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1 | INTRODUCTION

The incidence of allergic diseases has been continuously increas-
ing in recent decades.!? Allergic diseases are caused by patho-
logical hyperresponsiveness by host immune systems to foreign

antigens.1 Aeroallergens (eg, mites, cockroach, and house dust) and

Background: Identifying the distribution of allergens is invaluable to effective diag-
nosis and treatment of allergic disease. The present study aims to analyze the epide-
miology of allergens in Sichuan, Western China.

Methods: A total of 14 030 participants including 8031 men and 5999 women were
enrolled in this study during 2007-2014 in West China Hospital. An assay testing for
the presence of allergen-specific IgE was used to identify highly immunogenic
allergens.

Results: Of the 14 030 total participants, 3470 (24.72%) were sensitive to at least
one of tested allergens. The most immunogenic allergens were mite mix (1876,
13.38%), crab (876, 6.24%), sea-fish mix (865, 6.16%), house dust (355, 2.54%), and
cockroach (292, 2.08%). The differences between population of participants who
were sensitive to food allergens and aeroallergens were statistically significantin O to
10, 11 to 20, 21 to 30, 41 to 50, and 51 to 60 year-old age-groups (all P < 0.05).
Distributions of three food allergens and two aeroallergens were significantly differ-
ent between male and female participants. There was also an increase in sensitiza-
tion to cow’s milk, mutton, sea-fish, and mould that was observed in the 71 to 90
year-old group.

Conclusion: The most common allergens presented in Sichuan were observed to be
mites, crab, sea-fish, and house dust. There was an observable difference in sensitiv-
ity to five allergens between males and females. Additionally, aeroallergens appeared
to have a greater immunogenic effect in younger populations while the elderly pre-
sented with increased sensitization to specific allergens, suggesting that specific al-

lergens’ immunogenicity was age-dependent.
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food allergens (eg, fish, crab, and shrimp) are the most common al-
lergens.>* Even though some components of the pathophysiology
behind allergic responses continue to elude researchers, it is univer-
sally accepted that debilitating pathologies such as asthma,” aller-
gic rhinitis,® and eczema’ are, in large part, the direct result of the

reaction mounted by a sensitized host immune system to a specific
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allergen. In the most extreme cases, these reactions can even result
in death.®? Therefore, it is undeniable that further exploration into
the factors that contribute to allergic responses is critical for im-
proving public health. Identifying allergen distributions is key to un-
derstanding these diseases because knowing common allergens can
help to detect culprit allergens of allergic patients more exactly.2%!
It has been shown that allergens vary widely from region to region,
depending on geographic location, climates, and lifestyles.®'%14
Moreover, people of different ages have different sensitive aller-
gens.ls'16 Hence, local data of distribution of allergens are important
and needed to be investigated. However, data elucidating the distri-
bution of common allergens in Sichuan, Western China, are lacking.

Immunoglobulin E (IgE) is a critical molecule in type 1 allergic
reaction.}”*® Specific IgE test is based on the combination of antigen
and serum antigen-specific IgE antibody of participants. The great
advantage of specific IgE test is that it does not cause skin rashes
or other allergies while skin prick test and food challenge test may
cause.

This study aims to use an IgE-specific test to investigate the dis-
tribution of common allergens in Sichuan, a basin located in Western
China with a humid climate, to provide reference for allergen finding
under allergic disease circumstance in such or similar geographic and
climate area.

2 | MATERIALS AND METHODS

2.1 | Subjects

This study was approved by the Institutional Review Board of Sichuan
University which included an Ethics Committee. Adult participants
provided their written informed consents, and infant participants’
informed consents were written by their guardians to participate in
this study. A total of 14 030 participants who received specific IgE
tests in West China Hospital between January 2007 and November
2014 were enrolled in this study. All participants were people who
received routine medical examinations. Those participants included
8031 men (57.24%) and 5999 women (42.76%). The mean age of
participants was 41.93 + 14.49 years (old range 1 month to 90 years
old). For investigating the difference of different allergens in dif-
ferent ages, participants were divided into eight age-groups (range
1 month to 90 years old): 0-10 years old (645, 4.60%), 11-20 years
old (541, 3.86%), 21-30years old (1292, 9.21%), 31-40 years
old (3052, 21.75%), 41-50 years old (5242, 37.36%), 51-60 years old
(2213, 15.77%), 61-70 years old (753, 5.37%), and 71-90 years old
(292, 2.08%).

2.2 | Blood samples

We took blood samples (3 mL) from participants with a BD
Vacutainer tube containing sodium heparin. All blood samples were
stored at 2-8°C until testing. Before testing, all samples were incu-
bated at room temperature (18-25°C) for 30 minutes.

2.3 | Serum specific IgE analysis

Serum specific IgE was tested by EUROBIlotMaster (EUROIMMUN,
Luebeck, Germany) with method Euro11 Allerg EL60 and EUROLINE
Atopy China (IgE) kit (EUROIMMUN). Specific IgE to 10 food aller-
gens (egg white, peanut, soybean, cow’s milk, beef, mutton, crab,
shrimp, sea-fish mix [cod, lobster, and scallop], and freshwater
fish mix [salmon, weever, and carp]) and 10 aeroallergens (cat hair,
dog dander, cockroach, Humulus japonicus, Ambrosia artemisifolia,
Artemisia vulgaris, tree mix 2 [willow, poplar, and elm], mite mix 1
[Dermatophagoides farinae and Dermatophagoides pteronyssinus],
house dust, and mould mix 1 [Penicillium notatum, Cladosporium her-
barum, Aspergillus fumigatus, and Alternaria alternate]) were tested in
this study. Positive bands, indicating the presence of allergen-spe-
cific IgE antibodies, were confirmed by two independent, experi-

enced technicians.

2.4 | Statistical analysis

Descriptive analyses, chi-square tests, and odds ratios (OR) were
performed by SPSS software (version 19.0; SPSS; Chicago, IL, USA).
The chi-square tests were used to analyze differences of the dis-
tributions of allergens between different groups. The Bonferroni
method was used to correct the significant levels, and the P < 0.0025
for single allergen and P < 0.012 for food allergens, aeroallergens, or
whole allergens were considered statistically significant for differ-
ence between male and female participants. The P < 0.05 was con-
sidered statistically significant of difference between food allergens

and aeroallergens in different age-groups.

3 | RESULTS

3.1 | Distribution of allergens in participants

Of 14 030 total participants, 3470 (24.72%) were sensitive to at least
one of the tested allergens. A total of 2119 (15.10%) were sensitive
to at least one food allergen, 2344 (16.72%) were sensitive to at least
one aeroallergen, and 5264 (37.5%) were sensitive to both food aller-
gens and aeroallergens. The allergens with the highest incidence of
sensitivity among study participants were mite mix (1876, 13.38%,
aeroallergen), crab (876, 6.24%, food allergen), sea-fish mix (865,
6.16%, food allergen), house dust (355, 2.54%, aeroallergen), and
cockroach (292, 2.08%, aeroallergen; Figure 1).

3.2 | Distribution of allergens in different
age-groups

The differences between population of participants who were sen-
sitive to food allergens and aeroallergens were statistically signifi-
cant in O to 10, 11 to 20, 21 to 30, 41 to 50, and 51 to 60 year-old
age-groups (all P < 0.05). Analytical data showed a heightened sen-
sitivity to aeroallergens across all age-groups except for the 51 to

60 year-old age-group, which presented with increased sensitivity
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FIGURE 1 Distribution of allergens in participants

to food-borne allergens (Figure 2). Overall, sensitivity to allergens
trended negatively with increasing age, up to around 50 years old.
The trend then seemed to reverse in older age-groups (>50 years
old) in both food allergens and aeroallergens (Figure 2). Interestingly,
Figures S1 and S2 (supplementary data) show people older than 70
had significantly increased sensitization against cow’s milk, mutton,
sea-fish mix, and mould mix.

Analysis of distribution of food allergens and aeroallergens in
different age-groups indicated mite mix, sea-fish mix, and crab were
the most common allergens of all ages. Nevertheless, some allergens
seemed to show age-specific. Egg sensitization was mostly observed
in children under 10 years old. Sensitive to house dust was more fre-
quent before age 20. Cat hair led to allergy predisposing mainly be-
fore age 30 (Figure S3 in supplementary data).

For the 0-10 age-group, the first three allergens were mite mix,
house dust, and sea-fish mix. For the age-group 11-20, the first three
allergens were mite mix, house dust, and crab. From 21 to 50 year-
old people, mite mix, crab, and sea-fish mix were primary allergens.
To people age above 50, major allergens were mite mix, sea-fish mix,

and crab (Figure S4 in supplementary data).

3.3 | Difference of distribution of allergens between
male and female participants

Analysis in Table 1 showed sensitization against at least one food

allergen was more common in men than in women, especially for

percentage of population

allergens crab, shrimp, and sea-fish mix. As to aeroallergens, height-
ened sensitivity to cat hair was more common in women, while
sensitization against cockroach was more frequent in men. Other
distributions of allergens listed in Table 1 were not significantly dif-

ferent between male and female participants (all P > 0.0025).

4 | DISCUSSION
In this study, 3470 (24.72%) of total 14 030 participants were sensi-
tive to at least one allergen. Our study showed that the most com-
mon allergens of allergic participants in Sichuan, China, were mite
mix (1876, 13.38%), crab (876, 6.24%), sea-fish mix (865, 6.16%),
house dust (355, 2.54%), and cockroach (292, 2.08%) among 20 test-
ing allergens. Our result was consistent with the epidemiological
survey that mites, fish, and crab were the most common allergens
in China,’”?! while the distributions of cat hair (125, 0.89%), dog
dander (103, 0.73%), and tree pollen (95, 0.68%) were less common
than those in American and European.22’23 That might depend on
different geographic locations, environment, and lifestyles as less
families kept pets in China and difference of vegetation distribution.
However, with some alteration of Chinese lifestyles and environ-
ment, changes in the distributions of allergens were predictable and
needed to be continuously monitored to improve population health.
In different age-groups, food allergens and aeroallergens showed
different distributions. In groups of 0- 10, 11 - 20, 21 - 30, and
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FIGURE 2 Distribution of food allergens and aeroallergens in different age-groups. The dashed lines stand for the variation trend.

*P < 0.05

41-50 years old, distribution of aeroallergens was more common than
food allergens. Food allergens showed more common distribution in
the 51 to 60 year-old group, and in other groups, the distributions of
two kinds of allergens were similar. The data of groups of 0-10 years
old and 11-20 years old were consistent with a study done in Iran that
aeroallergens were more common than food allergens in young par-
ticipants with allergic symptoms.?* In Iran study, percentage of partic-
ipants who sensitive to allergens were much higher than that of ours
(most >30% for food allergens and >70% for aeroallergens), which
showed that people with allergic symptoms were more sensitive.
First, we noticed that the group of 0-10 years old showed high
sensitization to most food allergens than other groups, while sensiti-
zation to aeroallergens did not show this phenomenon. Recent stud-
ies revealed that the intestinal microbiology of infants in 0-5 years old
was not established as well as that of adults and the intestinal microbe
could affect the immune function of gut and in turn affect the allergy
to food,?>?¢ which could explain our finding. We found egg had the
most common distribution in group of O to 10 year-old group than
any other age-group (8.37% in 0-10 years old group and <1% in other
groups), and the difference was huge, which conformed to the aller-
gic datain Asia.?’ That indicated parents should be careful when they
feed their children with egg. Cow’s milk distributed most commonly
in groups of 0-10 years old and 71-90 years old (2.95% and 1.03%, re-
spectively). The distribution of O to 10 year-old group was expected,?®
while the result of the 71 to 90 year-old group showed a new opinion.

Milk protein allergy became a worldwide medical concern while most

study paid attention to infants and young children but not old people.
Old people in 71-90 years old had higher morbidity of many diseases
such as cancer and Alzheimer’s disease, and their health conditions
were usually not good.”’30 Allergic diseases could do harm to the old
as badly as to children. Our result suggested that old people should
be more careful about cow’s milk. Moreover, the sensitization to egg,
mutton, and sea-fish rose up again in the 71 to 90 year-old group.
Meanwhile, all other allergens showed peaks of sensitization in the
young age-groups and sensitization got lower with older age. We at-
tributed those phenomena to younger people had more active immune
system while older people had less active one, and the chaotic inner
environment of old people might contribute to those phenomena as
well.3132 Phenomena discussed above suggested that the complexity
of allergies of old people should be studied in the future.

In the present study, five allergens’ distributions were showing
significant differences between male and female participants: crab,
shrimp, sea-fish mix, cat hair, and cockroach. Crab, shrimp, and sea-
fish mix showed higher allergic risk in men. That may depend on the
different dietary habits. Women were more sensitive to cat hair than
men. This finding was similar to the study of Bertelsen R. J and could
be explained as different lifestyles causing different possibilities of

t.33

contac While an epidemiological survey that enrolled 7047 par-

ticipants in Guangzhou Province, which is located in southern China,
showed no significant difference in the distributions of allergens

34

between men and women,”” we attributed the inconformity to the

different geographic areas and our larger study samples. Moreover,
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TABLE 1 Difference of distribution of
allergens between male and female

participants Allergens

Food allergens’
Egg’
Peanut’
Soybean’
Cow's milk’
Beef’
Mutton’
Crab’
Shrimp’
Sea-fish mix 1
Freshvxfater fish
mix 1
At least one .
food allergen
Aeroallergens
Cat hair’
Dog dander’
Cockroach’

Humulus
japonicus

Ambrosia
artemisifolia

Artemisia
vulgaris”

Tree mix 2°
Mite mix 1°
House dust’
Mould mix 1°

At least one
aeroallergen

At least one
allergen

OR, odds ratio.

Men, n (%) Women, n (%)
n=38031 n=5999 P OR (95% ClI)
49 (0.61) 51 (0.85) 0.095 0.716 (0.483-1.061)
141 (1.76) 139 (2.32) 0.019 0.754 (0.595-0.955)
02 (1.27) 0(1.83) 0.007 0.689 (0.525-0.904)
1(0.39) 9(0.32) 0.495 1.220(0.688-2.162)
7 (0.09) 9(0.15) 0.275 0.581 (0.216-1.560)
5(0.06) 3(0.05) 0.763 1.245(0.298-5.213)
571 (7.11) 305 (5.08) 9.11E-07 1.429 (1.239-1.649)
215(2.68) 7(1.28) 1.05E-08 2.116 (1.628-2.751)
539 (6.71) 326 (5.43) 0.002 1.252 (1.087-1.443)
107 (1.33) 0(1.33) 0.996 0.999 (0.747-1338)
1276 (15.88) 843 (14.05) 0.003 1.156 (1.052-1.279)
3(0.66) 2(1.20) 0.001 0.547 (0.383-0.781)
8(0.60) 55(0.92) 0.029 0.650 (0.441-0.959)
194 (2.42) 8(1.63) 0.001 1.491 (1.167-1.905)
9(0.24) 7 (0.45) 0.029 0.525(0.291-0.944)
3(0.78) 40 (0.67) 0.418 1.178 (0.792-1.754)
123 (1.53) 129 (2.15) 0.006 0.708 (0.552-0.908)
58(0.72) 7(0.62) 0.451 1.173(0.775-1.773)
1063 (13.25) 813 (13.56) 0.585 0.973(0.882-1.073)
191 (2.39) 164 (2.73) 0.202 0.872(0.706-1.077)
65 (0.81) 52(0.87) 0.712 0.933(0.647-1.346)
1320 (16.44) 1024 (17.08) 0.032 0.956 (0.874-1.045)
2012 (25.03) 1458 (24.29) 0.313 1.041 (0.963-1.125)

'P < 0.0025 was considered statistically significant.
"P < 0.012 was considered statistically significant.

the survey in Guangzhou and our study both showed more men than
women participants had allergic symptoms.

The study sample of our study was larger than other epide-
miologic survey in China, but all participants were people who
received routine medical examinations and the kit we used only
included 20 allergens; thus, some sensitive allergens might be
missed, which might cause selection bias. And based on the princi-
ple of medical confidentiality, our data did not include the allergic
events of participants; hence, we could not analyze the relation-
ship between allergens and diseases. Studies with clinical data and
comprehensive samples were needed to perform in the future.

In summary, our study indicated that the most common al-

lergens in Sichuan, Western China, were mite, sea-fish, crab, and

house dust. We found the distribution of crab, shrimp, sea-fish, cat
hair, and cockroach showed significant differences between male
and female participants. Sensitizations of all allergens had peaks in
participants with young age and old people’s sensitization to cow’s
milk, mutton, sea-fish, and mould rose again in the 71 to 90 year-old
group. Further research on the allergic response in elderly popula-

tions is needed.
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