
Introduction
Atopic dermatitis (AD) is a chronic in-

flammatory skin disease frequently seen in
individuals with a genetic predisposition to
developing IgE-mediated hypersensitivity re-
actions against food- and aero-antigens

(1–3). Elevated serum levels of house dust
mite (HDM)-specific IgE are often observed
in patients with AD (4). Clinically, certain
patients with AD experience exacerbation
of their eczema after encounters with HDM
allergen (5). Improvement in AD following
HDM avoidance has also been reported (6).
In addition, the enhanced antigen present-
ing capacity of HDM antigens to T cells by
Langerhans cells (LC) from AD patients (7,
8) via the high affinity receptor for IgE
(FcεRI) (9–11) has established the concept
that an IgE-mediated delayed type hypersen-
sitivity reaction (DTH) against HDM anti-
gens contributes to the pathogenesis of AD.

On the other hand, Jürgens et al. demon-
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Abstract

The clinical characteristics of patients in whom an IgE-mediated reaction against house
dust mite (HDM) antigens that contribute to the pathogenesis of atopic dermatitis (AD)
remain unclear. This study attempted to elucidate the characteristics of patients who ex-
hibit a positive reaction 48 hr or later against HDM in scratch tests. The reactions after epi-
cutaneous application of the allergen to skin with prior scratching were observed for one
week in sixteen AD patients showing positive immediate-type hypersensitivity reactions for
HDM. Fifty percent of the patients demonstrated positive reactions at 48 hours after epi-
cutaneous application of HDM. Significantly higher values were demonstrated in the
group positive for HDM after 48 h in serum total IgE, specific IgE for Der f 1, and lactate
dehydrogenase, peripheral eosinophil counts, eruption score, and the area of eruption
than in the group negative for HDM after 48 h. Domestic exposure to Der f 1 was also
higher in the group positive for HDM after 48 h than in the negative group. These results
indicate that the patients in whom the HDM-induced reaction continuing more than 48 h
and contributing to their real eczematous eruptions are characterized by considerably in-
creased levels of specific IgE for HDM antigens, high disease activity in AD, and increased
exposure to domestic HDM.

Abbreviations: AD: atopic dermatitis, HDM: house dust mite, LC: Langerhans cells,
FcεRI: high affinity receptor for IgE, DTH: delayed type hypersensitivity reaction

Key words: house dust mite; delayed type hypersensitivity reaction; the high affinity
receptor for IgE
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strated that IgE-mediated activation of LC
was not observed in all patients with AD
(11). More importantly, the eruptions do
not exacerbate after HDM exposure in
every AD patient who has elevated serum
levels of HDM-specific IgE and/or who ex-
hibits a positive skin test response against
HDM antigens. Although many groups have
studied the clinical characteristics of pa-
tients who demonstrate DTH for HDM anti-
gens in atopy patch tests response, the re-
sults are variable. Thus the role of HDM in
provoking or maintaining AD has been the
cause of both controversy and uncertainty
(12–16).

We consider that the application of HDM
antigen after scratching resembles the real
situation in AD more than an atopy patch
test (17). In this study, we therefore ob-
served the reaction against HDM after epi-
cutaneous application of the HDM allergen
to skin with prior scratching for up to one
week in patients who showed positive imme-
diate-type hypersensitivity reactions for
HDM. The positive reactions in some pa-
tients lasted up to one week. The clinical

characteristics of patients in whom not only
positive immediate-type reactions but also
positive reactions lasting longer than 48 h
induced by scratch testing with HDM anti-
gens are discussed.

Subjects and Methods
Patients
Sixteen patients with AD (aged 18–38 years,

median 26; male, 7 patients) diagnosed accord-
ing to the criteria of Hanifin and Rajka (18) and
the positive immediate-type prick test and posi-
tive RAST scores (<class 2) for HDM were ran-
domly selected from in-patients at our hospital.
No systemic steroids, immune suppressive
agents, nor ultraviolet therapy were adminis-
tered. Topical steroids on the testing site were
discontinued at least seven days before testing.
Oral antihistamines were also discontinued at
least two days before testing. On the day of test-
ing, the eruption score and area were estimated,
peripheral blood was obtained, and the serum
was stored at −80°C. After the one week of ob-
servation, treatment with oral antihistamines
and topical steroids (0.1% aclometasone dipro-
pionate) was started and continued after dis-
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Fig. 1. Reaction to the epicutaenous application of Der f antigen with
prior scratching
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charge from the hospital. The clinical activity of
their skin lesions was established with our scor-
ing system as reported previously (18). All par-
ticipating subjects or their parents gave their in-
formed consent.

Allergens and Scratch Tests
Commercially available aqueous preparations

of Dermatophagoides farinae (Der f, 120 µg mL−1)
and Candida albicans (60 µg mL−1) containing
50% glycerin were purchased from Torii Phar-
maceuticals (Tokyo, Japan). The scratch test was
performed as follows: one shallow, five millime-
ter long superficial epidermal cut was made with
a 27 gauge needle and 20 µl of allergen solution
was dropped on it. The reaction of a wheal after
20 min and infliltrated erythema or papules at
48 h were regarded as positive when its length
vertical to the scratch mark was more than 5 mm
and over 2-fold when compared with that of the
negative control (distilled water containing 50%

glycerin). Histamine dihydrochloride, 10 mg
mL−1, was used as a positive control. After 20
minutes, and 1, 12, 24, and 48 hours the reac-
tions were evaluated. When positive reactions
were detected 48 hours after allergen exposure,
the reactions were observed every day up to 7
days.

IgE Measurements
Total IgE for sera from the patients with AD

was measured using a fluoroimmunoassay (CAP
system; Pharmacia, Uppsala, Sweden) according
to the manufacturers’ instructions. Specific IgE
for Der f 1 and Candida albicans was also mea-
sured using the CAP system (Pharmacia). Sera
were first assayed undiluted, and, when neces-
sary, assays were repeated with the sera diluted
to enable quantitative measurement of specific
IgE antibodies.

Dust Collection and HDM-ELISA
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Fig. 2. Positive reaction to the epicutaenous application of Der f and Candi-
da albicans. Representative results in a patient. A: 20 min, B: 24 hours, and
C: 168 hours after testing. Asterisk: reaction against Der f. Arrowhead: re-
action against Candida albicans. D: The real eruption in this patient

A
D

B

C



Scratch Test for Dust Mites in Atopic Dermatitis

Dust samples were collected from the mat-
tresses of the patients’ beds by vacuuming an
area of 600 cm2 for 120 seconds. The dust was
weighed, and then Der f 1 was extracted and
quantified using a commercially available ELISA
kit (LCD laboratory, Osaka, Japan).

Statistical analysis Data are expressed as the
mean ± SD unless otherwise indicated. Differ-
ences between the two groups (patients with AD
and positive results after 48 hours and patients
with AD and negative results after 48 hours)
were compared by the paired and unpaired Stu-
dent t tests, when not otherwise specified. The
Pearson’s correlation coefficient was analyzed
between the diameter of scratch test reaction
with HDM and serum anti-Der f 1 IgE titers. All
statistical analyses were assessed using StatView
Ver. 5 (SAS Institute Inc. NC) on a MacintoshTM

computer. A P value of less than 0.05 was regard-
ed as significant.

Results
Reactions Induced by Scratch Testing with

HDM Antigens
Since all the patients revealed less than 3

mm reactions with the negative control
reagent, a reaction over 6 mm long was re-
garded as positive. As shown in Figure 1,
positive wheal reactions against HDM were
observed in all participants. A positive late-

phase reaction determined after 12 hours of
testing was observed in 11 patients. Positive
reactions against Candida albicans were also
observed in 12 patients, and their degrees
were comparable to those against HDM
(data not shown). Fifty percent of the pa-
tients demonstrated positive reactions at 48
hours after epicutaneous application of
HDM antigens. Their positive reactions last-
ed 129 ± 55 hours and, in one patient, up to
7 days after testing. Representative reactions
are shown in Figure 2.

Clinical Characteristics of DTH-Positive Pa-
tients

In order to determine the clinical back-
grounds of the patients whose positive reac-
tions for HDM antigens lasted more than 48
hours, the patients were subdivided into two
groups: patients with positive results after 48
hours (referred to as positive-48h) and pa-
tiens with negative results after 48 hours (re-
ferred to as negative-48h). No significant
differences in the reactions against HDM
after 20 min or 12 hours were observed be-
tween the positive-48h group and the nega-
tive-48h groups (data not shown).

As shown in Table 1, serum levels of spe-
cific IgE for Der f 1 were significantly higher
in the positive-48h group than the negative-
48h one, while those for Candida albicans
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Table 1. Clinical characteristics of the patients who demonstrated positive cutaneous reaction 
after 48 h against HDM

Eruption
 score

Eruption
 area
(%)

IgE
(U mL−1)

LDH
(IU L−1)

Eosinophil
(µL−1)

IgE for 
Candida 
albicans

(UA mL−1)

IgE for Der f
1(UA mL−1)

66±2477±2025,665±16,659632±1531,407±67216± 6781±445positive-48h
48±1656±158,978± 9,331414±113720±30037±3065± 39negative-48h
0.00210.02780.02060.03420.04360.64340.0012P value

The patients were subdivided into two groups: positive (n=8, positive-48h) and negative (n=8, 
negative-48h) reactions after 48h against Der f 1. Serum IgE specific for Der f 1 and Candida 
albicans, IgE Peripheral eosinophil counts, serum levels of lactate dehydrogenase (LDH) and 
total IgE, eruption score, and eruption area were compared between the two groups using 
unpaired Student t tests. Reference values: serum IgE, <380 U mL−1; serum LDH, 234–471 IU 
mL−1; peripheral eosinophil counts, <420 µL−1.
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were not significantly different between the
two groups. The correlation efficiency be-
tween the diameter of scratch test reaction
with HDM and serum anti-Der f 1 IgE titers
was not significant at 20 min (R=0.015,
P=0.96), while that after 48 h was statistically
siginificant (R=0.609, P=0.014). Significant
differences were shown between the pa-
tients in the positive-48h group and nega-
tive-48h group in peripheral eosinophil
counts, serum levels of lactate dehydroge-
nase, eruption score, and the area of erup-
tion. Serum total IgE levels were also signifi-
cantly higher in the positive-48h group than
in the negative-48h group.

HDM Exposure
As shown in Figure 3a, the individual Der

f 1 concentration in the patient’s mattress
dust was significantly higher in the positive-
48h groups than in the negative-48h group
(P=0.0088). After discharge, the patients
who exhibited positive-48h for HDM were
instructed to use a bed covering system (Mi-
croguard®, Teijin Co.Ltd, Osaka, Japan),
which is water vapour permeable but HDM
allergen impermeable, to reduce HDM. The
Der f 1 concentration in their mattress dust
was reduced below one µg/g eight weeks
after discharge. Significant decreases be-
tween the day of discharge and eight weeks
after discharge were observed in the erup-
tion area (P=0.0293; Fig. 3b) and the score
(P=0.0401; Fig. 3c).

Discussion
The mechanisms by which HDM con-

tribute to the pathogenesis of the eruption
in AD have been considered to  be as follows
(20): wheal reaction due to immediate type
hypersensitivity against HDM, an erythema-
tous reaction appearing as a late phase re-
sponse, and eczematization by scratching
these eruptions known as “itch-scratch
cycle”. In this study, most of the patients re-
vealed an equal degree of positive immedi-
ate and late phase reactions for HDM and
Candida albicans. However, only the positive
reaction for HDM continued more than 48
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Fig. 3. Der f 1 exposure. A: Domestic expo-
sure to Der f1 in patients with positive-48h
and negative-48h, the transition of the erup-
tion area (B) and the eruption score (C) be-
tween the day of discharge and eight weeks
after discharge
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hours. This result suggests that other mech-
anisms in addition to those mentioned pre-
viously play a role in the pathogenesis of
AD. IgE-mediated DTH against mite anti-
gens is the most probable mechanism which
contributes to this reaction, although the
possibility that the late phase reaction lasted
for 48 h should be taken into consideration.

In IgE-mediated DTH, aeroantigens are
internalized into LC after engagement of
FcεRI on these cells by combining with anti-
gen specific IgE and efficiently presented to
antigen-specific T cells (21). Aggregation of
FcεRI on LC by multivalent antigens re-
quires that the two receptors be sufficiently
close. Therefore, the closer FcεRI are ex-
pressed on LC, the move easily they are
cross-linked by the antigen that is followed
by activation of LC and antigen specific T
cells (11). There have been many reports
that the expression of FcεRI on the cell sur-
face is positively regulated by extracellular
IgE as a FcεRI ligand and stabilizer in mast
cells, basophils, and LC (22–24). In our ob-
servation, patients with high values of serum
total IgE and, more importantly, who exibit-
ed high levels of HDM-specific IgE, demon-
strated HDM-induced reactions after 48 h
or later. These results suggest that a high
concentration of antigen-specific IgE in the
peripheral blood and the close expression
of FcεRI bound with the antigen specific IgE
are important for FcεRI-IgE-mediated anti-
gen presentation by LC. The values of
HDM-specific IgE which showed positive-
48h against HDM in this study were consid-
erably high (RAST: 781 ± 445 UA mL−1).
The sensitivity of FcεRI-mediated signals
may be lower in LC than in mast cells and
basophils, probably because LC lack the sig-
nal amplifier beta chain of FcεRI (9, 10).
Taken together, higher HDM-specific IgE in
the serum and on the surface of LC are re-
quired for the HDM-induced long-lasting
reaction when compared with HDM-in-
duced immediate type hypersensitivity reac-
tion by mast cells and basophils, and the val-
ues are at least not indicated by the criteria
“higher than class 2”.

In this study, a positive HDM-induced re-
action was observed after 48 h or later in pa-
tients with high disease activity and frequent
exposure to HDM. Both the epidermal bar-
rier dysfunction associated with aggravation
of AD and the elevated exposure to domes-
tic HDM facilitate the engagement of FcεRI
on mast cells with HDM-specific IgE in the
HDM-sensitized patients. Histamine secret-
ed by activated mast cells induces the matu-
ration of dendritic cells which polarize naïve
CD4+ T cells toward Th2 cells (25). The ex-
acerbation of AD is indeed correlated with
the enhanced activity of Th2 cells (19). Th2-
type cytokines such as IL-4 upregulate the
production of IgE by B cells, creating the
positive feedback loop of the IgE-FcεRI-me-
diated hypersensitivity reaction (23–25).
Moreover, barrier dysfunction leads to up-
regulation of the antigen presenting func-
tion by LC and elevated proinflammatory
cytokine production by keratinocytes, both
of which enhance DTH (26, 27). It is there-
fore suggested that the barrier dysfunction
associated with the exacerbation of AD and
increased HDM exposure contributes not
only to the immediate type hypersensitivity
reaction but also to IgE-mediated DTH by
activated LC. 

We conclude that patients in whom HDM-
induced cutaneous reaction contributes to
their real eczematous eruptions are charac-
terized by considerably increased levels of
specific IgE for HDM antigens, high disease
activity in AD, and increased exposure to
domestic HDM.
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