
Clinical and Experimental Allergy, 1997, Volume 27, pages 1043-1051

Bronchial and cutaneous responses in atopic dermatitis
patients after allergen inhalation challenge
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Summary

Background Atopic dermatitis (AD) is often associated with allergic asthma (AA).
Inhalation of allergens influences the activity of AA but the effect on the skin in AD is
unclear.
Objectives We evaluated the degree of bronchial hyperresponsiveness to methacholine in
eight AD patients with AA (AD"*") and eight AD patients without AA (AD~) and studied
bronchial and cutaneous responses after allergen inhalation challenge.
Methods All patients were treated in hospital for their eczema with tar ointment (pix liquida)
and orally administered antihistamines (mean hospital stay 37 days). After clearing of the
skin lesions allergen inhalation challenge was performed. Cutaneous responses were studied
by measuring the 'Costa' score before and 24 h after allergen inhalation challenge.
Results The median value of the provocative concentration of methacholine causing a 20%
fall (PC20 Mch) in forced expiratory volume in 1 second (FEVi) was significantly higher in
the AD~ group compared to the AD"*" group with median values of 10.70 and 0.60mg/mL,
respectively. These values did not change significantly in both groups during hospital stay.
After challenge all AD"̂  patients showed early and late asthmatic responses whereas only
four AD~ patients showed early asthmatic responses (mean values of the maximal fall in
FEVl during the EAR 37%/16% and in PEF during the LAR 27%/4% for AD+ and AD"
patients, respectively). The 'Costa' score increased in both groups (mean score before 19.1/
24.4 and after challenge 26.8/26.9 for AD"̂  and AD~ patients, respectively). The increase in
the AD"*" group was significantly higher compared with the AD" group (P — 0.016).
Conclusion We conclude that allergen inhalation challenge causes a flare up of the skin
lesions in atopic dermatitis patients. This was more prominent in atopic dermatitis patients
who already suffered from an IgE-mediated allergic inflammation in the lung.
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atopic diseases because of the elevated serum levels of IgE
specific for otherwise harmless aeroallergens. Since bron-

Atopic dermatitis (AD) is a chronic inflammatory skin chial hyperresponsiveness (BHR) has been found in AD
disease which is frequently (29-35%) associated with patients without asthma [3,4] and skin hyperreactivity has
allergic asthma (AA) [1,2]. Both entities are classified as been shown in asthmatics [5] an overlap between the patho-
^ J ^ . - . . . , • • ,.^ r̂  r,^ 1 physiology of AA and AD seems likely [3].
Correspondence: C. A. F. M. Bruijnzeel-Koomen, Department of Dermatol- f J bj j L j
ogy/Allergoiogy, Rm G 02.124, University Hospital Utrecht, PO Box The activity of AA is largely influenced by mhalation of
85500,3508, the Netherlands. allergens [6,7]. In contrast to the IgE-dependent respiratory
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atopies, the role of allergens in the pathogenesis of AD is not
fully understood. The presence of elevated serum IgE levels
to aeroallergens, the binding of IgE to antigen presenting
cells in the skin [8] and the presence of allergen specific
T cells in lesional AD skin [9,10] suggests that these
allergens probably play a role in the pathogenesis of this
disease. A recent double-blind placebo-controlled study
showed indeed a significant improvement of the skin lesions
in AD patients after house dust mite allergen avoidance
[11]. It is however, not clear which routes of penetration
are involved.

Induction of skin lesions can be observed in AD patients
after epicutaneous application of allergens in an atopy patch
test (APT). A recent study in a large group of AD patients
reported that in 50% of the patients, who have specific IgE
for grass pollen or house dust mite, eczematous skin lesions
can be induced by epicutaneous testing with these allergens
[12]. Only a few studies report a flare up of AD provoked
by inhalation of aeroallergens [13,14]. Inhalation of mold
extracts could induce eczematous skin reactions in two out
of five patients with 'pure' AD [13]. A pruritic dermatitis
could be elicited in Ascaris sensitized asthmatic dogs after
Ascaris antigen inhalation provocation, showing similarities
with AD [14]. Although many AD patients have high-titre
IgE antibodies to house dust mite allergen in their serum
[15], only a relatively small percentage (35%) of them
develop pulmonary symptoms [1,16].

The course of pulmonary symptoms in relation to the
activity of AD varies. They can alternate — 'alternance
morbide' — [17] or run parallel with the activity of the
eczema [18].

The aim of the present study was to investigate the course
of pulmonary function and BHR in AD during clinical
treatment of the patients and to study bronchial and cuta-
neous responses after allergen inhalation challenge.

Table 1. Characterization of study groups

Patient
No.

AD+
1
2
3
4
5
6
7
8

Mean
SEM

AD"
9
10
11
12
13
14
15
16

Mean
SEM

Age
(years)

17
49
18
22
22
25
25
30

26.0
3.8

23
28
26
22
25
30
28
23

25.6
1.09

Sex

F
M
F
M
F
F
M
M

F
M
F
M
F
F
F
M

IgE
kU/L

2070
17696
5269
11920
2091
8831

29578
28170

14808'

8268
17198
1324

12214
3835
1232
5199
1848

4517'

Specific
IgE''
kU/L

>100
>100
>100
>100
>100'
>100
>100
>100

>100
>100

50''
>100

>100
>100

4

AD"*" Atopic dermatitis with allergic asthma.
AD" Atopic dermatitis without allergic asthma.
" Median values.

IgE specific for house dust mite.
'̂  Ige specific for birch pollen.

IgE specific for cat.

Materials and methods

Patients

We studied two groups of eight patients (Table 1) who were
treated in the department of dermatology/allergology for
their eczema with a mean hospital stay of 37 days (range
18-78). One group had atopic dermatitis and allergic
asthma (AD"*"), which had been diagnosed on the basis of
a history of episodic wheezing and impaired lung function.
This was checked in previous family physician and hospital
records. The other group of patients only suffered from
atopic dermatitis (AD").

The AD"*" group had relatively mild asthma according to
the definition of American Thoracic Society [19], which
was adequately controlled with inhaled bronchodilators on
an as-needed basis. Control was defined as: no limitations of

daily activities, no sputum, no awakenings at night because
of symptoms and on the day of admission all patients had a
forced expiratory volume in one second (FEVO greater
than 60% of predicted normal values before bronchodilator
[20]. At enrolment, all AD"*" patients were required to show
increased BHR to methachoiine (PC20 Mch <8 mg/mL).
None of them had received inhaled or oral corticosteroids or
cromoglycate 2 months prior to this study.

Both AD groups suffered from severe eczematous skin
lesions which involved the sites typical of AD and satisfied
the criteria of AD by Hanifin and Rajka [21]. To determine
the actual severity and topography of the dermatitis, we
used the 'Costa' scoring system [22] (see 'severity score
for atopic dermatitis'). This also allowed us to establish
variations of disease activity during the study. All patients
had raised levels of total serum IgE and specific IgE
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antibodies to house dust mite, birch pollen or cat allergen.
They also showed positive immediate type skin-prick test
reactions to these allergens and were thus considered
atopies. Four AD"*" and four AD~ patients had diagnosed
IgE-mediated sensitization to food allergens. Clinical rele-
vant food allergens were excluded from these patients' diet.

At the time of the study, all patients were free of infection
of the upper and lower airways. The study was approved by
the hospital ethical committee and all patients gave written
informed consent to participate in the study.

Study design

Patients stayed in an ordinary hospital room in which
no flowers or animals were allowed. After admission to
the ward the 'Costa' score (see 'severity score for atopic
dermatitis') was measured and a spirometric test was
performed before and after inhalation of salbutamol. A
methacholine inhalation challenge test followed two days
later. Morning and evening peak expiratory flow (PEF)
readings were recorded on a diary card. Topical treatment
with tar ointment (pix liquida) and orally administered
antihistamines (hydroxyzine) resulted in gradual clearing
of the skin lesions. One week before discharge, when skin
lesions were in remission, antihistamines were stopped.
Remission was defined as a decrease in 'Costa' score from
admission value of at least 20. Once again lung function was
measured before and after salbutamol. Three days later a
methacholine challenge was performed. The day before
discharge a skin-prick titration test (see 'lung function
measurements') was performed, followed by an allergen
inhalation challenge 2 h later. The allergen challenge, which
started at 11.00 h, was followed by PEF measurements at 10,
20, 35, 50, 65, and 80 min and every hour between 2 and
12 h. At each time point three attempts PEF measurements
were done. The early asthmatic response (EAR) was defined
as a fall in FEVj of 20% or more from the post-control value
within 10-20 min after allergen exposure. The late asth-
matic response (LAR) was defined as a fall in PEF of 20%
or more from baseline occurring between 3 and 8h after
allergen challenge. Cutaneous responses were studied by
measuring the 'Costa' score before and 24 h after allergen
inhalation challenge.

Allergens

Commercial preparations of SQ 503 house dust mite
(Dermatophagoides pteronyssinus), SQ 555 cat (Eelis
catus) and SQ 197 tree pollen (a mixture of Alnus
glutinosa, Betula verrucosa, Corylus avellana) for
inhalation challenge and skin-prick tests were obtained
from Allergologisk Laboratorium Copenhagen, Denmark.

Severity score for atopic dermatitis

To evaluate the severity of atopic dermatitis we used the
simple scoring system described by Costa et al. [22]. This
method consists of scoring 10 'severity' criteria (erythema,
oedema, vesicles, crusts, excoriations, scales, lichenifica-
tions, pigmentation/depigmentation, pruritus, loss of sleep)
and 10 topographic sites. To evaluate each 'severity' cri-
terion the most severely affected areas were chosen and
each was scored from 0 (no lesion) to 7 (extremely severe).
The following topographic sites were scored from 0 to 3
according to the extent of the involvement: five symmetrical
areas: feet, knees, legs, hands, arms (one value for both) and
five non-symmetrical areas: face, scalp, buttock, anterior
and posterior aspects of the trunk. In order to check the
reproducibility of the scoring system patients were examined
independently on the same day by two physicians.

Lung function measurements

Salbutamol inhalation was stopped at least 8h before all
lung function tests. Lung function was measured with a
water-filled spirometer. Bronchodilatation was measured as
the increase in FEVi 10min after inhalation of 400/xg
salbutamol from a pressurized metered dose inhaler through
a spacer device (Volumatic**). PEF measurements were
recorded with a mini-Wright peakflow meter. The best of
three attempts was registered on a diary card. Airway
responsiveness to methacholine was determined with a
standard bronchoprovocation technique as described by
Cockcroft et al. [23]. Briefly, an aerosol of saline followed
by doubling concentrations of methacholine (0.3-76.8 mg/
mL) were inhaled by tidal breathing for 2 min, and FEVi
was measured after each inhalation. The test was discon-
tinued if the highest concentration of methacholine was
inhaled, or if the 'minimum FEV,' was reached. This
'minimum FEVi' was the maximum fall in FEVi th^t
could be tolerated by the patients and had to be less than
50% of the predicted value. PC20 methacholine was defined
as the concentration of methacholine which causes a 20%
fall in FEVl from post-saline value [24]. Antihistamines
were stopped for at least 48 h prior to methacholine chal-
lenge [25]. The bronchial provocation with allergen was
performed by 2 min inhalations (tidal breathing) at 10 min
intervals [24]. The allergen challenge was preceded by
2 min inhalation of an initial aerosol of buffer (0.03%
human serum albumin and 0.5% phenol in phosphate
buffered saline) to which none of the patients reacted with
a fall in FEV] of more than 10% from the initial value.

Increasing concentrations of antigen aerosol were
delivered through a nebulizer (Model 646, DeVilbiss, Inc.,
Somerset, PA, USA). This nebulizer was connected to the
central chamber of an in- and expiratory three-way valve
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box with an expiratory aerosol filter (Sterivent Filter, DAR,
Mirandola, Italy). Antigen was diluted from stock solutions
(10000 biological units/mL). The diluent was the same
buffer as the negative control. The weakest allergen solution
used for the first inhalation was calculated from the skin-
prick titration test and the pre-antigen PC20 for metha-
choline according to Cockcroft et al. [26]. Skin-prick tests
were done 2h before allergen challenge. Inhalations were
performed by stepwise doubling of the dose of antigen until
the FEV] fell at least 20% following allergen exposure.
PC20 allergen was defined as the concentration of allergen
which causes a 20% fall in FEVi from post-control value.

Measurement of total and allergen specific serum IgE

Total IgE concentrations were measured using the paper-
radio-immunosorbent test (PRIST, Pharmacia, Uppsala,
Sweden) [27] according to the manufacturer's instructions.
The results are expressed in kU/L. Specific IgE antibodies
to house dust mite, cat and birch pollen allergen were
measured by using the CAP method (Pharmacia, Uppsala,
Sweden) [27] according to the manufacturer's instructions.
The results are expressed in kU/L. No significant difference
was found in serum levels of total IgE and specific IgE
against the allergen used in the allergen inhalation challenge
between AD"*" and AD~ patients.

Statistical analysis

The baseline lung function data and the 'Costa' score are
expressed as mean ± standard error of the mean (SEM). The
data for total IgE, PC20 Mch and PC20 allergen are
expressed as median values. Statistical analysis was per-
formed using ANOVA test, Students' f-test or Kruskal-Wallis
test for paired observations when appropriate. P-values
below 0.05 were considered significant.

Linear regression analysis according to the least squares
method was used to assess the correlation between percent-
age fall in PEF between 3 and 8 h after allergen inhalation
challenge and changes in 'Costa' scores.

Results

Lung function measurements and methacholine challenge

Over the period when the skin lesions gradually cleared
there was no significant mean increase in baseline FEV| in
both groups (Table 2). Three AD"*" patients showed a more
than 15% increase in FEV]. The mean early morning PEF
values did not change markedly between admission and
discharge (Table 2). On admission all AD""" patients and four
out of eight AD~ patients showed increased BHR (PC20
Mch <8 mg/mL, Table 2). According to Cockcroft et al. the

level of increased BHR was arbitrarily divided into mild
(1 mg/mL < PC20 Mch < 8 mg/mL), moderate (0.125 mg/
mL < PC20 Mch < 1 mg/mL) and marked (PC20 Mch <
0.125 mg/mL) [20]. Six AD"*" patients had moderate and two
had mild BHR. Four AD" patients had moderate BHR and
two AD~ patients did not respond to the highest concentra-
tion of methacholine used (PC20 Mch > 76.8 mg/mL). The
median value of the PC20 Mch in the AD~ group was
significantly (P = 0.002) higher than in the AD"*" group.
In the week before discharge, when the skin lesions were in
remission, none of the patients showed a significant increase
in PC20 Mch. One AD"*" patient even showed a more than
3-fold decrease in PC20 Mch. All AD"*" patients showed at
least on one occasion a >10% increase in FEV, following
400 iJLg salbutamol (not shown).

Allergen inhalation challenge

The PC20 allergen is presented in Table 3. The median value
of the PC20 allergen was 73 and 1481 BU/mL in AD+ and
AD" patients, respectively (P = 0.002). All AD"̂  patients
and four AD~ patients developed an early asthmatic
response (Table 3). The mean value of the maximal fall in
FEV] within 20min after challenge was significantly larger
in the AD"*" group than in the AD~ group (P = 0.0006) with
mean values of 36.4 ± 2.9% and 15.8 ± 3.8%, respectively.
After recovery of the EAR all AD""" patients showed a
second decrease in PEF of 20% or more between 3 and
8 h after allergen challenge (Table 3), indicating the occur-
rence of a LAR. None of the AD~ patients showed a LAR.

Pulmonary symptoms after allergen inhalation challenge

A prolonged LAR with a severe episode of asthma refrac-
tory to bronchodilators was observed in one AD"*" patient.
Therefore an intramuscular injection with corticosteroids
was given 24 h after the onset of the EAR. Three AD"*"
patients had an exacerbation of asthma symptoms (shortness
of breath, wheezing, difficulty with expectoration) within 2
weeks after allergen challenge. They all had a fall in FEV]
of more than 20% from baseline values, measured before
discharge. One of these patients had signs of pneumonia on
the chest x-ray and was treated with oral corticosteroids and
antibiotics in combination with bronchodilators. The other
two patients were treated with inhaled corticosteroids and
bronchodilators. Within 4 weeks of treatment all patients
showed significant improvement with normal lung function.
During the first 2 weeks after allergen inhalation challenge
all three AD"*" patients showed only mild eczematous skin
lesions with 'Costa' scores less than 18.

A tendency to a LAR and complaints of shortness of
breath was seen in one AD~ patient. On this occasion
salbutamol was used for symptomatic relief. Surprisingly
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Table 2. Changes in baseline FEVj, morning PEF rate and PC20

Patient
No.

AD+
1
2
3
4
5
6
7
8

Mean
SEM

AD~
9

10
11
12
13
14
15
16

Mean
SEM

Baseline FEV,
(%

Admission

77
65

113
92
92

103
80
57

85
6.7

93
98
89
94

107
98
96
82

95
2.6

pred.)t

Discharge

96
65

116
85
80
94
96
90

90
5.2

88
101
94
83

107
98
93
80

93
3.2

PEF
(L/min)t

Admission

370
340
460
600
350
470
600
520

464
37

400
620
430
650
500
430
380
670

510
42

Discharge

410
250
480
560
410
400
630
600

468
45

400
630
470
650
500
420
400
690

520
42

PC20 Methacholine
(mg/mL)

Admission Discharge

0.54
0.24
0.46
0.67
0.59
0.25
5.45
1.15

0.60"

5.10
2.10

>76.80
12.75
3.60

>76.80
3.50

12.50

10.70"

0.76
0.38
0.67
0.43
1.30
0.55
0.55
0.45

0.57"

2.88
2.40

>76.80
4.90
3.15

>76.80
6.50

13.80

* 8.91"*

On admission and before discharge baseline FEVi expressed in percentage of predicted values, morning PEF
values and PC20 Methacholine were measured in AD"*" and AD~ patients.
t Mean of 2 respectively 3 study days after admission and before discharge (predicted values according to
Quanjer [20]).
t Peak flow values are mean of early morning results for 7 days, after admission and before discharge.
^ Median values. PC20 Methacholine >76.80 mg/mL is calculated as 76.80 mg/mL.
* Significant difference between AD^ and AD~ group (P < 0.01).

this patient showed no EAR and did not respond to the
highest concentration of methacholine.

Cutaneous responses

Table 4 shows that there was no significant difference in
'Costa' scores between both groups at adtnission to the
hospital and these scores improved significantly in both
groups after treatment with tar ointment (pix liquida) and
orally administered antihistamines. After clearing of the
skin allergen inhalation challenge was performed. Cutaneous
responses were studied by measuring the 'Costa' score before
and 24 h after allergen challenge. The score significantly
increased in all AD patients (mean score before 19.1/24.4

and after challenge 26.8/26.9 for AD+ and AD patients,
respectively). The increase in the AD"*" group was signi-
ficantly higher compared to the AD~ group (P = 0.016).
Figure 1 shows that the increase in 'Costa' score was
significantly correlated to the percentage fall in PEF
between 3 and 8 h after allergen challenge (P < 0.01).

Discussion

Our data demonstrate that clinical remission of the skin was
not accompanied by a significant change in the BHR,
baseline FEVi or PEF values of AD""" and AD~ patients.
We observed no relation between the courses of AD and
BHR in our patients. These results are in agreement with the
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Table 3. The effects of allergen inhalation challenge on lung function

Patient
No.

AD+
1
2
3
4
5
6
7
8

Mean
SEM

AD"
9

10
11
12
13
14
15
16

Mean
SEM

Allergen

D. pteronyssinus
D. pteronyssinus
D. pteronyssinus
D. pteronyssinus
Tree pollen
D. pteronyssinus
D. pteronyssinus
D. pteronyssinus

D. pteronyssinus
D. pteronyssinus
Cat
D. pteronyssinus
Tree pollen
D. pteronyssinus
D. pteronyssinus
D. pteronyssinus

PC20 allergen
BU/mL

206
11
56
90
21
12

137
250

73*"

938
1463

>1500
1153

>1500
>15G0

1343
>1500

1481"

% fall in
FEV, from

baseline

<20 min

32
44
41
22
45
33
32
43

37*
2.8

30
21
7

29
7
9

22
3

16
3.8

% fall
from I

<20min

17
44
45
27
35
27
14
30

30*
4.0

5
11
2

21
16
9

13
3

10
2.3

in PEF
)aseline

3-8 h

42
26
22
21
24
29
24
30

27*
2.3

+5
3
0
4
6

16
8
2

4
2.2

In AD"*" and AD patients allergen inhalation challenge was performed with house dust mite, tree
pollen or cat allergen. After challenge PC20 allergen, percent fall in FEVi from baseline within
20 min and percent fall in PEF from baseline within 20 min and between 3 and 8h were measured.
"Median values. PC20 allergen > 1500BU/mL is calculated as 1500BU/mL.
* Significant difference between AD""" and AD~ group (P < 0.01).

findings of Fabrizi et al. who observed no clear relation
between the activity of AD and pulmonary symptoms in
nine skin test-positive subjects [3]. In his and our study the
activity of AD and pulmonary symptoms tended to alternate
[3]. In contrast to their study, we investigated our patients in
a clinical setting. All patients stayed in 'dust free' hospital
rooms, which had low allergen levels compared with the
bedrooms in the patients' own houses. In a previous report,
Platts-Mills et al. showed that avoidance of relevant aller-
gens resulted in reduction in BHR and improvement in PEF
values in seven asthmatic patients without AD [28]. This
reduction could been found after 5 weeks' hospital stay. In
contrast to their report we found no change in BHR. This
suggests that the course of BHR and PEF values in pure
allergic asthma patients differs from those of allergic

asthma patients with severe AD in an environment with
low allergen levels. Improvement of skin symptoms in AD
does not parallel the course of BHR.

The results of the present study clearly show that in
AD patients the presence of asthmatic episodes, including
development of both early and late allergic responses upon
challenge, is not correlated with the level of total serum IgE
[29]. The allergen specific serum IgE level was >100kU/L
in all AD"*" patients. All AD"*" patients showed a LAR on
which occasion salbutamol was used for symptomatic relief.
Our data support the hypothesis of Dohi et al. that a certain
level of BHR in AD is a prerequisite for the induction of a
LAR [29]. The fact that four AD"*" patients had an exacer-
bation of their asthma after allergen inhalation challenge,
which had to be treated with corticosteroids, implies that
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Table 4. Changes in Costa score

Costa score

Patient
no. Admission

Before
challenge

24 h After
challenge

AD+
1
2
3
4
5
6
7
8

Mean
SEM

AD"
9

10
11
12
13
14
15
16

Mean
SEM

61
60
62
62
61
58
48
58

58.8
1.6

48
69
68
65
64
58
42
70

60.5
3.7

14
16
28
23
26
16
10
20

19.1
2.2

22
22
25
41
26
17
20
22

24.4
2.6

22
22"
35"
30
34
21
12
38"

26.8**
3.1

21
27
28
41
30
23
23
22

26.9*
2.3

Costa scores were measured in all patients on admission, before
allergen inhalation challenge and 24 h after challenge.
"Reactivation of skin-prick test 24h after allergen inhalation
challenge (late phase reaction).
*P<0.05; ** p< 0.01 significant difference as compared to before
challenge.

these patients are at risk for developing prolonged severe
asthma following allergen exposure.

The 'Costa' score increased significantly in all AD
patients after allergen inhalation challenge. The significant
increase of the 'Costa' score in the AD"*" group compared
to the AD~ group, suggests that the presence of allergic
asthma aggravates the development of skin lesions after
inhalation of allergens. Allergic asthma is characterized
by airway inflammation even in patients with mild disease
[30]. The LAR is a manifestation of underlying airway
inflammation [31] and was found in all AD"*" patients. The
relation between airway inflammation, caused by allergen
inhalation, and the development of skin lesions is illustrated
by the correlation we found between percentage fall in PEF
between 3 and 8h after allergen inhalation challenge and

40

fa
ll 

in
 P

E
F

5̂  10

0

-10

^ • \ ,

' ^ . " •

•
1 1

r=0.68
P<0.01

1 1
-5 5 10

A Costa score
15 20

Fig. 1. Correlation between percentage fall PEF and change in
'Costa' score. The change in 'Costa' score 24 h after allergen
inhalation challenge is correlated to the percentage fall in PEF
between 3 and 8h after challenge. • , AD"*" patients; • , AD~
patients. The values were statistically significant as determined by
linear regression analysis according to the least squares method, {P
< 0.01, r = 0.68).

increase in 'Costa' score. Our findings are of practical
importance as they indicate that allergens can induce skin
lesions in AD via inhalation. The mechanism underlying the
linkage between allergen inhalation and flare up of AD is
unknown. Possibly, as a consequence of allergen induced
inflammation in the airways, diffusable inflammatory medi-
ators, such as cytokines, may transfer the allergic reaction to
the skin. Indeed increased levels of GM-CSF and IL-5 have
been detected in bronchoalveolar lavage fluid from allergic
rhinitis [32,33] and allergic asthmatic patients [34,35]
obtained at 48 h after segmental allergen bronchoprovoca-
tion (late response) as reviewed elsewhere [36]. Alternatively,
a flare up of AD may be caused by allergens that enter the
circulation and are transported to the skin. This may occur
as free allergens but more likely in complex with IgE and/or
processed by dendritic cells which migrate to the skin. The
increase of the 'Costa' score in the AD""" group as a conse-
quence of psychological stress due to nocturnal dyspnoe
cannot be excluded. However, in that case one would expect
a parallel between cutaneous and pulmonary symptoms
during the clinical course of the atopic diseases of these
patients. In addition methacholine induced dyspnoe did not
cause any changes in 'Costa' score in both AD"*" and AD~
patients (results not shown). Furthermore, it is not possible
to exclude this phenomenon using a placebo control, since a
placebo is needed which would induce pulmonary symp-
toms during 12 h after challenge. In that case however, skin
symptoms might still be induced by an increase of soluble
mediators entering the circulation and affecting the skin.

In conclusion we found no clear relation between BHR
and the activity of AD. Over the period when skin lesions
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gradually cleared there was no significant change in mean
baseline FEV]. All AD"*" patients showed dual asthmatic
responses after allergen inhalation challenge. Four of these
patients had an exacerbation of their asthma after allergen
challenge, which was successfully treated with cortico-
steroids. Our findings showed that allergens can induce
skin lesions in AD via inhalation, and that AD"*" patients
develop skin lesions after allergen inhalation challenge
more easily than AD~ patients.
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