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Summary

Background Exposure to house dust mite (HDM) allergens is an important risk factor for
childhood asthma. Knowledge of environmental determinants of HDM allergen levels is
essential before designing rational avoidance measures.
Aim To investigate the effect of domestic characteristics on HDM allergen (Der p 1) levels
in Melbourne homes.
Methods Dust was collected from bed and floor of the bedrooms in 485 houses over a
period of one year. Dust was analysed for Der p 1 levels using an enzyme-linked
immunosorbent assay. Temperature and relative humidity were measured at the visit.
Details of residential characteristics were collected using a questionnaire. Statistically
significant predictors of Der p 1 levels (P< 0.05) were identified using multiple linear
regression.
Results High levels of Der p 1 were observed in the floors (geometric mean 17.2mg/g fine
dust) as well as in the beds (geometric mean 20.3mg/g fine dust). Der p 1 levels in the floor
dust were significantly lower in winter and spring. They were higher in houses built before
1980 and those with central heating, weather board walls, damp bedrooms or fitted old wool
carpets. Der p 1 levels in bed dust were significantly higher in houses built before 1980, with
wooden floors built on stumps, with high relative humidity, with visible mould in the room,
in beds with an old mattress or in beds without a quilt.
Conclusions We would encourage construction of homes without carpets, wooden floors
on stumps or weather board walls.
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Introduction

Exposure to (house dust mite) HDM allergens is an impor-
tant risk factor for childhood asthma [1,2]. Avoidance of
exposure to these allergens has been shown to reduce
bronchial hyperreactivity and asthma symptoms [3,4].

The concentration of HDM allergen in Australian homes
is amongst the highest in the world [5]. This may be one
plausible explanation for the higher prevalence of asthma in
Australia compared with many other countries [6]. This

hypothesis is supported by two parallel observations of an
increase in the concentration of house dust mites in Aus-
tralian homes [7] and in the prevalence of asthma in
Australia over the last few decades [8].

In Australia, Dermatophagoides pteronyssinusis the
most commonly isolated species of HDM and therefore
the source of the major allergen of interest (Der p 1).
Knowledge of environmental determinants of Der p 1
levels is essential in designing rational avoidance measures
to reduce these levels. Residential characteristics are
thought to be important in controlling indoor allergen
levels. Relative humidity, ventilation and fitted carpets
have been repeatedly shown to influence HDM allergen
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levels in homes [5,9–14]. However, the findings with
respect to temperature [10,15], age and structure of the
house [9,14], central heating [15], type of carpets [16], and
bedding [17] are contradictory. Most of these factors are
interrelated, as well as being related to other residential
characteristics which may influence the HDM allergen
levels. Some of these studies have examined one or only a
few relevant factors together, hence the results may have
been confounded by other unmeasured factors. The relation-
ship between housing conditions and infestation by HDM is
thought to be very different depending on the geographical
area under study [11]. This, in combination with the high
asthma prevalence and high HDM allergen levels in Aus-
tralia, warranted further local research.

Hence, a cross-sectional study was carried out to assess
the influence of residential characteristics and cleaning
practices on HDM allergen levels in Melbourne homes.

Materials and methods

Subjects

Subjects were participants in a follow-up study to
the European Community Respiratory Health Survey
(ECRHS) in Melbourne. The sampling procedure has been
described elsewhere [18,19]. Briefly, a questionnaire was
mailed to a group of young adults, who were randomly
selected from the electoral roll, during the first phase of the
ECRHS survey which was carried out in 1992. This com-
prised 4500 subjects aged between 20 and 44 years, of
whom 3200 (72%) responded. A random sample (n¼

1642) and a symptomatic sample (n¼ 433) of the respon-
dents were invited to the laboratory for testing in the second
phase. A total of 757 subjects attended between 1993 and
1994. This group was asked to participate in a follow-up
study in 1996 and 485 did so.

In the follow-up, participants were visited at home to
collect dust samples from their bedrooms and residential
information via a questionnaire. Then the participants were
again requested to visit the laboratory to complete a detailed
respiratory questionnaire, skin prick tests and lung function
tests, which will be reported later (manuscript in prepara-
tion). This paper presents a cross-sectional analysis of the
residential characteristics associated with the Der p 1 levels
in the bedrooms of the participants.

Questionnaire

An interviewer-administered questionnaire was used to
collect information about such residential characteristics
as age of the home, type of construction, ventilation,
heating, evidence of damp and mould, floor covering, bed-
ding and cleaning routines.

Bedroom air temperature and relative humidity were
recorded at the same visit using a digital thermohygrometer
(Type THG-388 RS Components, China). The thermohyg-
rometer was placed in the bedroom, 1 m above the floor
level and away from windows, beds and heat sources and
read 15 min after the meter was switched on.

Collection of dust samples

Samples of house dust were collected from the bed and the
floor of the bedroom of the study subjects. These were
collected using a modified Makita 4071D handy-vac (7.2 V,
battery operated) with a 25mm nylon filter, according to a
standard protocol [20] with some modification. The modi-
fication was identified from a pilot study in which some of
the floor dust samples collected from 1 m2 were inadequate
for the allergen assay. We found that at least 30 mg of total
dust needed to be collected as each assay required around
10 mg of fine dust. Hence the bedroom floor was sampled
according to two protocols. The standard protocol was to
vacuum for a total of two minutes over an area of 2 m2

adjacent to the side of the bed on which the participant slept.
The extended protocol was followed if the dust collected
according to the standard protocol seemed inadequate. In
the extended protocol, vacuuming was extended by 1 m2/
min until an adequate sample was collected. The bedding
was vacuumed for a total of 1 min to include the top of the
mattress, under-blankets, quilt and/or upper blankets and the
pillow.

Three trained researchers were involved in the home
visits. Each home visit was made by two researchers. One
collected the dust while the other administered the ques-
tionnaire; both were unaware of the clinical status of the
participant, thus minimizing any interviewer bias.

Adequate bed dust for the allergen assay was collected
from all houses (n¼ 485) in the study. Adequate floor dust
was collected from 440 houses after vacuuming according
to the standard protocol and the extended protocol was
followed to collect adequate dust from the remaining 45
houses.

Measurement of Der p 1 levels

The samples were stored at 48C for a maximum of 1 week,
until they were processed in batches. They were extracted
by borate buffer (pH¼ 8.0) and analysed for the major
HDM allergen Der p 1 using a standard enzyme-linked
immunosorbent assay (ELISA) [21,22]. The extraction
temperature was 48C and the ratio of dust weight to buffer
was 0.1 gram/2 mL. The validity and repeatability of the test
was examined with each batch processed using a World
Health Organization standard HDM extract. The minimum
detection level of Der p 1 was 0.2mg/g of fine dust.
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The researcher involved in Der p 1 analysis was blinded
to the clinical status and information from the home visit
report to prevent any reporting bias.

Bed Der p 1 levels were expressed asmg/g of fine dust.
Floor Der p 1 levels were expressed asmg/g of fine dust as
well asmg/m2/min.

The floor samples collected using the standard protocol
had significantly higher Der p 1 levels (20.7mg/g of fine
dust) compared with those using the extended protocol
(3.4mg/g of fine dust). The correlation between floor Der
p 1 levels expressed asmg/g of fine dust andmg/m2 was
strong and significant for the samples in both the standard
(r ¼ 0.9; P<0.001) and extended protocols (r ¼ 0.8; P<

0.001). Hence, further analysis was carried out only on the
Der p 1 levels expressed asmg/g fine dust.

Analysis

The Statistical Analytical System package [23] was used to
analyse the data. The distribution of the house dust mite
allergen levels was positively skewed, hence log-trans-
formed data were used in the analysis.

In the univariate analysis, Pearson correlation coefficients
and simple linear regression were examined to assess the
association between Der p 1 levels and other continuous
variables. Analysis of variance was carried out to assess
the association between Der p 1 levels and categorical
variables.

Predictors of Der p 1 levels in bed and floor were
examined separately. Season, temperature and relative
humidity in the bedroom, type of house, year of construc-
tion, type of construction, base structure of the building,
presence of a crawl space, central heating, air conditioning,
level of the bedroom, observed damp patches and mould in
the bedroom were considered as possible factors influencing
both bed and floor Der p 1 levels. Variables considered only
for bed Der p 1 were type and size of the bed, having a quilt
or blankets on the bed, washing practices for bed linen and
vacuuming of the bed. Variables considered only for floor
Der p 1 were fitted carpet, type and age of the carpet,
vacuuming practices for the floor and window dressings.

Multiple linear regression was carried out to identify the
significant independent explanatory variables for the vari-
ance in Der p 1 levels after accounting for the effects of
other relevant factors. Variables which were significant at
P<0.2, exhibited a large effect in the preliminary analysis
or those previously described as important in influencing the
Der p 1 levels were included in the model. Then variables
which were not significantly (P<0.05) associated with Der
p 1 levels were excluded manually in a stepwise manner. In
addition, an exploratory analysis was carried out to assess
the possible confounders of the variables which were only
significant either in univariate or multivariate analyses. The

geometric means for the identified predictors adjusted for
the others in the model, relative humidity and temperature
were computed using least square means method [23], in an
analysis of co-variance (ANCOVA).

Ethics

The study was approved by the Ethics Review Committee at
the Alfred Hospital. Written informed consent was obtained
from all the participants.

Results

Very high levels of Der p 1 were observed in our sample of
Melbourne homes. The geometric mean Der p 1 level (range
of Der p 1 levels) for beds was 20.3 (range 0–361)mg/g of
fine dust and for floors was 17.2 (range 0–691)mg/g of fine
dust. The correlation between the bed and floor Der p 1
levels was modest, but statistically significant (r ¼ 0.3, P<

0.001). We observed Der p 1>2mg/g of dust in 90.3% of the
bedroom floors and 96.9% of beds. Seventy-six percentage
of the floors and 77% of the beds had Der p 1> 10 mg/g of
dust.

Bed Der p 1 levels

The mean temperature was 188C (SD¼ 3; range¼ 10–31)
and the mean relative humidity was 60% (SD¼ 8.6; range¼
32–80). Ninety five percentage of the houses had a relative
humidity of >45%.

We observed a weak but significant positive correlation
between bed Der p 1 levels and indoor relative humidity
(r ¼ 0.2;P< 0.001). We also observed a weak but significant
negative correlation between indoor temperature (r ¼ ¹0.1;
P¼ 0.002) and bed Der p 1 levels. The indoor temperature
and relative humidity were negatively correlated (r ¼ ¹0.4
P<0.001). The negative association between temperature
and Der p 1 levels was found to be due to confounding by
relative humidity in the multiple regression analysis. The
positive association between relative humidity and bed Der
p 1 levels remained significant after adjusting for tempera-
ture in the regression analysis.

Figure 1 shows the mean bed Der p 1 levels in different
categories of temperature and relative humidity. Mean Der p
1 levels increased with increasing relative humidity in all
the categories of temperature. The increasing temperature
seemed to decrease the mean Der p 1 levels when the
relative humidity was less than 65%. However, this inter-
action between temperature and relative humidity was not
statistically significant (P¼ 0.08).

We observed lower bed Der p 1 levels during winter and
spring, but thispost hocdifference was not statistically
significant (P¼ 0.3).
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Table 1 describes the geometric mean bed and floor
Der p 1 levels for the residential characteristics which
were significant at P< 0.05 level, in the univariate
analysis. Free standing homes were found to have 1.2-
fold higher bed and 1.5-fold higher floor Der p 1 levels
compared with other types of homes. Bedrooms on the
ground floor had 1.9-fold higher bed Der p 1 levels
compared with those on upper floors. Both these associa-
tions were found to be confounded by the age of the
house in further evaluation. Houses built before 1980 had
1.7–2.9-fold higher bed Der p 1 levels compared with
houses built in or after 1980. A higher proportion of houses

built in or after 1980 had bedrooms on an upper floor and
were less likely to be free standing, compared with the
houses built before 1980.

Houses with a crawl space under the floor had 1.4-fold
higher bed Der p 1 levels compared with houses without a
crawl space (Table 1). However, this effect was found to be
due to confounding by the base structure in the multiple
regression analysis. A higher proportion of houses with a
crawl space had a base structure of stumps with wooden
flooring. Houses built on stumps with wooden flooring had
2.1-fold higher floor Der p 1 levels compared with other
base structures.
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Fig. 1.Geometric mean Der p 1 levels in bed
dust by temperature and relative humidity.
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Having either a quilt or a blanket on the bed was found
to significantly influence the Der p 1 levels in bed dust
(Table 1), but only a quilt was found to be an independent
predictor of bed Der p 1 levels.

The significant (P<0.05) predictors for bed Der p 1 levels
in the multiple regression analysis were indoor relative
humidity, age and the base structure of the house, age of
the mattress, presence of a quilt on the bed and observed
mould in the bedroom. No other variables achieved a
P-value of less than 0.1.

Figure 2 describes the geometric mean Der p 1 levels for
each category of significant predictors adjusted simulta-
neously for the other predictors in the model, relative
humidity and temperature. A higher bed Der p 1 level was
observed in houses built before 1980 and those built on
stumps with wooden flooring. The bed Der p 1 level was
also higher if there was no quilt on the bed, the mattress was
more than 5 years old or the participant had observed mould
in the bedroom. The complete model of the significant
independent predictors explained 18% of the variance in
the bed Der p 1 levels, in which 11% was explained by age
and base structure of the house and the age of the mattress.
The adjusted Der p 1 levels in old houses, houses with
stumps and with an old mattress were 1.5-fold compared
with the reference categories.

Floor Der p 1 levels

We observed a significant association between season and
floor Der p 1 levels (P<0.05), where Der p 1 levels were
lower during winter and spring compared with the other
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Table 1. Mean Der P 1 levels by categories of the residential
characteristics which were significant at P# 0.05 in the univariate
analysis.

Geometric mean
Der p 1 levels (mg/g)

No. of
homes Bed Floor

Type of house?
Free standing 388 21.2* 19.1*
Attached 96 17.2 12.4
Year of construction?
< 1960 343 23.5* 19.1
1960–69 39 13.9 15.4
1970–79 42 18.0* 15.4
1980–96 61 8.0 13.9
Base of the bedroom?
Wooden on stumps 358 23.8* 17.2
Other 126 11.2 15.4
Presence of a crawl space?
Yes 323 21.2* 19.1
No 161 15.4 15.4
Level of the bedroom?
Ground 401 23.5* 17.2
Upper 84 12.5 13.9
Presence of central heating?
Yes 264 21.2 21.2*
No 221 21.2 15.4
Observed damp patches?
Yes 125 29.0* 23.5*
No 359 17.2 15.4
Observed mould?
Yes 176 29.0* 21.2*
No 308 17.2 15.4
Extractor fan over cook-top?
Yes 377 19.1 19.3*
No 101 23.3 12.5
Heavy window drapes?
Yes 273 21.2 19.1*
No 212 19.1 15.4
Venetian blinds?
Yes 67 21.2 10.1*
No 418 20.3 19.1
Fitted carpet?
Yes 416 21.2*
No 79 5.7
Type of carpet?
Wool 69 32.1*
Other 416 15.4
Age of carpet? (years)
< 1 16 4.5*
1–5 93 19.1
> 5 299 20.2

Table 1. continued.

Geometric mean
Der p 1 levels (mg/g)

No. of
homes Bed Floor

Age of the mattress? (years)
# 5 179 15.4*
> 5 305 23.5
Quilt on bed?
Yes 451 19.1*
No 33 48.4
Blankets on bed?
Yes 115 26.1*
No 369 19.1

* P< 0.05 compared with the last category in the variable. Num-
bers do not add up to 485 in some variables due to missing
information.



two seasons. However, indoor relative humidity or tem-
perature did not have any significant influence on floor
Der p 1 levels.

Centrally heated houses had 1.4-fold higher floor Der p 1
levels than other houses (Table 1). We examined the
confounding effect of external ventilation on the association
between central heating and Der p 1 levels. Centrally heated
houses were found to be less ventilated as assessed by airing
practices such as windows not being open at the time of the
visit and airing of the bedroom less than once a week. Poorer
ventilation as indicated by these proxy measures was also
found to increase the floor Der p 1 levels, though this
association was not statistically significant. However, cen-
tral heating remained a significant predictor of floor Der p 1
levels, even after accounting for the variability in ventilation
practices. Almost all (92%) centrally heated houses had
ducted gas heating, thus it was not possible to examine the
effects of different types of central heating.

Floor Der p 1 levels were significantly higher in bed-
rooms with drapes or heavy curtains compared with the
houses without these window dressings (Table 1). Houses
with venetian blinds had significantly lower levels of Der p 1
(Table 1) compared with those without. Only the association
between heavy drapes and high Der p 1 levels remained
statistically significant when the variation in other window
dressings was considered.

An extractor fan over the stove and free standing homes
were associated with a 1.5-fold increase in floor Der p 1
levels compared with the reference category (Table 1), but
these associations were found to be due to confounding
factors. The effect of the extractor fan was found to be due
to its significant association with fitted carpets. Houses with
fitted carpets had 3.7-fold higher floor Der p 1 levels
compared with houses without fitted carpets (Table 1).

The effect of a free standing home was due to its association
with the age of the house as described earlier.

Weather board (timber) walls and the age of the house
were not found to have a statistically significant influence on
floor Der p 1 levels in the univariate analysis, but emerged
as significant in the multivariate analysis. The weather
board walls were negatively associated with fitted carpets,
which by themselves predicted higher floor Der p 1 levels.
The weather board walls were identified as an independent
predictor of higher floor Der p 1 levels once the variation in
fitted carpets was controlled. The association between the
age of the house and floor Der p 1 levels was also found to
be negatively confounded by central heating. The presence
of central heating was significantly associated with higher
floor Der p 1 levels as well as with newer houses. Once the
variation in the presence of central heating was accounted
for, the age of the house became a significant predictor of
floor Der p 1 levels.

The season, age of the house, wall type, heating, floor
coverings and dampness in the bedroom were independent
predictors of floor Der p 1 levels atP<0.05 (Fig. 3).
Houses built before 1980, those with timber walls, damp
patches observed by the resident or central heating had
higher floor Der p 1 levels. Higher floor Der p 1 levels
were found if there were fitted carpets, if the carpets were
more than one year old or of woollen fibre. Twenty percent
of the variance in the floor Der p 1 levels was explained
by these independent predictors and 10% was explained
by fitted carpets alone. The adjusted Der p 1 levels of
carpeted floors were about fourfold higher than uncarpeted
floors.

We also examined the significance of the identified
predictors while controlling for the sampling technique
(i.e. standard vs extended) and the results were similar.
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Discussion

We identified relative humidity, season, type of construction
and the age of the house, floor coverings, age of the mattress,
observed dampness and observed mould as statistically
significant predictors of Der p 1 levels in the bedrooms of
Melbourne homes.

We observed very high levels of bed and floor Der p 1
levels in this sample of houses, as has been recently
described by others [5]. Almost all participants were
exposed to Der p 1 levels above the proposed level for
sensitization [24]. Three quarters of the sample were
exposed to levels above the proposed threshold for inducing
of attacks of asthma [24]. These findings highlight the
clinical significance of house dust mite allergen levels in
homes in Australia and the importance of further investigat-
ing the determinants of high indoor Der p 1 levels.

Our observation of higher Der p 1 levels in the bed than
the floor has been described previously [10]. This may
reflect increased skin shedding or different cleaning prac-
tices in the bed compared with the floor. The predictors of
floor and bed Der p 1 levels were found to be similar, but
not exactly the same. The relatively modest correlation
observed between floor and bed Der p 1 levels highlights
this observation.

The findings related to relative humidity, temperature and
season should be interpreted while taking limitations such
as the short duration of the measurement and the cross-
sectional nature of the data into account.

High indoor relative humidity was found to increase bed
Der p 1 levels, but not floor Der p 1 levels. However, floor
Der p 1 levels were associated with observed bedroom
dampness which has been recognized as an indicator of
high indoor relative humidity as well as high Der p 1 levels
[9,25,26]. Season was found to influence floor Der p 1 levels
but not bed Der p 1 levels. Wickenset al. reported similar
findings on the associations between season, relative humid-
ity and Der p 1 levels in the bed and floor [12].

Relative humidity of$ 45% has been shown to increase
the risk of Der p 1 levels markedly [11] and the RH in 95%
of the bedrooms in our sample was above this threshold.
This may explain the lack of association between the indoor
humidity and floor Der p 1 levels. The observed importance
of relative humidity in beds may be due to higher bed
temperatures lowering the humidity and making the humid-
ity a factor which limits mite growth in the bed environment
[12]. The lack of seasonal variation in bed Der p 1 levels has
been attributed to the more stable and insulated micro
environment compared with floors [12].

The lack of any association between temperature and Der
p 1 levels in this study may be partly explained by the small
range in indoor temperatures. The effect of temperature on
house dust mite survival is known to occur mainly with

more extreme values [27]. However, when relative humidity
was below 65%, a trend in the reduction of Der p 1 levels
with increasing temperature was observed, although this
was not statistically significant at 5% level. It has been
suggested that high temperature influences the critical
relative humidity which mites can tolerate [27,28]. On the
other hand we observed high Der p 1 levels in houses with
central heating, as observed by others [11] which is incon-
sistent with this hypothesis. Central heating has been
suggested to increase Der p 1 levels due to the absence of
external ventilation, which itself is associated with high Der
p 1 levels [9,10] and a risk factor for HDM sensitization
[29]. This was confirmed by our results which showed that
the centrally heated houses were not only warmer, but also
less ventilated. However, adjustment for ventilation did not
change the association of centrally heated houses with high
Der p 1 levels. The possibility of random misclassification
of ventilation should be considered in interpreting these
results. It should also be noted that the information we
collected was on the presence of a central heating system
and not directly on the usage of the system. Hence the
presence of central heating may be a proxy measure of the
ventilation of the house rather than the temperature. Hart
and Whitehead found that the ‘use of central heating’ was
associated with fewer mites in the mattress [28].

Combining available knowledge and the present findings,
we suggest that keeping the environment warm at lower
relative humidity may reduce the Der p 1 levels through
retarding growth of HDM. The high indoor relative humid-
ities observed in all the houses together with the association
between relative humidity and Der p 1 levels indicate the
importance of formulating control measures to reduce
indoor relative humidity. However, measures such as
increased ventilation, which have shown to be effective in
Scandinavian countries, may not be as relevant to Mel-
bourne because of the higher outdoor humidity [30].

Wooden houses, particularly houses built either with
weather board walls or on stumps with wooden flooring,
seemed to harbour higher Der p 1 levels than others. Munir
et al. [9] observed higher mite allergen levels in houses
without a basement and attributed this to the direct contact
of flooring with moisture. This argument may also be
applicable to wooden flooring. Stumps with wooden floor-
ing compared with concrete slabs may expose the indoor
environment directly to underground moisture. These find-
ings have major implications for home construction.

Higher Der p 1 levels have been found in free standing
homes and in bedrooms on the ground floor by the others
[13,31]. Our data suggest that the effect of the type of house
and level of bedroom arise as a result of the confounding
effects of the age of the house. Older houses had higher bed
and floor Der p 1 levels after accounting for relative
humidity, construction type, age of the carpet and mattress
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which is in keeping with the present knowledge [12–
15,28,32]. Lower Der p 1 levels in newer homes has been
attributed to the warmer and drier environment as a result of
more efficient insulation and use of central heating [28].
However, we observed higher Der p 1 levels in centrally
heated houses probably due to them being less ventilated
according to our data. Hence, this needs to be examined in a
study that is specifically designed to identify the relevant
components in a modern house that might help to reduce the
indoor Der p 1 levels.

The age of the mattress and fitted carpets accounted for a
high proportion of variability in Der p 1 levels. Fitted
carpets had the highest magnitude of the effect (fourfold
increase compared with the reference category) among all
the variables examined. These highlight the importance of
encasement of mattresses and the exclusion of carpets from
the environment.

The association that we observed between higher Der p 1
levels and woollen carpets has been described previously
[16]. We also found higher Der p 1 levels in wool-filled
quilts compared with synthetic or feather filling, though this
was not statistically significant. Hillet al. [5] observed
higher Der p 1 levels on the surface of woollen mattress
covers compared with mattresses with other types of covers
or no covers. Wool may create a microenvironment which
favours the growth of HDM.

The number of occupants have been found to influence
the Der p 1 levels in a few recent studies [12,14]. Although
the associations observed in this study are unlikely to be
confounded by the number of occupants in the home, we did
not have data to examine this.

Some studies describe the problem of dust not being
sufficient for the assay in some of the samples collected
using the standard protocol i.e. vacuuming over 2 m2 for 2
min [5,11]. These samples were either excluded from the
analysis [11] or half of the minimum detection level in the
assay was arbitrarily assigned as the Der p 1 level [5].
Exclusion of some samples is likely to cause selection bias.
Assignment of an artificially low value will misclassify Der
p 1 levels as the reason for the inability to identify the
allergen level is due to the low levels of dust and not
necessarily the Der p 1 levels themselves. We modified
the standard protocol [20] to be able to identify allergen
levels from homes which otherwise would have had to be
assigned an arbitrary value and feel this is a preferable
strategy.

In conclusion, this study has emphasized the importance
of residential characteristics in reducing the HDM allergen
levels and highlighted the need for further research in this
field. From a public health perspective, we would encourage
construction of homes without carpets, wooden floors on
stumps or weather board walls. We would also encourage
the removal of old woollen carpets and visible mould,

encasement of mattresses and control of dampness and
humidity.
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