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The major allergen of Dermatophagoides microceras, Der m 1, as well as the
allergens of D. pteronyssinus and D. farinae, Der p 1 and Der f 1, were
analyzed in the homes of 111 asthmatic children in three climatic regions in
Sweden. The numbers and species of mites were determined by microscopy,
and circulating IgE antibodies against mites were measured. Der f 1 was the
predominant house-dust-mite (HDM) allergen, Der p 1 the least often found,
and Der m 1 represented 31% of the allergen load. However, in the
Link&ping area, Der m 1 was the major HDM allergen (58%). Mite counts
and allergen levels correlated well. Current exposure to HDM allergens at
home was associated with the serum IgE antibody response to HDM in the
children with no threshold level. Of the children with IgE antibodies against
HDM, 67% reacted to all three mites. Mite sensitization rates were
marginally increased (7%) by the addition of IgE analysis of D. microceras
to the routine analysis of IgE antibodies against D. pteronyssinus and

D. farinae. Thus, Der m 1 may be an important HDM allergen and should
be considered when HDM exposure data are assessed in areas with a
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climate like that of Sweden.

House-dust mites (HDM) are potent indoor allergen
sources all over the world (1). The Dermatopha-
goides mites D. pteronyssinus and D. farinae have
been found to proliferate in homes in all types of
climates, if the indoor climate is suitable (2).
Korsgaard found that adult asthmatic subjects with
HDM allergy were significantly more exposed to
mites in bedrooms than controls (3), and the same
relationship was found for children (4). The count-
ing of mites in house dust is time-consuming and
requires expertise (5). Therefore, D. pteronyssinus
and D. farinae mite allergens were characterized
and used to replace the counting (6). Measuring
environmental HDM by monoclonal antibodies has
made it possible to conduct epidemiologic studies
on the relationship between exposure to HDM and
asthma (7-11). For relation of sensitization to
HDM to environmental exposure, the levels of the
major allergens, i.e., usually the Der 1 (or Der 1
and Der 2) allergens from all relevant mite species,
must be measured.

Exposure at home to even low levels of Der p 1
and Der f 1 was associated with the presence of,
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and level of IgE antibodies against, HDM in our
climate (12). However, a third Dermatophagoides
mite, D. microceras, morphologically very similar
to D. farinae (5), can also be found in our region.
Its main allergen, Der m 1, can also be assessed
(13) and was found in homes in Sweden’s tem-
perate climate (14). Therefore, analysis of Der m
1 was undertaken in the remaining dust samples
from our previous study (12).

We wanted to determine how common Der m 1
was in homes from three climatic regions in
Sweden, its correlation with mite counts, its rele-
vance for sensitization to HDM in asthmatic chil-
dren, and, finally, whether the suggested threshold
value for sensitization of 2 ug HDM allergen per
gram dust (1) was applicable in view of these new
data.

Material and methods

All patients 6-18 years of age with moderate to
severe asthma in the outpatient pediatric allergy
specialized clinics of the hospitals in Helsingborg,



Linkoping, and Umeé were invited to the study.
Helsingborg, a city on the southwestern coast of
Sweden, has a maritime temperate climate;
Linkoping, an inland city situated in east-central
Sweden, has an inland temperate climate; and
Umed in the north, situated near the Gulf of
Bothnia on the east coast, has a subarctic climate.
A little over 50% of the patients agreed to partici-
pate, and two siblings under 6 years were accepted
in Umed since they were already sensitized. The
mean age was 11.1 years; 65 were boys aged 4-17,
mean 10.9 years; and 46 were girls, aged 4-16,
mean 11.9 years.

Dust samples were collected by the families in
September—November 1989 from three locations
of the homes:

1) the bedroom: the mattress was vacuumed for
2 min, and then the floor, and all corners around
the walls and windowsills where insects may be
found

2) the living room: the sofa and upholstered
furniture were vacuumed for 2 min, and then the
carpet and floor, and all corners of the room

3) the kitchen and bathroom: special care was taken
to find dust from near the sink, refrigerator,
larder, and toilet, as well as under the bathtub
and the nooks and corners.

After the coarse dust was sieved off, a total of 126
dust samples were submitted to analysis of Der p
1 and Der f 1 by ELISA using monoclonal anti-
bodies (15). The allergen levels were expressed as
pg/g fine dust. The detection limit of the ELISA
for the assessment of Der p 1 and Der f 1 was
0.016 pg/g dust. The dust samples were then kept
frozen at —20°C, until Der m 1 levels were assessed
in the remaining extracted dust by ELISA using
monoclonal antibodies against Der m 1 in samples
from 111 homes in 1996. The detection limit for the
analysis was 0.02 pg/g. The cross-reactivity of the
Der m 1 assay is 0.002% with Der f 1 and 0.001%
with Der p 1, and the cross-reactivity of the Der f
1 assay with Der p 1 is 0.003% and with Der m 1
0.046%. The cross-reactivity of the Der p 1 assay
is 0.007% with Der f 1 and 0.044% with Der m 1.

The coarse dust was sent for microscopic exami-
nation at Zoo-Tax (Swedish Museum of Natural
History, Stockholm). From each sample, a sub-
sample of 0.25 g dust was taken for counting and
identification of mites, other arachnids, and insects.
The subsample was distributed into small Petri
dishes (4 cm diameter) with alcohol, and the mites
were picked out under a stereomicroscope at low
magnification (x25-40). Mites were transferred to
lactic acid as clearing agent and incubated at 50°C
for about 24 h. After clearing, they were mounted
in Hoyer’s medium and subsequently counted and
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identified with a compound microscope (x400).
Dust samples from 55 homes were analyzed by
microscope.

Serum IgE antibodies against the HDM D. ptero-
nyssinus, D. farinae, and D. microceras were meas-
ured by the Pharmacia CAP® System (Pharmacia,
Uppsala, Sweden), according to the manufacturer’s
instructions.

Statistics

For comparison of categoric data chi-square ana-
lysis, the normalized proportional formula, or
Fisher’s exact test was used. Even after logarithmic
transformation, the distribution of Der m 1
remained skew; therefore, for continuous data, the
Kruskal-Wallis test, Wilcoxon’s sign test, or the
Mann-Whitney U-test was used. For correlation
between counted mites and allergen levels, single
regression in log-logarithmic transformation was
used. For correlation between the magnitude of the
IgE response and allergen levels in the dust,
Spearman’s rank correlation coefficient r, was used.
The 5% level, two-tailed, except when indicated,
has been accepted for significance. The x?,..q> and,
alternatively, the Mann—Whitney test for trend
have been applied, as described by Altman (16).
Minitab statistical software Mb8s was used with its
applications (17).

Ethics

Informed consent was obtained from the parents
before the children were included in the study.
Approval was granted by the Link&ping University
Institutional Review Board.

Results

Der m 1 levels

Of the 111 homes, 37 contained measurable Der m
1 levels (33%). The maximal level found in a home
containing Der m 1 ranged from 0.1 to 932 pg/g
dust. In homes containing Der m 1, the median
level was 041pg/g, 95% CI 0.2-0.99 pg/g
(Wilcoxon’s sign test), and the interquartile range
was (.15-8.46 pg/g. The highest proportion of
homes containing Der m 1 was found in the
Linkodping region (55%) and Helsingborg (37%),
compared to Umeé (6%), P by x°<0.001 (Table 1).
The corresponding median levels of Der m 1 in
homes containing this allergen were 0.50, 0.39, and
0.14 pg/g (NS), respectively. Der m 1 levels were
higher than the sum of Der p 1 and Der f 1 in 23
(29%) of the homes containing mites, of which 18
were in the Linkoping area (58%), three in
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Table 1. Maximal levels of Der m 1 allergen in dust samples from three locations in homes of 111 asthmatic children in three climatic zones in Sweden (A)
compared to when maximal findings of Der p 1, Der f 1, and Der m 1 were summed together (B). Difference of finding HDM infestation was significant in all

three areas by normalized proportional test

Helsingborg Linképing Umed Total
A B A B A B A B
Below detection 24 1 17 7 33 25 74 33
<0.1 pg/g 0 4 1 8 0 5 1 17
0.1-0.99 pg/g 8 7 13 14 2 4 23 25
1-9.9 pg/g 5 8 1 3 0 0 6 n
210 pg/g 1 18 6 6 0 1 7 25
Sum findings 14 37 21 31 2 10 37 78
All 38 38 35 m
P= <0.001 0.014 0.011 <0.001

Helsingborg, and two in Umea (8 and 10%, respec-
tively). Of the 59 samples containing Der m 1, 14
were from bedrooms, 28 from living rooms, and 17
from kitchen and bathrooms. The median levels in
these locations were 4.8, 0.6, and 0.2 pg/g, respec-
tively (P=0.006 by Kruskal-Wallis test).

Der m 1 levels together with Der p 1 and Der f 1 as
part of the HDM allergen load

Of the 111 homes tested, 33 had no measurable
HDM allergens. In Helsingborg, 37; in Linkoping,
31; and in Umed, 10 homes contained HDM aller-
gens. The maximal sum of the three Der 1 allergen
levels in the 78 homes with HDM allergens was
0.016-934 pug/g. The median level was 0.64 pg/g.
Fig. 1 shows a box plot of the HDM levels in the
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Fig. 1. Distribution of maximal levels of HDM allergens (Der
p 1, Der f 1, and Der m 1) found in homes of 111 asthmatic
children living in three climatic areas in Sweden. Boxes delin-
eate middle two quartiles; semicircles, 95% CI for median by
Wilcoxon’s sign test. Vertical lines represent range of allergen
levels; horizontal lines, median levels. Levels were significantly
different between areas; P=0.002 between Helsingborg and
Linkoping, P<0.001 between Linkoping and Umea by Mann-—
Whitney U-test.
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different areas. The median levels in the three areas
were 6.7, 0.27, and 0.10 pg/g, respectively (P<0.001
by Kruskal-Wallis test). Table 1 shows an overview
of the Der m 1 allergen levels and the HDM levels.
In only three homes, in Helsingborg, the HDM
levels were between 1 and 2 pg/g. The contribution
of each Der 1 allergen to the HDM allergen load
was calculated by dividing the particular Der 1
level by the sum of all three HDM allergens. Taking
all study sites together, the Der m 1 part of HDM
allergens was 31%; Der f 1, 53%; and Der p 1,
16%. In the Linkoping area, Der m 1 represented
58% of the HDM allergens (Fig. 2). The addition
of Der m 1 to the HDM allergens significantly
increased the proportion of mite-infested homes in
LinkOping, compared to when only Der p 1 and
Der f 1 allergens were assessed (P=0.025 by pro-
portional test, one-sided) (Fig. 3). The assessment
of Der m 1 alone, however, was a poor indicator
of the HDM-allergen load in all three study areas
(Table 1). In the minority (33%) of the homes with
HDM allergens, the findings were of one species
only. HDM-allergen levels exceeded 2 ug/g in 23/
38 (61%) of the Helsingborg homes, while 9/38
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Fig. 2. Parts that each Der 1 allergen represented of total
HDM-allergen load in homes of asthmatic children from three
climatic areas. Each area has representation on y-axis from 0
to 1. In Helsingborg, Der f 1 represented 78% of allergen level
in 37 homes; in Linkoping, Der m 1 represented 58% of
allergen level in 31 homes; and, in Umed, Der f 1 represented
56% of allergen level in 10 homes.
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Fig. 3. Proportion of homes with HDM-allergen findings in
three climatic areas of Sweden when Der p 1 and Der f 1 were
measured compared with when Der m 1 was also included.
Difference in Linkoping was significant (P<0.025, one-sided
proportional test).

(24%) homes in Linkoping and 1/35 (3%) in Umeé
contained HDM allergens in such levels (Table 1).
In the 33 homes with HDM levels of 22 pg/g, Der
m 1 was found in 18 (55%) homes; 10/23 in
Helsingborg and 8/9 in Linkoping.

Counted Dermatophagoides mites and Der 1
allergen levels

The rank correlation (r,) between counted D. ptero-
nyssinus mites and the level of Der p 1 in 16 homes
with findings of the mite was 0.69 (P<0.01).
Between D. farinae in 21 homes with findings and
the level of Der f 1, r, was 0.76 (P<0.002). Between
counted D. farinae and D. microceras summed
together and the level of Der f 1 and Der m 1, r,
was 0.60 (P<0.01). There were only five homes
with microscopic findings of D. microceras.

The rank correlation (r,) between the maximal
value of the three Der 1 allergens and the maximal
count of Dermatophagoides mites in 28 homes with
findings was 0.85 (P<0.002). After logarithmic
transformation of both variables, an almost linear
relationship was found, r,=0.90 (Fig. 4). In the 19
homes with no counted HDM (40%), 13 contained
no Der 1 allergens (68%), four had levels below
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Fig. 4. Sums of Der 1 allergens from HDM D. pteronyssinus,
D. farinae, and D. microceras in comparison with microscopic
counts of three Dermatophagoides species in homes of 47
asthmatic children. Line represents regression line (P<0.001).
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0.1pg/g, and the remaining two had 0.14 and
0.75 pg/g, respectively. In the 14 homes with no
HDM allergens detected, the maximal mite count
was two specimens/g dust in one home.

Serum IgE antibodies against HDM

Serum IgE antibodies against some HDM were
found in 42 of the 111 children (38%). Among
them, antibodies against D. pteronyssinus were
found in 39, against D. farinae in 30, and against
D. microceras in 34 children. Antibodies against all
three HDM were found in 28/42 children (67%).
The highest proportion of sensitized children with
antibodies against all three mites were living in the
south (18/20), while the proportions in the east-
central region (7/12) and in the northern region (3/
10) were much lower (P by x*<0.01). Serum IgE
antibodies against D. pteronyssinus alone contri-
buted to 6/42 (14%) (95% CI: 5-29%), against
only D. microceras to 3/42(7%) (95% CI. 1.5-
19%) ‘of the HDM antibodies. No child had IgE
antibodies against only D. farinae.

Serum IgE against D. microceras and Der m 1
allergen levels

Exposure to Der m 1 at home above the detection
level was associated with IgE antibodies against D.
microceras (P=0.035, Mann—Whitney U-test).

Serum IgE against the three HDM and the three
Der 1 allergen levels

There was a highly significant relationship between
the HDM-allergen level and the frequency of the
IgE response against HDM (P<0.001 by %% cnd)-
The proportions of children with IgE antibodies
against HDM among children living in homes with
the exposure levels <0.016, 0.016-0.09, 0.1-0.99,
1-9.9, and >9.9 pg/g dust were 6/33, 5/17, 7/25, 5/
11, and 19/25, respectively (Fig. 5).

Six children with serum IgE antibodies against
HDM were found in the unexposed group, and all
of them were from Umead. Of the 33 children who
had an exposure at home below 0.25 pg/g, nine had
serum IgE antibodies against HDM, compared to
6/12 children living with exposure at home of
between 0.25 and 1.99 ug/g. When these groups
were allocated the scores 1, 2, and 3, %%,..q Was
significant (P=0.042).

The Spearman rank correlation (r,) between
HDM-allergen levels (any mite, or all three mites)
and the maximum serum IgE response to HDM
was 0.51 (P<0.01).

The 42 children with serum IgE antibodies
against HDM were exposed to HDM allergens at
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Fig. 5. Serum IgE antibodies against three HDM in 111
asthmatic children in relation to sum of three Der 1 allergen
levels. Serum IgE levels were in classes 1-3 and 4-6 according
to Pharmacia CAP® System.

home ranging from under the detection limit to
933 ug/g, median level 3.13 pg/g (95% CI: 0.22—
19.9 ug/g), while the 69 children without any IgE
antibodies against HDM had Der 1 levels at home
ranging from under the detection limit to 46.7 pg/
g, median 0.044 pg/g (95% CI: 0.01-0.13 pg/g).

Discussion

We found that Der m 1 is an important HDM
allergen in our region. Der m 1 constituted one-
third of the HDM allergen load in our samples, and
in Linkoping more than half of it. Wickman et al.
also found that Der m 1 was more common than
Der p 1 in dust samples in Stockholm, which has a
climate similar to that of Linkoping (14). With the
addition of Der m 1 data, all HDM-sensitized
children in Helsingborg and Linkoping were found
to be exposed to HDM allergens at home, while,
in Umed, 6/9 HDM-sensitized children were not
exposed at home. Furthermore, the proportion of
mite-infested homes increased significantly in
Linkoping (up to 82%), when the house-dust
samples were measured also for Der m 1. In
support of our findings, Der m 1 was the pre-
dominant HDM allergen in the homes of children
with hay fever and controls in the Linkoping area
(18). In Helsingborg, Der f 1 surpassed Der m 1.
In the Linkoping area, in spite of its predominance,
the measurement of Der m 1 alone could not
replace the other two Der 1 allergens because a
significant number of HDM-exposed children
would have been missed (Table 1).

In the Umed area, Der m 1 added modestly to
the HDM-allergen load, but, as in the Helsingborg
homes, only in already mite-infested houses. We
found that Der p 1 was the least common HDM
allergen in our samples, in contrast to the findings
from the UK by Hart & Whitehead (19). The
proportion of sensitized children living in homes
with levels of HDM allergens of 22 pg/g dust (60%)
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was a little lower than findings in Berlin (77%),
where Der f 1 and Der m 1 were analyzed together
(20), presumably because of the difficulty of distin-
guishing D. microceras from D. farinae (5). Cross-
reactivity between the mite-allergen assays used is
minimal and does not affect these results.

The relationship between the number of D.
pteronyssinus mites and the antigen levels was
similar to the findings of Tovey et al. (21) and
Platts-Mills et al. (22). We found a good correlation
between the combined mite counts of D. farinae
and D. microceras and their combined allergens
Der f 1 and Der m 1, as did Lind (13, 23). The fact
that D. microceras was found in just a few samples
is related to the detection limit of the microscopy
rather than the specificity of the ELISA assay for
Der m 1 (5). As in the previous studies, there were
some homes in which allergens were found, but not
mite bodies. Mite allergens are stable under simu-
lated (24) and natural conditions (25), and may be
present after the infestation of mites has ceased or
diminished, or they may be passively transferred
into the dust. The storage of the samples is
unlikely to have affected the results, as they were
kept at —20°C, a temperature which, in our experi-
ence, does not affect the activity of Der 1 allergens,
in spite of their papain-like protease activity (26).
Since there are geographic differences in HDM
infestation (27-29), the local fauna should be
generally assessed by microscopy, and the relevant
allergens measured before a conclusion about the
allergen exposure can be made in an area. In
Sweden, this should include measurement of Der
m 1 and allergens from four storage mites (Warner
et al., submitted to Allergy).

Primary sensitization to HDM seems to take
place at an early age (30-33). An amount of 2 pg/
g dust has been proposed as a risk level for
sensitization to the two major HDM allergens
Der p 1 and Der f 1 (1, 34). However, Price et al.
have suggested a lower threshold; i.e., 0.5 ug/g
Der p 1 in carpet dust (35). In our study, six
children with IgE antibodies against mites in
Umeéd were currently unexposed to HDM aller-
gens at home, and 15 sensitized children were
exposed to HDM levels below 2 pg/g dust. The
median HDM-allergen levels were higher in the
sensitized group than in those without HDM
antibodies. There was no threshold value at about
2 pugl/g dust for HDM sensitization of asthmatic
children in our region even when Der m 1 was
added to Der p 1 and Der f 1. There was instead
a log-linear relationship between exposure to
HDM allergens and the frequency as well as the
level of the IgE antibody response, starting from
the detection level. The trend we found by %%y ena
was significant also when assessed by the Mann-—



Whitney U-test (P=0.034) for HDM-allergen levels
below 2 ug/g dust.

The IgE antibody responses to individual mites
showed a great deal of cross-reactivity. In experi-
mental settings, Lind et al. found a great deal of
cross-reactivity of the IgE response between these
three Dermatophagoides mites (36). They also
found that the human serum IgE antibodies tended
to react more to D. pteronyssinus than to the other
two Dermatophagoides species. The presence of
specific serum IgE antibodies against a particular
mite species in a patient was not associated with
exposure to the same mite species at home. D.
farinae had a leading role in the HDM infestation
of the homes, but not so in the antibody response.
A panel for determination of IgE antibodies
against all the three Dermatophagoides mites could
be considered for diagnosing HDM sensitivity in
patients, especially in areas with a relatively low
HDM exposure. Adding determination of IgE anti-
bodies against D. microceras to the usual tests for
antibodies against D. pteronyssinus and D. farinae
is predicted to increase the prevalence of HDM
sensitization by 5-10% in this patient group.

In conclusion, Der m 1 is an important HDM
allergen in our climate and should be assessed
when the HDM allergen level is measured. The
addition of serum IgE antibodies against D. micro-
ceras, as in a panel of the three HDM, would
marginally increase the rate of sensitization to
HDM. Adding analysis of Der m 1 did not change
our previous impression that there is no threshold
level for sensitization, but did indicate a progres-
sively increasing risk from very low levels of expo-
sure.
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