High mite-allergen exposure increases the risk
of sensitization in atopic children and

young adults

Susanne Lau, MD,* Gerhard Falkenhorst, MD,* Anne Weber, BSc,*
Iris Werthmann, BSc,* Peter Lind, PhD,** Petra Buettner-Goetz, PhD,***
and Ulrich Wahn, MD,* Berlin, West Germany, and Copenhagen, Denmark

Concentrations of major allergens of Dermatophagoides pteronyssinus (Dpt) and

D. farinae (Df), Der p I and Der f I, were determined in 183 dust samples of mattresses of 133
atopic and 50 nonatopic children by a sandwich-type ELISA. Atopic children and young adults
living in houses with high levels of Der p I and Der { I (22000 ng/gm of dust) were found to
have significantly higher serum IgE levels to Dpt and Df (p < 0.0001) compared to patients
with low mite-allergen exposure. Washed leukocytes of 55 atopic children and 14 control
subjects were investigated for in vitro histamine release to serial dilutions of Der p I; 86% of
highly exposed (=10,000 ng/ gm) children demonstrated positive histamine release in response
to Der p I compared to 17% in the group with very low exposure (<400 ng/gm). There was a
positive correlation between basophil sensitivity (r, = 0.6; p < 0.000!) and reactivity

(r, = 0.54; p < 0.0001) to Der p I and mite-allergen exposure. The relative risk for
sensitization in the highly exposed group versus the group with very low exposure was sevenfold
to 32-fold increased. We conclude that high concentrations of mite allergen (=2000 ng/gm)
increase the risk of specific sensitization in atopic children and young adults and thus may
facilitate allergic airway disease. (J ALLERGY CLIN IMMUNOL 1989;84:718-25.)

Hypersensitivity reactions to allergenic proteins
from house dust mites play an important role in var-
ious atopic diseases in childhood" ? and in adult-
hood.> * DpT and Df, found worldwide in human
dwellings,>”* ** are of major significance as allergen
sources.” ' The major allergens of these species,
group 1 (Der p 1 and Der f 1) and group 1l (Der p I
and Der f11),''* as well as other allergens,"” ' have
been biochemically characterized and purified. At
least for the group 1 ailergens, heat-labile glycopro-
teins of a molecular weight of approximately 24 kd,
mite feces appear to be the major source of allergen.
Group I allergens of Dpt and Df have close physio-
cochemical and immunochemical homologies. '
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Abbreviations used

Der p I: Antigen P, of Dermatophagoides ptero-
nyssinus
Der fI:  Antigen F, of Dermatophagoides farinae

Dpt.  Dermatophagoides pteronyssinus
Df:  Dermatophagoides farinae
Der m I:  Antigen M, of Dermatophagoides micro-
ceras
Dm: Dermatophagoides microceras
HR: Histamine release
BHR,,: Antigen concentration in micrograms per
milliliter required to release 30% hista-
mine (basophil sensitivity)
Antigen concentration in micrograms
per milliliter required to release 20% his-
tamine
Piperazine-N,N’-bis-2-ethanesulfonic
acid

BHR,:

PIPES:

Species-specific and cross-reacting epitopes have been
recognized by monoclonal® *' and absorbed rabbit
antibodies," and it has become possible to quantify
mite allergens in the environment.? %

Although several studies on an assumed relationship
between sensitization to mite allergen and mite-
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allergen exposure were performed, ' there have been
only indirect assessments about threshold concentra-
tions necessary to sensitize an atopic individual be-
cause these data are based on mite counts that do not
necessarily correlate precisely with the amount of al-
lergens. ™

In our study we demonstrated a dose-response re-
lationship between mite-allergen exposure and the risk
of the individual sensitization by comparing the
amount of Der p 1 and Der f1in mattress dust samples
and immunologic in vitro findings.

We demonstrated that there is a threshold concen-
tration of dust mite allergen that significantly increases
the risk of sensitization in atopic children and young
adults.

MATERIAL AND METHODS
Patients

We investigated 183 children (aged 1.5 to 25 years; mean
age, 9.3 years), 133 atopic (mean age. 9.2 years) and 50
nonatopic individuals (mean age, 9.7 years), during 14
months. Atopy was defined as at least one of the clinical
manifestations of either atopic eczema (according to the
criteria of Rajka and Hanifin®) and/or allergic airway dis-
ease (asthma or seasonal rhinitis) associated with a sensi-
tivity to one: or more allergen sources by skin prick test, as
described by Malling,” and/or RAST; 99 of 133 atopic
children had bronchial asthma, eight had bronchial asthma
and allergic rhinitis, eight had bronchial asthma and atopic
dermatitis, three had bronchial asthma, allergic rhinitis, and
atopic dermatitis, eight had allergic rhinitis, six had atopic
dermatitis, and one had urticaria. The 50 nonatopic control
subjects consisted of children referred to our department
with problems other than atopy.

For histamine release studies, 55/133 atopic children and
14/ 50 nonatopic children were selected. The patients did
not receive glucocorticosteroids for 24 hours. theophylline
for 36 hours, inhalation therapy with 8,-sympathomimetics
for & hours, and neither antihistamines nor ketotifen for 2
weeks. Patients were informed of the aim of the study and
gave consent.

Dust collection and extraction and house
dust-mite ELISA

All families were instructed to collect a dust sample with
their own vacuum cleancr, installing a new dust bag, and
vacuuming the child’s mattress for 5 minutes. The dust bag
was immediately placed into a plastic bag, mailed to our
laboratory, and kept at 4° C until analysis. Dust extracts
were produced by agitation for 3 hours at room temperature
1:5 (wt/vol) in 0.125 mol/L of ammonium hydrogen car-
bonate containing 0.1% sodium azide. After centrifuga-
tion. the supernatants were filtered through a 220 nm di-
ameter filter (Millex GV, Millipore L.td., Harrow, Middle-
sex. U.K.) and could be stored at —20° C. Precoated
polystyrene microtiter trays and reagents for sandwich
ELISA were obtained from ALK, Copenhagen, Denmark.
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For assay of Der p 1, plates coated with monoclonal,
noncross-reacting antibodies™ and horseradish peroxidase-
conjugated, species-specific rabbit antibodies to Der p |
wete used. The Der f1 assay was a combined determination
of the two species. Df and Dm of the Df group. The rabbit
antibodies used (coating as well as conjugated antibody}
were anti-Der f1, immunoabsorbed on a Dpi-Sepharose col-
umn, and further affinity purified by acid elution from a
Der m I-Sepharose column. The assay was performed
according to the method described in Lind.” In short,
100 wl dust extracts and dilutions thercof were added to
the precoated wells for overnight incubation. followed by
repeated washings. After a 1-hour incubation with enzyme-
conjugated antibody and repeated washings, substrate
(hydrogen peroxide/orthophenyleneamine! was added to
cach well, and reaction was carried out for 15 minutes in
darkness. Reading of the absorption at 492 nm (Titertek
Multiskan MCC 340, Flow Laboratories, Ricksmansworth,
Hertfordshire, England) took place 5 minutes after addition
of 1 mol/L of sulphuric acid. Standard response curves
were constructed from reference antigen solutions of each
species with major allergen concentrations in the range of
1.6 to 400 ng/mi (internal standards of ALK, the Der p |
standard related to National Institute of Biological Standards
and Control 82/5187). Results were cxpressed as nano-
grams per gram of dust. Assay sensitivity was 5 ng/ml or
15 ng/gm of dust. Previous experiments demonstrated an
interassay coefficient of variation of 17% to 25%, and an
intra-assay coefficient of variation of 5% to 10%. All results
were grouped according to the method of Platts-Mills
etal.”: class |, <400 ng/gm of dust; class 2. =400 <2000
ng/gm; class 3. =2000 <C10.000 ng/gm; class 4. =10.000
ng/gm. The sum of Der p 1 plus Der 1 was calculated for
statistical evaluation.

The monoclonal antibody to Der p I, Nhp3, is highly
specific and has been thoroughly described.”' The affinity-
purified, monospecific rabbit antibodies to Der f 1 do not
cross-react with Der p I, but react with Der [ 1 and Der m
{ common epitopes. Both mites belong to the Df group and
are closely related.' *' House dust analvsis demonstrated
that Dm is of minor significance in the study area.

RAST

Pharmacia Phadebas RAST and Phadebas Prist were used
in an enzyme immunoassay (Pharmacia, Uppsala, Sweden)
to determine serum IgE to Dpr and Df and a panel of rou-
tinely tested allergens (pollen, molds, and animal dander)
and total serum IgE.

Histamine release

Blood was collected in 30 mi plastic tubes containing
0.01 mol/L of ethylenediaminetetraacetic acid and sedi-
mented for 90 minutes at room temperature with 2.5 ml of
dextran (B. Braun Melsungen AG, Melsungen, West Ger-
many; molecular weight of dextran, 60,000} and 3% glucose
per 10 ml of blood. The upper layer wus transferred to
another plastic tube and centrifuged at 150 ¢ for 8 minutes
at 4° C. The pelleted cells were suspended in PIPES A
containing 4 mmol/l. of ethylenediaminatetraacetic acid
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Fig. 1. Der p | and Der f concentrations in dust samples from mattresses of atopic children and

young adults living in West Berlin (n = 133).

centrifuged at 300 g for 8 minutes at 4° C. Cells were then
washed in PIPES A. After centrifugation, the cells were
resuspended in PIPES ACM buffer (2 mmol/L of CaCl, and
0.5 mmol/L of MgCl,) and incubated with serial dilutions
of purified Der p I (ALK) at concentrations from 10-° to
1 wg/ml, and anti-IgE (anti-human IgE rabbit antibodies,
Behring-Hoechst, Inc., Marburg, West Germany) at con-
centrations ranging from 3 to 2000 IU/ml. After 40 minutes,
the tubes were centrifuged at 600 g, and supernatants were
analyzed for histamine contents. HR reactions were assayed
in duplicates with an automated fluorometric technique.®
Results were expressed, as released histamine, as a per-
centage of total histamine. Basophil sensitivity is the antigen
concentration in micrograms per milliliter required to release
30% (BHR;,) or 20% (BHR,,) histamine. Reactivity is the
maximum HR. Diagnostic tests and mite-allergen analysis
from dust samples were done in the same time period.

Statistics

Kruskal-Wallis test, Wilcoxon-Mann-Whitney U test,
chi-square test, and Fisher’s exact test, respectively, and
Spearman rank-correlation coefficient were used. Statistical
significance was assumed at p < 0.05. The relative risk of
exposure for sensitization is expressed as an odds ratio with
a 95% confidence interval.

RESULTS

The concentrations of mite allergen Der p I and
Der f1 in mattress dust samples demonstrated large
variations, as well as in the total amount and in the
distribution of Dpt and Df. The ranges for Der p 1
were between undetectable (<15 ng/gm of dust) and
210,000 ng/gm, and for Der f1, between undetectable
and 500,000 ng/gm. Atopic and nonatopic subjects

were exposed to comparable allergen concentrations.
For atopic children, the median value was 600 ng/gm
of Der p I and 675 ng/gm of Der f1 (Fig. 1), for
nonatopic children, 400 ng/gm of Der p I and 450
ng/gml of Der f1. In only 12 dust samples (10 atopic
and two nonatopic subjects) were we not able to detect
either Der p 1 or Der f 1. Fifteen mattresses contained
Der f 1 only (11 atopic and four nonatopic subjects),
whereas 24 samples had only Der p 1 (20 atopic and
four nonatopic subjects). Although there was a similar
prevalence of Dpt and Df in the houses participating
in the study, in the individual homes in approximately
70%, one species was clearly dominating, that is,
tenfold or more higher levels of one species than the
other species. We were unable to find any correlation
between Der p I and Der f 1 (r, = —0.06).

In the atopic group, the median value for serum
IgE antibodies to Dpt was 4.9 PRU/ml, and the me-
dian value for serum IgE antibodies to Df was 1.55
PRU/ml. There was a positive correlation between
serum IgE antibody levels to Dpt and Df (r, = 0.9;
p < 0.0001) and between serum IgE antibody levels
to Dpt and mite-allergen exposure (Der p I plus Der
fLr. = 0.46; p < 0.0001).

Atopic children with significant (=2000 ng/gm
<10,000 ng/gm) or high (=10,000 ng/gm) amounts
of Der p I and the sum of Der p 1 plus Der f 1,
respectively (Fig. 2), were found to have sig-
nificantly higher serum IgE antibodies to Dpt
(p < 0.005/p < 0.0001, respectively) than patients
with very low (<400 ng/gm) concentrations of Der
p 1 plus Der f 1 (Table I). Similar results could be
observed for serum IgE antibodies to Df and for Der
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Fig. 2. Mite-aliergen exposure (sum of Der p | and Der f 1} and serum IgE antibody concentrations

to Dpt.

TABLE I. P values for the difference of serum IgE antibodies to Dpt in atopic subjects between
different mite-allergen exposure classes (sum of Der p | plus Der f 1)*

Der p | plus Der f1 (ng/gm of dust)

Der | plus Der f | =400 =2,000

{ng/gm of dust) <2000 10,000 10,000 =2000
<2400 p < 0.05 p < 0.005 p < 0.0001 NC
2400 N§ p < 0.05 NC
<2000
=2,000 NS p < 0.005 NC
<10,000
<2000 NC NC NC << .0008

NS, Not significant; NC, not calculated.
*Wilcoxon-Mann-Whitney J test.

p I allergen exposure alone and serum IgE to Dpt and
Df, respectively.

No difference in median age could be found within
the different dust-exposure classes and different
RAST classes for IgE to Dpt and Df, indicating that
the different IgE levels cannot be interpreted as a
function of age.

Washed leukocytes from 55 atopic subjects and 14
nonatopic control subjects were incubated with serial
dilutions of Der p 1 (107 % to 1 pg/ml) and anti-IgE
(3 to 200 IU/ml). Patients were divided into three
groups: A+ (n = 35), atopic subjects with positive
histamine release to Der p 1 (HR =10%); A—
{n = 20), atopic subjzcts with negative HR to Der p
I; and N (n = 14), nonatopic control subjects. No

difference in median age could be found among the
three groups. In group A+, 33/35 patients and in
group A —, 6/20 patients had detectable serum IgE
to Dpt.

Group A + demonstrated significantly higher levels
of serum IgE to Dpt (and Df, respectively) than group
A— (p < 0.0001). There was a correlation between
BHR;, to Der p 1 and IgE to Dpr and Df in group A +
(r, = 0.4; p < 0.01).

The differences in exposure to Der p [ and Der f1
in the groups A+ and A — are illustrated in Fig. 3.
Comparing the sum of Der p 1 plus Der f 1, A+
reveals significantly higher levels of allergen exposure
than A— (p < 0.0005). The median value is ap-
proximately 25-fold higher for A + (12,600 ng/gm
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Fig. 3. Mite-allergen exposure (sum of Der p / and Der f1) in dust samples of mite-sensitive (A+)
and nonmite-sensitive patients (A —). Sensitivity was defined by mite allergen-induced HR.

dust versus 450 ng/gm). The median value for all
atopic children (A + and A —) was 4100 ng/gm. Der
p I exposure mainly causes the difference between
group A+ and A — (median: A +, 5500 ng/gm; A —,
35 ng/gm). The difference in Der f I exposure
was less impressive (p < 0.05; median: A+, 1500
ng/gm; A—, 435 ng/gm).

All three groups (A +, A —, and N) had comparable
HR on incubation with anti-IgE (maximum HR for
A+, 44%; for A—, 48%; and for N, 42% [median
values]). There was no correlation between anti-IgE-
induced HR and allergen exposure (sum of Der p I
plusDerf1,r, = —0.17;0only Derp 1, r, = —0.09).

There was no significant difference in anti-IgE-
induced HR between the group A + with positive HR
to Der p I and the group A — with negative HR to
Der p I (r, = 0.1) for BHR;, to Der p I and BHRy,
to anti-IgE.

After the patients were grouped according to their
Der p 1 and Der f I exposure into four dust classes,
HR data revealed 86% of highly exposed children
(sum of Der p I plus Der f1 =10,000 ng/gm of dust)
demonstrated positive HR to Der p I compared to 17%
in the group with very low exposure (sum of Der p I
plus Der f 1 <400 ng/gm of dust).

We evaluated the median dose-response relationship
of HR with Der p 1 to compare basophil sensitivity
(BHR,,;) and reactivity (maximum HR) within the dif-
ferent allergen-exposure classes. Only 27/35 dose-
response curves could be evaluated.

Among all atopic patients (A + and A —) there was
a positive correlation between basophil sensitivity to
Der p 1 and allergen exposure to Derp I (r, = 0.71;

p < 0.0001) and the sum of Der p I plus Der f 1,
respectively (r, = 0.6;p < 0.0001). The median val-
ues for BHR;, to Der p 1 in the dust class with very
low exposure (<400 ng/gm) were significantly higher
(>1 pg/ml) than for heavily exposed (=10,000
ng/gm) children (5.5 x 107* ug/ml; p < 0.0005)
(Fig. 4). There was also a significant difference be-
tween dust class 1 plus 2 (<2000 ng/g) and 3 plus 4
(=2000 ng/gm,; p < 0.005).

In group A+ (sensitized to Der p 1 in HR), the
dose-response relationship between basophil sensitiv-
ity and allergen exposure was weaker (v, = 0.35 and
p < 0.005 for Der p 1 exposure; r, = 0.24 and
p < 0.1 for sum of Der p I plus Der f1). There was
a significant difference between the different Der p 1
exposure classes (Kruskal-Wallis test, p < 0.05).

The maximum HR was found at Der p I concen-
trations of 107% to 3 X 1072 pg/mtl. In atopic chil-
dren (groups A+ and A —), the median reactivity
value for dust classes 1 plus 2 (sum of Der p 1
plus Der f I) was 0% (n = 18); for dust class 3,
28% (n = 11); and for dust class 4, 64% (n =
18) (Fig. 5) with a positive correlation between
mite-allergen exposure and reactivity (r, = 0.54;
p < 0.0001). There was a significant difference
(p < 0.005) between dust classes 1 plus 2 (<2000
ng of Der p I plus Der f1 per gram of dust) versus
dust classes 3 plus 4 (=2000 ng/gm) and between
dust classes 1 and 4 (p < 0.0005). (Dust exposure
class 3 and class 4 were not significantly different.)

Within group A+, median-dose response curves
were similar for all mite allergen—exposure classes.
No difference for maximum HR could be found among
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Fig. 4. Basophil sensitivity (BHR,,) to Der p | and mite-
allergen exposure (Der p | and Der f I) in mattress-dust
samples of atopic children and young adults.

the different mite allergen—exposure classes in this
group. Maximum HR in dust class 1 plus 2 (sum of
Der p 1 plus Der f 1) was 60% (n = 5), in class 3,
66% (n = T); and in class 4, 65% (n = 13).

From: our data, a risk ratio considering the risk of
exposure for the development of IgE antibodies and
positive HR to Der p | in different mite allergen—
exposure groups was calculated (Table I1). Comparing
atopic subjects with very low house dust-mite expo-
sure with highly exposed atopic subjects, the risk is
sevenfold to elevenfold higher for atopic subjects
with significant and high mite-allergen exposure to
develop serum IgE to house dust mites and 19- to
23-fold higher to release histamine from sensitized
basophils.

DISCUSSION

The availability of purified environmental allergens
and the procluction of noncross-reacting monoclonal
or affinity-purified monospecific antibodies directed
to these allergens as toois for research purposes are
an important prerequisite for studies on the relation-
ship between allergen exposure and human immune
response.

We compared the parameters of sensitization (se-
rum [gE and HR) and the sum of both major allergens,
Der p 1 and Der f 1, taking into account that a large
percentage of human IgEE to these mite allergens is
directed against common epitopes, as has been dem-
onstrated in cross-absorption studies.” However, Dpt-
sensitized patients also produce IgE to species-specific
epitopes.™ " In our study there may have been some
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ng/gm of Der p | plus Der f 1| per gram of dust).

TABLE Wl. Odds ratic and 95% confidence
interval {in brackets) calculating the risk for
the development of specific sensitization to
mite allergen (serum IgE to Dpt and HR

to Der p 1)*

Der p | plus Der f | Serum IgE Positive HR
{ng/gm of dust) to Dpt to Derp
<2400 11 4. 34] 320502228
VEersus
210,000
2400 713, 18] 1913, 105]
versus
22000
=22000 512, 10} 542027
versus
22000

*Very low and low mite-allergen exposure compared to significant
and high mite-allergen exposure.

patients with negative 1R to Der p I who would have
reacted to Der f | or other mite allergens. This might
explain why the Df exposure is not so strongly related
to specific sensitization in mite-allergic patients.

We collected mattress dust because it has been dem-
onstrated to contain more mite allergen than carpets
in our study (data not presented), which is in good
accordance with a study by Platts-Mills ¢t af.™

We found Der p I and Der f 1 ar similar con-
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centrations in dust samples from Berlin. This indi-
cates that Df is as important as Dpr in Berlin, in
contrast to studies from Denmark,” England,’ and
West Germany” where Dpt was more dominating. In
most of the homes, we found one or the other species
being almost exclusively prevalent. Other investiga-
tors reported similar findings,” ** ¢ and Df prevalence
was supposed to be related to long periods of dry
weather, appearing to be less sensitive to humidity
loss.® Since the outdoor climate was the same for all
homes in our study, there must be special indoor con-
ditions that may favor the growth of one single
species.

Dust samples were collected during more than 1
year. Dust sampling and testing (HR and RAST) were
done in the same season. In 17 homes with high mite-
allergen exposure (=10,000 ng/gm), a second dust
sample was taken in summer when the mite-allergen
concentration should be lower, if seasonal variation
occurs. In 10 homes the results were equivalent to the
first measurement. Seven homes revealed slightly
lower levels, but in five homes, the mite-allergen con-
centration remained in the same “exposure class,”
and two homes still had significant or high (=2000
ng/gm) mite-allergen exposure; therefore, seasonal
variation did not strongly influence our results.

This is in good accordance with a longitudinal study
performed in Berlin® in which 50% of the houses
investigated demonstrated constant mite-allergen ex-
posure on mattresses during the year.

The results presented here demonstrate that there is
a strong correlation between house dust mite—allergen
exposure (Der p Lor Der f1) and specific sensitization,
that is, the presence of specific serum IgE to Dpr and
Df or cell-bound IgE. Our data suggest a threshold
concentration of =2000 ng/gm to be regarded as a
high risk and a concentration =10,000 ng/gm as a
very high risk for mite sensitization in childhood.
Allergen concentrations were similar for atopic and
nonatopic patients, but within the group of atopic pa-
tients, 25-fold higher in mite-allergic compared to
mite-nonallergic children. The risk for specific sen-
sitization (induction of specific IgE antibodies in the
serum or cell-bound IgE on basophils) for atopic in-
dividuals who are exposed to significant and high com-
pared to very low mite-allergen concentrations is in-
creased by the factor 7 to 32.

This finding confirms the results of Platts-Mills
et al.** who considered =10,000 ng/gm as a high
level that may facilitate asthmatic attacks in mite-
allergic subjects with asthma. Rowntree et al.” found
that the incidence of IgE and IgG and positive skin
test to Dpt was increased in houses with >5000
ng/gm of Der p I per gram of dust in British school
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children. Other investigators have demonstrated that
high mite-allergen levels are associated with an in-
creased prevalence of asthma.®

Korsgaard® stated that levels > 100 mites per gram
of dust were a risk factor for mite-allergic patients
with asthma, and he, as well as other investigators,’
found higher numbers of house dust mites in homes
of mite-allergic compared to mite-nonallergic pa-
tients, whereas other investigators could not find this
difference.® ">

The influence of Der p 1 and Der f1 exposure on
specific immune response can be studied as a model
for the relationship between environmental allergens
and specific sensitization in individuals with atopic
airway disease in general.

Our preliminary data already indicate a dose-
response relationship between mite-allergen exposure
and bronchial hyperreactivity.* It has also been dem-
onstrated that mite-sensitive patients clinically im-
prove if they move from a highly exposed environment
to an area with low mite-allergen exposure.*

Procedures for allergen reduction either by chem-
icals (tannic acid or solidified benzyl benzoate) or
bedding encasings may now be studied more scien-
tifically than previously possible. According to our
data, an allergen reduction of at least 80% to 90% in
most houses to achieve allergen levels lower than the
threshold concentration of 2000 ng/gm and to reduce
the sensitization risk of an atopic individual should
be demanded. Further studies are necessary to inves-
tigate whether the threshold concentration postulated
in this study is similar for the development of atopic
dermatitis that other investigators have already sug-
gested.”” 3

Finally, prospective studies are necessary to deter-
mine the significance of environmental allergens for
the manifestation, severity, and clinical course of
atopic disease in children with high and low genetic
disposition for atopy.
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