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Abstract
Background: Chronic spontaneous urticaria (CSU) is a common skin disorder with etiology that is not well understood.

Methods: In this study, we evaluated the prevalence of autologous serum skin test (ASST) and skin prick testing (SPT) to
house dust mite (HDM) in 862 CSU cases in China. Clinical features, courses and treatment responses were also recorded.

Results: The prevalence of positive ASST was 46.3%, and patients aged 30-39 years had the highest positive rate (52.1%).
Positive SPT to HDM was seen in 153 patients (17.7%) with the highest positive rate (34.2%) in patients aged 20 or less.
Patients with positive ASST had higher urticaria activity scores (UAS) (4.18£0.65 vs. 3.67+0.53) but lower positive rates of
HDM (24.6% vs. 37.6%), as compared with those with negative ASST (odds ratio (OR) 1.84, 95% Cl 1.38-2.47). Patients could
be categorized into four groups based on the results of ASST and SPT to HDM and patients with positive ASST and positive
SPT to HDM had the highest disease activity scores, experienced higher frequencies of angioedema, diseases duration, and
required higher dosage of loratadine every month, compared with other subgroups (P<0.0001).

Conclusions: Patients with CSU showed varied responses of positive ASST and varied sensitivity to HDM, Patients with
positive ASST and/or positive SPT had more disease activity compared with patients with negative ASST and/or negative
SPT. Further classification can be made based on the result of SPT and ASST.
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Introduction reaction and/or evaluated serum specific IgE antibodies against
) ) o ) house dust mite (HDM), suggesting a possible association between

Chronic urticaria (CU) is a common skin disorder affecting 15— HDM sensitivity and a subgroup of cU
20% people in the general population. Based on its duration, 13 14,15,16,17,18,19,20]. However, the prevalence of sensitiza-
frequency and causes, CU can be classified into three clinical tion to HDM and the positive rate of ASST vary in different

subgroups, spontaneous (80%), physical (10%) and special forms
(10%) [1]. Chronic spontaneous urticaria (CSU), also known as
chronic idiopathic urticaria, is characterized by spontaneous
occurrence of wheals without an obvious stimulus lasting for more
than 6 weeks [1,2]. Pathogenesis of CSU is unclear and possible
causes may include chronic infections, allergy to certain food or
food additives, anxiety, and autoantibody production against

studies from different countries.

In this study, we analyzed the clinical and laboratory results
from patients with CSU in department of dermatology, Southwest
Hospital, Chongqing from January 2007 to December 2011.
Reports from our lab, as well as reports by other groups, support
that the most common positive aeroallergen in CSU is HDM
[14,15,17,18,19,20,21]. Our aims were to explore the prevalence

immunoglobulin E (IgE) receptor [1,2,3,4,5,6]. of ASST and sensitization to HDM, and the underlying
Many studies have shown that up to 30-50% patients with CSU

are associated with autoimmune manifestations, among which 35—

40% presents functional mast cell stimulating IgG antibodies Subjects and Methods

against the o chain of the high-affinity IgE receptor, with 5-10%

of patients producing antibodies towards IgE  itself Study design and patient selection

[1,3,7,8,9,10,11,12]. Meanwhile, a number of studies have shown The study was approved by the Human Ethics Committee of
that between 25-58% of CU patients had a positive cutaneous Southwest Hospital of Chongqing (The approval number is

significances of these two assays in patients with GSU.
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KY201009), China. The medical records for patients with chronic age, sex, marital status, disease duration and drug intakes were
urticaria at the Department of Dermatology from January 2007 to reviewed. All subjects were informed about the process of SPT and
December 2011 were retrospectively reviewed. Only patients with ASST and given the written consent prior to the testing.

CSU were included. The demographic data of patients including
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Figure 1. Detection of autologous serum skin test and skin prick test to HDM in 862 patients with chronic spontaneous urticaria. A.
Comparison of percent of positive ASST in female patients and male patients. B. Comparison of urticaria activity scores (UAS) between patients with
positive ASST and patients with negative ASST. C. Comparison of DLQI scores between patients with positive ASST and patients with negative ASST.
D. Comparison of UAS between patients with positive SPT and patients with negative SPT. E. Comparison of DLQI scores between patients with
positive SPT and patients with negative SPT. F. Comparison of percent of positive SPT reactions between patients with positive ASST and patients
with negative ASST.

doi:10.1371/journal.pone.0064142.9001
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Skin prick test (SPT)

SPT was performed by placing a drop of HDM allergen
solution (Allergopharma™ Skin Prick Testing Kits, Reinbeck,
Germany) on the inner side of forearm. The solution was allowed
to enter the skin using a needle. Saline and histamine phosphate
(10 mg/mL) were used as negative and positive controls,
respectively. Short-acting antihistamine was avoided at least 3
days prior to SPT, and long-acting antihistamines or immuno-
suppressants were withdrawn at least one month before the test.
The skin response was measured at 30 minutes after pricking. The
degrees of the positivity in SPT were assessed and graded on a
scale of 0, 1+, 2+ and 3+, by comparing the size of wheal (mean
wheal diameter, MWD) induced by HDM allergen with that
induced by 10 mg/mL histamine solution [13]. Grade 0=the
allergen-induced mean wheal diameter (aiMWD) is smaller than
1/2 of positive control-induced mean wheal diameter (pciMWD);
grade 1 (1+)=aiMWD is equal or greater than 1/2, but smaller
than 2/3 of pcdMWD; grade 2 (2+) =aiMWD is equal or greater
than 2/3 of pciMWD but smaller than pciMWD; grade 3
(3+)=aiMWD is equal or greater than pciMWD. In this study,
grade 0 was judged as negative, and grades 1 to 3 were judged as
positive.

Autologous serum skin test (ASST)

Autologous serum (0.05 mL), positive control (10 pg/mL
histamine) and negative control (0.3 mg/mL human serum
albumin) were separately injected intracutaneously into the flexible
forearm with a distance of 5 cm between each injection site. Skin
areas that had been involved with spontaneous wheals during the
last 24 h were avoided. Antihistamine and immunosuppressant
drugs were avoided as described above. The cutaneous responses
including wheal and erythema were measured at 30 min after
injection. Similarly, cutaneous reactions against autologous serum
were assessed and graded on a scale of 0, 1+, 2+ and 3+ by
comparing the size of wheal (mean wheal diameter, MWD)
induced by autologus serum, with that induced by 10 pg/mL
histamine solution. The degree of the positivity in ASST was
classified as follows: grade 0=the serum-induced mean wheal
diameter (siMWD) is smaller than 1/2 positive control-induced
mean wheal diameter (pciMWD); grade 1(14)=siMWD is equal
or greater than 1/2 but smaller than 2/3 of pcdMWD; grade 2
(2+)=siIMWD is equal o greater than 2/3 but smaller than
pcMWD; grade 3 (3+)=siMWD is equal or greater than
pciMWD. In this study, grade 0 was considered as negative, and
grades 1 to 3 were considered as positive. This score system
showed good coincidence to classic standard of positive judgment
in which serum-induced weal had a diameter at least 1.5 mm
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Table 1. Result of ASST and SPT to HDM in 862 patients with CSU.

No. of
Age groups(yr) patients ASST reaction SPT reaction

1+ No. (%) 2+ No. (%) 3+ No.(%) Total No.(%) 1+ No.(%) 2+ No.(%) 3+ No.(%) Total No.(%)

=20 120 7(5.8%) 17(17.2) 16(13.3) 40(33.3) 11(9.2) 13(10.8) 17(14.2) 41(34.2)
21-29 172 15(8.7) 32(18.6) 32(18.6) 79(45.9) 14(8.1) 21(12.2) 15(8.7) 50(29.1)
30-39 259 33(12.7) 52(20.1) 50(19.3) 135(52.1) 11(4.2) 12(4.6) 7(2.7) 30/(11.6)
40-49 195 19(9.7) 46(23.6) 27(13.8) 92(47.2) 8(4.1) 5(2.6) 3(1.5) 16(8.2)
=50 116 13(11.2) 24(20.7) 16(13.8) 53(45.7) 8(6.9) 6(5.2) 2(1.7) 16(13.8)
Total 862 87(10.1) 171(19.8) 141(16.4) 399(46.3) 52(6.0) 57(6.6) 44(5.1) 153(17.7)
doi:10.1371/journal.pone.0064142.t001

greater than the HSA-induced wheal in our previous study [22].
ASST and ASST were carried out consecutively in one patient on
the same day.

Detection of serum IgE

Total and HDM-specific IgE levels were measured in serum by
using the ImmunoCAP 100 instrument (Pharmacia Diagnostic
AB/Thermo Fisher, Uppsala, Sweden) according to the manu-
facturer’s instructions. Specific IgE was considered positive with
results of more than 0.35 kU/L.

Clinical Assessment

Disease activity was evaluated based on urticaria activity score
(UAS), which is based on the assessment of key urticaria symptoms
(wheals and pruritus) [1,23]. Briefly, scores for ‘wheal numbers’
(ranged 0-3) and ‘pruritus intensity’ (ranged 0-3) were added
together (ranged 0-6). All patients were also asked to complete
Dermatology Life Quality Index (DLQI), which comprises 10
equally weighted items that evaluate the effect of skin problems on
patients’ daily lives: itchiness/soreness/pain; embarrassment;
interference with shopping; clothes purchases; social leisure;
difficulty playing sports; difficulty with work or study; problems
with partner; sexual difficulties; and problems at home caused by
treatment. Each item is scored on a continuum from 0 (least
impairment) to 3 (worst impairment), with total DLOQI scores
ranging from 0 to 30 [24]. Trained staff were present to assist the
patients in completing the form.

Statistical analysis

The prevalence of ASST and SPT was determined in whole
population as well as in different gender and age-groups (1-19
years, 20-29 years, 30-39 years, 40-49 years, 50+ years).
Comparison of groups was performed using the y*-test. Relative
risks obtained by logistic regression was expressed in odds ratio
(OR) and 95% confidence intervals (95% CI) are given.
Differences between variables for two groups were analyzed using

38% O ASST+SPT-
B ASST+SPT+
O ASST-SPT+
O ASST-SPT-

45%

9% 8%

Figure 2. Distribution of subtype of chronic spontaneous
urticaria based on the result of ASST and SPT in present study.
doi:10.1371/journal.pone.0064142.9g002
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Figure 3. Comparison of UAS (A), DLQI (B), total required loratadine every month (C), percentages of associated angioedema (D),
duration of disease (F), mean age (F), total IgE (G) and HDM-sIgE (H) among patients with ASST+SPT—, patients with ASST+SPT+,
patients with ASST—SPT+ and patients with ASST—SPT—, respectively. *P<0.05. **P<<0.01. ***P<<0.0001.

doi:10.1371/journal.pone.0064142.g003

unpaired #test or Mann-Whitney U test, respectively. The one-
way analysis of variance (one-way ANOVA) was performed to
detect statistical differences of clinical and laboratory parameters
among subgroups. Differences within the ANOVA were deter-
mined by using the Tukey’s post-hoc test. All statistical data
analyses were performed using SPSS for Windows version 13.0
(Chicago,IL, USA). P values <0.05 was considered as statistically
significant.

Results

Patient characteristics

Eight hundred and sixty-two patient (335 males, 527 females;
mean age 33.3%9.5 years; ranged 3 to 65 years) diagnosed as CSU
were included in this study and they all fulfilled the modified
EAACI/GA2LEN/EDF/WAO guideline (spontaneous wheals
and/or angioedema >6 weeks) [1]. The mean duration of the
disease was 26.4%12.6 months (4-245 months). There were 106
(12.3%) cases that also presented with physical urticaria. 82 (9.5%)
patients had a history of atopic diseases, and 59 (6.8%) cases had
family history of atopy. The most common atopic diseases were
allergic rhinitis (n=39; 4.5%), atopic dermatitis (n=17; 1.9%),
and asthma (n=17; 1.9%).

Autologous serum skin test (ASST)

A total of 399 patients tested positive in the ASST (46.3%), as
shown in Table 1. As for differences among age groups, patients
aged from 30-39 had the highest positivity rate (52.1%), followed
by patients aged 4049 (47.2%). Patients aged lower than 20 had
the lowest positive rate (33.3%). There were more female patients
(51.4%) than male patients (38.2%) with positive ASST
(P=0.0002) (Fig. 1A). The OR for having a positive ASST for
female relative to male patients was 0.58 (95% CI:0.44 to 0.77).
Patients with positive ASST had higher UAS scores, which was
statistically significant compared with the ASST-negative group
(4.18%0.65 vs. 3.67%0.53; P<0.0001) (Fig. 1B). Also, the average
scores of DLQI in ASST positive subgroup were also significantly
higher than that in the ASST-negative subgroup (9.53%7.18 vs.
7.2%5.28, P<0.0001) (Fig. 1C).

Skin Prick Test (SPT)

SPT results showed that 153 (17.7%) patients were sensitive to
HDM, as shown in Table 1. Although the group of patients aged
lower than 20 had the highest positive rate (34.2%), however there
was no significant difference among different age groups
(P=0.9144). Interestingly, in the follow-up of these SPT positive
teenage patients, 13 were diagnosed as atopic diseases, including
atopic dermatitis (n = 5,) allergic rhinitis (n = 5) and asthma (n = 3).
The positive rate in female patients (25.9%) was similar to that in
male patients (26.0%)(P=1.000). The average scores of UAS in
SPT-positive subgroup trended higher when compared with the
SPT-negative subgroup (4.21%£0.51 ws. 3.24%0.82; P<<0.0001)
(Fig. 1D). The difference of DLOQI between two groups was also
statistically significant (8.68%5.27 wvs. 7.24%4.58; P=0.0002)
(Fig. 1E). Furthermore, ASST-positive patients had a lower
positive rate of HDM, which was statistically significant compared
to that in ASST-negative patients (24.63% vs. 37.57%; P<0.0001)
(Fig. 1F). The OR for having a positive SPT for patients with

PLOS ONE | www.plosone.org

positive ASST relative to patients with negative SPT was 1.84
(95% CI: 1.38-2.47).

Clinical characteristics in different subgroups based on
the result of ASST and SPT

To investigate whether different cutaneous reactions to autol-
ogous serum and/or HDM were associated with certain clinical
features, patients were categorized into four groups based on the
results of ASST and SPT to HDM, as shown in Fig. 2. The one-
way analysis of variance (one-way ANOVA) and Tukey’s post-hoc
test were performed to detect statistical differences of clinical and
laboratory parameters among subgroups and results of the test for
interaction on the subgroup analyses were listed in Table 2.
Results showed that patients that were positive for ASST and/or
SPT had higher scores of disease activity and DLQI, compared
with patients with negative ASST and SPT, as shown in Fig. 3A
and Fig. 3B. These patients also had higher doses of total required
antihistamine medication every month (Fig. 3C) and higher
frequencies of angioedema (P<<0.0001) (Fig. 3D). Durations of
disease in patients with positive ASST and/or SPT were
significantly longer than those in patients with negative ASST
and SPT (Fig. 3E). The mean age of ASST(—)SPT(+) group was
23.5%7.6 years (ranged 3-53 years) and significantly smaller than
that in the ASST(#)SPT(—) group (35.5*8.8 (ranged 15-62))
(Fig. 3F). Moreover, the serum levels of total Igkk and HDM-
specific  IgE  in  subgroups with ASST#)SPT(+) and
ASST(—)SPT(+) are higher than those in other two subgroups
(Fig. 3G and Fig. 3H).

Discussion

Positivity to autologous serum test is found in one-third CU
cases, known as autoreactive chronic urticaria (ACU), in which
IgG antibodies play an important part by interacting with the o
chain of the high-affinity IgE receptor (FceRlIo) [6,7,8,10].
Although the prevalence and significance of ASST in CU has
been widely investigated, there is considerable variation in the
positive rate of ASST in different studies [4,7,8,9,10,11,12]. The
present study investigated the prevalence of HDM sensitization
and the prevalence of ASST in patients with CSU. Our results
showed 46.3% of patients had various degrees of positive ASST

Table 2. One-way analysis of variances of clinical and
laboratory data among different subgroups based on the
result of ASST and SPT.

Source of variation R-squared F P value
Mean age 0.1289 42.34 <0.0001
duration of disease 0.04804 14.43 <0.0001
UAS 0.2561 98.47 <0.0001
DLQl 0.2705 106.0 <0.0001
loratadine pills per month 0.2883 115.9 <0.0001
T-IgE 0.2787 110.5 <0.0001
HDM-sIgE 0.4970 282.6 <0.0001

doi:10.1371/journal.pone.0064142.t002
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reaction, and 17.8% of patients showed skin prick test sensitivity to
HDM, which are in line with earlier reports [13,14,15,17,18,19].

As an inducing or deteriorating factor, aeroallergen, mainly due
to house dust mites, may contribute to allergic diseases. However,
the significance of mite sensitization in the pathogenesis of CSU is
still in dispute [13,14,15,17,18,19,25]. Theoretically, it is possible
that HDM induce urticarial reactions uvia entering the body
through inhalation or through the epidermis [20,26]. Previous
studies, and our clinical practice, have revealed that patients with
evaluated HDM-sIgE antibodies in serum typically accompany
positive SPT against HDM. Additionally, correlation between skin
test reactivity and i vitro mite-induced histamine release from
leukocytes has been demonstrated [15,20]. Furthermore, avoid-
ance of mites can partly relieve symptoms in small subgroup of
patients in clinical practices, and remission of symptoms of
urticaria after HDM immunotherapy in patients with respiratory
house dust mite allergy and chronic urticaria, has been observed
[26].

In this study, 23 patients showed positive SPT with a higher
reaction degree (3+) and evaluated sIgk against HDM. Their
urticaria symptoms became worse when they remained in a room
with a high density of HDM, and were markedly ameliorated in an
HDM-free environment. Among these 23 patients, there were two
patients that had a personal history of atopic diseases, and five
cases had allergic rhinitis and/or asthma. Furthermore, in a
previous open label trial, we demonstrated that specific immuno-
therapy with a standardized house dust mite vaccine significantly
ameliorate symptoms and reduce the relapse rate in chronic
spontaneous urticaria patients with positive IgE directed to HDM
[21].

Besides the female predominance in ASST positive patients,
which was in line with most previous studies [8,9,10,11], we also
found that the prevalence of HDM sensitivity in positive-ASST
subgroups of patients was significantly lower than that in negative-
ASST subgroups. Further, HDM sensitivity was more common in
young patients aged 20 or less. Whether this could be due to
different backgrounds of atopic and autoreactive diathesis among
various patient groups needs further investigation.

Treatment of CSU is difficult because in most of cases, the
underlying cause is unclear [1,2]. The current clinical classification
is based on disease duration and frequency, which does not
provide much help towards elucidating a specific treatment [1,2].
We proposed a new classification for CSU in this study on the
basis of revised nomenclature for allergy [27], as presented in
Figure 2. The first subtype (9%) is CSU patients with environ-
mental allergen sensitivity, characterized with positive SPT
directed to environmental allergens, ie. HDM in present study,
but with negative ASST. Type I allergy is a rare cause of chronic
spontaneous urticaria in patients who present with daily or almost
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