Research Articles

Nurse Case Management and Housing
Interventions Reduce Allergen Exposures:
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ABSTRACT
Objective. We examined the impact of a combination of home environmental
interventions and nurse case management services on total settled dust loadings and on allergen concentrations in the homes of asthmatic children.
Methods. Using a randomized longitudinal controlled trial study design, we
randomly assigned homes of asthmatic children in Milwaukee to either a control (n564) or an intervention (n557) group. Control group homes received a
visual assessment, education, bed/pillow dust mite encasings, and treatment of
lead-based paint hazards. The intervention group received these same services
plus nurse case management that included tailored, individual asthma action
plans, provision of minor home repairs, home cleaning using special vacuuming and wet washing, and integrated pest management. Dust vacuum samples
were collected from measured surface areas of floors in the TV room, kitchen,
and child’s bedroom at baseline and at three-, six-, and 12-month follow-up
visits. Dust loading (mass per surface area) is a means of measuring total dust
and the total amount of allergen present.
Results. For the intervention group, geometric mean dust loadings declined
significantly from baseline (39 milligrams per square foot [mg/ft2]) to postintervention (11 mg/ft2) (p,0.001). Baseline dust loading, treatment group,
visit, and season were significant predictors of follow-up dust loadings. Mean
post-intervention dust loadings were 72% higher in the control group. The total
amount of allergen in settled house dust declined significantly following the
intervention because total dust loading declined; the concentration of allergens
in settled dust did not change significantly.
Conclusion. The combination of nurse case management and home environmental interventions promotes collaboration between health and housing
professionals and is effective in reducing exposures to allergens in settled dust.
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Asthma is an increasingly prevalent chronic illness,
affecting low-income children at a disproportionately
high rate.1 In a survey of 460 caregivers at two public
schools and a local Women, Infants, and Children program office in Milwaukee, Wisconsin, more than 14%
of caregivers reported that their child had physiciandiagnosed asthma.2
Indoor allergens in the home have been linked to
both the development and exacerbation of asthma.3
The Institute of Medicine determined that there is
sufficient evidence of a causal relationship between
exposure to cockroach allergens and exacerbation of
asthma in sensitized individuals, and limited evidence
linking exposure to cockroach allergens with the
development of asthma.1 The National Cooperative
Inner-City Asthma Study (NCICAS) showed a relationship between exposure and sensitivity to cockroach
allergens and asthma morbidity in inner-city children
with asthma.4 The NCICAS also found that mouse
allergen exposure and atopy may contribute to mouse
sensitization in inner-city children with asthma.5 Cockroach and mouse allergens are commonly found in
inner-city housing.4,6–8
There is evidence that home environmental treatments may reduce allergen concentrations, especially
those that incorporate several different types of housing intervention instead of just a single method.1,3
Extermination alone has not been found to eliminate
pest allergen sources because significant allergen levels remain in settled dust, while cleaning alone in the
absence of complete extermination does not eliminate
the allergen sources.1 The efficacy of home-based
multifaceted environmental interventions on asthma
has been reviewed elsewhere.9–11 In homes receiving
integrated pest management (IPM), mouse allergen
levels significantly decreased on kitchen floors and
in bedrooms (floors plus bedding) over a five-month
period.12 A study in Seattle, Washington, found that
reductions in dust allergen loadings on floors were
significantly greater in homes that received a highintensity intervention than in homes that received a
low-intensity intervention.13 The high-intensity intervention consisted of seven home visits by community
health workers during a year and a full set of asthma
trigger controls, including education about dust mites,
moisture, mold, and cockroaches, while low-intensity
homes had a single home visit and more limited asthma
trigger control resources.
Several studies have shown the benefits of education
and case management in reducing indoor exposures
and asthma morbidity in children with asthma. A
home-based intervention that focused on reducing
exposure to multiple indoor allergens and environmen-

tal tobacco smoke through education and behavioral
change resulted in significant reductions in dust mite
and cockroach allergens on various surfaces.14 Several
studies have shown the benefits of case management
for children with asthma. Pediatric asthma outreach
programs by nurses have been effective.15–17 The NCICAS also determined interventions by social workers
to reduce asthma morbidity among inner-city children
to be cost-effective.18,19
This article presents the results of a randomized
longitudinal control study designed to examine the
impact of a combination of home environmental interventions and nurse case management services on total
settled dust loadings and on allergen concentrations
in the homes of asthmatic children.
METHODS
The Children’s Hospital of Wisconsin’s Human
Research Review Board approved the study on September 3, 2003, before data collection began. Enrollment of children and homes occurred from October
2003 to April 2005 from four pediatric clinics serving
low-income children in areas that have the highest
asthma hospitalization rates in Milwaukee. A dwelling
was eligible for enrollment if (1) at least one child
resided at the dwelling who was younger than 17 years
of age and clinically diagnosed with mild to persistent
asthma during a clinic visit or reported an emergency
department visit or hospital stay, and (2) the dwelling
was located in one of 10 high-risk zip codes. After
obtaining informed consent, we assigned the home
to either the intervention or control group based on
prior random number assignment.
Four data-collection visits were made to dwellings in
both study groups: a baseline visit and three follow-up
visits (at three months, six months, and 12 months
after baseline). One additional visit, at immediate postintervention, was made only to dwellings in the intervention group. The immediate post-intervention visit took
place within 24 hours after the contractor completed
all environmental interventions in the dwelling except
IPM. Visual assessments and environmental sampling
were conducted at each visit.
Visual assessments occurred at the baseline, immediate post-intervention (intervention group only), threemonth follow-up, six-month follow-up, and 12-month
follow-up visits. During the baseline visual assessment,
data collectors documented general signs of housing
deterioration inside and outside the building using a
standardized protocol.20 Data collectors were blinded
to the assigned treatment group when completing
the assessments. A healthy homes hazard checklist
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 eveloped for this study summarized the types of
d
specific interior hazards (excess moisture, evidence
of pests, safety hazards, and housing cleanliness)
observed. Use of this checklist also helped to ensure
that the intervention was of high quality and comprehensive in addressing identified hazards.
Nurse case management services
At the baseline visit to both intervention and control
group homes, the nurse case manager (NCM) provided
bed encasings for the index child’s bed, as well as basic
education and informational tools regarding asthma
self-management and environmental trigger control.
This education was repeated at the 12-month visit to
both intervention and control group homes. In control group dwellings, the nurse provided education,
answered questions from the family, and, if needed,
referred the family to their primary care provider for
further assistance in accordance with normal community standards.
In addition to these services, the NCM provided
home-based nurse case management interventions only
for the intervention group homes, which represented
a departure from the solely clinical focus of traditional
nursing services. The NCM conducted up to six visits
to intervention group homes. At the baseline visit,
the NCM used a modification of a structured asthma
trigger assessment21 to develop a household-specific
asthma action plan to establish family goals with the
residents. The NCM also used a standard education
tool22 to educate the family about (1) understanding
asthma symptoms, signs, and peak flows; (2) using an
action plan and medications appropriately; (3) con-
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trolling environmental triggers; (4) quitting smoking
(if indicated); and (5) visiting the child’s physician for
follow-up preventive care. The NCM referred intervention group caregivers to other community services as
needed. At subsequent visits to intervention group
dwellings, the NCM used the asthma trigger assessment
information to encourage compliance with the action
plan, provide additional education and support to the
family, and refer them to other services as needed.
Home environmental interventions
In both control group and intervention group dwellings, if indicated based on a baseline visual assessment,
lead-based paint hazards were eliminated in accordance
with U.S. Department of Housing and Urban Development guidelines using primarily paint stabilization;
the cost of lead paint stabilization varies, depending
on the extent of the paint deterioration and the type
of building component involved.23 Both study groups
received a battery-operated smoke detector if no working smoke detector was present at the baseline visit.
No other home environmental interventions (other
than the bed encasings provided as part of the NCM
interventions) were performed in the control group
dwellings.
In intervention group homes, we completed minor
home repair as a result of the referral from the NCM
to home repair services. The types of minor repairs
were determined using the baseline visual assessment
and included downspout/gutter repair, repair of
water damage, repair of cabinets, removal of deteriorated carpet, and installation of linoleum (Table 1).
We provided all intervention group residents with

Table 1. Housing environmental interventions and costs from a randomized
controlled study of nurse case management and housing intervention effects on
allergen exposures among asthmatic children in Milwaukee, 2003–2005
Intervention group

Type of intervention

Dwellings with
intervention (n556)a
N (percent)

Lead-based paint treatment
Specialized cleaning
Minor home repair
Moisture-related
Safety
Integrated pest management
Total non-lead costb

Mean cost per
dwelling

21 (38)
56 (100)
14
55
28
56

Control group

(25)
(98)
(50)
(100)

$2,836
$571
$217

$243
$922

Data were not available for one of the 57 enrolled units.

a

b

Total does not include the cost of the nurse case management portion of the intervention.

NA 5 not applicable
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Dwellings with
intervention (n564)
N (percent)

Mean cost per
dwelling

12 (19)
NA
NA

$2,258
NA
NA

NA
NA

NA
NA
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battery-operated carbon monoxide (CO) detectors and
installed cabinet locking devices and electric socket
covers in dwellings housing children younger than 3
years of age. We performed specialized professional
cleaning of all horizontal surfaces to remove dust
and visible mold through high-efficiency particulate
air filter vacuuming and wet washing of all horizontal
surfaces. Finally, we implemented IPM if determined
to be needed based on the visual assessment. Initially,
IPM contractors placed traps in homes to confirm the
presence or absence of cockroaches or rodents in each
dwelling and to determine the extent of infestation and
where the nests were located. Contractors used gel bait
and/or boric acid to treat the cockroach infestation,
while rodenticide blocks were used for rodents. Gel
baits were placed in different rooms, mostly in cracks
and crevices in walls and ceilings and in wall voids,
depending on extent of infestation. The rodenticide
blocks were placed in attics, basements, and kitchens
in voids or areas that could not be reached by children
or pets. If the infestation required the rodenticide
blocks to be placed in areas accessible to children or
pets, the blocks were first encased in tamper-resistant
units. All major cracks and crevices were sealed or
blocked after treatment. In multifamily buildings, the
whole building was treated.
We also collected dust samples from the floor of each
of three rooms: the television (TV) room, kitchen, and
child’s bedroom. If multiple asthmatic children were
enrolled from a single dwelling, the bedroom of the
child with the worst asthma symptoms (self-reported
at enrollment) was sampled. We collected samples
from the predominant floor surface type (e.g., bare or
carpeted) within each room in the highest traffic area
of the interior entryway into the room. Each floor dust
sample was collected using a Douglas ReadiVac™ vacuum
cleaner (Douglas Quikut, Walnut Ridge, Arkansas). A
dust collector (from Johns Hopkins DACI [Dermatology,
Allergy and Clinical Immunology] Reference Laboratory,
Baltimore, Maryland) was fitted onto the bottom of the
vacuum hose. A clean crevice tool was attached to the
hose over the folded-down plastic extender on the dust
collector, fixing the collector in place inside the vacuum
hose. A 2-foot by 3-foot marked floor area was vacuumed
for approximately two minutes. On bare floors and on
floors that appeared to be clean, one or more additional
adjacent 2-foot by 3-foot areas were vacuumed as needed
to obtain a sufficient quantity of dust inside the dust collector for analysis (at least 1 tablespoon). In kitchens, we
sampled the entire bare floor area. After each sample
was collected, it was sealed in a labeled plastic bag. Dust
samples were held in a 220 degrees Celsius (°C) freezer
until processed and analyzed by the laboratory.

Samples were prepared and analyzed by the City
of Milwaukee Public Health Laboratories. Samples
were desiccated for two hours, after which they were
weighed. Desiccated samples were sieved through a
300-micron mesh sieve and weighed again. The quantity
of dust was insufficient for the laboratory to determine
allergen concentrations if the sieved sample weight
was 30 milligrams (mg). Sieved dust samples were
divided into 30- to 100-mg (65 mg) aliquots, extracted
in a phosphate-buffered saline solution overnight on a
laboratory rocker, and centrifuged for 20 minutes. The
supernatant was removed with a Pasteur pipette and
stored at 220°C for up to six months. Enzyme-linked
immunosorbent assays (Indoor Biotechnologies, Charlottesville, Virginia) were used to analyze the extracts
for cockroach, dust mite, and mouse allergens.24–27
Results were reported in micrograms of allergen per
gram of dust (µg/g) for all allergens except for bla g 1,
a type of cockroach allergen, which was reported in
units of allergen per gram of dust (U/g). Both study
groups received copies of allergen sampling results.
For all calculations, we used SAS® version 9.1.28
The average sieved dust loading (measured in milligrams per square foot [mg/ft2]) for the TV room,
child’s bedroom, and kitchen was calculated for each
dwelling at each visit. The averages were natural log
transformed for modeling and hypothesis testing.
Paired t-tests were used to test for a change in the
geometric mean (GM) dust loading from baseline to
follow-up visits. For the intervention group, we used
McNemar’s test to test the hypothesis that the percent
of allergen levels greater than the limit of detection
(.LOD) was the same at baseline and immediate postintervention. Two sample t-tests were used to determine
if the mean (e.g., average square footage) was the same
in the intervention and control groups. We used a Chisquare test to determine if a categorical variable (e.g.,
appeared clean at baseline or did not appear clean at
baseline) was associated with the study group.
The total dust and sieved dust loadings were significantly correlated (Pearson correlation coefficient:
r50.976, p,0.001). On average, sieved dust loading
constituted 68% of the total dust loading. A repeatedmeasures model was used to predict log average sieved
dust loading at follow-up visits using a stepwise variable
selection procedure. We developed repeated-measures
logistic regression models to predict the log-odds of
the probability that the selected allergens were .LOD
at the follow-up visit. Only allergen, room type, and
surface type combinations that had at least 40% of
measurements .LOD at baseline were modeled.
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RESULTS
We screened 290 dwellings for possible enrollment
into the study. Of these, 57 (19.6%) were ineligible
due to owner-related factors, such as no response,
refusal from rental property owners, or delinquent
tax status. Residents were determined to be ineligible
in 46 dwellings (15.9%) due to resident refusal or no
response and families moving before the enrollment
visit. Housing-related factors led to the ineligibility of
36 dwellings (12.4%) due to multifamily apartment
buildings, location outside the study target area, and
existing building inspection orders. Thus, we enrolled
151 dwellings in the study. Due to missing data for some
units, our statistical analysis included 121 dwellings (57
intervention, 64 control).
More than half of the study dwellings (52%) were
located in two-unit buildings, and 41% were singlefamily dwellings (Table 2). We found no significant
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difference in baseline GM settled dust loadings in the
two treatment groups (p50.578).
Mouse allergen (mus m 1) was the most frequently
detected allergen at baseline, found in 54% of intervention and 40% of control group dwellings, followed
by cockroach (bla g 1 and bla g 2) and dust mite (der
f 1) allergens (Table 3).
As noted previously, a one-time specialized cleaning
was performed in all intervention group dwellings, and
one or more safety devices (e.g., CO alarms, smoke
detectors, cabinet locks, and electric socket covers)
were provided to almost every intervention group
dwelling (Table 1). For the intervention group, a
significant reduction occurred in the GM sieved dust
loading from baseline to immediate post-intervention
(p,0.001). The GM loading dropped 72% from 39
mg/ft2 to 11 mg/ft2 (Table 4). The loadings began to
rise from the immediate post-intervention visit to the
12-month visit, but still remained less than the baseline

Table 2. Baseline housing characteristics from a randomized controlled study of nurse case management and
housing intervention effects on allergen exposures among asthmatic children in Milwaukee, 2003–2005
Characteristic

Intervention group (n557)
Percenta

Control group (n564)
Percenta

60
37
3
0
0

47
45
3
3
2

75
23
2
0

66
30
1
3

42
40
18
1,309
1919
39

38
39
23
1,183
1928
42

30

20

7
19
23
67
82
58
39

13
19
14
42
80
69
47

Building type
Two-unit
Single-unit, detached
Three-unit
Single-unit, attached
Other
Main heating source
Forced hot air with ducts
Radiant heat, hot water/steam
Radiant heat, electric
Hot air, without ducts
Main air-conditioning source
Window unit
None
Central
Mean square footage of dwelling (ft2)
Mean year of construction (year)
Evidence of exterior deterioration on roofs, gutters, downspouts, chimney,
exterior walls/siding, windows/doors, porches, or foundation
Evidence of interior deterioration on walls, ceilings, door, trim, floors, or
heating/cooling systems; indoor evidence of roof leaks
Visible evidence of more than 2 ft2 of mold
Visible evidence of cockroaches
Visible evidence of rodents
Smoke detector absent or non-operational
CO alarm absent or non-operational
Dwelling appears clean at baseline
Geometric mean baseline sieved dust loading on floor (mg/ft2)

All values are percentages except where indicated in parentheses next to characteristic description.

a

ft2 5 square foot
CO 5 carbon monoxide
mg/ft2 5 milligram per square foot
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Table 3. Baseline allergen concentrations from a randomized controlled study of nurse case management and
housing intervention effects on allergen exposures among asthmatic children in Milwaukee, 2003–2005
Intervention group

Control group

Allergen type and location

N

Percent
.LOD

Median (IQR)a

N

Percent
.LOD

Median (IQR)a

Bla g 1b
Kitchen, bare (p50.072)
TV room, bare (p50.492)
TV room, carpet (p50.499)

26
23
29

46
13
17

,0.40 (,0.40, 25.9)
,0.40 (,0.40, ,0.40)
,0.40 (,0.40, ,0.40)

47
16
43

26
6
12

,0.40 (,0.40, 3.32)
,0.40 (,0.40, ,0.40)
,0.40 (,0.40, ,0.40)

Bla g 2b
Kitchen, bare (p50.027)
TV room, bare (p50.677)
TV room, carpet (p50.084)

26
23
29

46
17
21

0.02 (,0.020, 0.96)
,0.02 (,0.020, ,0.02)
,0.02 (,0.020, ,0.02)

47
16
43

21
13
7

,0.02 (,0.02, ,0.02)
,0.02 (,0.02, ,0.02)
,0.02 (,0.02, ,0.02)

Der f 1c
Bedroom, bared (p50.015)
Bedroom, carpetd (p50.404)
TV room, bare (p50.028)
TV room, carpet (p50.676)

22
26
23
29

5
15
9
10

,0.02
,0.02
,0.02
,0.02

(,0.020,,0.02)
(,0.020, ,0.02)
(,0.020, ,0.02)
(,0.020, ,0.02)

21
42
16
44

33
24
38
14

,0.02
,0.02
,0.02
,0.02

Mus m 1e
Kitchen, bare (p50.270)
TV room, bare (p50.501)
TV room, carpet (p50.047)

26
23
29

54
61
48

,0.02 (0.10, 1.46)
,0.02 (0.10, 0.35)
,0.02 (,0.02, 0.34)

47
16
43

40
50
26

,0.02 (,0.02, 0.33)
,0.02 (0.06, 0.19)
,0.02 (,0.02, 0.08)

(,0.02,
(,0.02,
(,0.02,
(,0.02,

0.51)
,0.02)
0.70)
,0.02)

Medians for Bla g 1 are in units of allergen per gram of dust; all other medians are in micrograms of allergen per gram of dust.

a

b

Cockroach allergen type

Dust mite allergen type

c

d

Affected child’s bedroom

Mouse allergen type

e

LOD 5 limit of detection
IQR 5 interquartile range
TV 5 television

loadings at the 12-month follow-up visit (p50.038). For
the control group, there was no significant change in
the GM sieved dust loading from baseline to the threemonth (p50.174), six-month (p50.502) or 12-month
(p50.727) follow-up visit (Table 4).

The model included 346 sieved dust loadings from
121 dwellings (57 intervention, 64 control). Baseline
dust loading, treatment group, visit, and season were
significant variables in the model (Table 5). Follow-up
sieved dust loadings were 80% higher in winter than in

Table 4. Geometric mean sieved dust loadings (mg/ft2) across follow-up visits from a
randomized controlled study of nurse case management and housing intervention
effects on allergen exposures among asthmatic children in Milwaukee, 2003–2005
Number of
dwellings

GM at baseline
(mg/ft2)

GM at follow-up
visit (mg/ft2)

Intervention group
Immediate post-intervention
Three-month follow-up
Six-month follow-up
12-month follow-up

57
28
52
46

39
29
35
35

11
16
27
26

,0.001
0.003
0.044
0.038

Control group
Three-month follow-up
Six-month follow-up
12-month follow-up

64
55
44

47
43
53

58
49
50

0.174
0.502
0.727

Treatment group and visit

P-value for change
in GM loading

mg/ft2 5 milligrams per square foot
GM 5 geometric mean
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Table 5. Dust loading model results from a
randomized controlled study of nurse case
management and housing intervention effects on
allergen exposures among asthmatic children in
Milwaukee, 2003–2005
Effect
Intercept
Log sieved dust at baseline (mg/ft2)
Treatment group 5 control (1 5 yes, 0 5 no)
Visit
Immediate post-intervention
Three-month follow-up
Six-month follow-up
Cosine (day of year in radians)
Sine (day of year in radians)

Parameter
estimate (SE)
0.357 (0.235)
0.794 (0.049)
0.544 (0.187)
20.847
20.011
0.037
0.273
0.101

(0.154)
(0.134)
(0.124)
(0.075)
(0.067)

SE 5 standard error
mg/ft2 5 milligrams per square foot

summer. Dust loadings were 72% higher in control group
dwellings compared with intervention group dwellings.
Higher baseline dust loadings were associated with
higher follow-up dust loadings. There was no significant
difference between dust loadings at the three-month,
six-month, or 12-month follow-up visit (p50.916). Dust
loadings at immediate post-intervention were significantly different from loadings at the three-month, sixmonth, and 12-month follow-up visits (p,0.001 for all).
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Dust loadings were about 40% higher at the follow-up
visits than at immediate post-intervention.
Figure 1 presents the predicted dust loadings from
immediate post-intervention to the 12-month follow-up
visit at the time of year with average seasonal effect (end
of April or October) and at the GM baseline dust loading
for each group. Figures 2 through 5 show the percent of
allergen measurements .LOD by treatment group and
visit for bla g 1, bla g 2, der f 1, and mus m 1, respectively.
For the cockroach allergen models, the odds of being
.LOD at follow-up visits were 56 to 135 times higher if
the level was .LOD at baseline. For mus m 1 on bare
floors in the kitchen and TV room, the odds were seven
times higher, but in the TV room on carpeted floors the
odds were 25 times higher. The only model that showed
any change in allergen levels over the follow-up time
period was mus m 1 on bare kitchen floors.
The season was significant only for mus m 1 on carpeted floors in the TV room and for bla g 1 on bare
floors in the kitchen. The odds of being .LOD were
20 times higher in winter (end of January) than in
summer (end of July) for bla g 1 and 34 times higher
for mus m 1.
DISCUSSION
Although allergen concentrations were not significantly
reduced, the combination of nurse case management
and home environmental interventions yielded a

Figure 1. Sieved dust loading (mg/ft2): actual at baseline and model predicted at follow-up, with the
average seasonal effect, from a randomized controlled study of nurse case management and housing intervention
effects on allergen exposures among asthmatic children in Milwaukee, 2003–2005

mg/ft2 5 milligrams per square foot
mos 5 months
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Figure 2. Percent of bla g 1 (cockroach allergen) concentrations greater than the limit of detection
by visit and study group (all rooms and surface types combined): results from a randomized
controlled study of nurse case management and housing intervention effects on allergen
exposures among asthmatic children in Milwaukee, 2003–2005

mos 5 months

Figure 3. Percent of bla g 2 (cockroach allergen) concentrations greater than the limit of detection
by visit and study group (all rooms and surface types combined): results from a randomized
controlled study of nurse case management and housing intervention effects on allergen exposures
among asthmatic children in Milwaukee, 2003–2005

mos 5 months
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Figure 4. Percent of der f 1 (dust mite allergen) concentrations greater than the limit of detection
by visit and study group (all rooms and surface types combined): results from a randomized
controlled study of nurse case management and housing intervention effects on allergen exposures
among asthmatic children in Milwaukee, 2003–2005

mos 5 months

Figure 5. Percent of mus m 1 (mouse allergen) concentrations greater than the limit of detection
by visit and study group (all rooms and surface types combined): results from a randomized
controlled study of nurse case management and housing intervention effects on allergen exposures
among asthmatic children in Milwaukee, 2003–2005

mos 5 months
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s ignificant decrease in settled dust loadings in treated
dwellings compared with control group dwellings. If
allergen concentration remains constant, but dust
loadings decline, then the total amount of allergen
available to the child is also significantly reduced.
Dust loadings were reduced by 72% from baseline to
immediate post-intervention. Even without additional
professional interventions, dust loadings remained significantly below baseline loadings up to the 12-month
follow-up visit, reducing the exposure burden for
children residing in treated homes. The reductions in
dust loading were most likely due to the specialized
cleaning interventions performed in each intervention
group dwelling. Continued cleaning by residents using
the supplies provided also may have contributed to the
relatively low dust loadings over time.
Modeling also indicated that the season influences
dust loadings (i.e., highest in winter, lowest in summer). Other studies of dust lead loadings (not the
total dust loadings measured in this study) have found
the highest levels in the summer and the lowest ones
in the winter.29 The reasons for this discrepancy are
not known, although in our study, sieved dust loading was not significantly correlated with dust lead
loading on floors (Pearson correlation coefficient of
log-transformed values: r5 20.139, p50.133). It is possible that lead dust behaves differently from total dust.
While the contribution of outdoor dust lead to indoor
dust lead loading may be larger in the summer when
the temperature is hot and the soil moisture content
is low, household dust is composed of more than particles from outdoor soil.29 These other components
(e.g., shed skin particles, carpet fibers, and lint) may
contribute to higher dust loadings in the winter when
house conditions are drier and people spend more
time indoors. The relationship between dust loading
and season should be included in future studies of
cleaning-related interventions.
Although allergen concentrations were not significantly reduced, there was a substantial reduction in
dust loading, indicating a benefit to the asthmatic
children residing in intervention homes. The lack of
significant reductions in allergen concentrations may
be related, at least in part, to the low frequencies of
detection at baseline. The levels of allergens were generally less than those found in other inner-city studies.
For example, in a study of homes of asthmatic children
in Baltimore, Maryland, 85% of bla g 1 samples were
.LOD on kitchen floors of intervention group homes
(median concentration 5 22 U/g); in contrast, our
study found that only 46% of bla g 1 samples were
.LOD (median concentration ,LOD of 0.4 U/g).7
In the NCICAS study, 87% of baseline samples from
kitchen floors were .LOD for mouse allergen (median

5 1.6 µg/g), while our study found only 54% .LOD
(median ,LOD of 0.02 µg/g).6 The baseline results for
dust mite allergen in this study tended to be less than
those in other studies, but a direct comparison is problematic because our study collected allergen samples
only from floors in specific rooms, and other studies
collected samples that combined dust from different
surfaces (e.g., floor and bedding) and/or different
rooms (e.g., living rooms and bedrooms).7,14,30–32
Limitations
One limitation in this study is the absence of a visit to
the control group homes immediately following the
intervention in the experimental group, although the
effect in later months remains quite pronounced, suggesting that this difference is unlikely to change the
results. Cleanliness and the relatively stable baseline
characteristics of the study homes may have been a
factor contributing to the low frequencies of allergen
detections at baseline. For example, the exclusion of
dwellings with substantial structural problems (i.e.,
those with outstanding building inspection orders)
may have prevented the inclusion of homes with more
serious housing-related hazards.
Interestingly, the allergen detected most frequently
in settled dust in this study was mouse allergen mus
m 1, even though mouse allergen is carried on very
small particles that become airborne easily and remain
airborne.8 This finding is similar to the NCICAS study,
showing that mouse allergen may be at least as important as cockroach or dust mite allergens.5 Subsequent
studies should include rodent eradication as part of an
IPM program and the collection of mus m 1 data.
IPM, when conducted appropriately, involves a
combination of tools to eliminate pests. Other studies
have shown the effectiveness of IPM in reducing mouse
and cockroach allergen concentrations; however, IPM
had no effect on these allergens in this study.12,33 The
implementation of the multipronged IPM approach
proved difficult in Milwaukee due to inadequate training/oversight of pest management contractors and
too few IPM visits (mean 5 2). It was often difficult to
change resident behavior regarding food storage and
disposal of food debris.
CONCLUSION
Although allergen concentrations were not significantly
reduced, the combination of nurse case management
and home environmental interventions yielded a significant decrease in settled dust loadings in treated
dwellings compared with control group dwellings. If
allergen concentration remains constant, but dust loadings decline, then the total amount of allergen available
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to the child is also significantly reduced. Even without
additional professional interventions, dust loadings
remained significantly below baseline loadings up to the
12-month follow-up visit, reducing the exposure burden
for children residing in treated homes. The combination
of nurse case management and home environmental
interventions promotes collaboration between health
and housing professionals and is effective in reducing
exposures to allergens in settled dust.
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