between
early exposure to HDM and specific mite sen-
sitization (p = 0.06), as well as associations
between early allergen exposure and asthma at
age 11 yr in a small cohort of 67 children (49).
In the large German birth cohort study (the
Multicenter Allergy Study), a dose-response
relationship between exposure to cat allergen
at home and sensitization to cat at age 3 yr was
observed (50), but there was no relationship
between early indoor allergen exposure and the
prevalence of asthma, wheeze, or bronchial
hyperreactivity (BHR) at age 7 yr (51), imply-
ing that sensitization and asthma may be deter-
mined by independent factors.

Initially, exposure to an allergen was believed
to be a prerequisite for sensitization to that
allergen, although there seemed to be a geneti-
cally determined propensity for sensitization.
Threshold levels for allergen exposure leading
to sensitization and to exacerbations of symp-
toms were previously suggested to be 1 and 8
ug for cat, respectively, and 2 and 10 ug for
dog, respectively (52,53). The strong associa-
tion between sensitization and asthma was
interpreted as a causal relationship between
exposure and disease. However, a few years
ago these findings were challenged by sugges-
tions from cross-sectional studies that early
pet ownership might reduce the risk of subse-
quent sensitization and allergic disease (564,55).
Recently, a multitude of prospective studies
implied similar results. In the Tucson birth
cohort study of 1246 children, dog exposure in
early life was shown to prevent the develop-
ment of asthma-like symptoms up to age 11
yr—at least in low-risk children with no family
history of asthma—but had no influence on the
development of allergic sensitization (56). In a
birth cohort of 474 children (43% lost to follow-
up), Ownby et al. found that early exposure to
two or more dogs or cats in the first year of life
was negatively associated with subsequent al-
lergic sensitization to multiple allergens dur-
ing childhood (30). One birth cohort study of
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448 children suggested an increased risk of
asthma after cat exposure in children whose
mothers had asthma; simultaneously, this
study showed a decreased risk of asthma after
cat exposure in children whose mothers did
not have asthma (57). This could be attributed
to cat exposure of already sensitized children
who are at risk of asthma, because 88% of the
children still held cats. Another prospective
cohort starting at age 7 yr with retrospectively
collected information on cat exposure showed
a decreased risk of asthma at age 10 yr—espe-
cially in children who were exposed to cats
who also had a family history of asthma. This
may be caused by information bias in a cohort
where children with allergic heredity did not
keep pets as often as those without allergic
heredity, but other mechanisms must be con-
sidered (58).

Nevertheless, it is difficult to explain why
these studies demonstrate such incongruent
results. Various immunological mechanisms
have been implied, and selection effects must
be considered. A modified T-helper (Th)2-
response with a bell-shaped or flat dose-
response curve and increased immunoglobulin
G4 among children exposed to high levels of
cat allergen was suggested to explain the rea-
son that having cats in the house can decrease
the risk of sensitization or the reason that chil-
dren living in a house with “moderate” levels
of cat allergen (420 ug /g of dust) are more likely
to become allergic to cats than those exposed to
more than 20 ug/g of dust (37,58,59). Another
possibility is suggested by the observation that
children in rural areas have a reduced risk of
asthma and atopy: environmental exposure
to endotoxin may downregulate the immune
response (60,61). It has also been suggested that
the window of opportunity during which envi-
ronmental influences can affect the development
of childhood asthma is restricted to the prena-
tal or early postnatal period (62-65), and the
timing of exposure in terms of early and cur-
rent pet ownership may distort study results.
There may also be a “pecking order” of aller-
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gens, so that exposure to HDM more readily
sensitizes than cat and dog exposure, which in
turn tends to reduce sensitization to pollen and
grass allergens (25,30,66,67). Although dog
allergy has been recognized as a clinical prob-
lem, cat allergy has received far more scientific
interest. Presumably, the behavior of domestic
cats also has an impact on the distribution of
the allergen. Cats are more likely than dogs to
wander around the house and sit on furniture,
such as beds and chairs (68). Common epitopes
and some degree of crossreactivity between cat
and dog allergens has been discussed, but the
data are inconsistent (69-71).

Some studies have implied that it is possible
to become sensitized to cat through indirect cat
exposure. The most intriguing evidence comes
from the island of Tristan da Cunha, where cats
were exterminated in 1974 to eliminate toxo-
plasmosis (71). Positive skin test reaction to cat
was present in six individuals (12.8%) born
more than 1 yr after the cats were eliminated.
Of these six children, two had attended school
outside the island and might have become sen-
sitized there, but the remaining four children
(one of whom was born in 1983) must have
become sensitized either from allergen that
remained in the homes or from allergen
brought in on visitors’ clothes. Similarly, a high
prevalence of cat sensitization has been dem-
onstrated asthmatic Japanese children living
without cats (70). In an area of Italy where
approx 16% of all households had cats, cat sen-
sitization was three times more frequent in
children who never had a cat at home than in
children living with cats, suggesting that expo-
sure in public places is more important than
exposure in the home (72). In the European
Community Respiratory Health Survey, a sig-
nificant correlation between the prevalence
of cat ownership in the community and the
prevalence of specific sensitization to cat was
observed in adults (565) along with more asthma
in sensitized adults who grew up with cats in
areas with a low prevalence of cats in the
community (28). Studies have also suggested
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that indirect cat exposure at school may result
in sensitization (42) and asthma (73).

Therefore, it is possible that a true associa-
tion can be assessed by combining direct and
indirect exposure—that is, any exposure—and
using children unexposed to cat allergen as the
reference group. This was done in a recent
report from a prospective birth cohort study,
where any cat contact—either direct or indi-
rect—was associated with increased risk of cat
sensitization (25). These children may have
been directly or indirectly exposed to cat later
in life, but they still had higher risk of sensiti-
zation than those without any exposure to cat
at the median age 2 mo. Thus, it may be pos-
sible to come closer to the true effects of early
exposure to pets by estimating total levels of
personal allergen exposure over time, perhaps
in a multicenter prospective study with ade-
quate sampling methods and assays.

Concerning exposure to HDMs, ongoing
randomized, controlled intervention studies in
risk populations have implied that it is possible
to decrease HDM allergen levels in homes by
stringent environmental control and that living
in a low-allergen environment reduces respi-
ratory symptoms during the first year of life in
high-risk infants (74,75), decreases the use of
oral steroids at 18 mo (76), and gives lower
sensitization rates at age 8 yr (77). Reports
regarding whether HDM allergen avoidance is
associated with an increased or decreased risk
of sensitization and, more importantly, wheez-
ing and asthma as the children grow older will
be most interesting.

Allergen Exposure in Already Sensitized
Subjects With Asthma

The debated causal relationship between
early exposure and subsequent asthma should
not be confused with the association between
allergen exposure and worsening of asthma
in already sensitized individuals (Table 2). Cat
allergy is common among asthmatic patients
in clinical populations and is also a significant
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risk factor for emergency room visits caused by
asthma (52,78). In a case—control study in which
adults with severe asthma were matched with a
mildly asthmatic group, a larger proportion of
the severely asthmatic group were sensitized and
exposed to indoor allergens (79). It has also
been demonstrated that asthmatic individuals
with pets at home have more symptoms, a
higher degree of BHR, take more medication,
and score higher on inflammatory parameters
than asthmatic individuals without pets at
home (80). Levels of exhaled nitric oxide have
also been shown to be significantly higher in
patients with asthma who are both sensitized
and exposed to relevant allergen than in those
who are sensitized but not exposed (81). More-
over, a recent study of 311 children with asthma
and sensitization showed that subjects who
were both sensitized and exposed to high lev-
els of sensitizing allergen had significantly
lower forced expiratory volume in 1 s percent
predicted values, higher exhaled nitric oxide
values, and more severe airway reactivity than
subjects who were not sensitized and exposed.
Both the interaction between sensitization and
exposure to any allergen and the interaction
between sensitization and exposure to cat
allergen had significant effects on nonspecific
bronchial reactivity, indicating that asthmatic
subjects exposed in their homes to allergens to
which they are sensitized have a more severe
form of the disease (82). Additionally, in occu-
pational settings, several studies have indi-
cated worsening of respiratory symptoms in
sensitized subjects after allergen exposure
(83,84). Similarly, a correlation between aller-
gen levels at home and severity of asthma in
sensitized children has been proposed for HDM
and cockroach exposure (39,85).

It has also been suggested that asthmatic
children who were allergic to cats may suffer a
worsening of their disease as a result of indi-
rect exposure to cat at school after a period of
nonexposure (86). Among children in classes
with many cat owners, lung function expressed
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as mean morning peak expiratory flow (PEF)
decreased, days with asthma symptoms were
more frequent, and the children reported a
doubling of the average daily use of f-agonists
and a 16% higher average daily dose of steroids
after school start than during summer holi-
days. Those in classes with few cat owners re-
ported no change. In agreement with this,
low-dose allergen exposure has been shown to
increase BHR and induce an inflammatory re-
sponse in patients with pre-existing atopic
asthma (87-91). Studies involving repeated
exposure to low doses of allergen followed by
a high-dose bronchial allergen challenge have
indicated reduced late asthmatic response in
asthmatic individuals, despite enhanced bron-
chial hyperresponsiveness to methacholine and
elevated sputum eosinophils prior to allergen
challenge (92). Similar results were observed in a
study comparing repetitive low-dose antigen
challenges with an equivalent single-dose aller-
gen challenge in subjects with allergic asthma.
The quantitative effects on lung function and
sputum eosinophilia were similar, but repeti-
tive low doses of antigen (as might mimic natural
allergen exposure) produced an inflammatory
response equivalent to the response evoked by
the large single-dose challenge with a smaller
total amount of antigen, suggesting priming
and cumulative effects may have occurred (93).
However, this is prevented with inhaled ste-
roid treatment (94) and needs to be confirmed
in larger trials.

Therefore, these studies concur that sensi-
tized subjects with asthma suffer exacerbation
of their disease when exposed to the rele-
vant allergens, and the degree of deterioration
appears to be a matter of dose. Granted, there
are asthmatic patients who claim they tolerate
their own pet but not the pets of others, but
clinical studies to confirm the mechanisms
around this are lacking. Meanwhile, the best
choice for a clinician must be to advise sensi-
tized asthmatics that avoidance of exposure to
indoor allergens is an important element in the
treatment of allergic disease.

Clinical Reviews in Allergy & Immunology

Allergen Avoidance

For asthmatic individuals whose disease
worsens because of direct or indirect pet con-
tact, it is vital to avoid exposure to the allergen
(secondary prevention), regardless of how
early exposure to pets may affect the develop-
ment of sensitization or asthma in childhood
(primary prevention). Even if factors other
than allergen exposure play a major part in
determining which child will develop asthma,
thereby proving allergen elimination inefficient
as a primary prevention measure, a reduction
of direct and indirect allergen exposure will
remain a very important element in secondary
prevention.

Several studies have shown that Fel d 1 is
still present in homes where a cat has previ-
ously lived and even in houses where no cat
ever lived (95,96). It is not clear whether repeated
washing of cats removes allergen from the cat
and leads to progressive reduction in the quan-
tity of allergen in the home, but it appears that
cats and dogs must be washed at least once a
week to reduce airborne levels of Fel d 1 and
Can f 1 (97-100). Vacuum cleaning appears to
provoke increases in airborne Fel d 1, prima-
rily that carried by large particles, although
there is less leakage from vacuum cleaners
with HEPA filters or microfilters (101,102).

The use of tannic acid or Allerpet/c to reduce
allergen levels also has limited effects on cat
allergen (98,103). Air cleaners have been shown
to reduce levels of airborne allergen, but stud-
ies regarding their clinical usefulness have pro-
vided inconsistent results. In a double-blind,
placebo-controlled trial to evaluate the effect of
HEPA air cleaners on subjects with cat aller-
gies who had a cat at home, there was no effect
on disease activity, despite decreased levels of
cat allergen in the homes of those with active
air cleaners (104). Another research group
showed a significant reduction in airway hyper-
responsiveness in young asthmatic patients
when air cleaners were used in living rooms
and bedrooms (105). A reduction in cat aller-
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gen levels without removal of the cat can be
achieved by washing the cat, reducing the
amount of furniture, vacuuming, and filtering
the air (97). This is a rather time-consuming
way to reduce allergen levels, and it is likely to
be acceptable only to subjects sensitized to cats
who really want to keep their cat at home. It is
not feasible to suggest that families without a
cat undertake stringent environmental control
measures to rid their air of passively trans-
ferred allergen.

It is becoming well-known that school envi-
ronments affect children with asthmatic symp-
toms; some schools have established allergen
avoidance classrooms (106,107). However, recent
data have implied that allergen avoidance
measures, such as removing curtains, uphol-
stery, and plants; replacing bookshelves with
cupboards; and cleaning schools regularly, do
not reduce airborne cat allergen, unless the rate
of pet ownership is minimized or stringent rules
about clothing are introduced (108). Many
studies have emphasized clothes as an impor-
tant carrier of allergen (17-19,24), and measures
to reduce allergen levels in cat-free environ-
ments can easily be suggested. It is of consider-
able interest to look into possible intervention
measures and to take steps to minimize the
amount of allergen brought to school in cat
owners’ clothing, either by asking cat owners
to wear clean clothes to school and to not
cuddle with the cat in the morning or by hav-
ing children change into school uniforms at
school. Interesting data from a recent study
show that levels of cat allergen are lower in
classes that ban pet ownership or classes in
which the children change into special school
clothing at school than in control classes (109).
It remains to be seen whether a reduction in
allergen levels at school has an effect on the
allergen load in homes without a cat, as well as
how the health status of sensitized asthmatic
children is affected.

Recently, several randomized control stud-
ies regarding HDM avoidance have been pub-
lished, with somewhat differing results. In a
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study of 47 children, one group managed to
reduce levels of HDM allergens by encasing
mattresses and pillows, and this resulted in a
reduction in the use of inhaled steroids in the
active group (110). However, in another study of
1122 adults with asthma, allergen-impermeable
covers reduced the levels of HDM allergens at
6 mo but not at 12 mo, with no significant dif-
ference in PEF or steroid medication between
active and control groups (111). Another group
succeeded in reducing HDM allergen levels by
using impermeable bedding covers, but this
had no significant effect on clinical outcome
measures among 232 adults with rhinitis (112).
The reason for these differing results may be
that even if it is possible to reduce allergen lev-
els in a bedroom, there is still plenty of aller-
gen around the house and in public places, and
it is most likely that HDM-sensitized individu-
als are also sensitized to other indoor allergens
to which they are simultaneously exposed.

If the reservoirs of allergens in homes and
in public places turn out to be difficult to suffi-
ciently eradicate to reduce indirect exposure to
indoor allergen, then it is important to encour-
age patients not only to avoid allergens but also
to comply with pharmacological therapy. Spe-
cificimmunotherapy has been shown to reduce
sensitivity to allergens such as cat (113,114).
Primary prevention strategies based on the
induction of an immune deviation toward a
Thl-type immune response to inhalant aller-
gens have been proposed—for example, by
administering allergen along with a suitable
adjuvant in a vaccination program (115-117).

Heredity for Allergic Diseases as
Confounder and Effect Modifier

Twin studies suggested that 75% of asthma
sufferers inherit the disease (118,119). There are
also indications that the maternal influence is
stronger than the paternal influence, perhaps
because of in utero immunological environ-
ment and cytokine profiles at birth (38,65,120).
If genetic studies turn out to be fruitful, then
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they may make it possible to identify individu-
als who would respond to certain primary pre-
vention measures or therapeutic intervention
strategies. The more we understand about an
individual’s genetic background, the better
placed we will be to interpret his or her sus-
ceptibility to specific exposures. This would
improve our understanding of the effect of
environmental exposure, because gene—envi-
ronment interactions are believed to play an
important role in the development of allergic
disease (121,122).

A few of the studies regarding associations
between pet exposure and disease briefly men-
tion whether there is a difference in pet owner-
ship between households with and without a
family history of allergic disease. It is interest-
ing to speculate which other factors might
influence people in their decision to keep pets,
thereby possibly confounding studies on asso-
ciations.

Families with a history of allergic diseases
may be less prone to keep pets, and many
countries have primary prevention programs
in which families with heredity for allergic dis-
eases are advised not to keep pets. Meanwhile,
cat allergen is ubiquitous in society and may
induce sensitization in predisposed individu-
als, regardless of pet ownership. Children with
a family history of allergic disease also have a
higher risk of becoming allergic themselves.
Taken together, this might distort study results
(34,66,123,124).

Conclusion

It is not an easy task to argue for high early
allergen exposure as a risk factor for sensitiza-
tion and development of asthma, considering
the multitude of studies that have been pub-
lished in the recent years. Because of the fact
that so many studies present incongruent
results—even longitudinal studies in which
infants are followed from birth—it is a difficult
undertaking to design primary prevention
strategies and summarize them in the form of

Clinical Reviews in Allergy & Immunology

advice. We should not advise people without
heredity for allergic diseases who wish to pre-
vent allergies and asthma in their children to
get rid of their pets. Conversely, we probably
should not recommend pet ownership as pro-
phylaxis against asthma. For the child with
allergic parents (see Situation 1), the family
should look for early symptoms of allergic dis-
eases and should be advised to remove the pet
(or to not get one) if one or more of the family
members react to the pet. A challenging task
would be to perform a randomized control trial
in which children are randomized on the basis
of heredity for allergic diseases and then allo-
cated into different arms with and without cat
and dog ownership. Only in this way can we
ascertain the risk of disease at age x years, and
even then we will have to struggle with the
issue of indirect exposure. The ethical commit-
tees would probably not approve this type of
study, and meanwhile, we must fall back on
single studies and meta-analyses.

On the other hand, the task of arguing that
high allergen exposure constitutes a risk factor
for asthma and allergic disease in already sen-
sitized subjects is much easier. Most studies on
the issue agree that subjects exposed to the rel-
evant allergen do get worse. For the aforemen-
tioned child (see Situation 2) who reacts to cats
and dogs in friends” houses with asthma and
rhinoconjunctivitis, the best advice is to reduce
the exposure to allergen and to not acquire a
family pet.

In conclusion, even if much research remains
to be performed before hypotheses on the
effects of early allergen exposure are proved or
disproved, it seems clear that allergen avoid-
ance will reduce symptoms in sensitized children
with asthma and that avoidance of exposure to
indoor allergens is an important element in the
treatment of allergic disease.
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