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Indoor Allergens, Asthma, and Asthma-related Symptoms among

Adolescents in Wuhan, China
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PURPOSE: Information on indoor allergen exposures among non-Western populations, which have
lower prevalence of atopic illness, is scant. We examined whether exposures to common indoor allergens
were associated with doctor-diagnosed asthma and asthma-related symptoms among Chinese adolescents.
METHODS: A cross-sectional study of 4185 ninth grade students was conducted at 22 randomly selected
schools in Wuhan, China. Information on respiratory health and exposures to indoor allergens was
obtained by a self-administered questionnaire completed in class.

RESULTS: Having animals currently was associated with persistent cough [prevalence odds ratio
(POR) = 1.54, 95% confidence interval (CI ): 1.21-2.11] and wheeze (POR = 1.41, 95% CI: 1.03—1.94).
Early-life exposure to animals was also associated with doctor-diagnosed asthma (POR = 1.95, 95% CI:
1.35-2.82). Associations with respiratory symptoms strengthened with higher levels of exposure and for
exposure in both early childhood and in adolescence. Exposure to cockroaches and having mold/
water damage in the home contributed especially to wheezing (POR = 2.03, 95% CI: 1.41-2.90 for
cockroaches; POR = 2.49, 95% CI: 1.82-3.40 for mold/water damage).

CONCLUSIONS: Indoor allergen exposures were positively associated with asthma diagnosis and persis-
tent respiratory symptoms among Chinese adolescents. Neither early-life nor current exposure to
animals was protective for asthma or asthma-related symptoms.
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INTRODUCTION

The role of indoor allergens in childhood asthma has been
investigated in several studies (1-6). Although there is sub-
stantial evidence that exposure to inhaled allergens exacer-
bates asthma in sensitized individuals (1, 2), the causal role
of indoor allergens in the development of asthma has been
challenged (7-10). Recent data suggest that early-life
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exposure to animals, especially farm animals, can diminish
risk of allergic asthma (11).

The most common indoor allergens are generated from
animals, molds, house dust mites, and household pests such as
cockroaches (2, 12). Their contribution to childhood asthma
seems to vary in different parts of the world because children
with asthma tend to become sensitized to allergens promi-
nent in their living environments (2, 4). However, there
is little information about how exposures to indoor allergens
affect children’s respiratory health among non-Western
populations, which have lower rates of asthma. China pro-
vides a distinct opportunity to examine exposures to indoor
allergens in relation to children’s respiratory health because
the prevalence of asthma and atopic illness has remained very
low among Chinese populations on the mainland compared
with populations in industrialized countries in the West as
well as in Hong Kong (13-15).

We examined whether self-reported exposures to
common indoor allergens were associated with doctor-diag-
nosed asthma and asthma-related symptoms in a cross-
sectional study of ninth grade students in the greater
metropolitan area of Wuhan, China. To consider the im-
portance of early-life exposure to animals, we ascertained
exposure to pets and farm animals during two different
periods of childhood: before and after the age of 6 years.
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Selected Abbreviations and Acronyms

POR = prevalence odds ratio
CI = confidence interval

SD = standard deviation

EU = endotoxin unit

METHODS
Participants and Study Procedure

In the spring of 2001, 4185 ninth grade students at 22 public
schools in and around Wuhan, China completed a self-
administered questionnaire on respiratory symptoms and
home environment. Two schools were randomly selected
from each of the 11 administrative units (nine districts
and two counties) governed by the city of Wuhan, the
capital of Hubei Province (16). The resulting 22 schools
included 14 schools from urban, three schools from subur-
ban, and five schools from rural areas. Local study staff
informed students about the survey at the participating
schools. After obtaining written parental consent, students
viewed a video demonstrating wheezing (17) and completed
the questionnaire in class with study staff in attendance.
The study protocol was approved by the Institutional
Review Boards at the Wuhan Public Health and Anti-
epidemic Station and the National Institute of Environmen-
tal Health Sciences.

Questionnaire Data

We assessed children’s respiratory health and potential risk
factors such as exposures to indoor allergens by question-
naire. We included respiratory health related questions from
a standardized questionnaire (ATS-DLD-78-C) translated
into Chinese for a previous study in Wuhan and other
Chinese cities (18). We focused on asthma-related symp-
toms during the past 12 months, rather than asthma diagno-
sis, as our primary outcome measure. We asked whether
children had cough almost every day in the absence of colds
during the past 12 months and whether they had wheezing
over the past 12 months, with and without colds. For the
analysis, we combined wheezing with and without colds
because only a small number of children (67 subjects) re-
ported wheezing without colds. Additionally, we asked
whether a doctor had ever diagnosed children with asthma
and/or hay fever.

Current exposure to animals was characterized by ques-
tions defining type and number of animals in the child’s
household. We created a categorical variable indicating
whether the child was exposed to dogs, cats, farm animals, or
other types of animals. We included chickens, ducks, cows,
and pigs in the farm animal category. Children who did not
have any animals were assigned to the reference category.
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We also asked whether children allowed animals to enter
the room where they slept during the past 12 months. To
evaluate the importance of early-life exposure to animals,
we asked children about their exposures to animals prior to
the age of 6 years. We asked the same questions asked about
current animals with reference to the period before age six.
We considered subjects exposed to pests if they confirmed
seeing vermin (separate questions for cockroaches, mice, or
rats) in the home during the past 12 months. To assess
exposure to dampness and mold growth in the past 12
months we asked whether there were any signs of flooding,
water damage, or mold growth (any surfaces other than
food) in the home.

Statistical Analysis

We calculated prevalence odds ratios (PORs with 95% con-
fidence intervals) for each of the three outcome measures
(cough without colds in the past 12 months, any wheezing
in the past 12 months, and doctor-diagnosed asthma) by
unconditional logistic regression (Proc Logistic in SAS
System for Windows, Version 8.01). We excluded 39 sub-
jects with missing data on any of the outcome or exposure
variables leaving 4146 subjects for the analysis. The follow-
ing covariates were assessed as potential confounders:
gender, living area (rural, suburban, urban), use of domestic
cooking and heating fuels, environmental tobacco smoke,
personal smoking, physical activity, and time spent indoors
and outdoors. Our multivariate models are adjusted only
for child’s sex and living area because inclusion of the other
variables did not appreciably change the associations. Mutual
adjustment of the indoor allergen variables (animals, pests,
molds) resulted in less than a 10% change in the prevalence
odds ratios. Thus, we present these variables singly.

RESULTS

Characteristics of the study population are presented in Table
1. The mean age of the ninth grade students was 15.2
years (SD 0.6 years). Prevalence of wheezing in the past
12 months, doctor-diagnosed asthma (Table 1), and allergies
was rare in this population, consistent with previous stud-
ies among Chinese children (13-15). Only 127 subjects
(3.1%) reported ever having had doctor-diagnosed asthma.
Lifetime prevalence of hay fever was 2%. The majority of
the subjects who reported doctor-diagnosed asthma (86.6%)
or wheezing in the past 12 months (89.6%) did not report
any history of hay fever. Of the ever-diagnosed asthmatics,
22.0% reported wheeze and 10.2% reported persistent cough
in the past 12 months. Prevalence of these symptoms was
much lower among children who had no asthma diagno-
sis; only 3.6% reported wheeze and 4.1% reported cough
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TABLE 1. Characteristics of the study population of 4146
ninth grade students at 22 schools in greater Wuhan, China

Characteristic N %

Demographics

Gender
Male 2139 51.6
Female 2007 484
Living area
Urban 2401 579
Suburban 1117 269
Rural 628 152
Asthma and asthma-related symptoms
Doctor-diagnosed asthma 127 3.1
Persistent cough without colds in the past 12 months 176 43
Any wheezing in the past 12 months 174 4.2
Wheezing with colds 148 3.6
Wheezing without colds 67 1.6
Exposures
Animals currently
No animals 2151 519
Any animals 1995  48.1
Dogs 883 213
Cats 823 199
Farm animals 633 153
Other animals 852 20.6
Animals before the age of 6 2122 514
Pests in the past 12 months 2349 56.7
Mold/water damage in the past 12 months 965 233

"Numbers exclude 17 subjects who did not complete exposure data before the age
of 6 years.

during the past year. Exposures to animals, pests, and mold
in the home environment were common among the adoles-
cents (Table 1).

Currently having animals in the household was positively
associated with cough and wheeze in the past 12 months,
but not with ever-diagnosis of asthma (Table 2). The associ-
ations between the respiratory symptoms and animal expo-
sure were stronger among children who allowed animals
to enter the room where they slept (POR = 1.86, 95% CI,
1.31, 2.64 for cough; POR = 1.51, 95% CI, 1.04, 2.17 for
wheeze) than among those who did not. In addition, subjects
who had two or more animals were more likely to report
persistent symptoms of cough and wheeze than those who
had only one animal.

Exposure to animals before the age of 6 years was associ-
ated with both asthma diagnosis and asthma-related respira-
tory symptoms, especially wheezing (Table 3). For wheeze
and cough, there was little difference in the associations by
the type of animal(s) (dogs, cats, farm animals, or other
animals) that children were exposed to during early child-
hood. However, exposure to farm animals in early life was
strongly related to ever-diagnosed asthma (POR = 2.62,
95% CI, 1.66, 4.12). The associations between the respira-
tory symptoms and early animal exposure were stronger for
children who had slept in a room where their animals were
allowed to enter.
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We considered early-life and current exposures to animals
in the same model by classifying children into the following
categories: no animals during childhood, animals currently
but not before the age of six, animals only before the age
of six, and animals currently and before the age of six.
Children exposed to animals both in early and later child-
hood were more likely to have persistent symptoms of cough
and wheeze than those who had animals at only one of
the two periods (Table 4). Exposure to animals in early life
contributed significantly to asthma and wheezing, irrespec-
tive of whether subjects were currently exposed to animals
or not.

Exposures to pests and mold/water damage in the house-
hold in the past 12 months (Table 5) were both positively
associated with asthma diagnosis and asthma-related symp-
toms. The strongest associations were seen for wheeze; expo-
sure to cockroaches (POR = 2.03, 95% CI, 1.41, 2.90) and
reported mold growth and water damage in the home
(POR =249, 95% CI, 1.82, 3.40) increased the odds of
wheezing considerably.

DISCUSSION

Both current and early-life exposures to animals had adverse
effects on respiratory health in this Chinese population
of adolescents with low prevalence of asthma and allergic
rhinitis. Associations between asthma-related symptoms
and exposure to animals, either in early childhood or later,
were stronger when animals were allowed to enter child’s
bedroom and in the presence of three or more animals, sug-
gesting a greater effect with higher levels of exposure. Expo-
sures to pests, mold, or recent water damage in the home
were also associated with asthma diagnosis and asthma-
related symptoms. The results agree with findings from
another recent study of risk factors for asthma among
children in China (19). However, our study includes addi-
tional data on exposures to farm animals and exposures to
animals in early childhood.

The relationship between exposure to animals and aller-
gic respiratory diseases in childhood is controversial. Al-
though sensitization to allergens derived from domestic pets
has been associated with asthma prevalence and exacerba-
tion (3), some recent studies suggest that exposure to ani-
mals in early life may reduce risk of developing allergic
sensitization, asthma, and wheezing (11, 20-23). In particu-
lar, growing up on a farm and exposure to livestock appears
to provide protection against development of atopic disease
among some Western populations (24-29). It has been pro-
posed that high exposure to microbial products, such as
bacterial endotoxin, in the first years of life may mediate
this protective effect (11, 30, 31). In Western populations
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TABLE 2. Asthma-related symptoms and diagnosed asthma in relation to current animal exposure

Cough without colds in the past 12 months ~ Wheeze in the past 12 months Ever doctor-diagnosed asthma
No Yes No  Yes No  Yes
Current exposure to animals Ne N*  PORP (95% CI) N*  N* POR" (95% CI) N* N* POR" (95% CI)
Total 3970 176 3972 174 4019 127
Animals in child’s household
No 2073 78 1.00 2072 719 1.00 2080 71 1.00
Yes 1897 98 1.54 (1.12, 2.11) 1900 95 1.41 (1.03,1.94) 1939 56 1.10 (0.76, 1.58)
Animals enter child’s bedroom®
No 918 36 1.19 (0.79, 1.79) 912 42 131 (0.88,193) 926 28 1.19 (0.75, 1.86)
Yes 979 62 1.86 (1.31, 2.64) 988 53 1.51 (1.04,2.17) 1013 28 1.02  (0.65, 1.61)
Type of animals®
Dogs 839 44 1.53 (1.04, 2.25) 832 51 1.70 (1.18,2.46) 863 20 0.85 (0.51, 1.40)
Cats 7172 51 2.09 (1.43, 3.06) 783 40 148 (0.99,2.23) 802 21 1.11 (0.67, 1.84)
Farm animals 609 31 2.13 (1.27, 3.57) 611 29  1.59 (0.94,2.69) 627 13 1.66 (0.86, 3.22)
Other animals 805 47 1.65 (1.13, 2.39) 807 45 1.52 (1.04,2.22) 828 24 097 (0.60, 1.55)
Number of animals®
1 975 49 1.42 (0.98, 2.05) 983 41 1.14 (0.77,1.68) 990 34 1.12 (0.74, 1.71)
2 424 22 1.57 (0.96, 2.56) 419 27 1.85 (1.17,292) 433 13 1.13  (0.62, 2.08)
3 or more 498 27 1.92 (1.17, 3.15) 498 27 1.76 (1.07,2.88) 516 9 097 (0.47,2.01)

*Total number of children in each group.
bPrevalence odds ratios (POR) adjusted for living area (urban, suburban, rural) and gender.
“All PORs are computed relative to subjects with no animals.

(32, 33), the presence of pets and farm animals may be an
important determinant of microbial burden because increas-
ing levels of hygiene have reduced microbial exposures.
Conversely, among non-Western populations, protective
effects of animals may not necessarily be seen because micro-
bial burden early in life, irrespective of pets, may be high
enough to favor Thl-type immunity (30). In this Chinese
population, microbial burden, including exposure to endo-
toxin, is likely to be higher during early childhood than

among Western populations. We conducted 4-hour mea-
surements of airborne endotoxin levels in four of the partici-
pating schools and found that airborne endotoxin levels in
these Wuhan schools were much higher (29.86-93.38 EU/
m’) than levels found in Western homes (0.02-19.82 EU/m’)
(34). Although levels of sanitation have improved in China
in recent decades, flush toilets and potable tap water remain
uncommon in many areas (35, 36). For example, open pits
in concrete floors are still the standard toilets in many of

TABLE 3. Asthma-related symptoms and diagnosed asthma in relation to animal exposure before the age of six

Cough without colds in the past 12 months ~ Wheeze in the past 12 months Doctor-diagnosed asthma—ever
E . No Yes No  Yes No  Yes
xposure to animals

before the age of 6 Ne N*  PORP (95% CI) N N POR® (95% CI) N' N POR® (95% CI)
Total 3954 175 3956 173 4003 126
Animals in child’s household

No 1933 4 1.00 1945 62 1.00 1959 48  1.00

Yes 2021 101 1.42 (1.04,1.94) 2011 111 1.85 (1.34,2.55) 2044 78 195 (1.35,2.82)
Animals enter child’s bedroom*®

No 1135 48 1.21 (0.83,1.76) 1129 54 1.60 (1.10,2.34) 1134 49 2.24 (1.49, 3.37)

Yes 882 53 1.69 (1.17, 2.45) 878 57 217 (1.49,3.15) 906 29 1.61 (1.00, 2.58)
Type of animals®

Dogs 1093 58 1.56 (1.09, 2.24) 1084 67 2.10 (l.46,3.01) 1119 32 1.54 (097, 2.44)

Cats 1037 59 1.64 (1.15,2.35) 1035 61 2.00 (1.38,2.89) 1068 28 1.38 (0.86,2.22)

Farm animals 913 48 1.66 (1.11, 2.47) 914 47 1.83 (1.21,2.76) 925 36 2.62 (1.66,4.12)

Other animals 801 43 1.40 (0.95, 2.05) 793 51 2.04 (1.39,298) 808 36 1.85 (1.19,2.88)
Number of animals®

1 815 39 1.33 (0.89, 1.98) 808 46 1.85 (1.25,2.73) 814 40 227 (1.48,3.49)

2 434 17 1.09 (0.64, 1.88) 431 20 1.53 (091, 2.56) 431 200 221 (1.29,3.79)

3 or more 712 45 1.77 (1.19, 2.63) 772 45 2.05 (1.36,3.10) 799 18 1.33  (0.76, 2.32)

*Total number of children in each group.
Prevalence odds ratios (POR) adjusted for living area (urban, suburban, rural) and gender.
€All PORs are computed relative to subjects with no animals.
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TABLE 4. Asthma-related symptoms and diagnosed asthma in relation to animal exposure during early childhood and adolescence

Cough without colds in the past 12 months

Wheeze in the past 12 months

Doctor-diagnosed asthma-ever

No Yes No Yes No Yes
Animal exposure N? N? PORP (95% CI) N* N®* PORP (95% CI) N*  N® PORP  (95% CI)
Total® 3950 174 3951 173 3998 126
Time period
Before age 6 Current
No No 1364 49 1.00 1372 41 1.00 1376 37 1.00
No Yes 568 24 1.25 (0.76,2.06) 571 21 129 (0.76,2.21) 581 11  0.80 (0.41, 1.59)
Yes No 696 28 1.16 (0.72,1.86) 687 37 1.84 (1.17,2.90) 691 33 190 (1.18,3.07)
Yes Yes 1322 73 1.82 (1.24,2.68) 1321 74 211 (1.41,3.16) 1350 45 1.81 (1.15,2.84)

*Total number of children in each group.

bPrevalence odds ratios (POR) adjusted for living area (urban, suburban, rural) and gender.
“Analyses include 4124 subjects who had information on both current exposures to animals and animal exposures before the age of 6.

the schools in this study in Wuhan. However, mechanisms
by which exposure to animals can provide protection against
atopic disease such as asthma are not yet clear. Another
recent hypothesis suggests that the protective effect of ani-
mals may also be explained by induced tolerance (37).
We did not find that exposure to domestic or farm
animals before the age of 6 years reduced the risk of asthma
or asthma-related symptoms in adolescence. In agreement
with our findings, exposure to pets has been found to in-
crease risk for asthma and wheezing among older children and
adolescents in Western populations (38-40). In a recent
prospective study, exposure to pets contributed to the onset of
asthma in older children (41). However, that study did not
have information on exposure to pets in early life; we found
that current exposure to animals was not associated with
doctor-diagnosed asthma in the absence of early exposure
(Table 4). This might reflect that tendency for children
who get pets after the age of six, to be those who have not
shown any manifestations of asthma or allergic rhinitis. We
also found some evidence for selective removal of pets
in asthmatic children. Among subjects who had animals
before the age of six, exposure to animals in adolescence

was slightly less prevalent among diagnosed asthmatics com-
pared with children with no diagnosis of asthma (57.7% vs.
66.1%). Avoidance of pets in families who have asthmatic
or allergic family members has been observed in Western
populations (40, 42).

Individual response to animal exposures in childhood is
likely influenced by genetic susceptibility (43, 44). We were
not able to examine whether the effect of animal expo-
sure differed by hereditary factors. The low prevalence of
atopic disease in this population would not have given us
the power to examine the interaction between family history
and animal exposures in relation to asthma-related out-
comes even if we had collected parental information.

The presence of household pests was associated with both
asthma diagnosis and asthma-related symptoms among these
Chinese adolescents. Pests, especially cockroaches, are
sources of aeroallergens (1). Many studies have demon-
strated that exposure and sensitization to cockroach aller-
gens are associated with asthma and acute asthma
exacerbations in areas where infestation is common (2). In
our data, exposure to cockroaches contributed substantially
to wheezing in the past year.

TABLE 5. Asthma-related symptoms and diagnosed asthma in relation to exposure to pests and mold/water damage in child’s

household in the past 12 months

Cough without colds in the past 12 months

Wheeze in the past 12 months

Doctor-diagnosed asthma—ever

No Yes No Yes No Yes

Exposure N@ N@ POR® (95% CI) N® N*  POR®  (95% CI) N® N*  POR®  (95% CI)
Total 3970 176 3972 174 4019 127
Pests

No 1732 65 1.00 1739 58  1.00 1748 49 1.00

Any pests 2238 111 1.45 (1.05,2.00) 2233 116 1.66  (1.20,2.31) 2271 78 154  (1.07,2.23)

Cockroaches 1021 58 1.50 (1.05,2.16) 1011 68  2.03 (1.41,2.90) 1029 50 174 (1.16, 2.61)
Mold or water damage

No 3059 122 1.00 3079 102 1.00 3090 91 1.00

Yes 911 54 1.55 (1.12, 2.16) 893 72 249  (1.82,3.40) 929 36 142  (0.96, 2.12)

*Total number of children in each group.

bPrevalence odds ratios (POR) adjusted for living area (urban, suburban, rural) and gender.



548 Salo et al.
INDOOR ALLERGENS AND ASTHMA IN CHINA

Dampness and mold growth in the home environment
have been associated with adverse respiratory effects, partic-
ularly among children (45, 46). Several molds are known
to be allergenic and contain biologically active molecules
(45), such as mycotoxins and (1—3)-B- D-glucans, which
can induce adverse respiratory health effects (47, 48). Self-
reported mold growth in homes has been associated not
only with subjective symptoms but also with peak flow
variability, which is an objective respiratory outcome mea-
sure (49). Our results agree with existing data; we found
that reported mold and water damage in child’s home was a
strong risk factor for persistent respiratory symptoms. Wuhan
has been subject to flooding in recent years, which may
have enhanced mold growth in homes. Although water
damage and visible mold growth may also correlate with dust
mite exposure, published data suggests that dust mites do
not explain the association between residential fungal con-
tamination and respiratory symptoms (50, 51). In addition, a
recent study proposed that sensitization to molds and dust
mites may contribute independently to asthma among Chi-
nese asthmatics (52).

A limitation of our study was that our outcome mea-
sures were based on questionnaire responses alone. However,
large epidemiological studies of asthma often rely on reports
on recent symptom history and physician’s diagnosis of
asthma because these self-reported measures are cost effi-
cient, practical, and their repeatability is generally good
(53-55). In particular, self-completed written question-
naires have been the principal instrument for obtaining
prevalence information about this age group (e.g., ISAAC
studies) (14). Adolescents may report their own symptoms
and health status more accurately than their parents; some
studies suggest that Chinese parents may deny or un-
derreport child’s symptoms or illnesses (13, 56). We recog-
nize that self-reported asthma diagnosis may reflect
differences in diagnostic practices across populations (53,
57). In contrast, respiratory symptoms, including symp-
toms of wheeze and cough, should be reported consistently
across populations (57). Both of them are cardinal symptoms
of asthma, although indoor allergen exposure could be asso-
ciated with cough via mechanisms other than those that
are specific to asthma. To improve the quality of our self-
reported outcomes, we included audiovisual presentation
of wheezing symptoms (17). In our analysis, we evaluated
both diagnosed asthma and asthma-related symptoms in
the past 12 months to reduce potential bias introduced
by behavioral modification due to diagnosis or differential
access to health care.

Questionnaires have limited ability to quantify expo-
sures; some exposures will be misclassified based on question-
naire measures of exposure alone. For example, homes
without pets may have detectable levels of animal aller-
gens. However, levels of these allergens are usually much
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higher in homes of pet owners (58, 59). Elevated levels of
fungi and atypical mycoflora in indoor environments most
often result from water or moisture damage that enables
excessive mold growth (60, 61). Inspection for visible signs
of water damage and mold growth is an essential part of
mycological investigations in buildings (62, 63). Because
health hazards of indoor air pollutants are not widely known
among Chinese children (64), serious differential misclassi-
fication either of the exposures or outcomes is unlikely.
Therefore, our effect estimates (PORs) may be underesti-
mated (65, 66).

In cross-sectional studies, the temporal relationship be-
tween exposure(s) and outcome(s) can be difficult to deter-
mine. The hypothesis that early exposure to animals may
protect against asthma and allergies has generally focused
on exposures before the age of two. However, we thought
that children would not be able to recall this period accu-
rately. Thus, we asked them whether they had pets or farm
animals before the age of six. We believe that children can
remember animals they had at the age of 4 to 6 years,
although the possibility of recall bias cannot be excluded.
We are not able to ascertain whether animals reported before
the age of six were acquired after age two or whether
animals were removed during early years of life because of
symptoms or diagnosis of asthma. However, if animals were
selectively removed, the observed associations would be
underestimated.

The major strength of this study is that the public school
system ensured a large and representative sample of rural,
suburban, and urban populations in the Wuhan area. Our
study is one of the few studies that have examined exposures
to indoor allergens in relation to children’s respiratory
health in mainland China (13, 15, 19, 52).

In conclusion, self-reported exposures to indoor allergens
derived from animals, pests, and mold in the home contrib-
uted independently to asthma-related symptoms of cough
and wheeze in this cohort of Chinese adolescents. Al-
though prevalence of childhood allergic respiratory diseases
such as asthma has remained much lower in China than in
industrialized Western populations, common indoor aller-
gens appear to be risk factors for asthma and asthma-related
symptoms in older children in both populations. Early expo-
sure to animals, pets, or farm animals did not protect against
asthma or persistent asthma-like symptoms in this Chi-
nese population.

We thank the Wuhan Education Committee and the Wuhan Public Health

and Anti-epidemic Station for assistance with data collection and entry.
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