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Abstract
Allergy testing and avoidance of allergens plays an important role in asthma control. Increased
allergen exposure, in genetically susceptible individuals, can lead to allergic sensitization. Continued
allergen exposure can increase the risk of asthma and other allergic diseases. In a patient with
persistent asthma, identification of indoor and outdoor allergens and subsequent avoidance can
improve symptoms. Often times, a patient will have multiple allergies and the avoidance plan should
target all positive allergens. Several studies have shown that successful allergen remediation includes
a comprehensive approach including education, cleaning, physical barriers and maintaining these
practices.

Introduction
Asthma is a common disease that affects 300 million people of all ages world wide.1 The
prevalence among children in the United States has nearly doubled over the last two decades.
2 Asthma is influenced by multiple factors including the environment, genetics, infections and
diet. Allergen sensitization also plays an important role in disease development, severity and
treatment. Patients with “allergic” asthma or IgE sensitization to allergens are more likely to
develop chronic, persistent asthma. Recent studies have shown that sensitization to certain
allergens such as house dust mite, animal dander, cockroach or fungus is a risk factor for
asthma. Also, sensitization to pollens has been associated with seasonal asthma. The basis for
an allergen’s role in asthma is that increased exposure can lead to sensitization and re-exposure
to the allergens in a sensitized individual will increase the risk of asthma development and
other allergic diseases. However, allergen avoidance or desensitization will improve
symptoms. This review will describe environmental allergens, their role in asthma and
strategies for avoidance.

House Dust Mite
House dust mites are arachnids that are microscopic in size (~0.33mm long). They are found
in dust and products with woven material or stuffing such as mattresses, pillows, stuffed
animals, and bedding. Their life cycle from egg to adult takes 3 to 4 weeks and they live for 6
to 8 weeks. Females produce 40 to 80 eggs during this time.3 Their natural food source is skin
scales or fungi. The most common species are Dermatophagoides pteronyssinus and
Dermatophagoides farinae. There are six major groups of house dust mite allergens but the
most notable are Der p 1 and Der f 1. Fecal particles contain the most allergen and the highest
dust mite concentrations are in mattresses. The major factors affecting dust mite growth are
warmth and humidity. Mites absorb water in high humidity and get dehydrated when the
humidity falls below 50%.

It has been shown that dust mite exposure in early childhood is an important determinant in
asthma development. Sporik et al. showed that 16 of 17 children with asthma were sensitized
to dust mite.4 Further, the higher the level of dust mite exposure at 1 year old, the earlier the
first episode of wheezing occurred. The relative risk of asthma was almost 5-times greater in
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the subjects who were exposed to high levels of dust mite allergen (>10 µg/g). These findings
were confirmed in a recent study by Celedon et al.5 They demonstrated that early exposure to
house dust mite was associated with an increased risk of asthma and late onset wheezing. They
followed a group of 440 children from birth to 7 years and found that children exposed to high
levels of dust mite allergen in their bed at 2 to 3 months old had a 3-fold increase in the odds
of asthma at age 7 years old compared with those exposed to low level dust mite allergen.

One intervention to reduce dust mite levels is to encase the mattress and pillows with special
covers. There are different fabrics such as plastic covers, permeable synthetic fibers, non-
woven synthetics and finely woven fabrics. Woven fabrics with a pore size less than 10 microns
block dust mite allergens and a pore size of 6 microns also block immature and adult mites and
cat allergen.6 However, using dust mite encasings as the only intervention is controversial.

Halken et al. found a benefit from using encasings for long term dust mite control in asthmatic
children.7 This was a prospective trial in which 60 children with dust mite allergy and asthma
received pillow and mattress encasings or sham encasings for 1 year. There was a significant
reduction in the amount of dust mite allergen in the treatment group and, after 1 year, inhaled
steroids use was also reduced. Other studies have shown that dust mite covers alone, without
a comprehensive avoidance plan, may not achieve a clinical benefit in asthmatic patients.8–12

Experts agree that the greatest benefit will come from a comprehensive approach to dust mite
avoidance and maintaining this practice (Table 1). Such an approach includes education about
the allergen, implementing strategies like the encasings, removing dust mite reservoirs like
carpets, upholstered furniture, drapes, and stuffed animals, keeping the humidity below 50%
and weekly vacuuming with a HEPA filter.

Washing the bedding weekly and using a heated drier will reduce dust mite levels. Hot water
(>130° F) killed all mites while cold water reduced mite concentrations by 90 percent.13 Also,
using a clothes drier on the hot setting for 10 minutes killed all dust mites in a blanket.14
Chemicals such as benzl benzoate (kills mites) and tannic acid (denatures protein) have modest
effects on reducing mite allergen.

Platts-Mills et al. demonstrated that long term dust mite avoidance in sensitized asthmatics
resulted in a significant improvement.15 In this study, 9 patients used a hospital room as their
bedroom for 1 year. They could leave the hospital but not visit houses with animals. By the
end of the study, 2 patients were off all asthma medication and 5 patients no longer needed
inhaled steroids. Symptoms and peak flows improved and 5 patients showed an 8-fold increase
in their bronchial provocation tests.

Pets
Cats and dogs are the most popular animals kept as pets. Unfortunately, in atopic individuals,
animal allergies are common. The major cat and dog allergens have been well characterized
and will be the focus of this review. Other animal allergens have been extensively reviewed
elsewhere.16, 17 Fel d 1 is the major cat allergen and is primarily found in cat skin and hair
follicles and is produced in sebaceous, anal and salivary glands. All breeds of cat produce Fel
d 1 and males produce a higher amount. The allergen can take months to degrade. It can be
carried on small airborne particles ranging from 1 µm to over 20 µm.18

Dogs are similar. Their major allergen is Can f 1. It is found in hair, dander and saliva. Airborne
levels and particle size distribution is similar to cat allergen. The small particles of cat and dog
allergen can scatter easily in the air and adhere to clothing for further dispersal.
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These allergens are wide spread. They have been found in homes and public places that do not
have pets. Bollinger et al. found cat allergen present in 38 of 40 homes that did not have a cat.
19 Almqvist et al. showed that there is significant exposure to cat allergen in schools as allergen
is spread through clothing from homes with cats to classrooms.20 Custovic et al. found dog
allergen in dust samples from public places including schools, hotels, cinemas, buses and trains.
21 Multiple studies have shown that pet owner’s clothing is an important source of allergen
dispersal.20, 22

The role of exposure and sensitization to these allergens is unclear. Some studies show exposure
results in increased development of allergy. Ingram et al. demonstrated that cat and dog
allergens are associated with asthma in schoolchildren.23 This study was done in an area of the
country with low dust mite allergen, and they found that dog and cat were the major allergens
to which asthmatic children were sensitized. Their results showed that the combination of
sensitization and increased exposure levels for either dog or cat had a strong correlation with
asthma. Though, there is controversy over whether animal exposure can also be beneficial.
Recent studies suggest a protective effect where exposure to animals during infancy may reduce
the prevalence of allergic sensitization later in childhood.24–29 However, there is agreement
that in already sensitized individuals, animal allergens are problematic and can cause airway
hyper-responsiveness and increase asthma severity.

The best way to decrease animal allergen exposure is to remove the pet from the home (Table
2). Even after removal, Wood et al. found that it took 20 to 24 weeks after cat removal to
achieve allergen concentrations similar to controls.30 Aggressive cleaning such as removal of
carpets and upholstered furniture resulted in a more rapid decrease in cat allergen. Another
reservoir for animal allergens is the mattresses so encasing the bedding is recommended.

Pets are often considered a member of the family and many owners will not remove them
animal from the home. In these cases, recommendations include keeping the animal in a single
area of the home and out of the bedroom, removing carpets and upholstered furniture, encasing
the mattress and pillows, and using an air cleaner in the bedroom and living room.

In one study looking at HEPA air cleaners in the treatment of cat induced asthma and rhinitis,
the investigators found that cat exclusion from the bedroom resulted in decreased allergen
levels, though there was no effect on disease activity.31 However, van der Heide et al.
conducted a 3 month intervention with air cleaners in living rooms and bedrooms and found
that this helped significantly decrease airway hyperresponsiveness in twenty asthmatic children
with animal sensitization with a pet in the home.32 Recently, the use of air filters has been
extensively reviewed.33 The authors concluded that there is sufficient evidence that air
filtration reduces indoor levels of airborne allergens.

Cat and dog washing may be helpful but the effects are short lived. Hodson et al. found that
dog washing reduced dog allergen but had to be done at least twice a week.34 Cat washing
studies show similar results or no benefit.35, 36

Cockroach
The German cockroach (Blatella germanica) and the American cockroach (Periplaneta
americana) are the most common species to cause allergies. The major allergens have been
identified as Bla g 1, Bla g 2 and Per a 1. They are found in the saliva, fecal material, secretions,
cast skins, and debris.18 As with dust mite allergen, these become airborne on aerodynamically
large particles >10 µm and quickly settle to the ground.

Factors that increase cockroach infestation include low socioeconomic status, building
degradation and high population density. Cockroach allergen is a major problem in inner city
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homes and a significant cause of asthma morbidity. As with the other allergens, studies have
shown that increased cockroach exposure leads to sensitization. Eggleston et al. studied a subset
of 500 asthmatic children from the National Cooperative Inner-City Asthma Study (NCICAS).
The children had skin testing to indoor allergens and home dust samples were analyzed. The
results showed that the bedroom concentration of cockroach allergen was related to cockroach
sensitization.37 Recently, Chew et al. found a dose response relationship between inner-city
home cockroach exposure and cockroach sensitization in children.38

As part of the NCICAS, Rosenstreich et al. collected dust samples from 476 bedrooms of
asthmatic children in 8 inner city areas.39 Cockroach allergen was present in 85% of bedrooms.
Allergy testing showed that approximately one third of children were allergic to cockroach.
They found that children who were allergic to cockroach and exposed to high levels in their
bedroom, had higher rates of hospitalization, medical visits, days of wheezing, missed school
and lost sleep versus other indoor allergens. Gruchalla et al. conducted a similar study
evaluating allergic sensitization, bedroom allergen exposure and asthma morbidity in 937
children from the Inner-City Asthma Study (ICAS) which included several metropolitan cities
from the Northeast, Southwest and Western United States.40 Cockroach allergen levels were
highest in the high rise apartments and in New York, Chicago, and the Bronx. They also found
that children who were both sensitive to cockroach and exposed to significant amounts of
cockroach allergen had more asthma symptoms days, missed school and caretaker interrupted
sleep.

Both of these studies demonstrated that sensitivity was related to the levels of cockroach
allergen in the child’s bedroom and children allergic to cockroach and exposed to cockroach
allergen had more asthma symptoms.

Schools are another source of cockroach allergen exposure.41–43 Chew et al. found detectable
levels of cockroach allergen in 77% of eleven Northeastern schools surveyed.42 Amr et al.
detected cockroach allergen in 66% of dust samples from eleven downtown Baltimore
elementary schools. They also found a positive correlation between the mean levels of
cockroach allergen and asthma prevalence rates.41

Control measures include extermination with insecticides, pesticides or bait traps (Table 3).
Food should be stored in sealed containers and clutter removed. Holes or cracks in the home
should be sealed. These interventions along with thorough cleaning can significantly reduce
allergen levels. Eggleston et al. used a combination of education, extermination, HEPA filters
and bed encasings in inner city homes and demonstrated a 51% reduction in cockroach allergen.
44 Researchers from ICAS demonstrated that a 1 year multifaceted approach aimed at reducing
environmental tobacco smoke and multiple indoor allergens could be successful.45 The
interventions included education, bed encasings, HEPA air filters and vacuum cleaners, and
pest control. There was a significant reduction in cockroach and dust mite allergen levels and
these significantly correlated with reduced asthma symptoms and morbidity during the
intervention year and a year afterward

Mouse
It is clear that mouse allergens are an important cause of asthma morbidity in urban and
suburban areas. In the past decade, numerous studies have found that exposure of sensitized
children and adults results in an increased risk of asthma and worsened symptoms. Along with
cockroach exposure, this has become an important public health problem.

Mouse allergen has been found to be highly prevalent in inner-city and suburban homes.46–
48 Phipatanakul et al reported that 95% of all homes in a subset of 499 subjects from the
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NCICAS had detectable levels of mouse allergen in at least one room and the highest levels
were found in the kitchen.49

Mus m 1 is the major mouse allergen and is found in mouse urine, hair follicles and dander.
50 Like other animal allergens, it is carried on particles and can migrate through a facility and
can be found in homes without mice infestation 51.

Factors that increase cockroach infestation also increase mouse infestation such as high
population density, clutter and integrity of the home. Mice are more likely to be found in high
rise apartments or multifamily homes and homes with physical damage.

High levels of mouse allergen can lead to sensitization. Phipatanakul et al. demonstrated that
in subjects from the NCICAS, homes with higher mouse allergen concentrations had
significantly higher rates of mouse sensitization.49

Increased exposure is also a risk factor for asthma morbidity. A study of mouse sensitized
children from inner-city Baltimore demonstrated that sensitized children exposed to high levels
of home mouse allergen were more likely to have unscheduled physician visits, emergency
department visits and hospitalizations.52 Household exposure to mice has been shown to be
associated with higher rates of asthma in inner cities. A Boston birth cohort study demonstrated
that infants whose parents reported exposure to mice in the household had almost twice the
odds of developing a wheeze in the first year of life and later in childhood.53 This has also been
shown in adults. Women sensitized to mouse allergen were shown to have higher rates of a
physician’s diagnosis of asthma and asthma morbidity.54

Mouse allergen remediation requires multiple interventions and has been termed Integrative
Pest Management (IPM). Like dust mite allergen, a comprehensive approach is needed (Table
3). Tactics include education, extermination, cleaning, keeping food and trash covered, air
filters and fixing holes and cracks in the home. Phipatankul et al. used a multifaceted approach
to demonstrate that a home environmental intervention can decrease mouse allergen.55

Eighteen homes of asthmatic children with mouse sensitization in urban Boston were enrolled
in the study. Twelve intervention homes received treatment which included filling holes,
vacuuming and cleaning and using low toxicity pesticides and traps. Mouse allergen levels
were significantly reduced over a 5 month period.

Pongracic et al. conducted a rodent intervention in a subgroup of children from the ICAS using
a similar approach.56 They found that mouse allergen reduction was associated with less missed
school, sleep disruption and caretaker burden. If maintained, these efforts have been shown to
be successful and cost effective.57

Schools can also be a source of allergen exposure. Recently, Sheehan et al. found that 89% of
dust samples from 4 inner city schools contained detectable levels of mouse allergen.58 The
school samples had significantly higher levels of mouse allergen when compared to the
student’s home samples.

Pollen and Mold
Pollen and mold spore exposure can trigger asthma exacerbations or worsen symptoms in
sensitized individuals. Pollen’s role in nature is to transport the male gamete (i.e. DNA) to the
female part of a flower through wind or insect dispersal. In most parts of the United States,
trees pollinate in the spring, grass pollinates from late spring to early summer, and weeds
pollinate in late summer through the fall. In tropical climates, these seasons can be longer.
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Trees are either seed bearing (gymnosperms) or flowering (angiosperms) and most allergenic
trees are in the flowering group.59 Birch, oak, elm, and maple trees are common in the Northeast
and less prevalent in the Southwest.60 A single birch tree flower cluster can produce 6 million
pollen grains. Tree pollens range in size from 20 to 50 µm.

Ragweed pollen is released in the morning and peaks by noon.61 A single ragweed plant can
expel a million pollen grains in a day. Species like ragweed, lamb’s quarter and plantain are
found through out the United States. Weed pollens range in size from 10 to 20 µm.

Grass pollen is a common cause of spring time allergies. It is a larger pollen around 50 µm in
size. Northern grasses in the United States include timothy, orchard, meadow, rye, Kentucky,
redtop, and vernal, while southern grasses include Bermuda, Bahia and Johnson.

Fungal spores are responsible for both seasonal and perennial allergy symptoms. Outdoor
spores peak in the mid-summer and diminish with the first hard frost in regions that experience
cold winter seasons. There are dry air spores that peak in the afternoon hours under low
humidity which include Alternaria, Cladosporium, and Epicoccum. Wet air spores peak at the
pre-dawn hours with high humidity and include ascospores and basidiospores (mushrooms,
puffballs). Alternaria is the most prevalent mold in dry, warm climates. It is commonly found
in soil, seeds, and plants. Several studies have shown associations between Alternaria and
severe asthma.62–65 Cladosporium is the most prevalent spore in temperate regions and is the
most commonly identified outdoor fungus. It is found on dead plants or vegetable matter.
Aspergillus is often isolated from house dust. It is also found in compost heaps and dead
vegetation. Penicillium is found in soil, food and grains, and house dust. It grows in water
damaged buildings, wallpaper, and decaying fabrics giving a green “mildew” color. All of
these molds induce allergic rhinitis, asthma, and hypersensitivity pneumonitis.

Pollen and fungal spore counts are collected the previous day and then counted thus the reports
we see on television or websites are a day late. The National Allergy Bureau (NAB) is part of
the American Academy of Allergy, Asthma and Immunology and supplies the public with
estimates of pollen and spore counts (www.aaaai.org/nab). The most common type of sampling
devices are volumetric samplers that draw pollens and mold spores from the air. Studies have
shown that there is variation in pollen counts even between locations in the same city.66, 67

Therefore, one pollen count may not represent the entire city, but the information does inform
people when their pollen season begins and counts roughly correlate with symptoms.

Intact pollens range from 10 to 100 µm, though most have diameters between 20 and 35 µm
while fungal spores range from 2 to 50 µm.68 These large particles are removed by the nasal
mucosa and upper tracheobroncial passages. However, particles <5 µm generally reach the
alveoli of the lungs.69 An intact pollen is too large to reach the alveoli but studies have shown
that submicronic pollen derived bioaerosols can reach the alveoli. For example, ryegrass pollen
ruptures on contact with water and releases microscopic starch particles (0.5–2.5 µm)
containing major grass allergen.70 Such bioaerosols have been shown to be expulsed from
pollens and mold spores.71–74 While rain can wash pollen grains or spores from the air, the
expulsed bioaerosols can trigger asthma exacerbations. Bioaerosols are thought to be
associated with thunderstorm asthma epidemics.69, 71–74 In Melbourne, in 1987, there was a
5-fold increase in asthma ED visits in a 24 hour period after a thunderstorm. In 1989, there
was a 10-fold increase with 277 ED visits.69, 75 In 1994, in London, 40 patients presented with
asthma flares within 24 hours of a storm 76, 77.

There are a number of studies describing morbidity secondary to fungal exposure. Alternaria
sensitivity has been found to be a risk factor for severe asthma attacks and epidemic asthma.
62, 63 Targonski et al. demonstrated that Chicago asthma deaths were more than 2 times higher
on days when there were 1000 spores per cubic meter.64 Dales et al. studied the association
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between daily emergency department visits for asthma to a children’s hospital and
concentrations of pollen grains and fungal spores during a 5-year period.78 The authors found
that the concentration of fungal spores and not grass pollen significantly correlated with ED
visits. Sears et al. had similar findings in a group of New Zealand children followed from birth
to 13 years of age. The most common allergen sensitization was grass; however, relative risk
analysis demonstrated that sensitivity to house dust mite, cat, dog and indoor mold were highly
significant risk factors associated with current asthma and grass sensitivity was not.65

It is not possible to control the pollen or mold spore level outside the home, but one can control
the amount of allergen that gets inside. Two major components of control are keeping windows
and doors closed during high counts and bathing to remove allergens in the hair and on the
body (Table 4). HEPA filters can reduce pollen in the home 33. Sensitized individuals with
allergen-induced asthma can benefit from immunotherapy. A number of trials have shown that
immunotherapy is beneficial in treating allergen induced asthma.79–84 Abramson et al.
conducted a meta-analysis for the Cochrane Database of 20 published prospective, randomized,
placebo controlled trials of immunotherapy for asthma between 1960 and 1990 and concluded
that immunotherapy reduces asthma symptoms and use of asthma medications and improves
bronchial hyper-reactivity. 80

Conclusion
Allergen exposure plays a significant role in asthma morbidity. We have demonstrated that, in
genetically susceptible individuals, increased exposure leads to allergen sensitization and
continued exposure is a risk factor for asthma and other allergic diseases. Thus, patients with
persistent asthma may benefit from allergy testing to identify indoor and outdoor allergens.
Successful allergen remediation involves a comprehensive approach that targets the multiple
allergens to which they are exposed. This poses a major problem in inner cities as remediation
of mouse and cockroach allergens can be difficult. The role of allergen exposure during infancy
and the subsequent development of asthma is currently an active area of research. While this
review focused on environmental factors, a recent study also hypothesizes that early life
sensitizations, such as to food allergens, may affect functional airway properties.85 At this
point, more data is needed, but follow up studies may provide insight into asthma prevention.
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Table 1

Dust Mite Allergen Education and Avoidance Measures

Education

• Dust mites are microscopic in size

• Source of food is skin scales or fungi

• Dust mite particles are heavy and fall to the ground

• Found in woven materials such as mattresses, pillows, stuffed animals, bedding, upholstered furniture and draperies

• The highest levels of allergen are typically found in the mattress

• Increased humidity above 50% increases growth

Avoidance

First Level

• Encase the pillow and mattress with a pore diameter no larger than 10 microns

• Wash bedding weekly in hot water and dry in a heated drier

• Remove dust mite reservoirs such as toys and stuffed animals from the bed

• Keep humidity less than 50%

• Vacuum with a HEPA filter bag

• Chemicals to kill mites or denature proteins have a modest effect

Second Level

• Remove upholstered furniture, drapery, carpeting or rugs

Third Level

• Move from a damp location such as a basement to a higher floor
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Table 2

Pet Allergen Education and Avoidance Measures

Education

• Cat allergen is found on the skin, hair and saliva

• Males produce a higher amount of allergen

• Dog allergen is found in skin, hair, and saliva

• The allergens can scatter easily in the air and sticks to furniture and clothing

• Cat allergen may take 4 months to denature

Avoidance

Control allergen with pet removed from the home

• Thoroughly clean upholstered furniture, walls and carpet

• Removal of furniture and carpet is ideal

Control allergen with pet in the home

• Remove pet from the bedroom and other rooms where your child spends a lot of time

• Aggressive cleaning of upholstered furniture, walls and carpet

• Removal of upholstered furniture and carpet is ideal

• Encase the mattress and pillows with a pore diameter no larger than 6 microns

• Keep the pet clean. Washing dogs twice a week may be helpful.

• Use a HEPA air filter
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Table 3

Rodent (Cockroach and Mouse) Education and Avoidance Measures

Education

• Cockroach allergen is found in the saliva, fecal material, secretions, cast skins and debris

• These particles are large and settle quickly to the ground

• Mouse allergen is found in mouse urine, hair follicles and dander

• Like other animals, mouse allergen is carried on particles and can migrate through a home or building

• These allergens are commonly found in areas of increased population density

• The highest levels of allergen are typically found in the kitchen

Avoidance

• Inspect to detect hiding places and identify food sources (grease, kitchen debris)

• Store food in sealed containers. Avoid exposed pet food

• Remove clutter

• Exterminate with pesticides or bait traps. Professional extermination is preferred

• Seal holes or cracks in the home to prevent re-infestation

• Wash bedding, curtains and clothing
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Table 4

Pollen and Mold Education and Avoidance Measures

Education

• Trees typically pollinate from March through June

• Grasses typically pollinate from May through early June

• Weeds typically pollinate from August through the first frost and peaks around noon time

• Outdoor mold spores typically peak in June and decrease after the first frost

• Mold spores are found in soil, seeds, and vegetable matter such as grass or leaves

• Indoor molds are prominent in humid environments

Pollen Avoidance

• Keep windows closed

• Bath to remove allergens from hair and body

• HEPA air filtration

• Consider same principles for outdoor mold avoidance

Mold Avoidance

• Locate mold contaminated items and remove them.

• Clean moist areas as these are prone to mold growth

• Repair leaks

• Reduce humidity to less than 50%
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