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Abstract

Background: Asthma is one of the most common chronic diseases in childhood, and the
prevalence has been increasing over the past few decades. One of the most consistent
epidemiological findings is that children living in a farming or rural environment are
protected from development of asthma and allergies, but the protective factors in
rural China are not clear.

Methods: A community-based, cross-sectional epidemiological study was performed
in a total of 17,587 children aged 5-8years, 3435 from Hong Kong (urban) and 14,152
from Conghua (rural county in southern China). Asthma and allergic symptoms as well
as environmental exposures were ascertained by using a standardized and validated
questionnaire.

Results: The prevalence of current wheeze was significantly lower in rural Conghua
than that of urban Hong Kong (1.7% vs. 7.7%, p<0.001). A lower rate of asthma
ever was also reported in rural children compared with their urban counterparts
(2.5% vs. 5.3%, p<0.001). After adjusting for confounding factors, exposure to
agricultural farming (adjusted odds ratio 0.74, 95% confidence interval: 0.56-0.97)
and poultry (0.75, 0.59-0.96) were the most important factors associated with the
asthma-protective effect in the rural area. Further propensity score-adjusted analysis
indicated that such protection conferred by living in the rural environment was mainly
attributable to poultry exposure.

Conclusions: We confirmed that the prevalence of asthma and atopic disorders was

significantly lower in rural children when compared with their urban peers. Exposure
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to poultry and agricultural farming are the most important factors associated with

asthma protection in the rural area.
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GRAPHICAL ABSTRACT

The prevalence of asthma and related atopic disorders was significantly lower in rural children when compared with their urban
counterparts. Farm living provided further protection against asthma among rural children. Poultry exposure was the most important factor

associated with asthma protection conferred by living in the rural area.

1 | INTRODUCTION

Asthma is one of the most common chronic diseases in childhood,
and the prevalence of asthma has been increasing significantly over
the past few decades.'? Although the exact causes of asthma re-
main largely unknown, the disease has been associated with afflu-
ence and urbanization.®* One of the most consistent findings of
epidemiological studies conducted in different regions of the world
is that children growing up on traditional farms are protected from
the development of asthma and related allergies in line with the hy-
giene hypothesis.>™*? Studies in Alpine regions demonstrated the
strong protective effects of exposure to farm animals and consump-
tion of farm milk against the development of asthma.>® The impor-
tance of the environment was lent further support by comparative
studies of two U.S. farming populations originated from Germany/
Switzerland, the Amish and the Hutterites, who share highly simi-
lar genetic background. However, the Amish retains the traditional
farming practice with frequent contact with farm animals, whereas
the Hutterites embrace modern farming techniques using farm ma-
chinery. Prevalence of asthma and allergic sensitization was 4-5
times higher in the Hutterite children than that of the Amish chil-
dren.’ A recent study performed in South Africa corroborated with

the findings in Europe and the United States demonstrating that the
rural protection against asthma and allergies was likely associated
with exposure to an environment rich in microbial components.10
Over the past three decades, China has undergone huge socio-
economical changes. In parallel, there was a rapid rise in the preva-
lence of childhood asthma and allergic diseases.*® For example, the
prevalence of asthma among adolescents has doubled in a southern
Chinese city of Guangzhou over a 15years period.14 Compared with
other Chinese cities, a higher prevalence of asthma and allergies
has been consistently reported in Hong Kong, a densely populated
metropolis with very high degree of urbanization. The International
Study of Asthma and Allergies in Childhood (ISAAC) Phase Il sur-
vey revealed that asthmatic symptoms in 10-year-old Hong Kong
children were three times more common than their mainland
(Guangzhou and Beijing) counterparts.® Conghua, a rural county of
southern China, is located approximately 200 kilometers northwest
of Hong Kong and shares a similar subtropical climate. It has a typical
agriculture-dominated farming environment, growing primarily the
fruit lychee and other related crops. The prevalence of physician-
diagnosed asthma in Conghua children aged 13-14 years was 3.4%,1?
which was markedly lower than the 10.2% in Hong Kong.*® Such
urban-rural disparity was also observed in Beijing, northern China,
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where only 0.3% of rural children had wheeze in the past 12 months
compared with 3.1% in children from urban Beijing.!! Given the
similar ethnic background,17 differences in asthma prevalence were
likely to be explained by environmental factors rather than genetic
differences. In contrast with the small-scaled farms with the pres-
ence of many large farm animals in Central Europe, the farming en-
vironment in China is primarily agricultural in nature. The potential
protective factors in the Chinese farms are not known.

In this study, we aimed to compare the prevalence of asthma and
related atopic disorders in children from Hong Kong (urban area) and
Conghua (rural area) using the validated ISAAC Phase Il question-
naires, and to identify environmental factors that may confer pro-

tection against development of asthma in rural China.

2 | METHODS
2.1 | Study design and population
This is a community-based, cross-sectional epidemiological study of

children 5-8years of age from Hong Kong and Conghua. The recruit-

ment process of study population is shown in Figure 1. There were a
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total of 515 and 99 kindergartens and primary schools in Hong Kong
and Conghua, respectively. Each kindergarten/school was allocated
a unique number. Eighteen primary schools/kindergartens in Hong
Kong were selected by computer randomization, in proportion to the
population distribution throughout the four geographic districts of
Hong Kong (New Territories East, n = 7; New Territories West, n = 5;
Kowloon, n = 4; and Hong Kong Island, n = 2). All children in the tar-
geted age groups in the recruited schools were approached for con-
sent of study. With a participation rate of at least 80%, a minimum
of 3000 children would be successfully recruited from Hong Kong.
As the prevalence of childhood asthma in Conghua was expected
to be low, all the kindergartens and primary schools (n = 99) were
approached. A total of at least 14,000 children from Conghua would
be recruited. The prevalence of current wheeze was estimated to be
8% in Hong Kong and 2% in Conghua. Our sample size would have a
power of greater than 99% in detecting a difference of prevalence of
current wheeze of 6% at a 95% level of confidence.

The study protocol was approved by the ethics review board of
the Chinese University of Hong Kong (No. 2013220) and the First
Affiliated Hospital of Guangzhou Medical University (No. 2012049).
Informed consent was obtained from parents/guardians of each

study subject.
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FIGURE 1 Study population and design
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2.2 | Outcome and other variables

Written ISAAC Phase Il questionnaires were distributed to all chil-
dren aged 5-8years in the invited kindergartens/schools and were
completed by their parents (or guardians) at home. The question-
naire was developed based on the ISAAC Phase Ill questionnaire
translated into Chinese using the standardized protocol.*® “Current”
symptoms refer to symptoms in the past 12 months; “asthma ever”
was defined as having been diagnosed with asthma by a physician in
the subjects' lifetime; other atopic symptoms and diagnosis such as
“allergic rhinitis (AR),” “rhino-conjunctivitis,” and “flexural eczema”
were defined in accordance with previous studies.!'? “Asthma
ever” was used as the outcome variable, and its association with
various environmental and lifestyle factors was evaluated. Previous
validation studies of the Chinese version of ISAAC questionnaire
showed that a parental reported diagnosis of asthma had a sensitiv-
ity of 0.88 and specificity of 0.90 in predicting asthma-associated
bronchial hyperresponsiveness.?®?' For our analysis of asthma
medication usage, bronchodilators, oral or inhaled corticosteroids,
and leukotriene receptor antagonists were considered as asthma
medications. Each parent or guardian was also asked to complete
an environmental questionnaire. The environmental questionnaire
was developed based on pilot interviews with pregnant mothers,
parents with young infants, and children in Conghua to reflect the
potential environmental protective or risk factors in rural Conghua.
Exposure factors investigated in this study included family history
of atopic diseases, parental level of education, cigarette smoking,
duration of breastfeeding, worm infestation, previous use of para-
site medications, pet ownership, household dampness and mold
exposure, cooking fuels, flooring materials, types of bedding, farm
characteristics (livestock or agricultural farming or combination of
both), contact with pets (dogs, cats, other furry animals, and birds)
and farm animals (cattle, pigs, poultry, horses, sheep/goats, and
rabbits/hares), and involvement of farming activities. We further
divided Conghua children into farm and non-farm subgroups based
on whether they had ever lived on a farm and engaged in any farm-
ing activities. Some of the “non-farm” children also reported having
contact with farm animals, for example, by visiting their neighbors
who run a farm or playing with other farm children, and this group
of children was categorized as “exposed children.” As AR/hay fever
often coexists with asthma and may affect asthma development,??
we also evaluated the association between AR and asthma and the
potential impact of AR on environmental factors affecting asthma in

the study population.

2.3 | Statistical analysis

Data were entered by two researchers independently (double data
entry) and analyzed using SPSS software version 22.0 (SPSS Inc.,)
and RStudio version 1.3.959 (RStudio, PBC,). Chi-square tests were
used to compare prevalence rates of asthma and atopic disorders
between urban and rural children. The results are presented as point

prevalence with 95% confidence intervals (95%Cl) where appropri-
ate. To determine the potential risk or protective factors in the rural
environment, logistic regression analyses were performed to assess
the associations between asthma and exposure factors with adjust-
ment for co-variates when necessary. Multivariant analyses strati-
fied by status of AR were also conducted to evaluate the influence
of AR on relationship between various exposure factors and asthma.
A propensity score was created to estimate the adjusted exposure
effect of farming. We adopted a stepwise modeling approach to in-
vestigate the “protective farm effect” in the rural environment. An
unadjusted farm effect was estimated in the initial model. In each
subsequent step, an exposure factor was added to the model to eval-
uate the residual protection of the farming environment for asthma
and AR.

3 | RESULTS
3.1 | Demographic characteristics of study
population

Overall, 14,152 Conghua (rural) children and 3435 Hong Kong (urban)
children took part in the survey, representing a participation rate of
85.8% and 82.0%, respectively. After excluding the non-Chinese
participants, 14,118 Conghua and 3145 Hong Kong children were
included in the final analysis. Demographic characteristics of study
subjects from the two regions are shown in Table 1. Age and gender
were well-balanced between urban and rural children, with a mean
age of 6.5 (+0.7) years and 6.6 (+1.1) years (Hong Kong vs. Conghua,
p = 0.79) and 52.6% (95CI1%: 50.8-54.3) and 53.5% (95CI%: 52.7-
54.3) being boys (Hong Kong vs. Conghua, p = 0.43), respectively.

3.2 | Asthma and allergic disorders were more
common among urban children

Table 1 summarized the prevalence of childhood asthma and allergies
in urban and rural children. Asthma and related allergic symptoms
were generally more common in Hong Kong than that in Conghua.
7.7% of urban children reported wheezing episodes during the past
12months, whereas only 1.7% of rural children had such symptom
(odds ratio [OR] = 4.86, p<0.001). Compared with rural children, a
significantly larger proportion of urban children experienced sleep-
disturbing wheeze (0.5% vs. 3.4%), exercise-induced wheeze (6.9%
vs. 10.5%), symptoms of rhino-conjunctivitis (2.7% vs. 22.2%), and
flexural eczema (4.3% vs. 8.4%), or used asthma medication (1.7%
vs. 14.8%, all p values <0.001) in the previous year. Similarly, lifetime
diagnosis of asthma (asthma ever) was 2.19 times more prevalent
among urban children than their rural counterparts (5.3% vs. 2.5%,
p<0.001). More urban children reported having a history of wheeze
(16.9% vs. 5.8%), AR (39.9% vs. 8.7%) or eczema (28.7% vs. 21.7%),
or ever used asthma medication (25.5% vs. 4.0%) in comparison with
rural children (all p values <0.001).
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TABLE 1 Comparison of the prevalence of asthma and allergic disorders in children from Hong Kong and Conghua

Hong Kong (n = 3145)

Conghua (n = 14,118) Hong Kong vs. Conghua

No. of Prevalence, %
children (95% Cl)
Mean age (years + SD) 6.5 (+0.7)
No. of boys (%) 1654 52.6 (50.8-54.3)
Symptoms during the last 12months
Current wheeze 242 7.7 (6.8-8.7)
Wheezing attack in the last year
1-3 episodes 183 5.8 (5.0-6.7)
4-12 episodes 35 1.1(0.8-1.5)
>12 episodes 19 0.6 (0.4-0.9)
Current sleep-disturbing 106 3.4(2.8-4.1)
wheeze
Current speech-limiting 19 0.6 (0.4-0.9)
wheeze
Current exercise-induced 331 10.5 (9.5-11.6)
wheeze
Current asthma medication 466 14.8 (13.6-16.1)
Current rhino-conjunctivitis 699 22.2(20.8-23.7)
Current flexural eczema 265 8.4 (7.5-9.5)
Symptoms ever
Physician-diagnosed asthma 167 5.3(4.6-6.2)

Wheeze ever 533 16.9 (15.7-18.3)
Asthma medication ever 803 25.5(24.0-27.1)
Allergic rhinitis ever 1256 39.9 (38.2-41.7)
Eczema ever 904 28.7 (27.2-30.4)

Abbreviations: Cl, confidence interval; OR, odds ratio.
*Unadjusted OR.

3.3 | Rural children from farm families were further
protected from asthma

To determine the effect of exposure to farming in the rural area,
we investigated whether rural children from families engaging in
farming activities had further protection from allergic disorders.
7132 children (50.5%) were from families with farming activities.
Significant differences in lifetime prevalence of asthma and related
symptoms were observed between those who ever lived on a farm
and those who did not (Table 2). Only 2.1% of farm children were
ever diagnosed by a physician to have asthma, compared to that
of 3.1% of non-farm children (OR = 0.67, p<0.001). Furthermore,
farm children were less likely to have used asthma medication com-
pared with non-farm children (3.7% vs. 4.6%, OR = 0.81, p = 0.01).
A further reduction in AR ever was also documented in farm chil-
dren (OR = 0.59, p<0.001). Among rural non-farm children, children
who had farming exposure by visiting their neighbor has significantly
lower life-long prevalence of AR and asthma medication usage than
unexposed children (10.0% vs. 12.8%, OR = 0.75, p<0.001; 4.0%
vs. 5.2%, OR = 0.77, p = 0.03, respectively). However, prevalence of
current eczema and eczema ever was slightly higher in farm children

No. of Prevalence, %
children (95% ClI) OR* p value
6.6 (+1.1) 0.79
7535 53.5(52.7-54.3) 0.99 0.43
238 1.7 (1.5-1.9) 4.86 <0.001
203 1.4 (1.2-1.6) 4.24 <0.001
85 0.2(0.2-0.3) 4.53 <0.001
9 0.1 (0-0.1) 9.53 <0.001
69 0.5(0.4-0.6) 7.10 <0.001
28 0.2(0.1-0.3) 3.06 <0.001
970 6.9 (6.5-7.3) 1.59 <0.001
242 1.7 (1.5-1.9) 9.97 <0.001
384 2.7 (2.5-3.0) 10.22 <0.001
604 4.3 (4.0-4.6) 2.06 <0.001
352 2.5(2.2-2.8) 2.19 <0.001
814 5.8(5.4-6.2) 3.34 <0.001
568 4.0(3.7-4.4) 8.18 <0.001
1224 8.7 (8.2-9.1) 7.00 <0.001
3067 21.7 (21.0-22.4) 1.45 <0.001

than that of non-farm children (4.9% vs. 3.9%, OR = 1.26, p = 0.008;
23.6% vs. 22.1%, OR = 1.09, p = 0.04, respectively).

3.4 | Environmental exposures associated with
asthma in rural children

As asthma and AR were closely related (aOR = 4.06, 95%Cl: 3.17-
5.20, Table S1), we conducted stratification analyses to evaluate
the potential influence of AR on various exposure factors affecting
asthma. Table 3 shows the association between physician-diagnosed
asthma and various demographic and environmental factors in the
rural population. After adjusting for gender, age, and co-variates in-
cluding maternal smoking, maternal education level, breastfeeding,
and parental asthma, two environmental exposures were found to
be protective factors for asthma in the multivariate model, namely
agricultural farming (adjusted odds ratio [aOR] = 0.74, 95% Cl: 0.56-
0.97) and poultry exposure (aOR =0.75, 95% Cl: 0.59-0.96). Of note,
aORs of agricultural farming and poultry exposure for asthma in rural
children without AR (@OR = 0.73, 95% CI = 0.53-1.01; aOR = 0.76,
95% Cl = 0.56-1.03, respectively) were very similar to those of the
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TABLE 2 Comparison of the prevalence of asthma and allergic symptoms in farm and non-farm children from Conghua

Exposed vs. Unexposed

Non-farm children

OR

Non-farm children
All (n = 6197)

Farm vs. Non-farm children
OR

Unexposed (n = 2939)

Exposed (n = 3258)

Farm children (n = 7132)
Prevalence, % (95%Cl)

P value

Symptoms in the past 12 months

0.83
0.78
0.72

0.81
0.38
<0.001

0.97
0.89

0.52

2.0(1.5-2.6)
2.1(1.6-2.7)
2.3(1.8-3.0)
3.6 (3.0-4.4)

1.7 (1.2-2.2)
1.6(1.2-2.1)
1.7 (1.3-2.2)

4.2 (3.5-4.9)

1.8(1.5-2.2)
1.9 (1.5-2.2)
2.0(1.7-2.4)
3.9 (3.4-4.4)

1.7 (1.5-2.1)
1.7 (1.4-2.0)
1.0(0.8-1.3)

Current wheeze

Current asthma medication

Current rhino-conjunctivitis

0.008 1.16

1.26

4.9 (4.4-5.4)

Current flexural eczema

Symptoms ever

0.03

0.73
0.96
0.77
0.75

3.0-4.4) 0.67 <0.001

4.8-6.5)
4.4-6.1)

3.6

2.1-3.3)
4.7-6.3)
3.4-4.8)
8.9-11.0)

0.05
0.01
<0.001

1.16
0.81

0.59

5.6

5.2
12.8

XING ET AL.

<0.001
0.42

11.6-14.1)
20.1-23.2)

1.05

0.04

1.09

21.6

21.1-24.0)

2.6
54
4.0

10.0

2.7-3.6)
5.0-6.1)
4.1-5.1)

10.5-12.1)
21.1-23.2)

22.5

3.1

1.8-2.4)
5.8-7.0)
3.3-4.2)
6.4-7.7)

5.5
4.6

11.3

22.1

22.6-24.6)

2.1

Physician-diagnosed asthma

6.4
3.7
7.0

23.6

Wheeze ever

Asthma medication ever

Allergic rhinitis ever

Eczema ever

Abbreviations: Cl, confidence interval; OR, odds ratio.

*Unadjusted OR.

whole population. However, aORs of these two factors in rural chil-
dren with AR failed to reach statistical significance (aOR = 1.03, 95%
Cl =0.60-1.76; aOR = 0.83, 95% Cl = 0.53-1.32, respectively). The
risk factors for physician-diagnosed asthma in the rural area were
damp housing, synthetic fiber bedding, use of parasite medication,
foam pillow, and carpet flooring, with the highest asthma risk re-
lated to the use of foam pillow (aOR = 2.12, 95% ClI: 1.14-3.93) and
indoor dampness (aOR = 1.58, 95% Cl: 1.27-1.98). A total of 398
children kept cows in their farms, but keeping cows in the family was
not associated with protection against asthma (aOR = 0.86, 95% Cl:
0.60-1.22).

In addition, a propensity score-adjusted analysis was performed
to evaluate the factors which may explain the protective effect of
agricultural farming on asthma in the rural cohort (Table 4). More
than one third (35.5%, 95% Cl: 34.7%-36.3%) of children living in the
rural area had been exposed to agricultural farming. The initial model
evaluated the effect of agricultural farming on asthma, and it has a
strong protective effect with an OR of 0.639. With the sequential
addition of the environmental factors to the model, the odds ratio
gradually increased from 0.639 to 0.997. The increase in the OR was
most pronounced after adjustment of poultry exposure (OR rising
from 0.780 to 0.997), suggesting that the asthma protection in the
farming environment may be largely explained by this factor. Same
approach of analysis was used to identify the protective and risk fac-
tors for AR (Table S2). The protective effect of agricultural farming
on AR was similar to that of asthma, with poultry exposure being
an important protective factor against AR in the rural environment
(Table 4).

4 | DISCUSSION

This study confirmed that children from rural China had significantly
lower prevalence of asthma and related allergies when compared
with urban children from Hong Kong. In contrast with the protec-
tion of asthma by exposure to livestock in European farms, our study
revealed that exposure to predominantly an agricultural farming
environment is also protective against the development of asthma.
Specifically, poultry exposure was the most important factor associ-
ated with asthma protection conferred by living in the rural area. The
findings of risk factors such as use of synthetic fiber bedding, use of
foam pillows, and carpet flooring replicated the results of our previ-
ous study that these factors might explain the higher prevalence of
asthma in Hong Kong when compared with children from mainland
China.t>%

The current study demonstrates the protective effect of poultry
exposure on development of asthma. Farmers in Conghua usually
keep a small number of poultry (mainly chicken) for self-consumption
rather than for commercial purposes. These free-range chickens live
in close proximity with their human host and spend most of the day-
time outdoors for foraging, and they may bring a more diversified
range of microbes into children's home. During night-time, they are
kept in cages inside the house. High loads of bacteria and molds

85U80|7 SUOWWIOD dAeaID 8|qedl|dde ays Aq peusenob a1e ssplife YO ‘@SN JO S9N 1o} A%eiqi8UlIUO /8|1 UO (SUORIPUOD-pUe-SW.e W00 A3 1M Afelq Ul |UO//:SANY) SUORIPUOD pue swie | aur 8es *[€20z/T0/0z] uo AriqiTauliuo Ae|im ‘loodeAlT JO AISBAIUN AQ G9EST (B/TTTT OT/I0P/WO0D A 1M Afeiq1jeul|uoy/Sdny wolj pepeojumoq ‘0T ‘ZZ0Z ‘G66686ET



13989995, 2022, 10, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/all.15365 by University Of Liverpool, Wiley Online Library on [20/01/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

XING ET AL.

(ssnunuo))

0s0

1000

1474Y

¢6'0

6700

€20

€000

100°0>

€€0

€90

Lonead

(6£°T-GL0)9T°T
00T

(eT'e-LET) LOT
00T

(ce'1-€5°0) €8°0
00T

(9£'1-09°0)€0°T
00T

(0£'8-T0°T) 96'C
00T

(cz1-e¥0)€L0
00T

(90°€-52°1) 96T
00T

(59°£1-05°€) 987
00T

(T6T-18°0)¥C'T
00T

(§2°'T-£8°0)SO'T
(1D %56) Yyoe

(€°TT) LTE/LE
(6'8) 5£8/8L

(TET) eVS/TL
(£°9) 659/¥1

(£°8) 60£/29
(8°0T) €6v/€S

(68) €0€/LT
(8'6) 668/88

(0's2) 0z/S
(T°6) SOTT/TOT

(8'8) LT0OT/06
(0°€T) 691/2C

(7'¥T) 61€/91
(62) 1£8/69

(6Ch) 82/CT
(8'8) #£11/€0T

(e°0T) ££L/08

(e°8) tzv/se

(%) 1918 ewyise
J0 93udjeAald

(20ZT = u) ¥V yum ualpjiyd

100°0>

LEOO

S/0°0

6500

1500

Tl

§¢00

€¥0°0

¢100

080

»onead

(8T'C-SC°T)S9°T
00T

(bL1-20T)€E°T
00T

(€0°'T-95°0) 9£°0
00T

(TO'T-€5°0) €40
00T

(8C°¥-00'T) LO'C
00T

(9T°'1-95°0) 18°0
00T

(ET'2-S0°T) 0S°T
00T

(L1'8-€0'T) 06'C
00T

(€8'T-80°T) OV’ T
00T

(TT'1-880) 660
(1D %56) Yoe

(8'2) 8TLT/LL
(9°T) S¥96/8ST

(T°2) G€15/0TT
(£'1)8¢CL/STT

(£'T) ¥598/€1T
(52) 60LE/T6

(1) S95¥/99
(2'T)86LL/69T

(Tv) €61/8
(6'T) 62V TT/STC

(8'T) TTZ'0T/86T
(¥'2) €8¥1/S€

(¢'e) 9set/ey
(8°'T) L08'0T/06T

(8'S) 69/%
(6T) v6z'TT/1ET

(€°2) 09v9/T11

(9°T) 8£85/€6

(%) 193 ewyise
J0 dduajenald

100°0>

100°0>

€¢00

£200

100°0>

¢90°0

100°0>

100°0>

100°0>

9.0

Lonead

(96 T-€2T)GS'T
00T

(86'T-LT'T)8S'T
00T

(96:0-65°0) S£°0
00T

(£6'0-95°0) ¥#£°0
00T

(oT's-££T)00°E
00T

(T0'1-95°0) 920
00T

(€9'c-95T) 20T
00T

(6 TT-¥8°€) LL9
00T

(T6T-22T)€ST
00T

(2T'1-260) 10T
1D %S6) ¥Yoe

(£°€) 280€/STT SOA

(c2)eos'ot/LET SUON
3uippaq Jaq1y d13YIUAS

(1°e) LbLS/18T SOA

(1'2) 8€08/1LT SUON
uisnoy dweq

(¢2) 6¥76/50C SOA

(¥'€) 9eev/LiT SUON
ainsodxa Aujnod

(6'T) €T6Y/E6 SO

(62) 7988/65C SUON
SulwJey |eanynoldy

(09) 8TZ/ET SOA

(r'e) 259°cT/8TE SUON
3upjows |eutalen

(r'2) E¥8'TT/062 SoA

(7€) vLIT/LS ON

3uipaajisealg
(€'5) €891/68 Aseryia]
(¢'2)0£8'TT/19¢

uoljeonpa AJe}say s,JaYjoin

AJeilisl-uoN

(€°9T) 86/9T SOA
(5'2) £89'€T/9¢€€ ON

ewyise Jo AJoisiy |ejualed
(0'e)zseL/eze SleN
(0'2) 90v9/8¢1 sjewaS

lapusn

a8y

(%) 49A3 ewiy3se s1010e4

JO aduajenald

(E9€°TT = U) YV INOYUM UaIp|Iyd

(8TT¥T = ) Ua1pIY> ENYSUOD |IY

sijuiyd u_w._m__m UM pue jnoyiim uaJapjiyd jednd ul ewyise pue siojoe] |[ejuswuodiAua pue U_r_Qm._wOEQ_U usamMilaq uoljedossy ¢ 3749V.L



(Continued)

TABLE 3

Children with AR (n = 1202)

Children without AR (n = 12,363)

All Conghua children (n = 14,118)

Prevalence of

Prevalence of

Prevalence of

aOR (95% CI)* p value* asthma ever (%) aOR (95% CI)*

p value* asthma ever (%)

aOR (95% CI)*

asthma ever (%)

Factors

Parasite medication

0.044

1.

27/406 (6.7)

0.084

1.00

83/5128 (1.6)
152/7032(2.2)

0.006

00
1.38(1.10-1.74)

1.

110/5568 (2.0)

No

1.61 (1.01-2.56)

84/775 (10.8)

1.27 (0.97-1.67)

237/7877 (3.0)

Yes

Foam pillow

0.18

1.00

110/1180 (9.3)
5/22(22.7)

1.00 0.066

228/12,221 (1.9)

0.017

00

1.
2.12(1.14-3.93)

340/13,618 (2.5)

None
Yes

2.10(0.72-6.15)

2.09 (0.95-4.60)

7/142 (4.9)

12/167 (7.2)

Carpet flooring

0.71

1.00

108/1147 (9.4)
7/55 (12.7)

0.047

1.00
1.68

0.050 218/11,801(1.8)

00
1.55(1.00-2.39)

1.

328/13,160(2.5)

None
Yes

XING ET AL.

1.18 (0.49-2.85)

1.01-2.79

17/562 (3.0)

24/625 (3.8)

Abbreviations: AR, allergic rhinitis; Cl, confidence interval; aOR, adjusted odds ratio.

*aOR and p values adjusted for age, gender, parental history of asthma, mother's tertiary education, breastfeeding, maternal smoking, agricultural farming, poultry exposure, damp housing, synthetic fiber

bedding, parasite medication, foam pillow, and carpet flooring.

have been detected in bedrooms of farm children who had frequent
contact with livestock, reflecting the potentially intense microbial
exposures of these children.?® The level of endotoxin, a cell wall
component of gram-negative bacteria, has been found to be five
times higher in the dust collected from rural households than that
of urban families in Guangzhou, southern China,*? a finding similar
to the Amish-Hutterite comparison.’? It is noteworthy that most of
the current evidence supporting the protective effect of farm living
come from Central European studies, where exposure to livestock,
especially large farm animals like cows, and consumption of unpas-
teurized farm milk appear to confer the most potent and consistent
protection against asthma and allergies.?* In rural areas of southern
China, raising large farm animals are uncommon and rural inhabi-
tants do not consume farm milk. In our Conghua population, only
2.8% (398) of rural families kept cows in their farms whereas 68.1%
of the children had contact with poultry. It is conceivable that our
study may not have enough power to detect the possible protective
effect of exposure to cows in the rural cohort. Furthermore, cows in
the rural area in this study are not kept indoor to provide milk. They
are used for helping farming activities (e.g., ploughing the field) such
that the related microbial exposure for children in rural China may be
very different from the exposure to dairy cows in Central Europe.5’8

To further investigate possible mechanisms underlying the
asthma-protective effect, we have analyzed blood samples of
children from Hong Kong and Conghua and compared with those
of rural German children. Our results revealed that rural chil-
dren, whether from China or Germany, expressed significantly
higher mMRNA and protein levels of the anti-inflammatory gene
TNF-a-induced protein 3 (TNFNIP3; A20) and dual-specificity
phosphatase-1 (DUSP1), along with lower expression of proin-
flammatory Toll-like receptor 4 and mitogen-activated protein
kinases (MAPKs) than their urban counterparts.zs'26 Mechanistic
studies of cowshed dust collected from Bavarian farms suggested
that several bacterial candidates with anti-inflammatory proper-
ties in vivo such as the gram-negative bacterium Acinetobacter
Iwoffii F78,2728 gram-positive bacteria Lactococcus lactis G1212727
and Staphylococcus sciuri W620 might be the important immune
drivers.%° These microbial stimuli could induce the immune sys-
tem towards a Thl polarization with enhanced immunomodula-
tion, representing a counterbalancing mechanism against the Th2
immunity.3! Dust in poultry houses is composed of a complex
mixture of dander, chicken feed, litter bedding, and viable and
nonviable microorganisms.3? Sequencing analyses of bioaero-
sols in broiler breeding facilities showed that Firmicutes was the
predominant phylum of bacteria, characterized by enrichment in
Staphylococcus, Salinicoccus, and Lactobacillus at genus level.333%
Fungal communities were of lower concentration in poultry dust
and constituted a smaller relative abundance than bacterial phy-
1a.33-3% However, these findings were generated from large poul-
try breeding facilities which could be different from family-run
farms with smaller number of free-range chicken as observed
in Conghua. It is also possible that some other unmeasured and
causal protective factors may be associated with the presence of
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TABLE 4 Regression analysis to determine the effect of agricultural farming on asthma and allergic rhinitis

Asthma Allergic rhinitis

Model Description Odds ratio Description Odds ratio
1 Unadjusted model 0.639 Unadjusted model 0.636
2 Model 1 plus baseline risk factors? 0.748 Model 1 plus baseline factors® 0.869
3 Model 2 plus age and gender 0.753 Model 2 plus damp housing 0.921
4 Model 3 plus use of parasite medication 0.753 Model 3 plus synthetic fiber bedding 0.921
5 Model 4 plus carpet flooring 0.754 Model 4 plus parasite medication 0.921
6 Model 5 plus foam pillow 0.754 Model 5 plus drinking tap water 0.928
7 Model 6 plus damp housing 0.780 Model 6 plus air conditioning 0.936
8 Model 7 plus synthetic fiber bedding 0.780 Model 7 plus poultry exposure 0.975
9 Model 8 plus poultry exposure 0.997

?Baseline risk factors include maternal smoking, mother's tertiary education, breastfeeding, and parental history of atopic diseases (asthma, allergic

rhinitis, and eczema).

PBaseline factors include age, gender, maternal smoking, mother's tertiary education, breastfeeding, and parental history of atopic diseases (asthma,

allergic rhinitis, and eczema).

poultry. To further clarify the issue, we are currently collecting
environmental samples from this rural community for detailed
microbial analyses and to evaluate their biological effects using
animal models.

As opposed to the protection associated with exposure to
large farm animals in European farms, previous study in rural
Beijing also demonstrated that exposure to agricultural farming
conferred a similar protection against asthma comparable to that
of livestock farming.11 In Central Europe, animal husbandry is a
common farming practice, whereas the farming activity in many
rural areas in Asia including Conghua is primarily agricultural in na-
ture. Growing fruits and other crops are the predominant farming
practice in our study area. Most of these farms in Conghua are rel-
atively small and are operated by individual family. Interestingly, a
recent study also demonstrated that only small traditional farms
conferred protection against childhood asthma, whereas exposure
to large, industrialized farming environment was associated with
an increased asthma risk.

Poultry exposure and agricultural farming were found to be pro-
tective environmental factors on asthma irrespective of AR status.
Asthma often co-occurs with AR. According to the Allergic Rhinitis
and its Impact on Asthma (ARIA) study, about 80% of asthmatic pa-
tients have AR, whereas 15%-30% patients with AR have asthma.??
Comorbidity of asthma and AR is associated with increased asth-
matic exacerbations and asthma-related hospitalizations, as well as
higher annual medical costs.?”%8 The coexistence of AR with asthma
has been found partially due to shared genetic risk variants and
causal mechanisms.??*° To determine the potential effect of AR, we
further conducted the stratification analysis comparing the relation-
ship between various exposure factors and asthma in rural children
without and with AR. The trend of protection conferred by poultry
exposure and agricultural farming remained after exclusion of cases
with AR, as shown by aORs very similar to those in the whole popu-

lation. These results suggested that the asthma protection conferred

by poultry exposure and agricultural farming may not be driven by
AR in the rural population. However, larger sample size of rural sub-
jects with AR will be needed to confirm this preliminary finding.
Among the risk factors in our rural environment, use of para-
site medication was another risk factor for asthma. Helminth infec-
tions share many immunological phenomena with allergic disorders,
such as a strong Th2 response characterized by high IgE levels and
eosinophilia.*! Different from FceRI generated in atopic disorders,
helminth-elicited IgE is of low affinity, and thus, the cross-reactivity
may not lead to mast cell degranulation. Worm parasites need to
safeguard their own survival and escape the immune clearance by
the host. Immune downregulation associated with helminth infec-
tions confers an element of resistance, possibly preventing trans-
lation into allergic symptoms.*? Hence, it has been postulated that
the elimination of worms may remove the helminth-induced immu-
nosuppression and lead to the emergence of symptoms of atopic
diseases in individuals who had received anti-parasite medications.
The results of the current study also corroborate with our previ-
ous findings of comparative study of children from Hong Kong and
cities of mainland China showing that the use of foam pillow and syn-
thetic bedding, as well as damp housing were risk factors associated
with asthma.'>'? Beddings (pillows, quilts, and mattresses) and car-
pets are important sources of inhalant allergens, such as house dust
mite (HDM). Compared with natural materials such as cotton and
feather, synthetic textiles have been shown to contain much higher
loads of HDM allergens, thus may induce a higher degree of airway
inflammation.43-4° Synthetic beddings may also release volatile or-
ganic compounds such as isocyanates as well as other fungal and
bacterial proinflammatory constituents, which might enhance the
allergenic response to HDM.*¢ Further studies are needed to clar-
ify the underlying biological mechanisms of how these factors may
affect the immune system and the developing airways in children.
The current study is one of the largest comparative studies in-

vestigating the epidemiology of asthma and allergies in urban and
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rural children. However, our study has several limitations. Recall bias
is always a concern in studies of similar nature as parents of these
5-8-year-old children needed to recall some of the exposure factors
early in life. Another limitation of our study was the lack of objec-
tive measurements of the recruited subjects. Nevertheless, our sur-
vey instruments have been validated in several groups of Chinese
children showing consistently high accuracy in predicting asthma-
associated bronchial hyperresponsiveness.?%?! However, validation
studies of the ISAAC questions related to eczema symptoms re-
vealed rather low sensitivity (24%-70%) and positive predictive val-
ues (15%-35%) against the gold standard of dermatologist's clinical
examination.*’~*’ Other skin conditions such as insect bites or other
skin infections might be more common in farm children leading to
the results documented in our current study which suggested farm
children might have a slightly higher prevalence of eczema when
compared with non-farm children. Validation studies of the ques-
tions related to AR also revealed similar limitations.>>>* We must be
cautious in our interpretation of the results related to factors associ-
ated with AR in our study (Tables 4 and Table S2).

In conclusion, this large study using validated methodology
confirms the markedly lower prevalence of asthma in rural Chinese
children when compared with children from Hong Kong. Exposure
to poultry and agricultural farming or unmeasured factors related
to them may explain the lower prevalence of childhood asthma in
children from the rural environment. Our data would complement
the findings obtained from different rural populations from around
the world. Further mechanistic studies are needed to determine the
potential biological mechanisms explaining the protection conferred
by poultry exposure. A clear understanding of how various factors in
the rural areas protect children from developing asthma will pave the
way for the development of primary preventive strategies against a

chronic disease affecting millions worldwide.
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