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Summary

Pairwise analysis of siblings from 21 families showed that house dust mite (HDM)
sensitive children were exposed to higher concentrations of Der p I allergen in their
mattress (£ =0-005) and bedding (£ = 0-04), but not bedroom floor (P =0-33), than their
atopic sibling who was not sensitive to HDM antigens. There was no difference in the
exposure to HDM numbers/100 mg of dust in the mattress (P=0-61) or bedroom floors
(P =0-09). In contrast, pairwise analysis of siblings from 15 families showed that HDM
sensitive children were not exposed Lo significantly different concentrations of Der p T in
the mattress (P=0-96), bedding (P=0-11) or bedroom floor (P=0-70) nor HDM
numbers/100 mg of dust in the mattress (P=0-12) and bedroom floor (P=0-98) than
their non-atopic siblings. These findings were identical when absolute allergen load was
compared in these pairs. Genetic linkage studies in these families suggest the tendency to
atopic IgE responses is conferred by a putative atopy locus on chromosome 11q. These
results together suggest that differences in allergen levels in beds, among siblings with a
comparable genetic tendency to atopy, play a significant role in determining the
development of HDM allergy.
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to underly atopy in these families [6]. Thus, individuals

Int i . . : .
Nbeinetion with this inherited propensity to exaggerated IgE res-

It is generally accepted that atopy is defined as the familial
predisposition to producing immunoglobulin E (IgE) to
one or more of a range of allergens, predominantly
inhaled and present in low levels in the environment [1-3].
Numerous studies have demonstrated that both genetic
and environmental factors are important in determining
sensitization to these allergens. Comparable concordance
rates in monozygotic and dyzygotic twin studies suggest
that the environment is important in determining an
atopic individual’s particular sensitivities [4]. A recent
genetic linkage study using immunological (IgE) criteria
to assign atopy phenotype has identified a putative
‘atopy” locus on chromosome 11q [5]. This has been
confirmed in a study of 64 young and representative
nuclear families in which the 11q atopy locus was shown
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ponses may become sensitized to a range of common
environmental allergens following exposure.

House dust mite species (especially Dermatophagoides
pteronyssinus) are the source of the major sensitizing
allergens underlying asthma in atopic individuals in
Britain. Studies have suggested that magnitude of expo-
sure to house dust mite (HDM) allergens influence
specific IgE responses to them [7-18]. However conclu-
sions on potential confounding environmental effects
and/or interaction with a genetic tendency to atopy have
been limited as all of these studies compare unrelated
individuals and most have used either no control group
[9-11], controls of unknown atopic status [12], or controls
who were not sensitive to HDM allergens but had poorly
documented IgE responses to other allergens [13-15].

Therefore, we have investigated the importance of the
magnitude of exposure to HDM allergen by comparing
allergen levels in HDM sensitive children with their
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siblings. Comparisons were made between HDM sensi-
tive children and their atopic non-HDM sensitive siblings
in 21 families and between HDM sensitive children and
their non-atopic siblings in 15 families. Segregation and
genetic linkage analysis in these families. using IgE
criteria to assign atopic status, has confirmed that the
children’s general atopic predisposition is dominantly
inherited and conferred by the 11q atopy locus [ref. 6 and
unpublished observations]. We have carefully docu-
mented the duration of time that sampled sites were in use
since birth and we have used a recommended standard-
ized method of dust sampling [19,20] to determine the
differences in exposure to HDM allergens in terms of both
mite numbers/100 mg of dust and Der p 1 allergen level (as
concentration ug/g of dust and load ug/sample).

Subjects and methods
Subjects

Families with young atopic children were targeted for this
study. Children under 10 years of age who reported
symptoms suggestive of atopic asthma, rhinitis or eczema
were identified (probands) from allergy clinic and asthma
clinic records or from responses following a media appeal.
The families of these children were recruited if both
parents and at least two children (including the proband)
were available for study. The members of each family
were tested and samples collected from their home during
one visit between the months of July and September, 1988
or between the months of January and March, 1989.

IgE phenotyping

Skin prick testing was carried out with a negative control
and the following purified and dialysed antigens sus-
pended in a 50% glycerine solution: D. pteronyssinus,
mixed grasses, cat dander, dog dander, mixed trees,
Alternaria, Cladosporium and Aspergillus (Dome/Hollis-
ter-Steir, Spokane, Washington, U.S.A.). Total and
specific IgE titres were determined by a solid-phase
immunoassay (Phadezym IgE EIA and Phadezym RAST,
Pharmacia Ltd, Milton Keynes, U.K.) using D. pteronys-
sinus, mixed grasses, mixed moulds and mixed epithelium
antigen discs. We designated children as atopic according
to our previous criteria [5,6]; a skin weal of 2 mm or more
than control to any antigen, or a RAST score of | or more
(>0-35 RU/ml) to any antigen, or an elevated total IgE
(geometric mean plus one standard deviation as recom-
mended by Pharmacia) [21,22]. An individual was desig-
nated as sensitive to house dust mites (HDM-atopic) if
they had a RAST score of | or more and/or a skin prick
weal of 2 mm or more than control, to D. pteronyssinus.
Phenotyping of children was determined prior to dust

analysis and identified families with sibling pairs compris-
ing of HDM-atopic children and their atopic non-HDM
sensitive or non-atopic siblings.

Determination of mite numbers and quantification of Der
pl

Resting dust was sampled (by R.Y.) from an area of 1 m?
for 2 min using a Medivac vacuum cleaner 1000 W
(Medivac Ltd, Chesire, U.K.) [20]. Particles were trapped
on a 0-5 um glass fibre filter paper (Whatman Products
Ltd, Maidstone, U.K.). Each filter was halved for
separate determination of mite species/numbers and
levels of Der p 1 (see below). Sites sampled were childrens’
mattresses (upper surface), bedding (upper surface) and
childrens’ bedroom floor (play area/beside bed). Due to
small samples, bedding dust was analysed for Der p 1
levels only. The length of time the children had used each
sample site was noted. Families were unaware of the sites
to be sampled and were instructed not to alter their
normal cleaning activities.

Analysis of dust samples (by B.H. and T.M.) was done
blind to phenotype data. For mite analysis dust was
scraped from the filter, large particles removed, and
100 mg of fine dust weighed and soaked in 80% ethanol.
Mites were extracted and counted by the flotation
technique [23] and the following species identified by light
microscopy [24.25): D. pteronyssinus, D. farinae, D.
microceras and E. maynei. Other mite species, present in
low numbers (< 5% total mites/sites), were collectively
called ‘other’ and added to the above species to give a
total mite count for each site. Dust samples for Der p 1
analysis were weighed, gently mixed with 10 ml of
phosphate-buffered saline for 3 hr and after standing
overnight at 4’C supernatants collected for Der pl-
specific ELISA assay [26]. The standard calibration curve
ranged from 0-5-250 ng Der p 1/ml and the within assay
coeflicient of variation was 6:7% at the mid-point. The
absolute level of Der p 1 for each sample was determined
and then divided by the weight to give the concentration
of Der p1in ug/g of dust.

Detailed analysis of the mite species present in these
homes, published elsewhere, confirms the predominance
of D. pteronyssinus as the major source of sensitizing mite
allergens accounting for over 90% of total mites present
in most sites [27]. Resting dust is the ultimate source of
respirable particles such as those containing Der p1 (a
major mite allergen from D. pteronyssinus). the levels of
which have been shown to be highly correlated with levels
in airborne samples when collection methods are carefully
standardized [28].

Data on mite numbers/100 mg of dust and Der p 1 levels
for each site sampled were logarithmically transformed
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for comparisons between sibling pairs. Comparisons for
all sibling pairs were not possible for some sites due to
sharing of these sites by siblings. Data from the two
sampling periods (July-September and January-March)
were combined on the basis that the comparisons were
between sites sampled at the same time. We used a two-
tailed paired r-test to calculate the magnitude of the
differences between pairs, the 5% level being taken as
significant.

Results
Sibling pair IgE responses

Of the 36 families studied, 21 included at least two atopic
children, one of whom was sensitive to HDM allergens
(HDM-atopic) and the other sensitive to other allergens
but not HDM allergens (non-HDM atopic) (Comparison
A). The remaining 15 families included one HDM-atopic
child and one non-atopic sibling (Comparison B).

Comparison A. HDM-atopic children comprised 10 boys
and 11 girls with ages ranging from 7-10 years (mean age
8:0 years). Twenty of the 21 (95%) had an elevated total
IgE and all had positive RAST to D. pteronyssinus, 12/21
(57%) were also D. pteronyssinus skin test positive and
14/21 (67%) were skin and/or RAST positive to other
allergens. All were reported to suffer from two or more of
either asthma, rhinitis or eczema. Fourteen boys and 7
girls with ages ranging from 2-5 to 14 years (mean age 7-0
years) were assigned as atopic but non-HDM sensitive.
Nine were assigned on the basis of positive skin and/or
RAST tests (to allergens other than HDM) and 12 on the
basis of an elevated total IgE. In this latter group, nine
were more than two standard deviations above the mean
for their age (highly predictive for subsequent develop-
ment of atopic symptoms) [29] and two of the remaining
three suffered asthma and rhinitis. Thirteen of the 21
children (62%) were reported to suffer from one or more
of either asthma, rhinitis or eczema. All 21 sibling pairs
had at least one atopic parent.

Comparison B. HDM-atopic children comprised eight
girls and seven boys with ages ranging from 2-10 years
(mean age 7-1 years). Thirteen of the 15 (87%) had an
elevated total IgE and all 15 were RAST positive to D.
pteronyssinus, 14 (93%) were skin test positive to D.
pteronyssinus, 11/15 (73%) were sensitive to other aller-
gens on skin and/or RAST testing and 14 reported to
suffer from two or more of either asthma, rhinitis or
eczema. The non-atopic controls consisted of seven girls
and eight boys with ages ranging from I to 11 years (mean
age 6-7 years). These 15 non-atopic children were by
definition, RAST and skin prick test negative and had a

normal total IgE. Three of these children were reported to
suffer from asthma.

A paired r-test comparison of the siblings in both
comparisons A and B showed that there was no signifi-
cant difference in their ages or duration of usage of the
sites sampled.

Sibling pair exposure

Comparison A. The concentration of Der p I ug/g of dust
in both the mattress (n=20 pairs) and bedding (n=38
pairs) of the HDM-atopic children were significantly
higher than their non-HDM atopic siblings (P=0-005
and P=0-04 respectively). This is shown in Fig. la, b
where 15/20 pairs and 7/8 pairs fall below the line of equal
Der p I concentration (i.e. Der p I ug/g exposure is higher
for the HDM-atopic children) in the mattress and
bedding respectively. When comparing the 9/20 sibling
pairs in which the non-HDM atopic child has specific IgE
to the other aero-allergens tested (not an elevated total
IgE alone), 8/9 fall below the line of equal Der pl
concentration in the mattress (P=0-03). In the remaining
sib pairs in which the non-HDM sibling had an elevated
total IgE alone, two pairs were on the line 7/9 were below
the line of equal concentration (P=0-02). Six of the 20
non-HDM atopic children were exposed to concentra-
tions above the proposed ‘very high risk’ concentration
for sensitization of 10 ug/g of Der p1 of dust (Fig. la).
Four of the 20 HDM-atopic children were exposed to Der
p 1 concentrations less than 10 ug/g of dust and three
exposed to less than 2 ug/g. A comparison in the bedding
was possible for only five sibling pairs of the 9/20
described above and showed 4/5 pairs fall below the line
of equal concentration in the bedding (P=0-31). We
found no difference in the levels of Der p I concentration
in the bedroom floor (n=16) with 11/16 pairs below the
line of equal exposure concentration (P =0-33). When the
same sibling pairs were compared using Der p | ug/sample
as a measure of exposure (collected over a standardized
area and time) the differences were comparable (mattress
P=0-02, bedding P=0-04 and bedroom floor P=0-21).
Comparison of HDM numbers found in both mattresses
and bedroom floors for these pairs, revealed no difference
(P=0-61 and P=0-09 respectively). This is shown in Fig.
2a, b where 8/17 pairs and 10/16 pairs respectively fall
below the line of equal mite numbers.

Comparison B. There was no difference in the levels of Der
p 1 concentration between the HDM-atopic and non-
atopic sibling pairs in the mattress (Fig. 3a) with 8/15
pairs below the line (P=0-96), in the bedding (Fig. 3b)
with 2/8 pairs below the line (P=0-11) or in the bedroom
floor (P=0-70). Seven of the 15 HDM-atopic children
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Fig. 1. Concentration of Der p I in (a) the mattresses and (b) the
bedding of HDM-atopic children plotted against those of their
non-HDM atopic sibling (20 and eight pairs respectively). The
diagonal line joins points of equal Der p 1 concentration. The
perpendicular lines mark the concentration of 10 ug of Derpl/g
of dust associated with very high risk of HDM sensitization.

were exposed to levels of Der p I below 2 pg/g of dust in
the mattress (Fig. 3a). Again comparable results were
seen when comparing Der pl/sample in these pairs
(mattress P=0-53, bedding P=0-49 and bedroom floor
P=0-53). No differences in exposure to mite numbers in
the mattress (P=0-12) and bedroom floor (P =0-98) were
observed in these pairs.

Forty-eight per cent of the sampled sites had been
present in the environment of the children for 75% of
their lives and 39% of sites had been present since birth,
The range of levels of Der p I concentration (and absolute)
in the two HDM-atopic groups were comparable for each
site sampled (Figs la and 3a).
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Fig. 2. Mite numbers per 100 mg of dust in (a) the mattresses and
(b) the bedroom floors of HDM-atopic children plotted against
those of their non-HDM atopic sibling (17 and eight pairs
respectively). The diagonal line joins points of equal mite
numbers.

Discussion

In a retrospective study we have investigated the impor-
tance of the magnitude of exposure to house dust mite by
comparing levels of mite numbers and allergen dose from
important domestic sites in use by young HDM sensitive
children and their siblings. Comparisons were made
between HDM sensitive children and their atopic non-
HDM sensitive siblings in 21 families and between HDM
sensitive children and their non-atopic siblings in 15
families. We have demonstrated that the sites have been in
use by the children for a significant part of their lives. The
HDM-atopic children from 21 families had significantly
higher (although widely ranging) levels of Der p 1 in their




House dust mite sensitivity 209

w
=
= 1000~ |
@ - |
] |
g | I
:6 100 : A
B A
§ A | .
5 oF-=====~==— i~ ;S
2 r A | A
2 |
a
E | | &
2 r A & :
=
= 0 la
w -
3 |
= I
o
S 0of |
ES i |
e |
Q 1| - | T | | VI | N |
é 0-00I 0-01 0«1 | 10 100 1000

Der p 1 (ug/g dust) in mattresses of HDM-atopic children

&
£ 1000 1
e B I
b |
(2]
a 100 A !
2 L |
4 |
3 |
= OF————————————— I N —
5 - A a &7
o
5 I - I
b~ ] L |
2 A I
c |
= O-l |
b7 - |
B I
|
L 0-0 I
o
30 :
B Ll L Ll o Ll |
5 0-00I 0-01 0l I 10 100 1000
Q

Der p I (ug/q dust) in bedding of HDM -atopic children

Fig. 3. Concentration of Der p I in (a) the mattresses and (b) the
bedding of HDM-atopic children plotted against those of their
non-atopic sibling (15 and eight pairs respectively). The diago-
nal line joins points of equal Der p 1 concentration. The
perpendicular lines mark the concentration of 10 ug of Der p I/g
of dust associated with very high risk of HDM sensitization.

mattress and bedding but not bedroom floor, compared
to their non-HDM atopic siblings. However, in 15 other
families the levels of mite numbers and Der p 1 were not
significantly different in any sites in use by HDM-atopic
children compared with their non-atopic siblings. In a
previous study genetic linkage analysis in these families
suggest the tendency to atopic IgE respones is conferred
by a putative atopy locus on chromosome 11q. We
conclude from our results that the magnitude of HDM
allergen exposure, particularly in beds, is of primary
importance in determining specific IgE responses in
children with a comparable genetic predisposition to

atopy.

Previous studies investigating HDM exposure and
sensitization have used unrelated individuals as controls
[12-18]. Our use of sibling pairs provides more stringent
controls for confounding effects, both environmental
(e.g. cultural or socio-economic) [10] such as parental
smoking and also genetic [5.6,30], which may influence
HDM exposure (the former only) or response to HDM
allergens (both). We have demonstrated that both the
HDM-atopic children and their non-HDM atopic sib-
lings (Comparison A) have atopic IgE responsiveness and
are drawn from families in which genetic studies show
that this immunological phenotype is linked to chromo-
some | 1q [5,6]. Sensitization to HDM allergens occurs in
individuals who are atopic IgE responsive—with 25/36
(69%) showing IgE responses to other common inhaled
allergens. Our results show that the HDM sensitized child
is exposed to higher levels of HDM allergen in their beds
(mattress and bedding) than their non-sensitized atopic
sibs, even when the latter is divided into those with
specific IgE responses and those with an elevated total IgE
alone. This result supports those of other studies suggest-
ing that allergen exposure increases risk of sensitization to
HDM allergens. However, mite numbers were not signifi-
cantly different in any site between these pairs.

In contrast, non-atopic children (those with no demon-
strable atopic IgE responsiveness) and their HDM-atopic
siblings were exposed to comparable levels of HDM
allergen (Comparison B). These sibling pairs were also
from families in which our immunological phenotype for
atopy is linked to 11q. These results suggest that the non-
atopic children in these families did not mount an IgE
response to HDM, despite exposure to HDM allergens
comparable with their sensitized siblings, because they are
not genetically predisposed to atopy. This would mean
studies that have used non-atopic children as controls can
not determine the effect of allergen dose on sensitization
reliably as non-atopics would not expect to become
sensitized at natural levels of exposure (as shown by this
study). However, the non-atopic control group from
Comparison B is useful in showing that the differences in
HDM allergen levels observed in Comparison A are
unlikely to be a consequence of HDM sensitization (i.e.
secondary rather than primary phenomenon). This is
because the Der p I levels in the HDM-atopic children in
Comparison B were not signifiantly higher than the non-
atopic control group.

Despite the retrospective design of this study an
exposure dosage effect on sensitization was found for
allergen dosage. We believe this is due to several factors.
The importance of Der p I allergen was established by
confirming the predominance of D. pteronyssinus as the
most common mite in the homes tested and therefore a
likely source of sensitizing mite allergens in these children
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[27]. The sites sampled have been in use by the children for
a significant part of their lives. Sporik et al. reported
comparable concentrations of Der p 1 in homes sampled
11 years later [17]. Mite allergens, unlike mites them-
selves, are associated with particles of respirable size. In
addition, the flactors contributing to mite and allergen
levels are likely to be sufficiently different to explain the
poor correlation we observed between the two (unpub-
lished observations) reflected in the differences in their
seasonal variation [19]. The allergen exposure dosage
effect on HDM sensitization was found for both concen-
tration and absolute load of Der p I. The former is useful
for comparative purposes and when dust sampling is not
standardized over area and time. We chose to compare
allergen load in order to account for the huge variation in
weight of dust from the sites sampled. The results of this
study suggest that both concentration and absolute load
provide estimates of exposure relevant to HDM sensitiza-
tion.

Although the HDM-atopic children had both higher
absolute levels and concentrations of Der p [ in their
mattresses (Fig. la) and bedding (Fig. 1b) than their non-
HDM atopic siblings, there was wide variation in the
levels of this allergen (also seen Fig. 3a.b). However
previous studies suggest a threshold concentration of
greater than 2 ug/g of Der p 1 to be regarded as high risk,
and 10 pg/g as very high risk, for HDM sensitization
[9,12,14,15,17]. Our data suggests that the threshold
exposure level (absolute or concentration) resulting in
sensitization may be significantly different between atopic
children. In Fig. la six of the 20 non-HDM atopic
children were exposed to concentrations above both these
threshold levels but failed to be sensitized. Thus the
concept of ‘high risk’ concentration levels for producing
IgE in atopic patients may be unreliable. Studies by
Marsh et al. suggest that genetic loci in the HLA region
(chromosome 6) may contribute to an individual’s risk of
developing specific IgE responses to inhaled rag-weed
allergens [30]. These loci may be important in determining
the threshold exposure dosage at which an atopic
becomes sensitized. Our data set is currently the subject of
HLA-DR typing by dot blot hybridization with sequence
specific oligoprobes to investigate this hypothesis.

We conclude that the predisposition to atopy in our
families is primarily under genetic control at chromosome
11q [5.6] but that specific IgE response to HDM in the
atopic children is, at least in part, determined by the
magnitude of allergen exposure. Other factors (such as
HLA loci) may influence this response. Our finding that
the mattress and bedding are the most important sources
of Der p 1 is consistent with acarological studies which
have shown that the bed provides an ideal environment
for mite growth due to its high humidity and abundance

of skin scales (the food source of mites) [31]. Studies of
Papua New Guinean villages showed that introduction of
blankets resulted in higher levels of mites and a corres-
ponding increase in the prevalence of both mite sensitiza-
tion and asthma [8]. A study of migrant Tokelauan
children in New Zealand reported that their prevalence of
asthma and other atopic disorders was higher than in
children still resident in the Tokelau Islands but no
different from Tokelauan children born in New Zealand
[32]. Our observations may be relevant to the current
concerns that the prevalence of the clinical manifestations
of atopy are increasing and that this may be linked to
increasing HDM levels and therefore exposure, caused by
changes in domestic dwellings which promote mite
growth [12]. By confirming both genetic predisposition to
atopy and differences in allergen exposure between
children within families, we have established that the
environment plays an important role in causing HDM
sensitization. This provides a useful and powerful model
for examining the factors underlying the pathogenesis of
atopic disorders.
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