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Nonspecific airway hyperresponsiveness is a fundamental characteristic of patients with asthma
and can be influenced by several stimuli. In nine patients with asthma and an isolated allergy
to house dust mite, the variation of natural exposure to the house dust mite allergen Der p I
and the corresponding changes in nonspecific airway hyperresponsiveness were followed up for
1 year. The concentration of Der p I in floor dust from living rooms and bedrooms (as a
measure of exposure) reached maximum levels in late summer and the beginning of autumn
(August to October), whereas the lowest levels were found during the months of March to May
(ADer p I = +2.31 ug/gm and —1.33 ug/gm respectively, both compared with the year
average). Airway hyperresponsiveness (as measured by the provocative concentration of
histamine causing a 20% fall in forced expiratory volume in 1 second [PC,,] threshold) also
showed a seasonal variation, with most severe hyperresponsiveness during the months of August
to November, almost the same period in which the exposure to house dust mite allergens
reached maximal levels (APC,, histamine = — 1.47 mg/ml in November vs +1.79 mg/ml in
March, both compared with the year average). Our results support the view that seasonal
changes of exposure to environmental allergens such as house dust mite allergens will have an
effect on the level of airway hyperresponsiveness in patients with allergic asthma. (] ALLERGY

CLIN IMMUNOL 1994,93:470-5.)
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In Europe, allergens of the house dust mite
Dermatophagoides pteronyssinus are probably
the most significant inducers of allergic asth-
matic reactions.'” Next to bronchial obstruc-
tion, allergen exposure can also induce an in-
crease in nonspecific bronchial hyperresponsive-
ness (BHR), which is a fundamental characteristic
of patients with asthma. In the clinical laboratory,
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Abbreviations used

BHR: Bronchial hyperresponsiveness
FEV,: Forced expiratory volume in 1
second
HDMA: House dust mite allergens
PC,,: Provocative concentration causing a

20% fall in FEV,

asthmatic reactions induced by allergen inhalation
challenges are often accompanied by an increase
in BHR.“® However, the effects of natural expo-
sure to allergens on BHR are less predictable.
Seasonal exposure to pollen allergens may signifi-
cantly increase BHR,” ® and occupational expo-
sure to particular chemicals such as isocyanates
may also cause a prolonged elevation of BHR.” A
significant reduction of exposure to house dust
mite allergens (HDMA) (in mountainous areas or
in a hospital) has been associated with dramatic
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decreases in BHR.'” '' The variation of the
natural indoor exposure to HDMA is partly
seasonal,'*'* although much less pronounced than
exposure to pollen allergens.® High humidity is a
necessary condition for the survival of house dust
mites, and it has been suggested that house dust
mite—allergic patients with asthma in Western
Europe may often show an increase of symptoms
after the most humid months (autumn).

To study the influence of variation in natural
exposure to HDMA on BHR, we measured the
bronchial hyperreactivity and exposure to
HDMA during 1 year in nine patients with
asthma. To exclude interference of exposure to
other aeroallergens, we only selected patients
with an isolated allergy to house dust mites.

METHODS
Patients

Nine atopic patients with a history of asthma and
nonspecific airway hyperreactivity (BHR) were selected
for the study. All participants had an isolated allergy
for house dust mite (D. pteronyssinus) as determined by
intradermal skin testing, whereas skin test results to 18
other common inhalant allergens (grass pollen, tree
pollen, animal dander, etc.) were negative. All patients
had nonspecific airway hyperresponsiveness (BHR) as
demonstrated by a histamine threshold of 32 mg/ml or
less, with the use of the 30-second inhalation proce-
dure.” All patients showed reversible airway obstruc-
tion after inhalation of a bronchodilator. None of the
patients were smokers. All patients gave informed con-
sent, and the study was approved by the Medical
Ethica] Committee of the University Hospital Gro-
ningen.

Design of the study

Floor dust samples were collected from each pa-
tient’s living room and bedroom every 2 weeks during
the study period. During each visit the air temperature
and relative air humidity were also recorded. Patients
visited the outpatient department every month for
spirometry, quantification of BHR, and skin testing with
house dust mite extract. The eosinophil count in pe-
ripheral blood and in serum total and house dust mite
specific IgE were also determined.

Skin testing and IgE measurements

Before the study, all patients underwent intracutane-
ous skin testing with a panel of 18 common aeroallergen
extracts. The results are expressed as histamine equiva-
lent wheal size, which was calculated by dividing the
wheal area obtained with the allergen extract by the
wheal area of a standard histamine solution. A skin test
with a histamine equivalent wheal size of 0.7 or greater
was regarded as positive. During the study a duplicate
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skin test with a house dust mite extract was performed
every month. The same batch of allergen extract (Die-
phuis Laboratories, Groningen, The Netherlands) was
used throughout the study. Serum total IgE and house
dust mite—specific IgE were measured by the Pharmacia
IgE Enzyme Immuno Assay and Phadezym RAST, re-
spectively (Pharmacia Diagnostics, Uppsala, Sweden).

Spirometry and measurement of
airway hyperreactivity

Lung function (forced expiratory volume in 1 second
(FEV,] and vital capacity) was tested every month.
Nonspecific airway hyperreactivity (BHR) was mea-
sured by stepwise inhalation of increasing concentra-
tions of histamine solution during 30 seconds (Wics-
badener Doppelspray, 0.13 ml output; Wiesbadener
Inhalator-Vertrieb, Wiesbaden, Germany) until a de-
crease in FEV, of 20% or more was observed.'” From
the decline in FEV|, the histamine provocative concen-
tration causing a 20% fall in FEV, (PC,,) was calcu-
lated. All medication (except budesonide) was stopped
before the tests: salbutamol and ipratropium bromide
were stopped 12 hours before histamine challenge, and
cromoglycate and terfenadine were stopped 72 hours
before challenge.

Collection and extraction of house dust

The concentration of mite allergens in house dust
samples was used as an indicator for exposure to
airborne mite allergens. During each visit, the total
floor surface of living room and bedroom were vacu-
umed with a 1100 W vacuum cleaner (Philips, Gronin-
gen, The Netherlands; type T560, with a double filter-
ing system), and the dust from each room was collected
in separate bags. The sampled floor area of each room
was recorded. After sieving (0.35 mm), the amount of
fine dust was weighed and a 10% (wt/vol) extraction in
0.01 mol/L. NH,SO, buffer was performed by overnight
rotation at 4° C. The samples were centrifuged and the
supernatants were stored at —18° C until HDMA
concentration was measured.

Detection of HDMA

A monoclonal antibody (kindly provided by Prof. R.
Aalberse, State University of Amsterdam, The Nether-
lands) directed against the allergen Der p I of the house
dust mite D. pteronyssinus was coupled to CNBr-acti-
vated paper disks. The dust extracts (100 pl) were
incubated at room temperature with an anti-Der p 1
disk for 3 hours with constant agitation. After washing
three times with 2.5 ml of RAST buffer (Pharmacia
Diagnostics), the disks were incubated for 3 hours with
50 ul of pooled serum, which was prepared from sera of
25 house dust mite-allergic patients (RAST class 4).
The further steps were carried out according to the
instructions for the Phadezym RAST kit. A reference
house dust mite extract, which was calibrated for the
content of Der p I by the Allergy Division of the Dutch



472 van der Heide et al.

J ALLERGY CLIN IMMUNOL
FEBRUARY 1994

TABLE |. Patient characteristics at the start of the study

Histamine PC,,

Patient No. Sex Age (yr) FEV, (% pred)* Skin sensitivityt {mg/mi)# Medication

1 M 33 71 1.4 4.95 CS
2 M 37 81 1.5 8.25 CBI
3 M 23 101 1.3 3.30 C
4 M 42 68 1.2 1.89 S
5 F 26 109 1.3 14.25 CS
6 F 37 89 1.2 5.35 CBI
7 M 31 89 14 4.70 —
8 M 32 66 14 242 CT
9 F 44 97 1.0 2.60 BS

C, Cromoglycate; S, salbutamol; B, budesonide; J, ipratropium bromide; 7, terfenadine.

*FEV, corrected for sex, age, and height,

T Skin sensitivity to HDMA, expressed as histamine equivalent wheal size (see Methods section).

{The concentration of histamine solution, which after inhalation, provokes a fall of 20% in FEV,.

Central Laboratory of the Blood Transfusion Service  histamine = —1.47 mg/ml in November vs +1.79

(Amsterdam), was used in serial dilutions for calcula-
tion of the allergen content of the house dust samples.

Data analysis

Statistical analysis was performed with the SPSS
package for personal computers (SPSS Inc., Chicago,
IIL.). Results were expressed as means = SEM. Be-
cause of large differences in histamine PC,, values
among individual patients, the seasonal (or monthly)
change in histamine PC,, of each patient was calcu-
lated by subtracting the measured histamine PC,, value
from the average histamine PC,, value for that patient
during the year. Afterward, with the individual change
in histamine PC,, values, the mean value (+SEM) for
the whole group was calculated. Comparison of the
mean values of the change in histamine PC,, was
achieved by one-way analysis of variance. The same
calculation procedure was used for the levels of the
house dust mite allergen Der p 1 in dust samples
and for the number of peripheral blood eosin-
ophils. Differences with p values less than 0.05 were
considered significant.

RESULTS
Patient characteristics

The clinical data of the nine patients are sum-
marized in Table I.

Variation in airway hyperresponsiveness

In this group of nine patients with asthma and
an isolated sensitization to house dust mites, a
seasonal variation in BHR was observed. As
shown in Fig. 1, A, the greatest hyperresponsive-
ness (lowest histamine PC,, value) was found in
autumn (September to November), whereas low-
est BHR (higher histamine PC,, value) was found
during the months of March to May (APC,,

mg/ml in March, both compared with the year
average; p < 0.05).

In addition to the change in BHR, the number
of peripheral blood eosinophils also showed a
seasonal variation, with the highest number of
eosinophils found in autumn and limited numbers
in spring, as is shown in Fig. 1, B. Lung function
parameters, such as vital capacity and FEV,, and
also the levels of total serum IgE and house dust
mite-specific IgE were not influenced by seasonal
variation.

Variation in exposure to HDMA

The concentration of the HDMA Der p I in
floor dust was followed by collection of dust
samples every 2 weeks. The content of HDMA in
floor dust varied greatly among the different
houses (Der p I: range, 0.05 to 15.0 ug/gm of fine
dust).

Within houses, a relatively small but significant
seasonal variation in Der p I levels in dust samples
was found, with the highest levels in the period
from late summer to the start of autumn, and
lower levels during spring (ADer p 1 = +2.31
pg/gm and —1.33 pg/gm, respectively, both com-
pared with the year average; p < 0.05). As shown
in Fig. 2, A, for Der p I in floor dust from
bedrooms, increased levels of HDMA were found
in the period with more severe bronchial hyper-
reactivity (lowest histamine PC,, value). A com-
parable pattern of variation of Der p 1 levels in
floor dust was found in living rooms. Further-
more, high levels of HDMA in floor dust from
bedrooms were associated with high allergen lev-
els in living rooms.
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FIG. 1. Seasonal variation in airway hyperresponsiveness (histamine PC,;) (A} and number of
blood eosinophils (B). Changes were calcuiated by comparison with the year average. **p < 0.05
compared with March to August; *p < 0.05 compared with March to May.

The seasonal changes in levels of HDMA in
dust samples corresponded with similar changes
in air humidity, as demonstrated in Fig. 2, B. The
highest absolute air humidity was found during
the months of July to September, just before
the increase in levels of HDMA in floor dust
samples.

DISCUSSION

Airway hyperresponsiveness to various stimuli
is a property that is present in most patients with
asthma, and it has been observed that the severity
of airway hyperresponsiveness is related to the
frequency of complaints and the need for medi-
cations.'® 7 Although the pathogenesis of BHR
must still be elucidated, it is well known that
several factors can influence the degree of hy-
perresponsiveness. In patients with allergic

asthma exposure to aeroallergens is an important
cause of increase in BHR, whereas a significant
reduction of allergen exposure is accompanied by
a sometimes marked decrease in BHR.” & ' '8 ¢
The changes in seasonal exposure to pollen or
exposure to HDMA after allergen reduction mea-
sures are much greater than the seasonal varia-
tions in natural exposure to HDMA as observed
in our study.® ' ' 2 Nevertheless, the results of
our study suggest that even small changes in
exposure to HDMA are associated with changes
in airway hyperresponsiveness. Increased BHR
was found in the months with maximal levels of
HDMA in dust samples (Fig. 2, A). Because our
group of patients with asthma was only sensitized
to house dust mites, thereby excluding the in-
terference of exposure to other airborne aller-
gens, these results suggest a causal relationship



474 van der Heide et al.

J ALLERGY CLIN IMMUNOL
FEBRUARY 1994

3 3
A

€ R
E 2+ Il \‘ J 2 _
- 2
2 2
H i =
g >
= 3
& £
: Y :
£ ‘ %
e Al _.e
2 ' M
[33

.2 'l N A Iy A L L A S A -2

12

[ o

~

absolute air humidity (g/kg)

4 —

Jan Mar May

Jul Sep Dec

FIG. 2. A, Variation of histamine PC,, threshold value (¢——) and of Der p | level (e----8) in floor
dust from bedrooms, both calculated from the year average, B, variation of absolute air humidity

in living rooms (e—#) and bedrooms (A----A).

between increased exposure to HDMA and en-
hanced BHR.

Because house dust mites appear to be strongly
dependent on humidity for their growth, the in-
crease of the HDMA Der p' 1 during the late
summer months is in accordance with the ob-
served high levels of absolute air humidity during
these months (Fig. 2, B).

In September a small 1mpr0vement in BHR was
found, followed by an increase in hyperrespon-
siveness in the next months. An explanation for
this transient improvement may be that seven of
the nine patients spent their holidays in August in
camping areas in southern Europe where expo-
sure to HDMA might be lower than at home.

Treatment of patients with asthma with antiin-

flammatory drugs, such as inhaled corticosteroids,
causes a prolonged decrease in BHR,*" ** a find-
ing that supports the involvement of inflammation
in the etiology of BHR. The number of peripheral
blood eosinophils and especially the level of acti-
vation of these cells are known to be indicators for
inflammation of lung tissue.” ** In our study the
increase in BHR observed during the autumn
months corresponds to the increase of peripheral
blood eosinophil numbers seen during the same
period (Fig. 1). This observation is in agreement
with similar findings concerning changes of bron-
chial hyperreactivity and blood eosinophils during
seasonal exposure to tree pollens.?

Exposure to indoor allergens is an important
factor in the development of allergic asthmatic
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reactions.” * Our study demonstrates that even
relatively small changes in allergen exposure may
influence the degree of BHR. The corresponding
changes in the number of peripheral blood eosin-
ophils suggest the possibility that eosinophilic
inflammation is involved in the observed changes
in airway hyperresponsiveness.

We thank Miss Dorothea de Reus for her excellent
assistance in the collection of the data. We also thank
Dr. A. E. J. Dubois for critical review of the
manuscript.
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