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Original article

A multicentre study assessing the prevalence of sensitizations in

patients with asthma and/or rhinitis in China

Background: The prevalence of sensitization in patients with asthma and rhinitis
in mainland China remains unclear.

Objective: Our aim was to estimate the prevalence of allergy in patients with
respiratory allergic diseases such as asthma and/or rhinitis attending respiratory
clinics within mainland China. The study also investigated regional and
annual differences in the prevalence and pattern of sensitization among the
patients in China.

Method: A cross-sectional survey was performed in 6304 patients suffering from
asthma and/or rhinitis in 17 cities from 4 regions of China. Patients completed a
standardized questionnaire asking for the presence of respiratory and allergic
symptoms. They also underwent skin prick tests with 13 common aeroallergens.
Results: Among the 6304 patients, 4545 (72.1%) had at least one positive skin
prick reaction. The overall prevalence of positive skin prick responses was 59.0%
for Dermatophagoides farinae, 57.6% for Dermatophagoides pteronyssinus,
40.7% for Blomia tropicalis, 16.1% for American cockroach, 14.0% for dog,
11.5% for Blatella germanica, 11.3% for Artemisia vulgaris, 10.3% for cat, 6.5%
for Ambrosia artemisifolia, 6.3% for mixed mould I, 4.4% for mixed mould IV,
3.5% for mixed grass pollen and 2.2% for mixed tree pollen. Sensitizations to
common allergens varied widely between geographical arecas and demonstrated
unique pattern in patients by stratification with age groups, with asthma and/or
rhinitis. Severity of rhinitis and asthma was significantly correlated with skin
index of reactivity to Artemisia vulgaris, Ambrosia artemisifolia and to D. pter-
onyssinus, D. farinae and Blomia tropicalis respectively (P < 0.001). Positive
reactivity to the tested allergens and concomitant reactivity to multiple allergens
including to house dust mites and Blomia tropicalis was markedly increased in
patients with both asthma and rhinitis.

Conclusion: House dust mites were the most prevalent allergens in patients with
asthma and/or rhinitis in China. There were significant differences in patterns of
sensitizations in patients from different geographical areas, age groups as well as
asthma and/or rhinitis.
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The prevalence of respiratory allergic disease has
increased in developed countries over recent decades.
The causes of such increase are not known. However, the
increase appears to link to factors associated with
westernization, improvement of socioeconomic standards
and urbanization (1). In fact, countries undergoing rapid

changes towards ‘western’ lifestyle would concomitantly
experience an increasing prevalence of allergic respiratory
disease (2, 3). International multicentre population-based
studies in adults (4) and children (5) have documented
significant variations in prevalence of allergic respiratory
disease and sensitization against environmental allergens
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between and within countries. Furthermore, the pattern
of sensitization against allergens varies according to
differences in environmental factors.

China is the most populous country in the world and is
having a rapidly growing economy. In parallel with the
rapidly changing lifestyle and socioeconomic improve-
ment in China, an increasing prevalence of allergic
respiratory disease is very likely. The prevalence of
sensitization as reflected by skin prick test (SPT) reactiv-
ity in school-children has been investigated in two
Chinese studies (6-8). Substantial differences in the
prevalence of sensitization between regions were demon-
strated. A high prevalence of sensitization was seen in the
more westernized city of Hong Kong. However, due to
the large geographical area of China, further studies are
needed to evaluate the possible regional variations in the
prevalence and the type of allergens in different locations.

The objective of this study was to estimate the
prevalence of allergen sensitivity in patients with respira-
tory discases such as asthma and/or rhinitis attending
respiratory clinics within mainland China. The study also
investigated regional differences and seasonal variations
in the prevalence and pattern of sensitization among the
patients in China.

Methods
Study population and definitions

This cross-sectional study was conducted from February 2006 to
March 2007 in 17 cities with 24 participating centres from northern,
eastern, south western and southern coastal regions. The study
covered mid-temperate, warm-temperate, subtropical and tropical
zones of China. A total of 6304 patients aged 5-65 years attending
outpatient clinics of these 24 centres participated consecutively in
this survey. The patients were diagnosed with asthma alone, rhinitis
alone or asthma accompanied with rhinitis by evaluation of history,
questionnaire and the relevant tests. Rhinitis was defined as having
symptoms of sneezing, or a running, itchy or blocked nose when the
patient did not have a cold or flu. Asthma was defined by a history
of recurrent dyspnoea, wheezing or cough episodes, positive airway
reversibility testing (FEV, increasing 212% and 200 ml after inha-
lation of 400 mg of salbutamol) or positive airway responsiveness
testing (FEV, decreasing >20% when < 7.8 pmol of cumulative
dose of histamine is administered). The study was approved by the
Ethics Review Board of each study centre and all patients gave
written consent to participate in the study.

Questionnaire

The standardized questionnaire was administered by the physicians
or research nurses face-to-face with questions on demographic
characteristics, family history of allergic diseases, symptoms of
rhinitis, wheezing or cough, eczema and burning or itching of the
eyes, smoking habits, environment exposure factors, pets ownership
and dietary habits.

Questions about allergic symptoms included atopic rhinitis;
eczema; respiratory distress with bronchial wheezing, cough and
tightness of breath; itching; burning and redness of the eyes; and
allergic symptoms associated with exposure to a dusty environment,

or close to furry dolls, or near pillows or duvets, allergic symptoms
secondary to contact with trees, grass or flowers, limitation of daily
activities, work and school absence because of the allergic symp-
toms, impairment of sleep because of the allergic symptoms and use
of medications and/or rescue inhaler or nebulizer for controlling
allergic symptoms.

Assessment of severity of rhinitis and asthma

Patients with rhinitis and/or asthma visit out-patient clinics in
hospitals at the first place and with equal chances in China,
regardless of their severity. Severity of rhinitis and asthma was
evaluated by a standardized quality of life questionnaire in associ-
ation enquiring about impairments in patients’ daily activities, work
or school, sleep disorders, daily or nocturnal symptoms and uses of
rescue and other asthma medication (9, 10).

Skin prick test (SPT)

The sensitivity to six groups (thirteen kinds) of common aeroaller-
gens was tested and they included mites (Dermatophagoides
pteronyssinus, D. farinae and Blomia tropicalis), dog (Canis famili-
aris), cat (Felis domesticus), cockroach (American cockroach and
Blatella germanica), pollen (Artemisia vulgaris, Ambrosia artemisi-
folia, mixed grasses and mixed trees) and moulds (mould mix I and
1V) was performed. Allergen extracts and control solutions were
obtained from ALK (Horsholm, Denmark). Histamine (10 mg/ml)
and diluent were used as positive and negative controls. SPT was
performed on the volar side of the forearm. The wheal reaction after
15 min was measured as the mean of the longest diameter and the
length of the perpendicular line through its middle. A positive skin
reaction was defined as a wheal size 23 mm, after subtraction of the
negative control. The result was also expressed as skin index
(SI = mean size of allergen weal/mean size of histamine wheal).
Atopy was defined as the presence of at least one positive skin
reaction to any allergen tested.

Quality control

Uniform protocol, questionnaire, allergen testing set, and operating
procedures were used among all the centres. All questionnaire
interviewers and performers of skin prick test were trained before
the study. Results of questionnaire and skin prick tests were sent
every month to Guangzhou, where the data were entered and
analysed. Quality control reports were then prepared for each
centre. Each completed questionnaire and skin test report was
verified by the centre supervisor and the results were double-
checked by the principal investigator and fed back to each centre.
All questionnaire and skin test data were coded and input into a
programmed database by two persons independently. The entered
data were checked for out-of-range values and logic mistakes.

Statistical analysis

The prevalence of positive skin tests to allergens was calculated as
uncorrected rates and 95% confidence intervals (CIs). Geographical
area, sex, age groups and rhinitis and/or asthma groups were treated
as categorical variables. The differences in the sensitization rate
between the variables were determined by chi-square tests. Spear-
man correlation analysis was used to measure the association
between skin index of sensitization and severity of rhinitis and
asthma. All data were categorized and analysed using the Statistical
Package for the Social Sciences (SPSS Inc., Chicago, IL, USA) for
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Results
Allergen sensitizations in patients from four regions of China

Of the 6304 patients, 4545 (72.1%) had at least one
positive skin reaction. The overall prevalence of positive
skin responses was 59.0% for D. farinae, 57.6% for
D. pteronyssinus, 40.7% for Blomia tropicalis, 16.1% for
American cockroach, 14.0% for dog, 11.5% for Blatella
germanica, 11.3% for Artemisia vulgaris, 10.3% for cat,
6.5% for Ambrosia artemisifolia, 6.3% for mixed mould I,
4.4% for mixed mould 1V, 3.5% for mixed grass pollen
and 2.2% for mixed tree pollen. The sensitizations against
various allergens in four regions of China are listed in
Table 1. The prevalence of sensitizations to house dust
mites was the highest in the south-western and the lowest
in the northern regions. Sensitivity against dog and cat
was significantly higher in the northern and southern
coastal areas than in the eastern and south-western
regions. Sensitizations to American cockroach and
Blatella germanica were the highest in the coastal region
in the south and the lowest in the north. Patients in the
north had significantly higher positive rates to pollens
(Artemisia vulgaris, Ambrosia artemisifolia, mixed grass
and mixed tree pollen) and moulds (mixed mould I and
IV) than in the other three regions.

Comparison of allergen sensitizations among different age groups

As can be seen in Table 1, children had significantly higher
positive rates to mites (D. farinae, D. pteronyssinus and
Blomia tropicalis, P < 0.001), cat (P < 0.001), mixed
mould I (P < 0.001) and IV (P < 0.05) than adults.
However, sensitivity against dog (P < 0.05), cockroaches
(American cockroach and Blatella germanica, P < 0.005),
Artemisia vulgaris (P < 0.001) and Ambrosia artemisifolia
(P < 0.001) was significantly increased in adults than in
children. A sub-analysis was performed to compare the
positivity to allergens in patients by stratification with
different age groups. The result showed the highest
prevalence of mite sensitivity was seen in the youngest
age group and the positive rate decreased with increasing
age (Fig. 2). In contrast, the positive skin tests to dog, cat
and cockroaches were found to be the highest among those
in age group of 15-24 years, while the reactivity to pollens
also increased with ages and peaked in age group of
25-34 years followed by a gradual decline. For moulds,
the sensitivity was higher in age groups of 5-14 and
15-24 years (Fig. 2).

Allergen sensitization and severity of rhinitis and asthma
By using Spearman’s correlation analysis (Table 2), skin

index of sensitization to Artemisia vulgaris and Ambrosia
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Table 1. Comparison of allergen sensitizations between children and adults in four regions of China
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asthma and rhinitis in China
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Table 2. Correlations between skin index of allergen sensitizations and severity of
rhinitis and asthma with Spearman’s analysis

Severity of rhinitis Severity of asthma
r P r P
Skin index of

Dermatophagoides pteronyssinus —-0.013 0.369 0.143 0.000
Dermatophagoides farinae —-0.008 0.575 0.141 0.000
Blomia tropicalis —0.002 0.875 0.136 0.000
Dog 0.026 0.075 —-0.022 0.184
Cat 0.004 0.764 —0.002 0.683
American cockroach 0.024 0.093 0.013 0.371
Blatella germanica 0.007 0.631 0.008 0.542
Artemisia vulgaris 0.115 0.000 0.007 0.665
Ambrosia artemisifolia 0.094 0.000 -0.01 0.337
Mixed grass pollen 0.015 0.297 0.003 0.810
Mixed tree pollen 0.012 0.409 0.016 0.208
Mixed mould | —0.026 0.072 0.004 0.731
Mixed mould IV -0.013 0.345 0.006 0.515

artemisifolia was found to be significantly correlated with
severity of rhinitis (P < 0.001), whereas severity of
asthma was significantly correlated with skin index of
reactivity to D. pteronyssinus, D. farinae and Blomia
tropicalis (P < 0.001).

Seasonal variations in allergen sensitizations

Figure 1 shows variations in sensitizations of mites
(D. farinae, D. pteronyssinus and Blomia tropicalis) and
pollens (Artemisia vulgaris and Ambrosia artemisifolia) in
the 12 consecutive months of survey in four regions.
Percentages of sensitizations to mites fluctuated without
robust changes in four regions in 12 months with the
western south ranking on the top place, the southern
coast on the second, the east on the third and the north
on the lowest for most of the months. Positive rates to
Artemisia vulgaris and Ambrosia artemisifolia in the north
stayed on top which peaked in August simultaneously. In
other three regions, they were low without obvious
fluctuations.

Differences in allergen sensitizations in patients with asthma
alone, rhinitis alone and asthma accompanied with rhinitis

Distribution of the sensitizations to allergens in patients
with asthma alone, rhinitis alone and asthma accompa-
nied with rhinitis by stratification with different age
groups is shown in Fig. 2. The results clearly demon-
strate that patients with both asthma and rhinitis had
increased positive rates to mites, dog and cat than those
with asthma or rhinitis alone in all age groups.
Sensitization to pollens was increased in patients with
both asthma and rhinitis in the two younger groups with
a significance in the group of 5-14 years (P < 0.01).In
other age groups, patients with rhinitis alone and with
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Figure 1. One-year variation on sensitizations for five main
allergens in four different regions in China.

both asthma and rhinitis, when compared with asthma
alone, also had significantly increased positive rates
against pollens (P < 0.01). In contrast, in most of the
age groups, an increase in prevalence of sensitization to
cockroaches and moulds was found in patients with
asthma alone, and those with both asthma and rhinitis,
with significant increase in the younger age groups
(P < 0.01).

As shown in Fig. 3, the percentages of single and
double allergen-sensitizations in patients with asthma
(6.2% and 16.2% respectively), rhinitis (8.1% and 17.8%
respectively) and both (5.6% and 16.1% respectively)
were not significantly different. However, significantly
greater number of patients with both asthma and rhinitis
(26.3%, 13.9% and 20.0% respectively) were sensitized to
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Figure 2. Distribution of sensitization among different groups of allergens in patients with asthma, rhinitis and asthma with rhinitis by
stratification in age groups. *P < 0.01, * P < 0.001 Asthma vs Rhinitis; P < 0.01, P < 0.001 Asthma vs Asthma with rhinitis;

°P< 0.01, “P < 0.001 Rhinitis vs Asthma with rhinitis.

3, 4 and more than 5 allergens simultaneously than
patients with asthma (16.9%, 12.2% and 13.8% respec-
tively) and rhinitis (18.8%, 11.2% and 13.1% respec-
tively) (P < 0.001).

With regard to mite sensitizations, very few of patients
with asthma (2.4%, 3.0% and 0.7% respectively), rhinitis
(1.3%, 2.8% and 0.9% respectively) and both (1.7%,

© 2009 The Authors
Journal compilation © 2009 Blackwell Munksgaard Allergy 2009

2.7% and 0.8% respective) were mono-allergic to
D. pteronyssinus or D. farinae or Blomia tropicalis. This
is in contrast to sensitization against both D. pteronyssi-
nus and D. farinae simultaneously, which was increased
significantly in patients with all three diagnosis groups
(asthma 17.1%, rhinitis 17.3% and both 18.1%). The
concomitant sensitization rates to all the three mites were
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Figure 3. Multiple sensitizations in patients with asthma, rhi-
nitis and asthma with rhinitis. 1: sensitized to one allergen; 2:
sensitized to two allergens; 3: sensitized to three allergens; 4:
sensitized four allergens; >5: sensitized to more than 5 allergens.
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Figure 4. Mono- and poly-sensitizations to Dermatophagoides
pteronyssinus (DP), Dermatophagoides farinae (DF), and Blomia
tropicalis (BT) in patients with asthma, rhinitis and asthma with
rhinitis.

even higher in all three diagnosis groups (asthma 32.7%,
rhinitis 32.5% and both 46.9%) (Fig. 4).

Discussion

The study shows that the main allergens in patients with
asthma and/or rhinitis in China are house dust mites and
the prevalence rates of sensitization to common inhaled
allergens varied widely between regions. Secondly, prev-
alence rates of sensitization against house dust mites, dog,
cat, cockroaches and Artemisia vulgaris were significantly
different among children and adults, while sensitization to
each group of allergens demonstrated unique pattern in
these patients by stratification with age groups. Thirdly,
we found that the prevalence of sensitizations to the

tested allergens and concomitant reactivity to multiple
allergens including to house dust mites and Blomia
tropicalis was markedly increased in patients with both
asthma and rhinitis. These results are unique in the
following important aspects: (1) this was the first cross-
sectional multicentre epidemiological study of allergen
sensitizations in patients with asthma and/or rhinitis in
mainland China by using a standardized research proto-
col in many centres representative of different regions of
China; (2) the data are from a large, geographically and
climatically representative population of patients; (3) the
data have been obtained at a time to provide the baseline
data when the prevalence of asthma and allergic rhinitis is
likely to increase because of rapid economic development
and urbanization.

The most common aeroallergen in China is house dust
mites. Of all of the atopic patients, 87.2% were sensitive
to one or more species of house dust mites (D. farinae,
D. pteronyssinus or Blomia tropicalis). The prevalence of
sensitization to mites was higher in the south-western and
southern coast regions including seven cities located in
subtropical and tropical areas with higher temperatures
and relative humidity throughout the year when com-
pared with other two regions. House dust mites are
abundant in environment with higher humidity and
ambient temperature (11). The indoor environment in
the south-western and coastal regions of China is suitable
for growth of dust mite. One recent study (12) in China
analysed dust samples taken from air-conditioners in the
bedrooms and found a significantly higher percentage of
dust samples from the air-conditioners in city of Shenz-
hen (in southern coastal region) expressing Der pl and
Der f 1 gene fragments than those from Beijing (in
northern region). This suggests the indoor concentration
of house dust mite is higher in the southern China and
hence it may explain the greater prevalence of sensitiza-
tion to house dust mite in patients in the southern area.
Another study from Taichung, Taiwan (13), a city located
in subtropical area of China, reported more than 90% of
children with asthma had positive skin test responses to
house dust mite and D. pteronyssinus was found to be the
dominant species. Among the sampled locations, child’s
mattress has the highest concentration of mites with
D. pteronyssinus (77%) and D. farinae (13%) as the
predominant species. However, in Nordic countries where
the winter is long and cold, low incidence of house dust
mite allergy has been observed in previous studies
(14-16). It is believed that due to the cold and dry
weather, the houses are well insulated and provided with
central heating and the heaters are on for 8-9 months
a year, resulting in very low indoor humidity, and,
therefore, unfavourable for house dust mite proliferation.

In our study, we found a large percentage of asthmatic
and/or rhinitis patients in mainland China sensitized to
house dust mite. Moreover, the positive rates increased
from the north to south consistent with increasing
temperature and humidity.
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Multiple sensitization is common in patients with
asthma and/or rhinitis in this study with more than
90% of the subjects being sensitized to two or more
allergens. Among them, 83.7% were concomitantly
sensitized to D. pteronyssinus and D. farinae indicating
that house dust mites are the important sources of
aeroallergens and sensitization to them is associated with
increased risk of airway allergic diseases. This is consis-
tent with many other studies (17-20) that the majority of
house dust mite allergic patients are co-sensitized to
D. pteronyssinus and D. farinae. The co-sensitization
might be due to parallel sensitization, or be a consequence
of the existence of several very closely related allergens
(21). IgE antibodies to Der p 1 and Der f I, Der p 2 and
Der f 2 as well as Der p 10 and Der f 10 are known to
cross react to a great extent (19, 22-25). The identification
of Der 10, or house dust mite tropomyosin, has drawn
special attention to the cross reactivity between house
dust mites and other invertebrates (25).

In our study, only 0.8% of our patients were sensitized
to Blomia tropicalis alone, whereas 37.2% were concom-
itantly allergic to D. pteronyssinus, D. farinae and Blomia
tropicalis. This finding is different from other studies in
the tropical countries. In south Asia and south America
where sensitization to Blomia tropicalis alone occurs in
12% of Singaporean and 11.5% of Venezuelan patients
(26, 27). In Sweden, although house dust mite allergic
patients are possibly not exposed to the tropical mites,
86% of them still had a positive skin reaction to Blomia
tropicalis (28). However, in another group unexposed to
Blomia tropicalis, only a few house dust mite allergic
patients had IgE to Blo t 5 (29). It has been found that
Blomia tropicalis extract was able, to a low to moderate
degree, to inhibit house dust mite specific IgE binding and
vice versa in atopic patients in Colombia and Singapore
(30, 31). Crossed immunoelectrophoresis or crossed
radioactive immunoelectrophoresis results suggested that
house dust mite and Blomia tropicalis had two to four
similar allergens (30, 32). Our results and those of other
studies suggested that Blomia tropicalis should always be
included as a routine skin test allergen in the subtropical
and tropical regions in China.

Cockroach, cat, and dog allergens affected significant
percentages of Chinese patients, with a majority of them
also having dust mite allergy. According to the data of
skin prick tests and questionnaire of raising dog and cat,
sensitizations to dog and cat were twice as high in patients
who had dog or cat at home as those who did not.
Moreover, significantly higher percentage of patients in
adolescent and young adult groups (15 to 44 years) were
sensitized to dog and cat. This may be attributed to the
fact that pet ownership is more common among them in
China. Nevertheless, we also found relatively large
numbers of patients who did not raise any pet but still
having positive skin reactions to dog and/or cat. This
finding may be because animal danders are brought into
homes from other places and can remain for a prolonged
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period. Many of our patients might also have developed
the cat or dog allergy in the past, although the current
symptoms were due to other concomitant allergens,
particularly house dust mite.

The patterns of sensitization to outdoor allergens in the
environment differ widely in different regions. A clear
seasonal variation was seen as well, especially in the
north. Among the tested pollens, Artemisia vulgaris and
Ambrosia artemisifolia were found to have the highest
prevalence in patients in the northern China. Their
reactivity increased sharply in August, followed by a
gradual reduction in 2-3 months. This phenomenon
matched perfectly with the seasonal pollen count of
Artemisia vulgaris which reaches the peak level in autumn
(33, 34). Moreover, the pollen sensitization was predom-
inantly found in young and middle age patients with
rhinitis alone and those with combined asthma and
rhinitis. This result agrees with other published findings
from Europe (35, 36). In Poland, it was found that the
patients who were sensitized to Artemisia vulgaris, the
dominant pollen in the region, were mainly those
suffering from rhinitis and conjunctivitis (15%), chronic
urticaria (15%) and conjunctivitis (14.3%), whereas
asthmatics only account for 2.4% (36). Pollen is a larger
allergen compared with house dust mites and is mainly
deposited in upper airway where it induces local inflam-
matory or pathological changes, whereas enzymatic
activity of pyroglyphid mites and Blomia tropicalis as
well as mold allergens seems to be important in the
pathogenicity of lower airway and systemic inflamma-
tions (37-39).

In this study, significantly higher percentage of
patients with both asthma and rhinitis were sensitized
to the tested common aeroallergens than those with
asthma or rhinitis alone. From the questionnaire data,
these patients were more likely to have earlier age of
onset of the allergic airway diseases that they were also
more likely to be associated with asthma and severe
running nose and watery eyes. It is well-documented
that allergic rhinitis is closely related to asthma; both
conditions together are often considered to be a single
disease affecting the whole respiratory tract (40) with
larger area in responding to allergen attack accounting
for more severe airway inflammation and systemic
reactions (41).

Our finding of an association between positive skin
reactivity to allergens and severity of rhinitis and asthma
supports the facts that outdoor allergens affect rhinitis
and indoor allergens affect asthma significantly (42, 43).
Many studies found when an atopic person is sensitized
to any aeroallergen, the allergen can induce an allergic
inflammatory reaction in the airway mucosa (44, 45).
Airway inflammation may be associated with changes in
airway hyperresponsiveness, airflow limitation, nasal and
respiratory symptoms and disease chronicity (46). In
agreement with our finding, Platts-Mills et al. (47)
reported that the number of house dust mites is
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associated with the onset of a respiratory allergy, espe-
cially bronchial asthma, and that there exists a threshold
of house dust mite exposure to induce symptoms of
asthma. Witteman et al. (48) demonstrated that the
exposure to allergens such as Der p. can reduce FEV;.
However, pulmonary function shown to be associated
with asthma severity and risk of symptom attacks (49)
was not included in the analysis in this study.

Our study has several limitations. We did not include
healthy controls with no asthma and rhinitis. Therefore,
we cannot compare the rates of sensitization in patients
and healthy controls. As indoor especially bedroom
dust collection and analysis as well as seasonal pollen
count were not performed along with the present study,
we do not have the environmental levels of the tested
allergen exposure in our patients. Although we do have
serological data of specific IgE levels of the tested
allergens (data not shown), we have not performed
inhibition studies to determine the incidence of cross-
reactivity as opposed to multiple sensitizations. This
issue is particularly relevant in the group of patients in
northern and eastern regions of China where Blomia
tropicalis is not the likely source of allergen and skin
prick test showed positive reactivity against Blomia
tropicalis and Dermatophagiodes extracts, implying that
in this group of patients, sensitization to the pyroglyp-
hid mites may be the primary response with some of
the responses induced by Blomia tropicalis due to cross-
reactivity.

In conclusion, over 50% of patients with asthma
and/or rhinitis in China had identifiable sensitizations
to aeroallergens detected by skin prick tests. The most
common allergen was house dust mite (including
D. pteronyssinus, D. farinae and Blomia tropicalis) and
the prevalence increased with the regions locating
further towards south. Sensitization to different group
of allergens demonstrated unique pattern in patients by
stratification with age groups. Multiple sensitizations
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General description of the study

It was a multi-center study which covered four main climate zones in China for 12
consecutive months. During the period from February 2006 to March 2007, a total of
6411 subjects were recruited and 6393 subjects completed the skin prick tests. Among
the 6411 questionnaires, 107 were invalid for inappropriate diagnosis, failure to complete
the questionnaire, or absence of skin prick testing. Of the 6393 subjects who completed
the skin prick tests, 89 were not eligible because of missing questionnaire data, wrong
codings, or missing results from the positive and negative controls. The analyses were
limited to 6304 subjects with complete questionnaire and skin prick data. Among them,
1778 had asthma alone, 2523 had rhinitis alone and 2002 with both asthma and rhinitis.
Based on location of the centers, they are categorized into four regions, with children

(age<14 years) and adult (age>14 years) as shown in Table S1.

Comparison of allergen sensitizations between male and female

Table S2 and S3 show the comparison of allergen sensitization between male and
female in children and adults in four regions of China. In children, prevalence of
sensitization to D. farinae, D. pteronyssinus and Blomia tropicalis was significantly higher
in male than in female in all four regions (p<0.05). Male also had significant greater
positive rate to dog and Blatella germanica in the southern coast, to cat, American
cockroach and Blatella germanica in the western south, to American cockroach in the east
and to Blatella germanica in the north (p<0.05). In adults, male again had significantly
higher percentage of sensitization to D. pteronyssinus and Blomia tropicalis in the north
and southern coast, to American cockroach and Blatella germanica in the north, east and

western south, as well as to Artemisia vulgaris in the north (p<0.05).



Table S1. Demographic characteristics of the study subjects

Region City Total Age group Sex group Diagnosis
Children Adults Male Female Asthma Rhinitis Asthma with rhinitis
n n % n % n % n % n % n % n %
North Beijing 2333 547 182 1786 54.2 1153 334 1180 414 475 26.7 1190 47.1 668 334
Shenyang (37.0)
Shijiazhuang
Taiyuan
Jilin
East Shanghai 1251 732 243 519 157 675 195 576 202 708 398 220 8.7 323 16.1
Nanjing (19.8)
Hangzhou
Suzhou
Western south  Changsha 1516 997 33.1 519 157 880 255 636 223 334 188 700 27.7 482 24.1
Wuhan (24.0)
Chongqing
Chengdu
Southern coast Guangzhou 1204 736 244 468 142 738 21.3 456 16.0 261 146 414 164 529 26.4
Xiamen (19.1)
Haikou

All regions 6304 3012 47.8 3292 52.2 3456 54.8 2848 452 1778 28.2 2524 40.0 2002 31.8




Table S2. Allergen sensitizations between male and female in children in four regions of China

North East Western south Southern coast
n (%) n (%) n (%) n (%)
Male Female p Male Female p Male Female p Male Female p
n=375 n=172 n=458 n=274 n=644 n=353 n=528 n=208
D. pteronyssinus 206(54.9)  71(41.3) 0.003 333(72.7) 166(60.6) 0.001 544(84.5) 268(75.9) 0.001 410(77.7) 149(71.6) 0.085
D. farinae 200(53.3)  74(37.8) 0.025 337(73.6) 164(59.9) 0.000 545(84.6) 273(77.3) 0.004 393(74.4) 145(69.7)  0.094
Blomia tropicalis 131(34.9)  44(25.6) 0.029 170(37.1)  77(28.1) 0.013 388(60.2) 169(47.9) 0.000 304(57.6)  96(46.2) 0.005
Dog 62(16.5) 20(11.6) 0.136  48(10.5) 22(8.0) 0.275  84(13.0) 33(9.3) 0.083 102(19.3)  22(10.6) 0.004
Cat 80(21.3) 25(9.1) 0.041  43(9.4) 25(9.1) 0.905  75(11.6) 25(7.1) 0.022  73(13.8) 23(11.1) 0.315
American cockroach 36(9.6) 12(7.0) 0.314  66(14.4) 25(9.1) 0.036 111(17.2)  35(9.9) 0.002 120(22.7)  37(17.8) 0.141
Blatella germanica 31(8.3) 7(4.1) 0.073  22(4.8) 8(2.9) 0.213  93(14.4) 16(4.5) 0.000 67(12.7) 13(6.3) 0.011
Artemisia vulgaris 80(21.3) 28(16.3) 0.168  18(3.9) 5(1.8) 0.114  26(4.0) 11(3.1) 0.462  10(1.9) 2(1.0) 0.368
Ambrosia artemisifolia 37(9.9) 16(9.3) 0.836 13(2.8) 6(2.2) 0.593 21(3.3) 12(3.4) 0.907  10(1.9) 3(1.9) 0.675
Mixed grass pollen 29(7.7) 9(5.2) 0.285 15(3.3) 7(2.6) 0.581  15(2.3) 11(3.1) 0.456  10(1.9) 3(1.4) 0.675
Mixed tree pollen 21(5.6) 12(7.0) 0.530  5(1.1) 3(1.1) 0.997  10(1.6) 4(1.1) 0.590 11(2.1) 2(1.0) 0.298
Mixed mould | 84(22.4) 37(21.5) 0.816  30(6.6) 14(5.1) 0.427  42(6.5) 21(5.9) 0.722  16(3.0) 5(2.4) 0.646

Mixed mould IV 46(12.3) 17(9.9) 0.418 17(3.7) 9(3.3) 0.763  23(3.6) 13(3.7) 0.928 19(3.6) 6(2.9) 0.630




Table S3. Allergen sensitizations between male and female in adults in four regions of China

North East Western south Southern coast
n (%) n (%) n (%) n (%)
Male Female p Male Female p Male Female p Male Female p
n=778 n=1008 n=217 n=302 n=236 n=283 n=220 n=283
D. pteronyssinus 296(38.0)  320(31.7) 0.005 108(49.8) 136(45.0) 0.286 156(66.1) 202(71.4) 0.196 141(64.1) 128(51.6)  0.006
D. farinae 317(40.7)  372(36.9) 0.098 108(49.8) 147(48.7) 0.806 163(69.1) 205(72.4) 0.400 141(64.1) 138(55.6) 0.063
Blomia tropicalis 245(31.5)  245(24.3)  0.001  90(41.5) 104(34.4) 0.102 129(54.7) 146(51.6) 0.485 119(54.1)  109(44.0)  0.029
Dog 124(15.9)  145(14.4) 0.363  39(18.0) 38(12.6) 0.088 27(11.4) 34(12.0) 0.840  50(22.7) 33(13.3) 0.008
Cat 71(9.1) 97(9.6) 0.721  23(10.6) 17(5.6) 0.036 11(4.7) 17(6.0) 0.499  26(11.8) 19(7.7) 0.128
American cockroach 117(15.0)  100(9.9) 0.001  68(31.3) 57(18.9) 0.001  59(25.0) 59(20.8) 0.261  62(28.2) 52(21.0) 0.070
Blatella germanica 104(13.4)  87(8.6) 0.001  48(22.1) 46(15.2) 0.044 52(22.0) 36(12.7) 0.005 53(24.1) 42(16.9) 0.055
Artemisia vulgaris 239(30.7)  216(21.4) 0.000 19(8.8) 14(4.6) 0.058  10(4.2) 14(4.9) 0.701  13(5.9) 5(2.0) 0.029
Ambrosia artemisifolia 124(15.9)  129(12.8) 0.059  11(5.1) 9(3.0) 0.223  3(1.4) 3(1.2) 0.393 3(1.4) 3(1.2) 0.883
Mixed grass pollen 39(5.0) 47(4.7) 0.732 7(3.2) 5(1.7) 0.240  7(3.0) 6(2.1) 0.539  7(3.2) 4(1.6) 0.263
Mixed tree pollen 31(4.0) 29(29) 0.198  4(1.8) 4(1.3) 0.636  0(0.0) 3(1.1) 0.113  1(0.5) 1(0.4) 0.932
Mixed mould | 49(6.3) 46(4.6) 0.105  15(6.9) 6(2.0) 0.005  6(2.5) 8(2.8) 0.842 12(5.5) 4(1.6) 0.022

Mixed mould IV 38(4.9) 39(3.9) 0.295 16(7.4) 11(3.6) 0.059 6(2.5) 8(2.8) 0.842 6(2.7) 5(2.0) 0.612




