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Abstract

Background: Environmental factors may play important roles in asthma, but findings were
inconsistent.

Objective: To determine the associations between early life exposures, environmental factors and
asthma in urban and rural children in southeast China.

Methods. A screening questionnaire survey was performed in 7164 children from urban
Guangzhou and 6087 from rural Conghua. In the second stage, subsamples of 854 children (419
from Guangzhou, 435 from Conghua) were recruited for a case-control study including detailed
guestionnaire enquiring family history, early life environmental exposures, dietary habits, and
testings including histamine airway provocation, skin prick test, and serum antibody analysis.
House dust samples from 76 Guangzhou and 80 Conghua families were obtained to analyze levels
of endotoxin, house dust mite and cockroach allergens.

Results: The prevalence of doctor-diagnosed-asthma was lower in children from Conghua (3.4%)
than Guangzhou (6.9%0<0.001) in the screening survey. A lower percentage of asthma was
found in rural compared to urban subjects (2.8% vs. 294%001) in case-control study. Atopy
(odds ratio 1.91, 95% confidence interval 1.58-2.29), parental atopy (2.49, 1.55-4.01),
hospitalization before age 3 (2.54, 1.37-4.70), high milk product consumption (1.68, 1.03-2.73)
and dustDermatophagoides farinae 1 level (1.71, 1.34-2.19) were positively, while living in a
crop-farming family before age 1 (0.15, 0.08-0.32) and dust endotoxin level (0.69, 0.50-0.95)
were negatively associated with asthma.

Conclusions. Rural children from an agricultural background showed a reduced risk of asthma.
Exposure to crop farming at early life and high environmental endotoxin levels might protect the
children from asthma in southern China.

Keywords: asthma; rural; endotoxin; house dust mite; environmental factors.

ABBREVIATIONS

AHR: Airway Hyperresponsiveness
FEV;:: Forced Expiratory Volume in One Second
FVC: Forced Vital Capacity

ISAAC: The International Study of Asthma and Allergic disease in Childhood
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INTRODUCTION

The prevalence of asthma and allergies has increased around the world in the past fe decades
One recent study showed a doubling of the prevalence of asthma in schoolchildren in Guangzhou,
China over the last 15 year€hina is experiencing a rapid transition from low to high prevalence

of allergic diseases, possibly related to changes in environmental exposures

Both genetic and environmental factors contribute to the development of asthma.
Accumulating evidence indicates that the pregnancy and early-life are critical time periods
involved in the early programming of asthma and allergy. Important exposures including
breastfeeding, diet, antibiotic use, and exposure to indoor allergens and microbes and microbial
infections as well as air pollutions in early life may alter infant immune profiles and are potential
stimuli for the early programming of asthma and alléfgyBome of these exposures may be
protective. In particular, studies confirmed that children from a farming background had a reduced
risk of asthm&®™® Environmental exposure to microbial agents might be protéctive
Endotoxin levels, assessed in dust samples, were found higher in homes of children living on
farms compared to homes of non-farming famifieStudies also showed individuals seropositive
to different microorganisms, including hepatitis A viflisSalmonella typhi*® and Helicobacter
pylori?’ were protected against asthma.

Guangzhou is one of the biggest cities in southeast China. Conghua is an agricultural area
producing the fruit Lychee and other related crops and located 130 kilometers northeast to
Guangzhou. The two areas share the same geography and climate, and offer the opportunity to
investigate environmental influences on the development of asthma. The aim of this study is to
examine if early life exposures and environmental factors may explain the disparity of the

prevalence of asthma between urban and rural populations in southeast China.

METHODS

Study Design and Population

The initial random population sample consisted of 7164 children aged 13-14 from 10 secondary
schools in Guangzhou and 6087 same age children from 4 secondary schools of Conghua. They
were invited for the International Study of Asthma and Allergies in Childhood (ISAAC) with

written and video questionnaires. We used the ISAAC questionnaire (http://isaac.auckland.ac.nz)
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as validated in written Chine€&® Questionnaires were conducted in validated Chinese
Children with positive response to at least one of two questions, ‘Have you had wheezing in your
chest when you breathe during the past 12 months?’ and ‘Have you ever been diagnosed with
asthma by a doctor?’ (n=250, each area), and negative response to these two questions and without
other allergic diseases (Guangzhou: n=250, Conghua: n=500) were invited for a second stage
case-control study. All subjects completed a detail questionnaire along with histamine airway
provocation, allergen skin prick test, and serum antibody analysis. Random samples of one
hundred families in the second stage from each region were invited for home dust samples for
analysis. Informed consent was obtained from children’s parents. The study was approved by the
Ethics Review Board of the First Affiliated Hospital of Guangzhou Medical University
(#2012049).

Detail Questionnaire

The interviewer administered questionnaire (online material) included specific questions related to
possible risk and protection factors including family history, number of siblings, indoor or outdoor
farm and nonfarm animal exposures, parental participation of agricultural or livestock farming
activities, cigarette smoking, cooking fuels, bedroom environment and dietary habits in early life
and at time of survey.

Spirometry and Histamine Bronchial Provocation Test

Forced vital capacity (FVC) and forced expiratory volume in one second, e measured

using Cosmed Microquark Spirometer (Italy), which met with standards of the American Thoracic
Society and European Respiratory Soéfetand shown as percentage predicted value (FVC%,
FEV1%). The presence of airway hyperresponsiveness (AHR) was assessed by rapid histamine
inhalation provocation t€st AHR was defined as FE\decreasing=20% of its baseline level

when <.8umol of cumulative dose of histamine is administered.

Skin Prick Tests

Sensitization to 8 common aeroallergens (Soluprick SQ, ALK, Denmark) was assessed, including
Dermatophagoides pteronyssinus (Der p), Dermatophagoides farina (Der f), Blomia tropicalis,

cat and dog dander, cockroach, ragweed and mugwort pollen. Positive skin reaction was defined
as a wheal size3 mm after subtraction of the negative control. Atopic index was sum of the

number of allergens that give positive responses plus a constant added based on the largest skin
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wheal size (1, <4mm; 2 4mm}y®.

Serum Antibody Analysis

Serum IgG antibodies t8almonella typhi, Helicobacter pylori and total antibodies to hepatitis A

virus were detected using commercial ELISA Kits from Calbiotech (ST093G, United States),

Demeditec Diagnostics (DEHELO1, Germany) and DiaSorin (N0136, Italy).

Dust Collection and Analysis

Dust samples were collected from bed-sheet, pillowcase, pillow, quilt and mattresses of each

child’s bedding by the study staff. Endotoxin and allergen levels were analyzed as described in our

previous studi€$?® Endotoxin level was measured following the manufacturer's instructions of

the kinetic chromogenic Limulus Amebocyte Lysate assay (Hycult Biotech, Netherlands) and

expressed as Endotoxin Units per square meter of dust collection areg)(BWéasurement of

dust mite and cockroach allergens was performed using ELISA kits (ALK, Denmark). Allergen

levels were expressed as microgram per square meter of dust collection ared fprgmite

allergens and arbitrary ufilt per square meter of dust collection area @)/for cockroach

allergens.

Case Definitions

Cases were defined as subjects with asthma, which is having a positive response of ‘diagnosed

asthma’ in the second stage detailed questionnaire or confirmed by coexistence of current wheeze

and AHR. Controls were defined as subjects without asthma and other allergic symptoms.

Statistical Analyses

The Chi-squared test was used to compare prevalence of allergic symptoms and percentage of

each categorical variable between groups. Comparison of age, body mass index, FVC% and FEV1%

were determined by the Student’s t-test. Mann-Whitney U-test was employed to compare levels of

endotoxin and allergens. All analysis used a two tailed p value with significance level <0.05.
Association between each potential factor (the independent variable) and asthma (the

dependent variable) was performed by using univariate logistic regression analyses. Crude odds

ratios (OR) with 95% confidence intervals (Cl) were calculated. Factorgwitfue <0.10 were

conducted in further univariate logistic regression analyses adjusted for confounders including age,

gender, and region. Those withvalue <0.05 were included in multivariate logistic regression

analyses with forward stepwise method. Only independent variablespwidlue <0.05 in
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multivariate logistic regression were shown in the final model. All statistical analyses were

performed with SPSS Statistics (version 22.0, New York, USA).

RESULTS
Prevalence of Wheezing in the Screening Survey between Rural and Urban Area

A total of 13251 screening questionnaires were distributed, of which 6928 (96.7%) from
Guangzhou and 5841 (96.0%) from Conghua were returned (Table 1). Guangzhou children were
younger than Conghua children (13.3£0.64 vs. 14.2+0.83). The prevalence rates of
doctor-diagnosed-asthma (6.9% vs. 3.4%) and current wheeze (6.1% vs. 1.5%) were significantly
higher in Guangzhou than Conghpa@.001).
Baseline Characteristicsand Clinical Examinationsin Case-Control Study

In the second stage study, 188 subjects from Guangzhou and 129 from Conghua with

positive response to at least one of two questions related to asthma, while 231 from Guangzhou
and 306 from Conghua with negative response to the two questions and other allergic diseases
agreed to participate in a detailed questionnaire and lab testings (Fig.1). Based on response to the
guestion ‘diagnosed asthma’ in the detailed questionnaire or coexistence of current wheeze and
AHR, asthma cases and controls were then defined. Of these participants, a significantly lower
percentage of asthma was found in rural compared to urban subjects (2.8% vs. 29.4%, p<0.001).

Guangzhou cases had significantly higher body mass index, atopic index, percentage of
sensitization to cat, dog dander and lower FEVC%, when compared with Conghua cases. For
control groups, body mass index, atopic index, percentage of overweight, obesity, sensitization to
Dermatophagoides farina and cat dander and FVC% were significantly higher whereas age, prior
infection to Helicobacter pylori, and sensitization tdBlomia tropicalis and cockroach and
FEV1/FVC% were significantly lower in Guangzhou compared to Conghua. Guangzhou cases had
significantly higher percentage of overweight, obesity, atopy and higher atopy index but lower
FEV1% and FEV{/FVC% when compared to its controls (Table 2).
Family History and Early Life Exposuresin Case-Control Study

Guangzhou cases and controls had a higher percentage of parental allergic diseases, daycare
attending, using air conditioners in bedroom, consumption of milk products and meats, but lower

percentage of any family member smoking compared to Conghua counterparts. However,
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significantly higher percentage of Conghua children (cases and controls) had consumed well water,
exposed to farming and animal environments from early life, while less likelihood to have no
siblings than Guangzhou children. Guangzhou cases had significantly higher percentage of
parental allergic diseases, hospitalization due to lung infections and use of antibiotics <age 3 than
its controls, while Conghua cases had higher percentage for one-child family, hospitalization due
to lung infections, cat inside the house <age 1, and lower percentage for living in a crop-farming
family before age 3 (Table 2).

Indoor Dust Analysis

For dust analysis, 76 subjects in Guangzhou and 80 in Conghua agreed to participate (Table 3).
Guangzhou subjects were exposed to lower levels of endoeim 1 and cockroach but higher

level of Der f1 compared to Conghua ones.

Risk Factorsfor Asthma

Associations between each independent variable and asthma with univariate logistic
regression analyses are presented in Table 4. With adjustment for age, gender and region, atopy,
parental allergic diseases, one-child family, daycare attending, hospitalization due to lung
infections, use of antibiotics, using air conditioners, consumption of milk product and meat,
breastfeeding and high environmeridar f 1 level were associated with a higher risk for asthma,
while consumption of well water, dog inside house, crop farming and high environmental
endotoxin level were associated with a lower risk for asthma.

Table 5 shows the final models of multivariate regression analyses. Atopy (OR 1.91, 95%ClI
1.58-2.29), parental allergic diseases (2.49, 1.55-4.01), hospitalization due to lung infections<age
3 (2.54, 1.37-4.70), high milk product consumption (1.68, 1.03-2.73) and higbeutt level
(1.71, 1.34-2.19) were associated with a higher risk for asthma, whereas living in a crop-farming
family before age 1 (0.22, 0.12-0.43) and high dust endotoxin level (0.69, 0.50-0.95) were

associated with a lower risk for asthma.

DISCUSSION
Our study found, consistent with the hygiene hypothesis, exposure to crop farming and
higher endotoxin levels were associated with decreased risk for asthma. Consistent with other

research we found atopy, parental atopy, hospitalization for lung infection before age three, high
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consumption of milk products and exposure to higher levels of dust mite allergen to be associated
with increased risk for asthma.

Asthma is more common in urban areas compared to their rural countérpeetsonfirmed
that prevalence of doctor-diagnosed-asthma was two-fold higher in Guangzhou as compared to
Conghua using the validated ISAAC questionridira similar difference was reported in north
China comparing urban and neighboring rural region of Beijising the same ISSAC
methodology*. Although far from each other, the two rural regions share general
agriculture-dominated environments. Given the same ethnic background, these disparities are
likely due to exposure to different environmental and lifestyle factors.

Our final multivariate logistic models showed that atopy, diet and environmental factors were
related to childhood asthma. First, the genetic influence has been well recognized in
population-based twin studiésSecond, atopy is a consistent risk factor for childhood asthma and
house dust mite sensitization is associated with the increase in prevalence of wheeze in
Guangzhoti Supporting this, the atopic index and percentage of atopy were higher in Guangzhou
subjects. Third, presence of lung infections during early life has also been reported as a possible
risk factor for the development of astHim&ourth, Guangzhou children consumed more milk
products and meat. Consistent with our previous finding, high frequency of milk product (mainly
processed milk) consumption was associated with an increased risk of asthma in our’children
The findings of this and our previous studies agree with the fact that milk was one of the major
food allergens and milk sensitization and hypersensitivity were mainly found in urban children

Three environmental factors were found to be related to asthma. First, exposure to
agricultural-farming has been reported to confer the same protection as livestock-farming in
Beijing*™. The protective effect of a livestock-farming environment against allergy/asthma was
well established in European studies. However, Conghua subjects were exposed to primarily
crop-farming environment. Moreover, exposure to a crop-farming environment appeared to be
particularly important in the first year of life, consistent with the idea of hygiene hypothesis that
the protection effect may be time dependferithe relation of exposure to livestock-farming and
the protection against asthma/allergies is believed to be related to high level of exposure to
microbed®. It is important to disentangle whether these components of livestock-farming

environments hold true for rural areas of China in further studies. Second, our results suggested a
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protective effect of high endotoxin exposure against asthma which was consistent with studies in
children in from rural areas of Austria, Germany, and Switzefarithese differences of
endotoxin exposure on clinical outcomes may be time and dose-dependent and could be modified
by gene-environment interactidiisor by co-exposure to other indoor pollutdhtsThe high
percentage of dog ownership in our rural families can partly explain high level of dust erfdotoxin
Besides, large family size, higher level of cockroach allergens and percentage of drinking well
water reflected unhygienic conditions in our rural families, suggesting extensive contact with
microorganism, a key protective component that may shape the development of the immune
systent’. Third, Der f 1 was identified as a risk factor. Mite allergen in dust is associated with the
prevalence of sensitization and level of asthma severity in sensitized patiBetides, it was
well known that mite allergen concentrations vary across regions attributed to differential
geographic distribution and housing characteri&icSupporting this, theDermatophagoides
farinae populations were reported to thrive in filters of air-conditioners in similar warm moist
environments (Shenzhen, China) close to GuangZhou

The strength of our study is the comparative design of a large population sampled in both
rural and urban environments in southern China using a validated methodology. There are several
limitations. First, air pollution was not assessed. Second, the environmental assessment was not
based on personal exposure. We, therefore, were unable to determine if there were differences in
actual inhalation of endotoxin and allergens that might contribute to the associations. Finally, the
numbers of asthma patients recruited from the rural region and dust samples were rather small.
Further studies with larger sample size are needed to confirm our preliminary findings related to
the dust analyses.

In conclusion, our findings that early life exposures to crop farming environment and high
dust endotoxin are associated with a reduced risk of asthma lend further support to the hygiene

hypothesis and may explain the lower prevalence of asthma in the rural environment.
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FIGURE 1. Study population and design. ISSAC, International Study of Asthma and Allergies in

Childhood.



Table 1.Comparison of prevalence of asthma and allergic symptoms among children between
urban Guangzhou and rural Conghua

Guangzhou Conghua
p value
N=7164 N=6087
Subjects, response rate (n, %) 6928 (96.7) 5841 (96.0) -
Ethnicity (n, %)
Han Chinese 6928 (100) 5841 (100) -
Gender (n, %)
Boys 3504 (50.6) 3434 (50.6) -
Girls 2953 (49.4) 2888 (49.4) 0.999
Age (years)* 13.3+0.64 14.2+0.83 <0.001
Written questionnaire
Doctor-diagnosed-asthma 475, 6.9(6.5-7.2) 198, 3.4(3.0-3.8) <0.001
Wheeze ever 1012, 14.6(14.1-15.0) 248, 4.2(3.8-4.7) <0.001
Current wheeze 423, 6.1(5.8-6.4) 89, 1.5(1.3-1.8) <0.001
Current sleep-disturbing wheeze 97, 1.4(1.3-1.5) 42, 0.7(0.5-0.9) <0.001
Current speech-limiting wheeze 84, 1.2(1.1-1.3) 25, 0.4(0.3-06) <0.001

Current exercise-induce wheeze 1903, 27.5(26.9-28) 1375, 23.5(22.6-24.5) <0.001
Current night waking with cough 1451, 21.0(20.5-21.4) 907, 15.5(14.7-16.3) <0.001
Video questionnaire

Wheeze at rest ever 547, 7.9(7.6-8.2) 175, 3.0(2.6-3.4) <0.001
Current wheeze at rest 340, 4.9(4.6-5.2) 100, 1.7(1.4-2.0) <0.001
Wheeze after exercise ever 1271, 18.4(17.9-18.8) 586, 10.0(9.4-10.7) <0.001
Current wheeze after exercise 948, 13.7(13.3-14.1) 324, 5.5(5.1-6.0) <0.001
Wheeze at night ever 166, 2.4(2.2-2.6) 57, 1.0(0.8-1.2) <0.001
Current wheeze at night 72,1.0(0.9-1.2) 19, 0.3(0.2-0.5) <0.001
Cough at night ever 1073, 15.5(15.1-15.9) 522, 8.9(8.3-9.6) <0.001
Current cough at night 621, 9.0(8.6-9.3) 275, 4.7(4.3-5.2) <0.001
Severe wheeze attack ever 356, 5.3(4.6-5.9) 96, 1.6(1.4-1.9) <0.001
Current severe wheeze attack 208, 3.0(2.8-3.2) 47, 0.8(0.6-1.0) <0.001

Results are expressedTaamber of positive response, percentage (95%Clinean *standard
deviation.



Table 2 Characteristics of early life and environmental exposures and clinical testings between cases and controls in urban Guangzhou and rural Conghua

Cases

Controls

Guangzhou Conghua p value Guangzhou Conghua pvalué  pvalue p value
Variables n=123 n=12 n=296 n=423
Demographics
Gender (girl) 50 (40.7) 6 (50.0) 0.532 140 (47.3) 214 (50.6) 0.385 0.093 0.722
Age (years) 13.610.8 13.5+1.1 0.620 13.8+0.7 14.1+0.9 <0.001  0.072 0.024
Body mass indeX 19.6+3.5 15.6+3.5 0.001 19.7+3.2 18.3+2.2 <0.001  0.877 <0.001
Overweight 22 (17.9) 2 (16.7) 0.916 45 (15.2) 24 (5.7) <0.001  0.039 0.009
Obesity 15 (12.2) 2 (16.7) 0.657 29 (9.8) 20 (4.7) 0.008 0.013 0.003
Serum antibodies
Helicobacter Pylori’ 24 (21.8) 2 (20.0) 0.894 60 (23.6) 127 (33.4)  0.008 0.467 0.388
Salmonella Typhi' 35 (28.9) 1 (10.0) 0.199 84 (29.4) 94 (225)  0.039  0.429 0.750
Hepatitis A virus 94 (77.7) 10 (100.0) 0.095 227 (79.4) 316 (75.6) 0.242  0.338 0.170
Atopy
Atopic indeX 4.0 (3.0-5.0) 1.5 (1.0-3.8) 0.007 1.0 (1.0-4.0) 1.0 (1.0-2.0) <0.001  <0.001  0.288
SPT to any allergehs 103 (83.7) 10 (83.3) 0.971 160 (54.1) 208 (49.2) 0.198 <0.001 0.259
SPT toDermatophagoides pteronyssinus’ 102 (82.9) 8 (66.7) 0.168 137 (46.3) 177 (41.8) 0.238 <0.001 0.990
SPT toDermatophagoides farina’ 95 (77.2) 9 (75.0) 0.861 143 (48.3) 155 (36.6)  0.002 <0.001 0.065
SPT toBlomia Tropicalis' 81 (65.9) 8 (66.7) 0.955 84 (28.4) 165 (39.0)  0.003 <0.001 0.871
SPT to cockroach 14 (11.4) 2 (16.7) 0.590 19 (6.4) 132 (31.2) <0.001  0.270 0.339
SPT to cat dandér 43 (35.0) 0 (0.0) 0.013 39 (13.2) 11 (2.6) <0.001  <0.001 0.667
SPT to dog dandér 31 (25.2) 0 (0.0) 0.048 29 (9.8) 25 (5.9) 0.052 <0.001 0.510
SPT to ragweed pollén 5(4.1) 0 (0.0 0.478 3(1.0) 5(1.2) 0.832 0559 0.774
SPT to mugwort pollen 2 (1.6) 2 (16.7) 0.003 4 (1.4) 6 (1.4) 0.940 0.969 0.715
Lung function
FVC%" 98.4+12.7 99.7+£15.8 0.755 99.9+14.0 96.7£12.0 0.002 0.329 0.444
FEVl%A 97.0£13.4 104.3t£14.2 0.102 102.6£12.6 101.6£13.2 0.332 <0.0010.520



FEVY/FVCY%’
Family history

Parental allergic diseades

Siblings allergic diseasks

High parental educatioriligh schoolf
Early life exposures and habits

One-child family

BreastfeedingX 6 months}

Daycare attending=(6 monthsjr

85.4(80.9-89.6)

65 (52.8)
12 (33.3)
79 (64.8)

87 (70.7)
46 (38.7)
107 (87.7)

Hospitalization due to lung infections (<ag€ 3) 34 (27.6)

Use of antibiotics (<age 3)
Drinking well water (<age 3)
After-school physical activities>8 times/weekj
Cigarette smoking exposures
Any household member who smokes
Indoor environment
Using air conditioners in bedrodm
Using oil and gas to cook mehls
Farming and Animal exposures
Cat inside housge
<age 1
Present
Dog inside house
<age 1
Present
Farm animals (pig or poultriek)

<age 1

102 (82.9)
3(2.4)

62 (50.4)
52 (42.3)
111 (90.2)
66 (53.7)
5(4.1)

11 (8.9)

4(3.3)
9(7.3)

3(2.4)

91.2(89.7-95.0)

2 (16.7)
1(8.3)
0 (0.0)

1(8.3)
8 (66.7)
4 (33.3)
4 (33.3)
8 (66.7)
10 (83.3)
6 (50.0)

11 (91.7)
4 (80.0)
4 (33.3)
3 (25.0)

3 (25.0)

5 (41.7)
6 (50.0)

4 (33.3)

0.001

0.017
0.095
<0.001

<0.001
0.055
<0.001
0.677
0.168
<0.001
0.979

0.001

<0.001

0.180

0.003
0.083

<0.001
<0.001

<0.001

90.6(85.9-94.1)

73 (24.9)
11 (13.3)
147 (50.2)

211 (72.0)
125 (43.7)
270 (93.1)
32 (11.0)
165 (56.9)
16 (5.5)
173 (58.4)

126 (43.0)

255 (86.1)
150 (50.7)

11 (3.8)
25 (8.5)

14 (4.8)
35 (11.9)

5 (1.7)

43 (10.2)
31 (7.8)
20 (4.7)

26 (6.1)
264 (63.2)
82 (19.4)
16 (3.8)
200 (47.7)
346 (81.8)
252 (59.6)

283 (66.9)

60 (14.2)
114 (27.0)

20 (4.7)
48 (11.3)

98 (23.3)
206 (48.8)

110 (26.0)

92.7(88.5-96.1)

<0.001  <0.002.589
<0.001  <0.001 0.732
0.106 0.219 0.414
<0.001 0.644  0.558
<0.001 0.311  0.014
<0.001 0.490 0.739
<0.001 0.128 0.546
0.003 <0.001 <0.001
0.021 <0.001 0.631
<0.001 0.422 0.787
0.930 0.453  0.901
<0.001 0.818 0.065
<0.001 0.505 0.972
<0.001  0.938 0.350
0.529 0.602  0.006
0.221 0.910 0.164
<0.001 0.475 0.233
<0.001  0.051  0.749
<0.001 0.559  0.889



age 1-3 3(2.4) 4 (33.3) <0.001 5 (1.7) 109 (25.8) <0.001 0559  0.878

Present 2(1.6) 1(8.3) 0.134 2(0.7) 84 (19.9) <0.001 0.681 0.722
IT_iving in a crop-farming family (lychee or rice)

<age 1 6 (4.9) 8 (66.7) <0.001 16 (5.4) 376 (88.9) <0.001  0.487  0.009
age 1-3 4 (3.3) 8 (66.7) <0.001 15 (5.1) 377 (89.1) <0.001 0.862 0.010
Present 2 (1.6) 8 (66.7) <0.001 7 (2.4) 353 (83.5) <0.001 0.622 0.068
Eating habits
Consumption of milk products-8 times/week] 79 (64.2) 3(25.0) 0.008 154 (52.0) 40 (9.5) <0.001 0.328 0.696
Consumption of fruit¥3 times/week] 76 (61.8) 5 (41.7) 0.176 173 (59.0) 124 (29.3) <0.001 0593 0.435
Consumption of meat-g times/week) 114 (92.7) 6 (50.0) <0.001 244 (83.0) 279 (66.0) <0.001 0.256 0.642

Results are expressedTaamber of positive response (percentagmpan *standard deviation, Smedian (lower and upper quartiles);

p value was calculated from the chi-square test, t-test or Mann-Whitney U test, accordingly; p value were compared between Guangzhou and Conghua in cases (
valuée') and controlsg{ value®) and difference between cases and controls in Gihangp valu€’) or Conghuag value) subjects;

Cut points for overweight and obesity are 24 (overweight) or 28 (obesity) of body mass index in China by using the Working Group of Obesity in China criteria;

SPT represents skin prick response; FVC% represents percent of normal forced vital capagityrdpEdsents percentage of predicted value for doegpiratory
volume in 1 second.



Table 3. Comparison of environmental dust endotoxin and allergens levels between urban
Guangzhou and rural Conghua

Variables Guangzhou Conghua p value
Subjects (n) 76 80

Cases (%) 42.1 1.3
Endotoxin (EU/M) 478.3(226.3-1185.1) 2267.8(846.3-4895.1) <0.001
Der p1 (ug/nf) 0.02(0.002-0.14) 0.7(0.3-1.4) <0.001
Der f 1 (pg/nf) 1.6(0.8-5.9) 0.02(0.004-0.08) <0.001
Cockroach (U/rf)" 30.5(6.3-109.4) 109.4(44.3-313.2) <0.001

Results are expressed as median (lower and upper quartiles);
EU/n?, Endotoxin Units per square meter of dust collection area? ftitrary unit per square
meter of dust collection area;

For cockroach allergens, the sunBbd.g 1 andPer a 1 was calculated due to high cross-reactivity
(>25%).



Table 4 Association between various factors and asthma by using univariate logistic regression analyses

Unadjusted analyses

Adjusted analysés

Odds Odds
Variables ratio 95% Cl p value ratio 95% CI p value
Demographics
Body mass index
Normal 1.00 1.00
Overweight 2.04 1.23-3.38  0.006 2.04 1.21-3.44 0.008
Obesity 1.97 1.10-3.54  0.023 1.95 1.06-3.58 0.033
Atopy
Atopy index
0 1.00 1.00
1 0.67 0.25-1.76  0.416 NS
2 1.88 1.35-2.61 <0.001 1.84 1.32-2.58 <0.001
>3 2.26 1.94-2.64  <0.001 2.25 1.92-2.65 <0.001
SPT to any allergens 8.88 5.84-13.50 <0.001 10.34 6.52-16.40 <0.001
SPT toDermatophagoides pteronyssinus
Diameter <3 mm 1.00 1.00
3 mm <Diameter <6 mrh 3.36 1.72-6.56 <0.001 3.47 1.76-6.85 <0.001
Diameter >6 mm 4.22 3.29-5.41  <0.001 4.44 3.41-5.79 <0.001
SPT toDermatophagoides farina
Diameter <3 mm 1.00 1.00
3 mm <Diameter <6 mrh 2.78 1.82-4.23  <0.001 NS
Diameter >6 mm 4.30 3.34-554 <0.001 3.42 2.70-4.32 <0.001
Family history
Parental allergic diseases 5.10 3.45-7.54  <0.001 4.90 3.29-7.30 <0.001
Siblings allergic diseases 3.90 1.92-7.94  <0.001 4.12 1.99-8.52 <0.001
High parental educatiorrlfigh school) 471 3.21-6.93  <0.001 4.31 2.92-6.38 <0.001
Early life exposures and habits
Number of children
One-child 1.00 1.00



2

3

>4
BreastfeedingX 6 months)
Daycare attending=(6 months)

0.44
0.40
0.44
0.63
4.95

Hospitalization due to lung infections (<age 3) 4.22

Use of antibiotics (<age 3)
Drinking well water (<age 3)

3.82
0.10

After-school physical activities>8 times/week) 0.85

Cigarette smoking exposures
Family member smoking
None
Mother
Parents
Indoor environment

Use air conditioners in bedroom

Use oil and gas to cook meals
Farming and Animal exposures
Cat inside house
None
<agel
Present
Dog inside house
None
<age 1
Present
Farm animals (pig or poultries)
None
<age 1
age 1-3
Present

1.00
1.52
0.69

1.87
1.84

1.00
1.39
1.00

1.00
0.38
0.37

1.00
0.29
0.29
0.17

0.29-0.69
0.29-0.57
0.30-0.65
0.41-0.96
3.09-7.94
2.47-7.20
2.30-6.36
0.06-0.18
0.73-0.99

0.31-7.41
0.46-1.03

0.91-3.85
1.26-2.69

0.62-3.09
0.54-1.87

0.19-0.78
0.20-0.67

0.13-0.64
0.13-0.64
0.05-0.54

<0.001
<0.001
<0.001
0.030

<0.001
<0.001
<0.001
<0.001
0.033

0.602
0.069

0.089
0.002

0.422
0.996

0.008
0.001

0.002
0.002
0.003

0.45
0.43
0.48
0.54
4.37
5.09
3.91
0.12
0.85

1.00
NS
NS

NS
1.74

1.00
NS
NS

1.00
0.41
0.27

1.00
0.33
0.34
0.19

0.29-0.70
0.31-0.61
0.32-0.71
0.37-0.80
2.71-7.05
3.13-8.26
2.46-6.21
0.06-0.21
0.73-1.00

1.19-2.53

0.20-0.83
0.15-0.47

0.15-0.73
0.15-0.74
0.06-0.62

<0.001
<0.001
<0.001
0.002

<0.001
<0.001
<0.001
<0.001
0.048

0.004

0.014
<0.001

0.006
0.007
0.006



Living in a crop-farming family (lychee or rice)

None 1.00 1.00

<age 1 0.08 0.04-0.15 <0.001 0.09 0.05-0.18 <0.001

age 1-3 0.10 0.05-0.17 <0.001 0.09 0.05-0.17 <0.001

Present 0.10 0.05-0.17 <0.001 0.11 0.06-0.19 <0.001

Eating habits
Consumption of milk product&8 times/week) 2.74 1.78-4.23  <0.001 3.85 2.60-5.69 <0.001
Consumption of fruit%3 times/week) 2.12 1.45-3.08 <0.001 2.02 1.38-2.95 <0.001
Consumption of meat-g times/week) 2.11 1.13-3.94 0.018 2.37 1.32-4.23 0.004
Dust analysis

Endotoxin (EU/M)’

Low (<478.3) 1.00 1.00

Medial (between 478.3 and 2267.8) 0.86 0.37-2.03  0.733 NS

High (>2267.8) 0.47 0.26-0.86  0.013 0.45 0.23-0.87 0.018
Der p1 (ug/nf)’

Low (<0.02) 1.00 1.00

Medial (between 0.02 and 0.7) 0.31 0.13-0.75  0.009 0.34 0.13-0.88 0.027

High (>0.7) 0.29 0.15-0.57 <0.001 0.26 0.12-0.53 <0.001
Der f 1 (ug/nf)’

Low (<0.02) 1.00 1.00

Medial (between 0.02 and 1.6) 8.26 2.91-23.48 <0.001 12.00 3.33-43.28 <0.001

High (>1.6) 1.24 1.07-1.45  0.005 1.25 1.06-1.47 0.009
Cockroach (U/rf)’

Low (<30.5) 1.00 1.00

Medial (between 30.5 and 109.4) 0.87 0.34-2.20 0.762 NS

High (>109.4) 0.72 0.45-1.16  0.177 NS

TAdjusted for age, gender and regi®5% Cl: 95% confidence interval; Diameter is the result of positive diameter minus that of
negative control; The medial value of each variable was selected for hierarchy.



Table 5.Multivariate logistic regression analyses between selected factors and asthma

Multivariate analyse's

Variabled Oddsratid 95% Cl  pvalue
Case-control study model
SPT to any allergens 1.91 1.58-2.29 <0.001
Parental allergic diseases 2.49 1.55-4.01 <0.001
Hospitalization due to lung infections (<age 3) 2.54 1.37-4.70 0.003
Crop farming (<age 1) 0.22 0.12-0.43 <0.001
Consumption of milk products8 times/week) 1.68 1.03-2.73 0.038
Dust analysis model
Endotoxin (>2267.8 EU/f) 0.69 0.50-0.95 0.021
Der f 1 (between 0.02-1.6 pghn 1.71 1.34-2.19  <0.001

TAdjusted for age, gender and region.

YA variety of factors were selected from those with p<0.05 in univariate logistic regression analyses
and were entered in the multivariable logistic analyses, including overweight, obesity, atopy index
(2 and 8), SPT tdDermatophagoides pteronyssinus (3 mm <diameter <6 mm and diamete>

mm), SPT toDermatophagoides farina (diameter >6 mm), number of children, birth weight,
breastfeeding, daycare attending, use of antibiotics, drinking well water, after-school physical
activities, use oil and gas to cook meals, dog inside house (present and <age 1), crop farming (<age
1), farm animals (<age 1, agel-3 and present), consumption of fruit and meat as welDas plust

1 (between 0.02 and 0.7 and >0.7 py/amd dust Der f 1 (>1.6 ugfn

SWe use a forward stepwise method and only variables w0 &5 were finally shown in the final
model.



Urban Rural
ISAAC Guangzhou children Conghua children
Screen N=7164 N=6087
Questionnaire I Response rate: 96.7% I Response rate: 96.0%
Effective questionnaires Effective questionnaires
N=6928 N=5841
Randomly invited
Doctor diagnosed asthma/current wheeze?
Yes | | No
[ n2s0 | | w250 |
ISAA.C IResponse rate: 75.2% IResponse rate: 92.4%
Detail
Questionnaire | n=188 | | n=231 |
I I :
History, lung function, histamine provocation test, skin prick test,
serum IgG against Salmonella typhi, Helicobacter pylori, and hepatitis A virus
Lab
Testings * * I * *
Urban Case Urban Control Rural Case Rural Control
n=123 n=296 n=12 n=423
I [ I |
100 families randomly invited
Do you want to enroll in the dust analysis?
Yes y y Yes
DUSt. Urban families Rural families
Analysis n=76

n=80

1]

Dust Analysis

Endotoxin, Derp 1, Der f1,Bla g 1, Per a 1




