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Abstract

Background: Mite allergen exposure is essential for the process of specific allergic sensitization. However, it
is not clear whether incidence of specific sensitization at school age depends on the level of mite antigen
exposure. Therefore the relationship between mite allergen exposure and incidence of specific sensitization
was investigated.

Methods: Eighteen hundred twelve primary school children were enrolled in a population-based 2-year
follow-up study. In three consecutive skin prick tests (SPTs), each 12 months apart, sensitization to
Dermatophagoides pteronyssinus (Dpt) and six non-Dpt allergens was ascertained. To assess exposure to
Der p | between the first and second SPTs (period 1) and the second and third SPTs (period I1), the amount
of antigen per gram of dust (taken from the children's mattresses was measured. By using the SPT reactions
to Dpt as a basis, conversions after “no wheal” were classified as doubtful incidence (average yearly
incidence = 6.7%) or definite incidence (average yearly incidence = 3.2%). Then, with the use of multiple
logistic regression, the risk of exposure to Der p | (medians: 1.4 ug/gm in period I, 1.6 ug/gm in period Il) was
analyzed with adjustment being made for gender, low gestational age, parental atopy, and initial sensitization
to non-Dpt allergens.

Results: Regarding doubtful incidence, the analysis failed to identify a reliable cutoff point of exposure. For
definite incidence, the Der p | exposure represents a significant risk in the total population, starting from a
concentration of 9 pg/gm. This effect is modified by an initial sensitization to non-Dpt allergens: for these
children exposure to concentrations above 2 pg/gm poses a significant risk, whereas for the population
without other initial sensitizations, only an extremely high cutoff limit (>80 pg/gm) gains significance.
Conclusion: Our data suggest that a concentration limit of 2 ug Der p | antigen per gram of dust should be



regarded as minimal avoidance level for primary prevention in children with sensitization to other inhalant
allergens. (J ALLERGY CLIN IMMuNOL 1994;94:44-52.)

Cl Confidence interval

Df Dermatophagoides farinae

Dpt Dermatophagoides pteronyssinus
logOR Natural logarithm of the odds ratio
OR Odds ratio

SPT  Skin prick test

Key words: Dust mite, exposure, sensitization, incidence, childhood, risk factor, population-based
study

Inhalant allergy poses a worldwide health problem to large segments of the population and is relevant from
early childhood to adulthood. The clinical outcome, mainly represented by bronchial asthma and chronic
rhinitis, has been shown to be preceded by sensitization to common inhalant allergens.? 2 Numerous studies
have focused on the clinical relevance of sensitization to inhalant allergens (e.qg., allergens originating from
house dust mites).? Intervention studies with patients experiencing allergic symptoms have shown that mite
allergen avoidance is effective as a measure of tertiary prevention.? However, primary prevention would
require intervention before sensitization to the allergen has taken place. Very few data that are predictive for
sensitization have been published on limits of mite allergen exposure.g So far there is no information about
the effect of exposure at different levels in groups with a higher or lower genetic risk for allergic
responsiveness. For this purpose, studies with unselected populations are required. Thus a population-
based 2-year follow-up study involving 1812 primary school children was initiated to investigate the risk of
mite allergen exposure for incidence of sensitization to Dermatophagoides pteronyssinus (Dpt).

Data were collected in a longitudinal study designed to assess risk factors for allergy and asthma in children.
To obtain a population-based sample of elementary school children, all parents whose children started
school in 1989 were invited to participate. Questionnaires were distributed to 2604 families and were
returned by 1812 families (70%). Data from the first cross section are presented in detail elsewhere. Three
consecutive skin prick tests (SPTs), each 12 months apart, were carried out in spring 1990 (n = 1470), 1991
(n =1416), and 1992 (n = 1305). The first and second exposure assessments refer to household visits
between December and March of the respective winter in which dust samples from the children's mattresses
were taken. The study was approved by the local ethical committee and also by local school authorities.

Questionnaire

A standardized questionnaire was filled out by the parents in 1990 before the first SPT. Questions of interest
for this article were: bronchial asthma and hay fever (doctor's diagnoses); parental atopy (maternal or
paternal history of asthma, hay fever, or eczema); low gestational age (child born at least 3 weeks before
term); educational level (highest level achieved at school by father or mother); gender of the child.

Dust sampling and Der p | measurement

The dust was collected from the total area of the upper side of each mattress in a standardized manner with
the same device (collector and filter; ALK, Horsholm, Denmark) and the same type of vacuum cleaner (Miele
& CIE., Gmbh & Co., Guetersloh, Germany) with an air flow of 56 L/sec (specified by the manufacturer) for 5



minutes. Each sample was transported to the laboratory immediately and stored at —20° C until it was
extracted. Extraction and quantification by ELISA was é)erformed with species-specific antibodies to Der p |
(ALK) according to the method described by Lau et al.? The antigen concentration in the sample was
calculated by using the absorption of the sample and the shape of a standard curve with a range from 1.6 to
400 ng/ml (ALK) (internal standards for Der p | related to National Institute of Biological Standards and
Control 82/518%). The monoclonal antibody to Der p | used (Nhp5) was shown to be highly specific.2 The
intraassay (n = 15; interassay: n = 23) coefficient of variation ranged from 2.5% to 12% (3% to 12%) in our
laboratory. Assay sensitivity was 0.004 pg antigen per gram of dust. Assays were carried out with three
dilutions of each extracted sample (1:10, 1:50, 1:100); each dilution was assayed routinely in double control
manner. The Der p | concentration used for exposure assessment is the arithmetic mean of values in the
linear section of the standard curve.

SPT

On each of the three occasions, the SPT was carried out by trained members of staff under the supervision
of a physician who used the same equipment and technique each time.~ Seven purified and
immunochemically characterized inhalant allergens (ALK) were applied to the child's forearm with the aid of
an uncoated Phazet needle (Pharmacia, Uppsala, Sweden). Extracts from grass pollens (mixture of the six
most common species), birch and hazel pollens, Dpt and D. farinae (Df), and cat and dog dander were used
(concentration: 10 Histamine Equivalents in prick testing). Histamine hydrochloride (10 mg/ml) and sodium
chloride (9 gm/L) were applied as control solutions. The reactions were recorded after 15 minutes. The
largest and perpendicular diameters of a wheal were measured, and the arithmetic mean was calculated. A
reaction to the negative control was subtracted from the allergen value.

Classification of the SPT reaction

Results of SPTs were classified as “definite sensitization,” “doubtful sensitization,” or “no sensitization.”
Definite sensitization requires a wheal reaction to the allergen of 2 mm or larger in diameter and a ratio
[wheal to allergen/wheal to histamine] of 0.5 or greater. Doubtful sensitization is defined by a wheal reaction
to the allergen, which does not fulfill the criteria for definite sensitization. No sensitization is defined by no
wheal reaction to the allergen.

Statistical analysis

Sensitization to Dpt is classified into three states: no sensitization (state 0), doubtful sensitization (state 1),
and definite sensitization (state 2). A transition is defined as a change between two states within a period of
1 year (period | = between 1990 and 1991, period Il = between 1991 and 1992) (uFig. 1). A definite
incidence, for example, is described by a transition from state 0 to state 2, and the yearly rate of definite
incidences corresponds to the transition probability (TPy,), which can be estimated as the number of
changes from state 0 to state 2 within the two periods divided by the total number of person-years accrued in
state 0 within the two periods. We analyzed the transitions (changes in states) 0to 1, 0to 2, and 1 to 2,
which correspond to doubtful incidences, definite incidences, and increases in the degree of sensitization to
Dpt, respectively. Analyses were carried out in multistate logistic regression models, which are a
simplification of the multistate model for Markov processes in continuous time*® and an extension of the
generalized person-years approach.t: Based on these approaches, the observations from 2 yearly periods
are pooled and evaluated in one analysis. Three separate logistic regression analyses were performed for
the state transitions 0 to 1, 0 to 2, and 1 to 2, whereby subjects with a change are considered cases, and
subjects remaining in the initial state are considered references. The approach used enables the analysis of
time-dependent covariates. When analyzing the transitions in period I, the Der p | concentration measured in
winter 1990/91 is considered a risk factor; when analyzing the transitions in period Il, the concentration of
winter 1991/92 is used. In addition to Der p |, gender, low gestational age, parental atopy, initial definite
sensitization to non-mite allergens and initial at least doubtful sensitization to Df are specified as potentially
confounding variables in the regression models. In order to assess the cutoff point at which exposure to Der
p | starts to be a significant risk factor for an incidence, the models are constructed with 30 different cutoff
points, ranging from Der p | concentrations of 0.1 to 100 ug/gm. The odds ratios (ORs) calculated from
logistic regressions with the statistical analysis system* are estimates of relative risks. The log odds ratios
(logORs) and the corresponding 95% confidence intervals (Cls) were plotted against the allergen
concentration.



FIG. 1. Numbers of transitions regarding status of sensitization to Dpt from first to second SPT (period

1) and from second to third SPT (period II), respectively. Numbers in parentheses are numbers of
participants with a respective Der p | exposure measurement. [0], No sensitization (no wheal); [1],

doubtful sensitization; [2], definite sensitization.
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Results

In the course of the 2-year follow-up study, the number of participants decreased from 1812 (initial age:
mean, 7.3 years; standard deviation, 0.4 years) to 1392 (data with regard to the incidence of sensitization).
However, the distribution of relevant variables did not change (aTable I).

TABLE I. Distribution of relevant variables in total initial and total final samples

Variable Total initial sample Total final sample
(n=1812) (%) (n=1392) (%)
Asthma 35 3.6
Hay fever 5.9 6.0
Parental atopy 37.4 39.4
Low gestational age 7.6 7.6

Female gender 51.3 52.0



Educational level

High 37.3 37.9
Medium 28.3 29.2
Initial definite sensitization to 1 of 5 non-mite allergens  14.8 (of n= 1470) 15.0
Initial at least doubtful sensitization to Df 15.8 (of n= 1470) 15.2

The changes (transitions) regarding sensitization to Dpt between SPT 1 and SPT 2 (period 1) and between
SPT 2 and SPT 3 (period Il) are presented in aFig. 1. During period I, among 1034 individuals with initially
Dpt-negative results, in 5.1% a doubtful incidence (transition 0 to 1: n = 53) and in 3.2% a definite incidence
(transition 0 to 2: n = 33) occurred. During period I, doubtful and definite incidences are obvious in 8.4% (n =
81) and in 3.1% (n = 30), respectively. The overall transition probability is 6.7% for doubtful incidence and
3.2% for definite incidence. In addition to these incidences, in the case of those children starting with
doubtful sensitization, a change to definite sensitization (transition 1 to 2) occurred in 34.1% (period I) and
34.9% (period II).

Regarding the two exposure assessments,access was possible to 1113 households in period | and 1017 in
period Il. The Der p | concentration derived from the first measurement (median: 1.39 pug/gm; 5th to 95th
percentile: 0.04 to 41.76 pg/gm) is highly correlated (Spearman: rs = 0.81, n = 879, p = 0.0001) with the
second measurement (median: 1.6 pg/gm; 5th to 95th percentile: 0.08 to 62.57 ug/gm).

Multivariate analysis

In aTable Il logistic regression analyses of doubtful incidence and definite incidence and of change from
doubtful to definite sensitization to Dpt are compared with an arbitrary cutoff point of 10 pg/gm Der p I. When
doubtful and definite incidences are compared, similar risk estimations for each of the six independent
variables can be seen. The effects are more strongly pronounced for definite incidence than for doubtful
incidence. A prior non-mite sensitization and a wheal reaction to Df are significantly associated with both a
doubtful and a definite incidence. A Der p | concentration above 10 pg/gm is significantly associated with a
definite incidence (OR = 2.2, p = 0.013). In the case of doubtful incidence, only a tendency (p =0.21) toward
a risk of exposure on the basis of this limit (OR = 1.4) can be seen. With regard to a change from doubtful to
definite sensitization, all associations, with the exception of parental atropy, are less pronounced, and only
an “initial at least doubtful sensitization to Df” gains statistical significance (OR = 2.7, p = 0.016).

TABLE II. Odds ratios (OR and 95% CI) and p values derived from multiple logistic
regression analyses

Change from doubtful to

Doubtful incidence Definite incidence (n=  definite sensitization (n= 67
transitions; (n=105n= 53 transitions; n=1501 transitions; n=49
1501 references) references) references)
Independent

variables OR 95%Cl pValue OR 95%Cl pValue OR 95% Cl p Value
Der p | concentration
> 10 pg/gm 1.4 0.8-2.2 0.21 22 1241 0.013 0.6 0.2-1.7 0.34
Initial definite
sensitization to 1 of 5
non-mite allergens 44 2.7-72 0.0001 6.6 3.5-12.5 0.0001 15 0.7-3.3 0.33
Initial at least

doubtful sensitization
to Df 46 2.4-85 0.0001 6.9 3.2-14.6 0.0001 2.7 1.2-6.2 0.016



Parental atopy 1.3 0.8-2.0 0.26 1.7 0.9-3.0 0.09 2.1 0.95-4.6 0.07
Female gender 0.8 0.5-1.2 0.25 0.7 0.4-1.2 0.18 0.9 0.4-2.0 0.75
Low gestationalage 1.0 0.4-2.2 0.94 1.0 0.3-3.2 0.97 0.6 0.1-3.2 0.56

Dependent variables are doubtful incidence (transition 0 to 1), definite incidence (transition 0 to 2), and
change from doubtful to definite sensitization (transition 1 to 2) to Dpt, respectively.

The risk of allergen exposure was investigated by using a spectrum of 30 dichotomous cutoff points, each as
independent variable in the logistic regression models for doubtful and definite incidence. For doubtful
incidence, no increase in the logORs can be seen for concentrations ranging from 0.1 to 10 pg/gm, and no
statistical significance is yielded (data not displayed). Analysis of definite incidence shows that from a
concentration of 9 pug/gm, exposure starts to represent a significant risk (95% CI of logOR does not include
0) (wFig. 2). At this cutoff point the logOR is approximately 0.7, corresponding to an OR of 2.

FIG. 2. LogORs for relationship between Der p | exposure and risk for a
definite incidence of sensitization to Dpt in the total population. LogORs
(solid line) and 95% Cls (dashed lines) are based on logistic regressions
with a spectrum of 30 dichotomous cutoff points for the Der p |
concentration. Analyses are controlled for initial at least doubtful
sensitization to Df, initial definite sensitization to one of five non-mite
allergens, gender, parental atopy, and low gestational age.
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The effect shown in sFig. 2 is modified by the presence of initial reactivity to a non-Dpt allergen. If both cases
and references are restricted to children initially showing either a definite sensitization to non-mite allergens
or at least a doubtful sensitization to Df, the relative risk of exposure starts to be statistically significant from a

cutoff point of 2 pg/gm (logOR 0.8 OR 2.2) (wFig. 3). For the complementary population with no other
sensitization initially, the relative risk gains statistical significance only for an extremely high cutoff point (aFig.
4). The effect modification regarding definite incidence is clarified in mTable I, showing the risk of exposure
based on a cutoff point of 10 pug/gm in the total and the stratified population. For the total population, both
non-Dpt sensitizations initially present show comparable ORs (OR for definite sensitization to a hon-mite
allergen = 6.6; OR for at least doubtful sensitization to Df = 6.9), both exceeding the OR for the Der p |
exposure (OR = 2.2). In the stratification the exposure is a significant risk only in the case of subjects
presensitized to non-Dpt allergens. In none of the three logistic regressions are any of the remaining three
independent variables statistically significant.



FIG. 3. LogORs for relationship between Der p | exposure and risk for a definite
incidence of sensitization to Dpt for the subpopulation with an initial non-Dpt
sensitization (i.e., at least doubtful sensitization to Df or definite sensitization to one
of five non-mite allergens). LogORs (solid line) and 95% Cls (dashed lines) are
based on logistic regressions with a spectrum of 30 dichotomous cutoff points for the
Der p | concentration. Analyses are controlled for gender, parental atopy, and low

gestational age.
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FIG. 4. LogORs for relationship between Der p | exposure and risk for a definite
incidence of sensitization to Dpt for the subpopulation without an initial non-Dpt
sensitization (i.e., at least doubtful sensitization to Df or definite sensitization to one
of five non-mite allergens). LogORs (solid line) and 95% Cls (dashed lines) are
based on logistic regressions with a spectrum of 30 dichotomous cutoff points for
the Der p | concentration. Analyses are controlled for gender, parental atopy, and

low gestational age.
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TABLE Ill. Odds ratios (ORs and 95% CI) and p values derived from multiple logistic
regression analyses

Subpopulation with initial Subpopulation without

Definite incidence in
total population (n=53
transitions;n= 1501

sensitization to a non-
Dptallergen (n= 28
transitions; n= 144

initial sensitization to a
non-Dpt allergen (n=25
transitions; n= 1357

references) references) references)

Independent

variables OR 95%Cl pValue OR 95%ClI pValue OR 95%CI p Value
Derp |
concentration > 10
pg/gm 22 1241 0.013 42 1.7-104 0.002 1.2 0.5-3.0 0.64
Initial definite
sensitization to 1 of
5 non-mite
allergens 6.6 3.5-12.5 0.0001 - - - - - -
Initial at least
doubtful
sensitizationto Df 6.9 3.2-14.6 0.0001 - - - - - -
Parental atopy 1.7 0.9-3.0 0.09 2.1 0.9-5.1 0.086 15 0.7-3.4 0.30
Female gender 0.7 04-1.2 0.18 0.8 0.3-1.8 0.55 0.7 0.3-1.5 0.34
Low gestational
age 1.0 0.3-3.2 0.97 1.3 0271 0.74 1.2 0353 0.79

Dependent variable is definite incidence of sensitization to Dpt (transition O to 2). Analyses are performed for
the total population and stratified for an initial sensitization to non-Dpt allergens (at least doubtful
sensitization to Df or definite sensitization to < 1 of 5 non-mite allergens).




Discussion

The objective of this study was to investigate the effect of dust mite allergen exposure on the incidence of
sensitization to Dpt. For this purpose, the Der p | concentration in a dust sample from each child's mattress,
which has been shown to be the best indicator of mite infestation, was measured.*2 Dust sampling was
carried out in the same season, providing similar distribution patterns for the months in which the samples
were taken. This aspect is of importance because natural variation and measurement errors could result in
misclassification. However, when our first and second assessments are compared, the Der p |
concentrations turn out to be stable to a great degree (correlation coefficient: rs = 0.81). This is in accordance
with othehfindings in Germany on seasonal variation of mite allergen concentrations in house dust
samples.=

Because a general dichotomization of sensitization did not seem to be appropriate we decided to classify
positive skin reactions into doubtful and definite sensitizations. Regarding the stability of sensitization to Dpt,
it has been shown that the classification of definite sensitization remains stable in 85% to 90% of cases (aFig.
1). The classification of doubtful sensitization is combined with similar transition probabilities for changes to
no sensitization (41% to 43%) and to definite sensitization (34% to 35%) (aFig. 1). Doubtful sensitization
could therefore be a measurement error, as well as a real process. Hence, a dichotomization of SPT
reactions would result in misclassification, whereas exclusion of doubtful sensitization would lead to
incomplete biologic understanding. The differentiation between doubtful and definite sensitization has three
major consequences for the analyses. First, it allows the total population to be taken into consideration
without excluding participants. Second, the population of interest with no initial sensitization to Dpt is open to
two different risks, to become sensitized either definitely or doubtfully. Third, it is also possible to determine
whether a change from doubtful to definite sensitization is driven by other factors. For the population of
interest with no initial wheal reaction to Dpt, an overall yearly transition probability of 6.7% for doubtful
incidence and of 3.2% for definite incidence is estimated. These yearly incidences of sensitization to a single
allergen are at the expected level 2218

The hypothetical influence of exposure to Der p | was investigated by applying a wide spectrum of
dichotomous cutoff points. Statistical relevance of Der p | exposure for doubtful incidence of sensitization
was not demonstrated. It can be speculated that doubtful incidence might in part represent a measurement
error (“diluting” the true incidences) and in part a transitory phase in the natural course of sensitization. Both
potential explanations for doubtful incidence are suggested by quantitative rather than qualitative differences
regarding the risk factors for doubtful and definite incidence in the explanatory models (wTable I1).

A Der p | concentration of 9 pg/gm is identified as being the lowest statistically significant exposure limit with
regard to definite incidence in the total population (aFig. 2). However, this analysis does not adequately
account for an effect modification caused by an initial sensitization to non-mite allergens or to Df (aFigs. 3
and =4, aTable Il). A cutoff limit of 2 pg/gm appears to be relevant for children with this predisposition. In
40.1% of the group displaying this predisposition, the Der p | concentration was found to be above 2 pug/gm.
If no initial non-Dpt reaction was seen, only an extremely high cutoff point (90 pg/gm) provided a significant
relative risk, and only a relatively small proportion of 2.6% of these children were exposed to Der p |
concentrations above this level.

In contrast to the incidences (no initial wheal reaction to Dpt), hardly any effect could be found for an
increase from doubtful to definite sensitization (aTable II). This could indicate that these children are indeed
already sensitized in the doubtful state and therefore switch to the definite state regardless of any potential
risk factors. Furthermore, it should be noted that this analysis compares individuals showing an increase in
their reaction to those who remain doubtfully sensitized; that is, in the references, a weak but reproducible
reaction to Dpt is present.

Exposure to dust mite allergens has been suggested as being a risk factor for clinical manifestations.? This
study, however, addresses dust mite allergen exposure as a risk factor for specific sensitization. A protective
effect of dust mite allergen avoidance was suggested in a study that started with intervention at birth. The
measurements of Der p | in the households suggest a greater decrease in the allergen load in the case of
prophylaxis, resulting in concentrations below 10 pg/gm.X However, the study was not designed to separate
the potential single effects of mite allergen and concomitant food allergen avoidance. In a 10-year follow-up
study, only a weak relationship between Der p | exposure at birth and the degree of sensitization to Dpt at
the end of the study was reported.l—8 Yet none of the children who had been exposed to less than 2 pg of Der



p | per gram of dust showed sensitization.2 Cross-sectional data may well demonstrate that atopic children
and young adults living in homes with Der p | concentrations exceeding 2 pug/gm have significantly higher
serum IgE levels to Dpt compared with the less exposed population.2 However, it remains unknown whether
a concentration cutoff point for the estimation of exposure should be regarded as a satisfactory interventional
aim and, if so, whether this applies to all segments of populations.

The present population-based study with school-age children demonstrates an increased risk of exposure to
the Der p | allergen for the incidence of sensitization to Dpt. This effect is strongly modified by preceding
sensitizations to other common inhalant allergens. For a school-age population, which has this additional risk
factor, predictive importance regarding incidence of specific sensitization can be ascribed to the
concentration limit of 2 ug/gm Der p I. Our data thus suggests that an exposure limit of 2 pug of Der p |
antigen per gram of dust should be regarded as a minimal avoidance aim for primary prevention in children
who are identified as showing responsiveness to other inhalant allergens.

We thank Mrs. Susanne Huber, Mrs. Monika Mortensen, and Mrs. Sabine Linser-Haar for their excellent
collaboration in the field study; they conducted the SPTs, the household visits, and the analyses in the
laboratory, respectively.
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