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We investigated the levels of mite allergens (Der p 1, Der 1 1, Der 2, and
Lep d 1) in dust samples from the homes of 59 patients with asthma. 36
sensitized to house-dust mites (HDM) and 23 to grass pollen (controls),
living in Porto, northern Portugal. The relationship between exposure and
sensitization to HDM and the influence of housing conditions on mite-
allergen levels were also evaluated. Der p 1 (median 9.2 ixg/g) and Der 2
(4.6 fxg/g) were the main allergens, while Der f 1 and Lep d 1 levels were
always <1 |xg/g dust and undetectable in 11% and 47% of samples,
respectively. All HDM-sensitized asthmatics were exposed to Der p 1 levels
>2 fxg/g and their homes contained significantly higher levels of Der p 1
(median 12.5 vs 6.4 |jLg/g: F=0.008) and Der 2 (6.2 \s3.(} |jLg/g; P=O.(m) when
eompared to the control group. A significant correlation was observed
between the exposure to Der p 1 and the wheal area at skin testing with the
Dermatophagoides pteronyssinus (Dp) extract {P=O.()l) as well as with serum
specific IgE levels to Dp {P=0.03). Patients with higher levels of serum
specific IgE (>17.5 HRU/ml) were also more frequently exposed to Der p
1 levels >10 |jLg/g (P=0.002). Old homes, presence of carpets, and signs of
dampness were conditions associated with significantly higher levels of mite
allergens. In conclusion, we found high levels of Der p 1 and Der 2
particularly in the homes of HDM-sensilized patients and we confirm the
relationship between exposure and sensitization to HDM. assessed by both
in vivo and in vitro methods. In addition to a favorable outdoor climate, we
found in our region housing conditions propitious to mite growth, suggesting
that specific geographic characteristics must also be taken into account for
the correct planning of mite-avoidance measures.

J. L Placido\ C. Cuesta\
L Deigado\ J. P. Moreira da Silva\
M.Miranda\P.VentasMVI.Vaz^
'Department of Allergology and Clinical

Immunology, Hospital S. Joao, Porto, Portugal;

^Alergia e Inmunologia Abello SA, Madrid, Spain

Key word i : house-dust mites; housing

conditions; indoor allergens; sensitization,

Dr Jose Luis Placido

Unidade de Imunoalergologia

Hospital de S. Joao

Alameda Prof. Hernani Monteiro

4200 Porto

Portugal

Accepted for publication 11 April 1996

Mites of the Dermatophagoides genus are the main
source of house-dust allergens and their contribu-
tion to allergic diseases, particularly asthma, has
been recognized worldwide as a major health prob-
lem (1). Considerable epidemiologic evidence sup-
ports an association between the levels of exposure
to HDM allergens and the risk of sensitization in
genetically predisposed persons, and of acute
asthma in sensitized patients (2). Moreover, an
increased frequency of allergic diseases has been
reported (3) and related to a higher exposure to
indoor allergens, as the result of a change in
lifestyle and housing conditions (4). These points

focused the attention of numerous investigators on
the exposure to these allergens in different geo-
graphic areas and the question of which environ-
mental factors determine mite growth (5-12).

The present study aimed to quantify the levels
of mite allergens (Der p 1. Der f 1, Der 2. and Lep
d 1) in dust samples from the homes of 59 asthmatic
patients (36 with HDM allergy and 23 controls
sensitized to grass pollen) living in Porto, northern
Portugal. We also studied the relationship between
exposure to mite allergens and sensitization to
HDM, as well as the influence of housing condi-
tions on mite allergen levels.
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Material and methods

Patients

TTiirty-six patients, 19 females and 17 males aged
7-58 years (median 21 years), were consecutively
selected from our outpatient clinic by documented
history of perennial asthma and positive skin prick
tests (wheal area >7 mm", determined by plani-
metry) only to HDM {Dermatophagoides pteron-
yssinus [Dp] and/or D. farinae [Df]) with or without
concomitant sensitization to Lepidoglyphus
destructor (Ed).

We used standardized mite extracts with an
activity of KK) BL)/mi, which is the concentration
eliciting a geometric mean wheal area of 75 mm"̂
(13), included in a battery of 20 other common
inhalant allergens (animal dander, grass and tree
pollen, molds - Alergia e Inmunologfa Abello SA).

We also studied 23 controls with seasonal
asthma, 13 females and 10 males, aged 12-57 years
(median 31 years), exclusively sensitized to grass
pollen.

All patients from the mite and control group had
serum specific IgE levels >0.70 HRU/ml (Hamlet*,
Alergia e Inmunologia Abello, SA) (14) to mites
or grass pollen, respectively (equivalent to RAST
greater than or equal to class 2).

I he patients included in this study lived in Porto,
a city oi 500000 inhabitants in northern Portugal
on the Atlantic coast. Fhe weather is temperate
and humid, with a mean annual temperature of
14 (', high pluviometric rates (1200 mm/year), and
a mean annual relative humidity of 78% (data
relative to 1992 and obtained from the meteoro-
logical observatory in Porto).

Oucsiionnairc

Patients were asked to answer a questionnaire on
socioeconomie status and housintz conditions. Var-
iables recorded were educatit)nal level; monthly
income; age oi the home; whether private or
apartment buildings; home location on first or
upper floor; number of bedrooms and occupants;
type of floor cover (carpets, wooden floor, rugs);
lrc(.|uency ol vacuum cleaning; presence of central
heating, air conditioner, or dehumidifiers; signs of
dampness (visible wet spots and mold growth on
the walls); and presence of pets.

Collection of dust samples and allergen
deiertfiination

Samples were collected from the bedroom and
living room by the patients, using their own vacuum
cleaner provided with a new disposable paper bag.
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All the 59 dust samples were collected in April
1992. Patients were advised not to vacuum-clean
their homes for a week before the collection of
samples, and no avoidance measures were pro-
posed before sampling. The mattress, the floor
around and under the bed, carpets, rugs, and the
upholstered furniture were vacuumed for 2 min/m^.
Each disposable paper bag was hermetically sealed
in a zippered plastic bag and stored at 4°C until
processing.

Dust samples were sieved through a 300-fxm-
diameter screen. An amount of 3 g sieved dust was
extracted in 20 ml phosphate-buffered saline (E5%,
w/v), with magnetic stirring for 90 min at 4°C. The
mixture was centrifuged at 12 000 rpm for 5 min,
and the supernatant filtered through 0.45-|xm filters
(Milipore Flow Rate, Flow Eaboratories, Ger-
many). The extracts were stored at -20°C until
analyzed.

Der p 1, Der f 1, and Eep d 1 were quantified
with specific monoclonal antibodies-based solid-
phase EEISA (15, 16). Der 2 was determined by
the method of Heymann et al. (17). Allergen levels
were expressed in jxg/g of dust and were classified
as undetectable if under 0.05 |xg/g, according to the
proposed score by Platts-Mills et al. for the Der-
matophagoides group 1 allergens (18), which was
extended to the other allergens.

StatisticaI an alvsis

Allergen levels were expressed as the median and
range. Differences between patient groups were
analyzed with the Mann-Whitney test. Correlation
analyses were made with Spearman's rank correla-
tion, and the chi-square test was used for 2x2
contingency tables. Eor all comparisons, statistical
significance was considered to be present if F< 0.05.

Results
In our study, none of the mite-allergic patients had
an isolated cutaneous sensitization to Df or Ed,
while 89% (32/36) were sensitized to both Dp and
Df, and 677o (24/36) had positive skin prick tests
to Ed.

Der p 1 and Der 2 were detected in all dust
samples (Table 1) and were the main mite allergens.
The median level of Der p 1 in the 59 homes was
9.2 îg/g (range; 0.1-119.0 ^xg/g); of Der 2, it was
4.6 ixg/o (range; 0.3-61.0 |jLg/g). The highest
detected concentration of these two allergens,
119 |xg/g of Der p 1 and 61 |xg/g of Der 2, was found
in the old damp home of a mite-allergic patient,
with carpets in the bedroom and living room.

The concentrations of Der f 1 and Eep d 1 were
undetectable, respectively, in 11% and 47% of the
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Table 1. Percentage of dust samples from homes of patients with allergy to

house-dust mites (HDM) and to grass pollen (controls - C) with undetectable

(<0.05), low (0.05-2.00), moderate (2.00-10.00), and very higfi (>10.00 |xg/g dust)

levels of Der p 1, Der f 1, Der 2, and Lep d 1.

ti-g/g

<0.05

0.05-2.00

2.01-10.00

>10.00

Der p

HDM

0

0

47

53

1

C

0

26

48

26

De

HDM

8

92

0

0

i r f 1

C

13

87

0

0

Der

HDM

0

14

53

33

2

C

0

26

65

9

Lepd

HDM

42

58

0

0

1

C

52

48

0

0
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Fig. 1. Der p 1 and Der 2 levels in mite-allergic patients (« = 36)
and controls {n = 32). All patients sensitized to house-dust mites
(HDM) were exposed to Der p 1 levels above 2 pig/g dust in
comparison to 74% of controls (x' = 10. P = 0.005). Levels above
10 |xg/g were found in 53% of patients with mite allergy and in
26% of controls (x" = 4.t, f = 0.04). Significant correlation was
also observed between these two allergens (r = ().83. F< 0.001).

r= 0.43
P= 0.01

0 10 20 30 40 50 60 70 80 90 100

Skin prick test to D. pteronyssinus (mm' - planimetry)

Fig. 2. In patients sensitized to HDM. significant correlation
(r = 0.43. P = ().Ol) was observed between levels of Der p 1 in
dust samples and wheal area (mm") obtained at skin prick
testmg with extract of D. pteronvssimis (100 BU/ml).

59 dust samples (Table 1) and were always under
1 fjLg/g of dust: Der f 1 (n = 59: 0.13 jxg/g; <0.05-

0.85 |xg/g) and Lep d 1 (0.09 [xg/g: <0.05-1.0() |xg/

We observed a significant correlation between
the levels of the three major Dermatophagoides
allergens: Der p 1/Der 2 (n = 59: A; - ().K3, P < O.OOl)
(Fig. 1), Der p 1/Der f 1 (/•, = ().33. /' = 0.04). and
Der 2/Der f 1 (A; = 0.30. ^ = 0.04).

All mite-atopic patients were exposed to Dcr p
1 levels above 2 |xg/g, a level which is tcgarded as
a risk of sensitization (2), in comparison with 74%
of controls (x-=H), P = 0.005). The exposure to
levels above 10 |xg/g. which has been proposed as
a threshold value for the development of acute
asthma in sensitized patients (2), was found in 53%
of mite-allergic patients, in comparison with 26%
from the control group (x"̂  = 4.L P = ().()4) (Fig. 1).

The homes of mite-allergic patients contained
significantly higher concentrations of Der p 1
(12.5 (xg/g: 2.5-119.0 |xg/g in comparison with
6.4 |xg/g:b.l-31.9 x̂g/g: / ' = 0.008) and Der 2 (6.2 |xg/
g: 0.6-61.0 (xg/g in comparison with 3.0 i-̂ g/g: 0.3-
12.4 fxg/g: P = 0.004) than those of patients sensi-
tized to grass pollen.

Both groups were exposed to similar levels of
Der f 1 (0.13 ixg/g: <0.05-().38 txg/g: in comparison
wtth 0.12 |jLg/g: <6.05-0.85 ixg/g: P = NS), while Lep
d 1 tended to be higher in the homes of mite-atopic
patients (O.lOfxg/g: <0.()5-1.00 ixg/g in comparison
with 0.06 fjLg/g: <().05-1.00 fxg/g: P = NS).

In patients with HDM allergy, a significant cor-
relation was observed between the levels of Der p
1 in house dust and the wheal area obtained at skin
testing with the extract of Dp (w = 36: r̂  = ().43,
P = {).{)\) (Fig. 2). as well as with the serum specific
IgE levels (r, = 0.37, P=:0.03). Moreover. 837<) of
patients with Dp serum specific IgF > 17.5 HRU/
ml (equivalent to RAST of class 4) were exposed
to Der p 1 levels above 10|xg/g, while 88% of
patients exposed to levels under these suggested
threshold values had RAST less than class 4 {yj = 10,
P = ().()()2). The Dcr p I levels were also statistically
different (P = 0.005) between the group of patients
with RAST of class 4 (21.2tJLg/g: 9.3-119.0) and
those with RAST of elass 2 or 3 (9.0 fxg/g: 2.5-34.9)
(Fig. 3).

The two groups were comparable in age. socio-
economic status, and housing conditions, and there
was no association between fhe concentration of
mite allergens and educational level or socio-
economic status. The relalionship between mite-
allergen levels and each of the home characteristics
was analyzed, but only a few (old homes, signs of
dampness, and presence of carpets in the bedroom
and/or living room) were associated with signifi-
cantly higher levels of Der p 1 and Der 2 in both
groups of patients (Table 2). Other characteristics,
such as homes on the first floor, private buildings,
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Table 2. Relation between housing conditions and mite-allergen levels (Der p 1 and Der 2), e

dust mites (HDM) and grass pollen (controls). Old homes, presence of carpets, and signs

levels of these allergens (*P<0.05, **P<0.01; ***P< 0.001).

(i.g/g of dust, in homes of patients sensitized to house-

s were conditions associated with significantly higher

Patients sensitized to HDM

(n=36)

Old homes (>20 years)

New homes (<20 years)

Private buildings

Apartment buildings

First floor

Upper floor

More than two rooms

One or two rooms

Carpets

No carpets

Signs of dampne

Control groL

(n=23)

Der p i

17
19

10
26

12
24

10
26

15
21

15
21

22
14

14.5(2.9-119.0)1*
6.4 (2.5-23.6)1*

9.3 (3.0-88.0)
8.7(2.5-119.0)

14.7(3.9-88.0)
12.0(2.5-119.0)

5.1 (2.5-88.0)
5.3(3.1-119.0)

9.2 (2.5-88.0)
7.0(3.1-119.0)

22.3(5.8-119.0)1**
9.0 (2.5-35.0)1*

20.0(3.5-119.0)1**
7.2 (2.5-22.0)1*

8.5(0.7-61.0)1*
2.5(0.6-27.1)1

6.5 (0.7-49.0)
6.2(0.6-61.0)

7.5 (0.7-49.0)
5.4(0.6-61.0)

4.1 (0.6-61.0)
4.4 (0.8-45.0)

5.7 (0.9-45.0)
6.0(0.6-61.0)

11.8(1.9-61.0)1*
3.7 (0.6-12.7)1*

5.9(0.5-61.0)1*
3.0 (0.7-31.OIJ

9.4 (3.7-32.0)1*

4.5 (0.1-25.0)1

8.5 (4.9-22.4)

5.2 (0.1-32.0)

9.6(1.0-26.0)

4.9(0.1-32.0)

5.2(0.1-32.0)

4.6 (0.4-22.4)

4.6(0.1-9.9)

7.2(1.0-32.0)

10.0(4.9-32.0)1***

2.9 (0.1-9.9)1*

11.3(4.9-32.0)1**

3.5 (0.1-9.9)1

3.3(1.1-7.4)

1.3(0.3-12.4)

4.0(0.5-12.4)

2.9 (0.3-7.4)

2.2(0.3-10.3)

2.4(0.4-12.4)

2.4)1**

4.0 (0.6-12.4)1*

1.5 (0.3-7.4)1*

(>0.7a s 3.50) (>3.50 < 17.50) (>17.50 HRU'ml)

median: 9.0 pg/q: 2.5-34.9' 21.2 ^lg/g^. 9.3-119.0"

1 1!!. .V i'aticnls vviili hiohcr levels ol /). ptcronvssmns scrum
specific liil ( ,|7..S i l R U n i l . CLjuivalcnt to R.AST ot class 4)
were more oHeii exposed to Der p 1 levels above 10 ixo/ti dust,
wii.le patients with serum speeifie IgF <i7.S H R U ' m M d a s s 2/
.̂O were iiUMe often exposed to Der p 1 levels under this
Ihreshold \alue ()̂ 1= 10, /'-^().i){)2}. Palieiiis witli R.XST of class
4 were also exposed to sigmlicantlv higher Der p ! levels than
those vMth R.-XSr oi elass 2/3 ( '7'-= il.tlOS).

and higher nutnber of occupants and rooms, tended
to be associated with higher levels of these two
allergens, but the associations were not statistically
sign'ficant. For each studied characteristic, the
homes from mite-allergic patients invariably con-
tained higher concentrations of Der p 1 and Der 2.
No significant association was found between hous-

ing conditions and the concentrations of the other
two mite allergens. Der f 1 and Lep d 1. Some
housing conditions were uncommon in our popu-
lation: only one of the 59 homes had central heating
and another one had air conditioning. Dehumidifi-
ers were never observed, and the frequency of
vacuum-cleaning was once a week in all houses.
Pets (cats or dogs) were present in only five houses,
two belonging to mite-allergic patients and three
to patients sensitized to grass pollen.

Discussion
High coneentrations of Der p 1 and Der 2 were
found in the homes of both HDM-sensitized and
nonsensitized patients. These levels are much
higher than those found in some regions of
Australia (19), the USA (20), Scandinavia (9, 12).
The Netherlands (11), and Canada (6) and compa-
rable to those previously reported in other parts of
the world such as some geographic areas in Spain
(21, 22), France (23). and Thailand (24). Studies
conducted in the UK (10), Brazil (5), and, more
recently, in Sydney, Australia (25) have found
higher levels of HDM allergens than in Porto.
However, in our study, the samples were colleeted
in spring (April), and it is possible that the concen-
trations of these allergens are higher in the rainy
seasons of autumn and winter.

Der f 1 was undetectable in 11% of the dust
samples, and it was always present under the level
of 1 |xg/g of dust, while the cutaneous sensitization
to Df was invariably associated with Dp. Porto's
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temperate and humid climate could explain this
predominance of Dp over Df in contrast to other
countries where the long, dry winters may favor the
growth of Df (26).

As a potential source of indoor allergens, storage
mites have received particular attention in recent
years (27). Among patients hving in damp housing
conditions (28) and in wet tropical countries (29),
this sensitization can be particularly important. In
our study, the 24 patients with positive skin prick
tests to Ld were invariably sensitized to the other
two mites. Eep d 1 was detected in 44% of the dust
samples, but it was always present in very low
concentrations (<1 |xg/g of dust) in spite of the high
outdoor humidity and numerous homes with signs
of dampness. These results confirm the concomi-
tant sensitization to these two families of dust mites
(27) and suggest that Ed is a minor mite in Porto's
urban environment.

Patients sensitized to HDM were all exposed to
Der p 1 levels above 2 |xg/g, confirming this value
as a reasonable threshold concentration for sensi-
tization (2), while 53% were exposed to concentra-
tions of Der p 1 above 10 |xg/g of dust, representing
an important risk of acute asthma (2). These two
threshold values were present in a significantly
small number of patients sensitized to grass pollen.
These results agree with those of other studies (12.
30, 31), suggesting that higher levels of mite aller-
gens are more frequently present in the homes of
patients sensitized to HDM than in the homes of
patients without such sensitization.

We found a significant correlation between
exposure to Der p 1 and the wheal area obtained
at skin testing with Dp extract (Fig. 2) and also
with Dp serum specific IgE levels. Moreover,
patients with high levels of serum specific IgE
(class 4) were more often exposed to Der p 1 levels
above 10 |xg/g (x- = 10; P = 0.002) and to signifi-
cantly higher levels of this allergen (21.2 |xg/g; 9.3-
119.0' in comparison with 9.0 |xg/g; 2.5-34.9;
P = i).OO5) than patients with RAST of class 2 or 3
(Eig. 3). Our results support the recognized asso-
ciation between exposure to HDM and sensitiza-
tion when evaluated by both in vivo and in vitro
methods (10, 31-34). However, in a recent paper,
Marks et al. (25) were unable to confirm this
association in a population of Sydney schoolchil-
dren exposed to extremely high levels of mite
allergen. They compared the Der p 1 levels in
patients with or without FIDM allergy, as defined
by skin prick tests (SPT), but included in their
HDM-nonallergic group both atopic and nonat-
opic patients who had distinct genetic predisposi-
tion to IgE sensitization. Moreover, in our study,
we related the Der p 1 concentrations not only to
SPT positivity but also to the degree of IgE

sensitization to HDM (wheal area determined by
planimetry and serum specific IgE levels).

Studies of the relationship between exposure to
HDM allergens and environmental factors, which
are highly dependent on the geographic area, arc
critical in planning the best mite-avoidance meas-
ures for allergic patients and reprcsen! one of the
current fields of interest.

In Porto, the outdoor humidity is high without
significant variations throughout the year (range:
68-88%) with a mild outdoor temperature (range:
6-35"C), conditions that favor the growth of mites
and the presence of high allergen levels. ITie use
of air-control appliances and the presence of
unventilated homes are uncommon in Porto. In
contrast to Scandinavian homes where HDM can
be erradicatcd by increased ventilation to keep
indoor humidity low (35), this procedure would
probably be ineffective in Porto because of high
outdoor humidity (36, 37).

Confirming previous observations of other
authors, we found significantly higher levels of Der
p 1 and Der 2 in older homes (6, 11, 38), those with
signs of dampness (7-9, 11, 12, 38), and those with
carpets in the bedroom and/or living room (11). In
addition to the favorable outdoor climate, we
found a significant number of homes with propi-
tious conditions for mite growth, particularly the
homes of mite-allergic patients: 47% were old
houses, 61% had signs of dampness, and 42% were
carpeted.

Homes with a higher number of occupants, those
located on the first floor, and private buildings
tended to have a higher concentration of these two
allergens although with no statistically significant
differences. These conditions have also been found
to be associated with significantly higher concen-
trations of mite allergens (6, 11, 34). In our study,
the reduced number of homes with pets, in contrast
to other countries (39), and the fact that the
frequency of vacuum-cleaning was the same in all
homes, did not allow the investigation of the influ-
ence of these two factors in mitc-allcrgcn levels.
We did not find any significant association between
the housing characteristics and the levels of Der f
1 and Eep d 1, but it is possible that the low levels
of these two allergens may explain the failure to
detect the influence of housing conditions.

In conclusion, high levels of Der p f and Der 2
were present in house-dust samples, particularly
those from homes of patients sensitized to house-
dust mites who were exposed to significantly higher
levels of these two allergens. In our environment,
we confirmed the predominance of D. pi^ronyssi-
nus over D. farinae, and that L. destructor is a
minor dust mite. The exposure to Der p 1 was also
correlated with sensitization, assessed by both in
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vivo and in vitro methods. In addition to a favora-
ble outdoor climate, we found in our region a
significant number of homes with propitious con-
ditions for mite growth, particularly those of mite-
allergic patients, reinforcing the importance of
specific mite-avoidance measures. Furthermore,
specific geographic characteristics related to home
and climatic conditions must also be taken into
account in the correct planning of these measures.
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