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Abstract
To date, few studies have characterized allergens within residences located in rural areas of the northern Rocky Mountain region. In this study, we collected dust samples from 57 homes located throughout western Montana and northern Idaho. Dust
samples were collected and later analyzed for dust mite allergens Der f 1 and Der p 1, Group 2 mite allergens (Der p 2 and Der f 2),
domestic feline (Fel d 1), and canine (Can f 1). Indoor temperature and humidity levels were also measured during the sampling
program, as were basic characteristics of each home. Dog (96%) and cat (82%) allergens were the most prevalent allergens
found in these homes (even when a feline or canine did not reside in the home). Results also revealed the presence of dust mites.
Seven percent (7%) of homes tested positive for Der p 1, 19% of homes were positive for Der f 1, and 5% of homes were positive
for the Group 2 mite allergens. Indoor relative humidity averaged 27.0 ± 7.6% within the homes. Overall, humidity was not significantly associated with dust mite presence, nor was any of the other measured home characteristics. This study provides a
descriptive assessment of indoor allergen presence (including dust mites) in rural areas of the northern Rocky Mountains, and
provides new information to assist regional patients with reducing allergen exposure using in-home intervention strategies.

Keywords: Residential; Indoor Allergens; Dust Mites; Cat Allergens; Dog Allergens
Abbreviations:

ARTIS: A Randomized Trial for Indoor Smoke

Cite this article: Ward T. Dust Allergens within Rural Northern Rocky Mountain Residences. J J Aller Immuno. 2015, 2(1): 011.

2

Jacobs Publishers

Introduction
Some of the most common indoor allergens include dust mites,
cockroach, and pet dander. Characterizing the presence of
these allergens inside residential environments is important,
as exposure to these antigenic/allergenic substances can contribute to sensitization and increased rates of exacerbation
among exposed asthmatics [1]. Today, between 10% and 30%
of the worldwide population experiences allergic rhinitis, with
10% of US children ages 17 and under suffering from hay fever
in the last 12 months [2]. In addition, 8% of the US population
is asthmatic (18.7 million people), with 6.8 million children
(9.3%) currently diagnosed with asthma [3].
As an evolving field of study, indoor residential interventions
can be used to reduce the impact that these allergens have in
exacerbating perennial allergic rhinitis and asthma. To date,
multiple in-home intervention strategies targeting dust mites,
domestic animal allergens, and cockroach allergens have been
evaluated, with each intervention showing variable success [48]. Importantly, prior to the implementation of such interventions, the presence of allergens within the residence needs to
be fully characterized.

Several studies have reported on levels of indoor allergens
[9,10]. Most of these studies have focused on highly urban and
populated areas. However, there is currently little information
on the dust-related allergens found in residences throughout
rural and frontier areas of the northern Rocky Mountains. As
part of this study, we collected floor dust samples from 57 residences across western Montana and eastern Idaho. Samples
were analyzed for the presence of feline, canine, and dust mite
allergens. Humidity data and socio-economic factors were also
ascertained from each of the homes to investigate their influence on allergen concentrations across our geographical study
areas. In this manuscript, we present the results of this study.

Materials and Methods

Study areas included communities within a ~320 km radius
surrounding Missoula in western Montana (note that Missoula
is 70 km from the neighboring Idaho state line). At an elevation
of ~980 meters above sea level, Missoula and the surrounding
area have a population of over 120,000 people. The region
is characterized by mountainous terrain, and has a semi-arid
climate. The winters are typically cold with moderate snow/
precipitation, and the summers hot and dry. The annual precipitation is ~35 cm with average monthly ambient relative
humidity ranging from 23% to 94% depending on time of year
[11]. Higher humidity is typically measured during the winter
months, with lower humidity during the summer months.
Dust samples were collected as part of the ARTIS study (A
Randomized Trial of Indoor Smoke), an in-home intervention

study focused on asthmatic children exposed to residential
wood smoke [12]. Eligibility for the program consisted of
having a child (ages 7 to 17) with persistent asthma living in a
home heated with an older model wood stove.
Dust Sampling

Dust samples (one composite sample per home) were collected
from 57 homes in western Montana / northern Idaho during a
single sampling visit. From each of the participating homes,
samples of dust were collected using a Dirt Devil Breeze Vision canister vacuum and a Dustream Collector (Indoor Biotechnologies). Samples of dust (~35 mg) were collected from
the floors of the common rooms of the residences (i.e. living
rooms) over an area of approximately one square meter. Dust
samples were collected from both carpeted and hard wood
floors in this study, with the majority of the samples collected
during the months of February and March.
Dust Analyses

Dust samples were initially extracted in 0.05% PBS-tween,
with the extracts frozen at -20°C prior to the analyses. Dust
extracts were analyzed for allergens using a Luminex 200 via
MARIA 5-plex assay (Indoor Biotechnologies). Allergens that
were analyzed included dust mites (Der f 1, Der p 1, and Group
2 Der p 2 and Der f 2), domestic feline (Fel d 1), and canine (Can
f 1).
Indoor Temperature and Humidity
Indoor temperature (°C) and relative humidity (%) were measured within the common areas (in proximity to where dust
samples were collected) within each of the homes. During
the winter months, a Q-Trak (TSI, Inc.) was used to measure
temperature and humidity over two, 48-hour sampling periods (60 second sampling intervals). One 48-hour event was
typically conducted in the first half of the winter (November/
December), while the second 48-hour sampling event was carried out in the second half of winter (January/February). Dust
collection did not always occur during the sampling periods
when temperature/humidity was measured.
Home Questionnaire

Prior to sample collection, a questionnaire on home characteristics was completed by an adult resident. Specifically, information on type of home (house, mobile home, duplex/apartment, or other), age of home, area (m2) within home, number
of bedrooms, number of children within the home, household
income, education level, and presence of pets (dog, cat, bird,
or other furry pet) was obtained for each of the participating
residences.

Cite this article: Ward T. Dust Allergens within Rural Northern Rocky Mountain Residences. J J Aller Immuno. 2015, 2(1): 011.

3

Jacobs Publishers

Statistical Analyses
Statistical analyses were conducted using SAS v9.2 (Cary, NC).
The relationship between indoor relative humidity and indoor
temperature and the presence of dust mite allergen was evaluated using analysis of variance. Comparison of categorical
home characteristics and the presence of dust mite allergen
were evaluated using chi-square analysis.

Results

Home characteristics
Of the 57 residences included in the present analysis, the majority were located in rural locations located throughout western
Montana/northern Idaho. Participating residences included
single-family homes (81%), mobile homes (15%), and duplex/
apartments (4%). On average the residential structures were
46 years old, had 165 ± 83 m2 of living space, and three bedrooms. All of the residences had at least one child, with 80%
having more than one child. When considering household
income, nearly 50% had annual salaries over $50,000/year.
Seventy four percent (74%) of the homeowners reported having some college or a college degree. Twenty-one residences
(37%) reported having a dog, 13 homes (23%) reported having a cat, one had a bird, and three reported having a “furry
pet” other than dog or cat. Ten homes (18%) had both a cat
and dog, while the remaining homes did not have any pets.
Temperature and Humidity

Indoor temperatures averaged 22.3 ± 2.8°C, with indoor relative humidity averaging 27.0 ± 7.6% during the late winter/
early spring sampling periods. The maximum indoor temperature and humidity measured were 28.5°C and 50.1%, respectively. The lowest average temperature and humidity were
15.8°C and 14.7%, respectively. Eighty two percent (82%) of
homes measured humidity <35%, 11% of homes had indoor
humidity measuring 35-45%, while 4% of homes measured
humidity >45%. Temperature/humidity were not measured
in two homes due to instrument malfunctions.
Allergens

Figure 1 presents the prevalence of allergens measured in the
participating western Montana / northern Idaho residences.
Out of all the dust samples that were collected, the most common allergen found was canine (Can f 1), with all but two of
the homes showing presence of this allergen. Levels were so
high in many of the samples (n=41) that an accurate measurement could not be determined as concentrations fell outside
the range of our standard curve. Due to analytical expenses,
samples were not diluted for repeat analyses using the multiplex kit. However, for the samples that fell within the standard

curve (n=13), a concentration of 5,357.8 ± 13,714.6 ng/g dust
was measured. When considering all the values (including
those above the standard curve), the average concentration
was 18,133.8 ± 24,485.2 ng/g dust. The second most common
allergen was feline (Fel d 1), which was found in 47 of the 57
homes investigated. Similar to the dog allergen, many of the
samples had concentrations above the maximum concentration of our standard curve (n=19). For those samples for which
an accurate concentration could be calculated (n=28), averages were determined to be 730.2 ± 724.4 ng/g dust. When considering each of the 47 samples, the average concentration was
1,712.6 ± 1,687.5 ng/g dust.
Figure 1. Prevalence of allergens measured within residences (n=57).

Note: Dust mites Der p 1, Der f 1, Group 2 mite allergens (Der p 2/Der f 2), domestic
feline (Fel d 1) and canine (Can f 1).

Regarding dust mites, Der f 1 was found to be present in 11
(19%) of the residences, while Der p 1 was detected in four of
the residences. Concentrations for these samples were 76.9 ±
69.5 ng/g dust and 1,875.2 ± 1953.7 ng/g dust, respectively.
Group 2 mite allergens (Der p 2/ Der f 2) were also identified in
three residences (average 1,602.5 ± 1,737.2 ng/g dust).
Home Characteristics

Table 1 presents the presence of dust mite allergen by home
characteristics. Most of the captured categorical home characteristics were not associated with the presence of dust mite
allergen. These included number of children within home,
household income, education of adult residents (p=0.09), presence of furry pets, and presence of cat or dog allergen. Unfortunately, variables specific to presence of dust mites including
quantifying the area of wall-to-wall carpeting (per residence)
and date moved into residence were not recorded. This latter
point could be important if homeowners had recently moved
into the residence from more humid locations known to have
dust mites.
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Table 1. Presence of dust mite allergen by home characteristics.
Distribution of Home

Presence of Dust Mite

Characteristics;

Allergen a;

n (% of total)

n (% of homes with given
characteristic)

Number of children in home
1-2

31 (55.4)

7 (22.6)

3+

25 (44.6)

6 (24.0)

<$29;999

15 (27.3)

5 (33.3)

>= $30;000

40 (72.7)

8 (20.0)

High school or less

14 (25.9)

1 (7.1)

Some college / college degree

40 (70.0)

12 (30.0)

Yes

23 (40.4)

9 (26.5)

No

34 (59.6)

4 (17.4)

Annual household income

Highest household educationb

Presence of furry pets

positive for Der p 1, Der f 1, and/or Group 2 dust mite allergens,
0.09.
a

b

p=

Discussion
Domestic feline (82%) and canine (96%) were the most abundant type of allergens measured in this study. At first glance,
this is somewhat surprising, as only 21 residences reported
having a dog while only 13 homes reported having a cat (10
homes, or 18% had both). One possible explanation involves
passive transport mechanisms. Studies have shown that
schools can contain levels of indoor allergens comparable to
home environments [9,10,13], especially for the feline allergen
Fel d 1 [14-16]. Krop et al. [17] found that pet allergen levels were 13 times higher in schools compared to homes without pets. One explanation for the presence of pet allergens in
homes without pets is that children passively transport the allergens to their homes from schools or other locations.
Presence of Dust Mites

Few studies have examined the presence of indoor residential
allergens (particularly dust mites) in the rural northern Rocky
Mountain region, even though they are a common trigger of
allergy and asthma symptoms. Results from this study showed
that 7% of homes tested positive for Der p 1 (n=4), 19% of
homes were positive for Der f 1 (n=11), and 5% of homes
showed evidence of the Group 2 mite allergens (n=3). These
findings are consistent with a previous dust mite study (1985)
conducted in residences located in the Rocky Mountains of
Denver, Colorado where dust mites were found in a small number of homes [18].
The survival of dust mites is dependent on environmental conditions such as warm temperatures and high relative humidity
[19,20]. Historically, dust mites are not thought to be prevalent
in arid or semi-arid regions, or areas in the northern Rocky

Mountain region located at higher elevation and that exhibit
low humidity. In a study conducted in Colorado by Ellingson
et al. [21], results showed that homes with increasing indoor
relative humidity through the use of evaporative coolers led to
conditions that may facilitate dust mite survival.

A relative humidity of at least 54% is typically thought to support “significant” concentrations of allergens [21]. For comparison, the average indoor relative humidity that was measured across all homes in our study was low (27.0 ± 7.6%). For
the homes in which Der p 1 dust mites were found (n=3), an average relative humidity of 36.3 ± 9.2% was measured. Homes
containing Der f 1 dust mites (n=11) had an average humidity
of 29.6 ± 9.1%. Overall, the homes that tested positive for dust
mite allergen in our study showed no correlation with indoor
relative humidity compared to homes without dust mite.

Limitations

There were several factors that could influence the results of
this study. There is some concern that using only one dust
sample per home may not be representative of allergens present year round. However, Antens et al. [22] showed that dust
mite and cat allergens measured in house dust are sufficiently
stable to use single measurements with confidence in epidemiological studies. In addition, although several home characteristics were recorded for the participating residences, other
unmeasured home features may have an impact on allergen
concentrations. In addition to temperature and humidity,
the technical condition of buildings, including the frequency,
intensity and effectiveness of cleaning and maintenance are
important factors [9]. Noting the proximity of the residences to other dwellings could also be useful when considering
aeroallergens. These parameters were not measured within
the homes, nor were they measured within the schools that the
children attended.

Conclusion

As the average person spends 90% of their time indoors, the
indoor residential environment is critically important to consider when optimizing overall health. Characterizing indoor
residential allergens from simple house dust is an important
step for those inhabitants suffering from allergen sensitivity
or allergic asthma. If the allergen content of dust can be better
characterized in the home environment, residents can implement interventions targeting the allergens in an effort to avoid
or limit exposures below threshold levels.
In our 57 homes located within rural and frontier areas of the
Rocky Mountains, we were able to determine some of the most
common and abundant allergen types found in settled floor
dust. Our results also suggest the presence of dust mites in
low humidity regions of western Montana and northern Ida-
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ho. Regional physicians (including allergists, pulmonologists,
ENTs and primary care providers) can use this information
to better educate allergy and asthma sufferers on avoidance
(mitigation) techniques for these identified allergens, and to
help tailor interventions focused on education, cleaning, filtration, and maintenance [8]. Finally, the presence of dust mite
allergens needs to be further investigated (including analyzing
dust samples microscopically) to gain a better understanding
of prevalence rates in this region of the country.
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