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Exposure to indoor allergens is associated with
asthma, but there is no standardized sampling
method for measuring allergens. We compared the
association of measured allergen exposure and
serum-specific IgE levels and the precision of three
sampling methods (Cyclone, Mighty Mite, and
Readivac II) to identify a standardized sampling
method for indoor allergens. A random sample of 72
children, 5 to 17 years old, with doctor-diagnosed
asthma who lived in the same residence >2 years
were enrolled. Composite, side by side floor samples
were obtained with all three methods. Dust allergen
concentrations and serum-specific IgE levels were
measured for Der f I, Fel d I, and Bla g I. Mean
allergen concentration did not differ significantly
by sampling method. Cat allergen was significantly
correlated with serum-specific IgE for Cyclone
(P=0.003) and Mighty Mite (P=0.008), but only
marginally for Readivac II (P=0.07). Dust mite al-
lergen was significantly correlated with serum-spe-
cific IgE for Readivac II (P=0.02) and Cyclone
(P=0.038), but not for Mighty Mite (P=0.12). Cock-
roach allergen was not correlated with serum-speci-
fic IgE for any sampling method. In multiple linear
regression, cat allergen was associated with serum-
specific IgE for Cyclone (P=0.007) and Mighty Mite
(P=0.02), but not for Readivac II (P=0.06). In con-
trast, dust mite allergen was marginally associated
with serum-specific IgE for Readivac II (P=0.07),
but not for Mighty Mite (P=0.64) or Cyclone
(P=0.27). The Cyclone and Mighty Mite were more
precise than Readivac II for cat allergen, but there
was no difference for dust mite allergen (P>0.05).
No single method is superior for measurement of in-
door allergens. In general, cat allergen collected with
the Cyclone was a better predictor of serum-specific
IgE levels to Fel d I, whereas dust mite allergen col-
lected with the Readivac Il was a better predictor of
serum-specific IgE levels to Der f 1. © 2001 Academic Press
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INTRODUCTION

Asthma, a disease characterized by inflammation
and reversible airway obstruction in response to
a variety of stimuli, is rapidly emerging as the most
prevalent and serious environmental health prob-
lem among children (National Heart, Lung, and
Blood Institute, 1991; Weitzman et al., 1992; Taylor
and Newacheck, 1992; Weiss et al., 1993). Currently,
asthma is estimated to afflict over 4.8 million chil-
dren in the United States (Adams and Marano,
1995). There is clearly a genetic predisposition to
develop asthma, but numerous observational stud-
ies, both prospective and cross-sectional, suggest
that exposure and sensitization to aeroallergens
during early childhood, including dust mite, pet,
and cockroach allergens, are necessary for allergy-
mediated asthma to develop (Pope et al., 1993;
Platts-Mills et al., 1992; Colloff et al., 1992; Sporik
et al., 1990).

Despite an extensive literature on the relationship
of asthma and exposure to indoor allergens, there is
no standardized sampling method for such aller-
gens. Previous studies have used a variety of dust
sampling methods (Arlian et al., 1982; Kuehr et al.,
1994; Cole et al., 1996; Rosenstreich et al., 1997,
Gold et al., 1993). Moreover, whereas there is high
correlation for dust mite allergen (Der p I) concen-
trations taken from the same households over a 12-
month period (Kuehr et al., 1994), there is little
known about the precision of existing sampling
methods or the spatial variability of settled aller-
gens. Until a standardized allergen sampling
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method is developed, it will be difficult to compare
the results of various studies. Moreover, unless
sampling methods are accurate and precise, the rela-
tionship between allergens and symptoms of asthma
will be obscured (Platt-Mills et al., 1995; Lanphear
et al., 1995; Emond et al., 1997). Finally, definition of
exposure thresholds for various allergens is critical
for the eventual prevention and control of asthma,
but such thresholds are likely to vary by the surfaces
that are sampled and by the sampling methods that
are utilized (Pope et al., 1993; Lanphear et al., 1995).

The purpose of this study was to identify a
standardized sampling method for settled, indoor
allergens. Two criteria were selected to compare
three existing allergen sampling methods: precision
and whether allergen collected by each of these three
methods was a better predictor or more highly asso-
ciated with sensitization (serum-specific IgE levels
to Der f I, Fel d I, and Bla g I). Precision was
measured by comparison of the replicate error of side
by side samples taken with the three methods.

MATERIALS AND METHODS

A cross-sectional design was employed to measure
levels of settled allergens in floor dust and serum-
specific IgE levels among children with asthma. All
children with doctor-diagnosed asthma between the
ages of 5 and 17 years who were evaluated within
the last 2 years at one of three allergy clinics in the
Greater Cincinnati area were identified. After the
presence of errors and duplications was assessed
and accounted for, proportional random sampling
with stratification by clinic was performed. In addi-
tion to the above criteria, children had to live in the
same house for at least 2 years, their residence had
to be within a 30-mile radius of Cincinnati, and
carpeting could not have been removed or replaced
in the child’s bedroom, principal play area, or other
areas involved in the environmental sampling dur-
ing the past 2 years. Children were excluded from
the study if they were taking a prescribed oral ster-
oid on a daily basis.

Each family was sent a letter describing the study
and inviting them to participate. Interviewers then
contacted families by telephone in random order to
collect basic demographic information and to deter-
mine eligibility. Each telephone number identified
was called until the family was contacted or at least
six calls were made.

Once a family was determined to be eligible and
agreed to participate, an appointment was sche-
duled for an environmental health team to visit their
home, obtain a venipuncture blood sample from the

child, conduct an interview, visually inspect the
home, and collect environmental samples. All envir-
onmental sampling occurred between February 1,
1998 and May 31, 1998. Households received mone-
tary incentive for participation. Approval for the
study was received from the Children’s Hospital
Medical Center Institutional Review Board.

Biologic and Environmental Samples

Venous samples for children’s serum-specific
IgE levels were obtained during the home visit by
a certified phlebotomist. If the child was unavailable
at the time of the home visit, a phlebotomist visited
the home within 1 week of environmental sampling
to obtain IgE levels from the child. Serum-specific
IgE levels were measured at Mayo Medical Laborat-
ories and any values above 0.35 kU/L were consi-
dered positive or indicative of sensitization to cat,
dust mite, or cockroach allergen.

Inclusion criteria for vacuum sampling methods
include (1) the frequency of use in ongoing research,
(2) flow rate, and (3) the ability to be able to standar-
dize measurement and reduce measurement error as
assessed by visual examination of the sampling devi-
ces. Frequency of use in other studies was used as
a criterion to capitalize on existing research. Flow
rate was included as a criterion because many inves-
tigators have noted problems in obtaining adequate
samples with lower flow rates. The third criterion
included characteristics such as potential loss of
sample during dust extraction. The three methods
selected for this analysis were the Readivac II
(Model 6735; Douglas Manufacturing, Walnut
Ridge, AZ), the high-velocity, portable Cyclone
sampler (CS-3 Industries, OR), and the Mighty Mite
(Model No. 3670, 7 amp; Eureka).

Each of the selected sampling methods includes
the individual device in conjunction with a specific
protocol for that device. The Cyclone, a modified
version of the HVS-3 cyclone sampler, is a high-flow
vacuum that employs a Dirt Devil vacuum. The
Readivac II collects dust in a sleeve (DACI Laborat-
ories, Baltimore, MD) and utilizes a Douglas vac-
uum. Finally, the Mighty Mite captures dust in a
cellulose thimble (Whatman No. 2800199) and utiliz-
es a Eureka vacuum. The purpose of this study was
to compare existing sampling methods, not to devel-
op or modify such methods. Thus, the equipment and
supplies used and the time vacuumed were as de-
scribed in the protocols of the original investigators.
The sampling time for the Mighty Mite and Readivac
II was 30 s for each 18-square- inch area sampled.
The sampling time for the Cyclone was 2 min for
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FIG. 1. Sampling schema for noncarpeted and carpeted floors. *I and II refer to replicates one and two. ** Same schema used for

carpeted surfaces.

each area sampled. The sampling time was deter-
mined by conversion of the area per unit time used
by the original investigator (square feet or square
meters) into a comparable sampling time for the
area in this study (square inches). The size of the
area sampled differed from those of the original pro-
tocols because typical room size was too small to
allow side by side sampling of three different
methods with a larger template.

Household dust sampling was conducted to char-
acterize the potential exposure of children to indoor
allergens from settled dust as measured by allergen
concentration (ng/g). In each housing unit, we at-
tempted to collect a maximum of 12 composite dust
samples (6 from carpeted surfaces and 6 from

noncarpeted surfaces) that were most accessible to
the child. A metal grid containing six templates
(8 x 2) each measuring 18 inches was used to define
the floor areas to be sampled (Fig. 1). Each sampling
method was randomly assigned to one of the three
rows in the grid. Rooms that were too small to ac-
commodate the template were excluded from samp-
ling. All samples obtained within a single room were
from the same surface type (e.g., either carpeted or
noncarpeted surfaces).

The order in which rooms were to be selected for
sampling was standardized as follows: the partici-
pant child’s bedroom, the child’s principal play area,
the family room, the kitchen, the living room, the
bathroom, and other rooms. A maximum of three
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carpeted and three noncarpeted rooms were se-
lected. The midpoint or largest area in the room was
selected for sampling, unless the child had a specific
play area in the room. In that case, the play area was
sampled. Results were adjusted by the area sampled
(square foot) because some of the homes had fewer
than three carpeted or noncarpeted rooms available
for sampling. To ensure that each dust collection
method had an equal chance of being used to collect
dust from the midpoint of the floor, the location of
the sampling methods with respect to each other was
determined for individual floors by use of preassig-
ned lists of random numbers.

Laboratory Analyses

Dust mite allergens in dust samples were quanti-
tated for Der f I by use of a double-antibody sandwich
as previously described (Chapman et al., 1984,
1987a,b; Chapman, 1988; Ford et al., 1985; Hey-
mann et al., 1986; Luczynska et al., 1989; Platts-
Mills and Chapman, 1987; Platts-Mills et al., 1992).
For cockroach allergens, Bla g I (Pollart et al.,
1991a,b; Call et al., 1992; Gelber et al., 1993) was
assayed by the use of the capture antibody
10A6mAb. The method was similar to that described
for Der f I except that a second antibody was rabbit
anti-cockroach antibody. For assaying cat allergen
Feld I (Chapmanet al., 1988; Luczynska et al., 1990;
DeBlay et al., 1991; Vailes et al., 1994), the method
was identical to that described for Der f I.

Statistical Analyses

Descriptive statistics (means, medians, numbers
of samples, plots) were generated to compare the
performance of the three vacuum methods across
both carpeted and noncarpeted floors. These statis-
tics were computed for four different response vari-
ables: concentrations for cat (Fel d I), dust mite (Der
f I), and cockroach (Bla g I) allergens and sieved
dust weight (300 pm). The number and percentage of
samples that were detectable and undetectable (aller-
gen levels below the detection limit) for each samp-
ling device and floor surface type were determined.
All pertinent analyses included imputed values for
undetectable samples (Hornung and Reed, 1990).

After examination of the descriptive statistics for
outliers, statistical tests were done to compare levels
of allergen collected with the three sampling
methods. When the means of collected allergen or
dust were compared, a mixed-effect analysis of vari-
ance was used in which the houses for each set of

measurements were random effects and the three
vacuum methods and two floor surfaces (carpeted vs
noncarpeted) were fixed effects. The design was
a randomized block design with houses as the blocks
for a total of three factors (houses, vacuums, floor
surfaces) with two replicate measurements for each
combination of houses, vacuums, and floor surfaces.
The design was not completely balanced since many
of the dust samples collected on noncarpeted surfa-
ces were so small that the two replicates had to be
combined to obtain enough material for the allergen
assays. All response variables were log-transformed
for the analysis of variance since residuals followed
a lognormal distribution. Correlations between pairs
of sampling methods for the collection of each of the
allergens were also performed.

Simple correlation coefficients were calculated to
examine bivariate relationships between settled
dust allergens and serum-specific IgE levels. The
primary analysis was a multivariate linear model
with the log of IgE levels as the dependent variable.
The primary independent variable of interest was
the amount of settled allergen dust as measured by
each of the three vacuum methods. Also examined in
this model were floor surfaces, household income,
smokers in the household, cats in the household,
cockroaches visible in the household, age, use of
bursts of oral steroid in the past 12 months, race,
and allergy shots. The strength of the relationship
between IgE levels and the settled dust allergen for
each of the vacuum methods was measured by the
F test associated with each vacuum method.

In addition, multiple linear regression methods
were utilized to examine adjusted models for each
specific allergen: cat, dust, and cockroach. Adjusted
analyses were performed to examine relationships
between log serum-specific IgE and settled dust for
cat, dust mite, and cockroach allergens. Only those
variables that statistically significantly altered the
association between measured allergen and serum-
specific IgE levels were included in the final models.
For cat allergen, the adjusted model included age
and race. For dust mite allergen, the model included
age, steroid use in the last 12 months (as a marker of
asthma severity), and whether the child had re-
ceived allergy shots (yes/no). Family income, pres-
ence of cockroaches in the home, and smokers
present in the home were included in the model for
cockroach allergen. Comparisons of the individual
beta values from the bivariate and multivariate
regression equations were also performed. These
comparisons help to determine whether there was
a statistically significant difference between the as-
sociation of allergen collected by a particular method
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and sensitization, as measured by serum-specific
IgE levels.

We also compared the precision of the three
methods, as measured by replicate error. To exam-
ine the estimates of precision for each sampling
method, we calculated the variance (mean square
error) in replicate measurements for each of the
three methods. The smaller the mean square error
the greater the precision of a particular method. We
then compared these estimates in a pairwise fashion
for each of the four response variables using F tests
on the log-transformed data. A significant F' test for
a given comparison indicates that one method had
significantly better collection precision than the
other. Direction of the difference was noted when-
ever a significant test result was found.

RESULTS

Seventy-two families of children with asthma
participated in the study. Seventy percent of the
children in the study were White and 57% were
male. The average age of the children was 12.6
years. Thirty-two percent of families had incomes
below $25,000. Other demographics and character-
istics of families and children in the study are shown
in Table 1. Forty-six percent of children sampled had
measurable antibodies to cockroach allergen, 58%
had antibodies to cat allergen, and 61% had anti-
bodies to dust mite allergen.

The number and percentage of samples with de-
tectable allergen levels by floor type and method are
shown in Table 2. The percentage of detectable sam-
ples was higher for carpeted surfaces than for
noncarpeted surfaces for all three sampling
methods. The number of detectable samples, how-
ever, was not significantly different between samp-
ling methods for either carpeted or noncarpeted
floors. The maximum number of total samples for
the study is 72 homes X 12 composited samples (two
replicates for each of three methods for carpeted and
noncarpeted surfaces) or 864 samples. For each
sampling method by floor type combination there
would be a maximum possible number of samples of
144. Due to types of floor surfaces available for
sampling, 2 homes had only carpeted surfaces sam-
pled and 9 homes had only noncarpeted surfaces
sampled. The difference between the maximum and
the actual number of total samples for noncarpeted
floors is largely due to the number of replicate sam-
ples that were composited for analysis due to the low
mass of the total dust collected.

Geometric mean allergen concentration values for
the three different methods and the three different

TABLE 1

Demographics and Characteristics of Participants
in the CLASS Study

Variable Percentage
Race of child
White 69.4
African American 27.8
Other 2.8
Gender of child
Male 56.9
Female 43.1

Age of child (years)
Educational level of parent

Mean age 12.6 + 3.0

High school 41.7
College 47.2
> College 11.1
Income ($)
<25,000 31.6
>25,000 66.7
Marital status
Married 72.2
Nonmarried 27.8
Triggers by parental report
Cat 68.1
Dust mite 75.0
Cockroach 15.3
Cat
Present in home 6.9
Not present in home 93.1
Cockroach
Visible 25.0
Not visible/noticed 75.0
Oral steroids used in last 12
months
Yes 47.2
No 52.8
Allergy shots current
Yes 45.8
No 54.2
Smokers in home
Yes 28.0
No 72.0

Hours spent at home/week Hours 118 + 19.1

allergens are shown in Table 3. In general, the
F tests demonstrate that there were no statistically
significant differences in the amount of allergens
detected by these three methods. There were no
statistically significant differences in the sieved dust
weight for the three sampling methods for noncar-
peted surfaces. However, there was a larger sieved
dust weight collected by the Cyclone than by the
Mighty Mite and the Readivac II for carpeted
surfaces.

The range of the correlations for pairs of sampling
methods for cat, cockroach, and dust mite allergens
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TABLE 2
Percentage of Samples with Detectable Allergen, by Dust Sampling Method and Type of Floor
Cyclone Readivac II Mighty Mite

Dust measure Carpet Noncarpet Total Carpet Noncarpet Total Carpet Noncarpet Total
Cat antigen 64% 32% 51% 50% 35% 44% 62% 23% 49%
(Fel d I) (n =81) (n =27) (n =108) (n =60) (n =28) (n = 88) (n=175) (n=25) (n=100)
Dust mite 73% 38% 59% 69% 36% 56% 76% 36% 60%
(Der f 1) (n=91) (n =32) (n =123) (n =83) (n=29) (n=112) (n=93) (n=30) (n=123)
Cockroach 79% 65% 73% 81% 73% 78% 79% 75% T7%
BlagI) (n=99) (n =55) (n = 154) (n=97) (n =59) (n = 156) (n =96) (n=62) (n=158)

was 0.72-0.89, and, as expected, the amounts of
allergen collected by the different methods were
highly correlated.

Bivariate Analysis

Linear regression analysis shows that settled cat
allergen collected with the Cyclone and the Mighty
Mite was more highly correlated with serum-specific
IgE to Fel d I (P =0.003 and P = 0.008, respective-
ly), than was the Readivac II (P = 0.07). In contrast,
settled dust mite allergen collected by the Readivac
IT and the Cyclone (P = 0.02 and P = 0.038, respec-
tively) was more highly correlated with serum-speci-
fic Igk to Der f I levels than was the Mighty Mite
(P =0.12). For cockroach, none of the methods
showed a statistically significant correlation be-

tween settled dust levels of allergen and serum-
specific IgE to Bla g I (Table 4).

Multiple Linear Regression Analysis

In adjusted analyses, cat allergen collected by
the Cyclone and the Mighty Mite (P = 0.007 and
P = 0.02, respectively) was more highly associated
with serum-specific IgE to Fel d I than was the
Readivac II. None of the sampling methods was
superior for measuring dust mite allergen, but the
association of allergen collected by the Readivac II
was close to being statistically significant (P = 0.07)
(Table 4). None of the methods showed a statistically
significant correlation between settled dust levels
of cockroach allergen and serum-specific IgE to
Bla g I

TABLE 3

Geometric Mean Concentrations of Cat, Dust Mite, and Cockroach Allergen in 72 Houses by Dust Sampling
Method and Type of Floor

Cyclone Readivac II Mighty Mite P values

Carpeted Noncarpeted Carpeted Noncarpeted Carpeted Noncarpeted Carpeted Noncarpeted

Cat antigen (Fel d I) 60.07 39.14 60.98 62.02 61.60 47.15 X? =1.4063 X*=0.7854

(ng/g) 13.40 8.40 13.71 8.46 14.42 8.67 P =0.4950 P =0.6752
(63) (65) (63) (65) (63) (67)

Dust Mite (Der (1) 165.15 46.87 192.14 61.79 182.96 67.49 X2 =0.0570 X*=0.0398

(ng/g) 22.48 8.64 15.87 9.47 15.69 8.52 P=0.9719 P =0.9803
(63) (65) (63) (65) (63) (67)

Cockroach (Bla g I) 0.25 0.72 0.54 1.36 0.36 1.36 X?=1.1824 X*®=1.7612

(IU/g) 24.40 37.01 24.17 44.05 26.41 33.58 P =0.5536 P =0.4145
(63) (65) (63) (65) (63) (67)

Sieved weight 1.09 0.04 0.12 0.04 0.24 0.04 P =0.0001 P =0.8383
2.89 6.20 2.14 4.70 2.63 4.12
(63) (70) (63) (70) (63) (70)
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TABLE 4

Unadjusted and Adjusted Models of Log Serum IgE Antibody versus Log Settled Dust Allergens (Der f I, Fel d I, Bla g I)
by Dust Sampling Method, for Combined Carpet and Noncarpet Surfaces?®

Cyclone coefficient (P value)

Readivac II coefficient (P value)

Mighty Mite coefficient (P value)

Settled allergen Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted
Cat allergen (Fel d I) 0.35 0.309 0.19 0.202 0.29 0.256
(0.003) (0.007) (0.070) (0.058) (0.008) (0.020)
Dust mite (Der f 1) 0.22 0.140 0.26 0.233 0.16 0.065
(0.038) (0.274) (0.021) (0.071) (0.121) (0.636)
Cockroach (Bla g 1) 0.02 —0.022 0.003 —0.041 —0.02 —0.065
(0.376) (0.628) (0.482) (0.740) (0.624) (0.829)

Note. Adjusted analysis for dust mite included age, oral steroid use in past 12 months, and allergy shots. Adjusted analysis for cockroach
included income, presence of cockroaches in the home, and smoking. Adjusted analysis for cat included age and race.

@ All P values are one-tailed.

There were no significant differences in the associ-
ations of measured allergen exposure and serum-
specific IgE levels for any of the sampling methods.
Thus, for example, although the strength of this
association for cat allergen as measured with the
Cyclone was greater than the strength of this associ-
ation for cat allergen as measured with the Readivac
II, it was not significantly different.

The Cyclone and the Mighty Mite were more pre-
cise than the Readivac II for the measurement of cat
allergen concentration. There was no significant
difference, however, in precision of the three samp-
ling methods for the measurement of dust mite or
cockroach allergen concentrations (Tables 5 and 6).

DISCUSSION

Based on data from this study, we conclude that no
existing method is superior as a standardized
measure for indoor allergens. In general, allergen
measured with the Cyclone appeared to be a better
predictor of sensitization to cat allergen but it was
not statistically significantly different from the other
two methods. The Readivac II was marginally su-
perior for predicting sensitization to dust mite aller-
gen, but it also was not statistically different from
the other two methods.

No single method was consistently more precise
than the other methods for all three allergens. It
appears, however, that the ranking of precision of
methods (as measured by their mean square errors)
exhibited trends similar to those of the preference of
devices established by the analyses of correlation
between allergen collected and sensitization. The
Cyclone and the Mighty Mite, for example, were
clearly more precise for the measurement of cat al-
lergen concentration than the Readivac II. Although

the precision estimates of the Cyclone and Mighty
Mite were not statistically different, if one ranks
them in the order of their mean square errors, the
Cyclone ranks above the Mighty Mite and both rank
above the Readivac II (MSE = 0.378, 0.425, and
0.652, respectively). In bivariate and multivariate
analyses for correlations between allergen and sen-
sitization, the same rank order for devices holds. In
bivariate analyses the P values for the Cyclone,
Mighty Mite, and Readivac II are 0.003, 0.008, 0.070,
respectively. This relationship between the correla-
tion of allergen and sensitization, and precision is
consistent with findings in the environmental lead
literature (Lanphear et al., 1995; Emond et al.,
1997).

The data did not help us to draw conclusions about
which sampling method should be used for the
measurement of cockroach allergen. There was not
a significant difference in the amount of allergen
collected by the three methods, nor was their a stat-
istically significant relationship between the amount
of settled cockroach allergen and the serum-specific
IgE levels to Bla g I. The reason for this lack of
association is unclear. The number of undetectables
for cockroach allergen was lower than those for dust
mite and cat. It is possible that none of these devices
collect cockroach allergen in an optimal manner;
alternatively, we may not have sampled the surfaces
most likely to contain cockroach allergen. Others
have reported that the concentration of cockroach
allergen is higher in kitchens (Rosenstreich et al.,
1997), and cockroach allergen found in bedrooms
was most highly correlated to sensitization of an
individual (Eggleston et al., 1998). Compositing the
bedroom sample with other rooms in this study
may have altered the relationship of exposure and
sensitization.
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TABLE 5

Pairwise Comparisons of Precision (Replicate Error) for Sampling Methods

Dust measure®

Cyclone vs Readivac II

Cyclone vs Mighty Mite Readivac II vs Mighty Mite

Settled cat allergen F=172
P =0.013
Settled dust mite allergen F=111
P =0.332
Settled cockroach allergen F=120
P =0.233
Total sieved weight (mg) F =204
P =0.001

F=112 F=1.53
P =0.310 P =0.041
F=1.09 F=121
P =0.364 P =0.222
F=115 F=1.03
P =0.280 P =0.443
F =151 F =3.09
P =10.038 P =0.000

“Refer to Table 6 to determine which of two devices is significantly more precise than the other device. Device with the lower mean

square error is more precise.

A number of criteria should be considered when
a standardized sampling method is selected. We pro-
pose that the primary criteria used to designate
a standardized sampling method include precision,
accuracy, and a measure of whether the amount of
allergen collected is correlated with sensitization
(i.e., bioavailable). Precision indicates the ability to
consistently and reliably sample an allergen. The
ability of the sampling method to better predict sen-
sitization or exposure to a particular allergen is also
important. Studies of lead-contaminated house dust
have demonstrated that the relationship between
the lead in settled dust and the blood lead level
differs by sampling method (Lanphear et al., 1995).
Secondary criteria include cost, ease of use, and
minimum technician and respondent burden. Fi-
nally, if all other characteristics are equal, the num-
ber of studies that are using or have previously used
a specific sampling device should be incorporated
into the selection criteria.

The Mighty Mite and the Readivac II are clearly
superior to the Cyclone for ease of use, cost, and
burden to respondent and field workers. Thus, for
large-scale sampling, the Readivac Il appears su-
perior if one is interested in sampling dust mites. On
the other hand, the Cyclone method has been used

to measure lead, endotoxin, and pesticides, in addi-
tion to allergens. Thus, while it is more costly and
cumbersome, the sampling characteristics for the
Cyclone have been reported for a wider range of
residential exposures (Lanphear et al., 1995; Farfel
et al., 1994). Thus, to measure multiple exposures
simultaneously, the Cyclone appears to be superior.
Still, the Mighty Mite, which is being used in two or
more longitudinal cohorts and in the HUD/NIEHS
National Lead and Allergen Survey, also appears to
be a reasonable method, especially for investigators
who are interested in direct comparison of their
results with national survey data.

There are several limitations of this study that
should be noted. First, sample size may have limited
our ability to identify differences between sampling
methods. Second, we measured only children’s home
environments and IgE levels during one season.
Dust mite concentration peaks during the summer
months (Arlian et al., 1982), and it is possible that
the relationship of IgE and dust allergen varies
throughout the year. Seasonal variation is not well
described for other allergens. Third, the relationship
between settled dust allergens and specific IgE
antibody may vary for different allergens. This dif-
ference may be mediated by a number of factors,

TABLE 6

Estimates of Precision (Replicate Error) for Sampling Methods

Cyclone (C1 vs C2)

Readivac II (R1 vs R2) Mighty Mite (M1 vs M2)

Data measure® MSE (df) MSE (df) MSE (df) Rank of precision
Settled cat allergen 0.378 (73) 0.652 (64) 0.425 (69) C >R, MM >R, C=MM
Settled dust mite allergen 0.230 (72) 0.207 (64) 0.250 (69) R=C=MM
Settled cockroach allergen 0.278 (72) 0.232 (64) 0.268 (69) R=MM=C

Total sieved weight (mg) 0.020 (78) 0.042 (68) 0.014 (72) MM >C >R

“All settled allergen levels are log transformed. Lower values indicate less replicate error and better precision. To calculate the
geometric standard deviation take the antilog of square root of mean square error (GSD = 10 square root MSE).
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including particle size, the likelihood of the allergen
to be aerosolized, and the location of exposure.
Sampling methods that collect smaller amounts of
dust or that do not collect certain particle sizes may
obscure the relationship. If children are sensitized
through other methods of exposure, i.e., bedding, the
method’s ability to collect allergen may be irrelevant
and the use of IgE may be misleading. Studies that
have compared sampling devices in laboratory-based
settings suggest that different methods have a par-
ticle size bias which can impact the use of mass bulk
as the denominator for normalization of exposure
(Lewis and Breysse, 1998). Fourth, although our
subjects were randomly sampled, the sample popula-
tion may not be representative of children with
asthma in the United States. Thus, one cannot as-
sume that the observed relationships are valid for
other populations. Finally, we did not measure
accuracy of these sampling methods—their ability
to collect a known quantity of allergens from a sur-
face—which is better done in a laboratory setting.

CONCLUSIONS

We conclude from these data that no single
method is superior as a standardized measure for
indoor allergens. Cat allergen as collected by the
Cyclone is a better predictor of sensitization to cats
but is not statistically significantly better than the
other two methods. In contrast, dust mite allergen
collected with the Readivac II was marginally su-
perior for predicting sensitization to dust mites, but
it was not statistically different from the other two
methods. The ranking of sampling methods for pre-
cision was consistent with their strength of associ-
ation for measured allergen and sensitization. We
therefore infer that precision is an important cri-
terion to identify sampling methods to be evaluated
in population studies. The findings of this study
reinforce the need to compare the sampling charac-
teristics of allergen sampling methods, including
precision, accuracy, and the association between
amount of allergen collected and sensitization in
a larger sample of children, including those who do
not have asthma.
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