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Comparison of food allergy prevalence among Chinese infants in
Chongqing, 2009 versus 1999
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Abstract Background: Food allergy prevalence is increasing in developed countries, but these results have not yet been verified
in developing countries, especially in China. Our aim was to determine whether the prevalence and characteristics of
food allergy have changed over the last 10 years in Chongging, China.

Methods: Two cross-sectional studies were performed, 10 years apart (1999 and 2009) using the same diagnostic
methods in the same age group (0-24 months) of the same clinic in Chongqing, China. A total of 401 infants were
randomly selected for the present study. Food allergy was confirmed by food challenge. spss 15.0 was used to analyze
the difference in prevalence.

Results: Food allergy prevalence increased significantly from 3.5% in 1999 to 7.7% in 2009 (P = 0.017). The prevalence
of a positive skin-prick-test response was also increased (from 9.9% to 18%; P = 0.002). Egg and cow’s milk were still
the most common food allergens, which cause skin and gastrointestinal symptoms in most infants.

Conclusion: This is the first study in China to indicate time trends in food allergy prevalence and characteristics. Our
data show that in the 10-year period from 1999 to 2009, the prevalence of food allergy seems to have increased in China.
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Allergy is one of the most common chronic diseases that endan-
ger children’s health. Epidemiological studies demonstrate that
there has been a continuous increase in the prevalence of allergic
diseases in Western and Westernized societies over recent
decades,'? including food allergy (FA).** However, studies of the
prevalence and clinical features of FA from developing countries,
including China, are insufficient.’ In addition, many studies from
developed countries focus on peanut allergy because it is one of
the most common food allergens inducing anaphylaxis. In con-
trast, peanut and tree nut allergies appear to be rare in Asia,
possibly due to different eating habits.’ Therefore, there is an
urgent need for data on the local prevalence and time trends of
general food allergy in China.

Between May 1999 and June 1999, we conducted the first
study to estimate the prevalence of FA in China. The prevalence
of FA was found to be 3.5% among infants.® In that study, egg and
cow’s milk were the major allergens, and skin symptoms were
the most common symptoms; an atopic family history, eczema in
early life and early supplementary food introduction were found
to be important risk factors in FA prevalence.*” However, our
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study did not evaluate prevalence over time, and it is difficult
to compare our results with other studies because of different
methodologies, diagnostic criteria, sampling frames and non-
response bias. Therefore, there are no reliable data on whether FA
prevalence is increasing with rapid Westernization and economic
development in China.

To determine whether the prevalence of FA is changing,
we conducted a second prevalence study between January and
February 2009, using an identical methodology and sampling
frame to our 1999 study. In this study, we compared the preva-
lence and characteristics of infancy FA using data derived from
cross-sectional surveys held in 1999 and 2009.

Methods
Sampling frame

In order to investigate time trends in the prevalence of FA, the
study was repeated with the same diagnostic methods in the same
age group (0-24 months) at the same clinic in 2009. Children
aged 0-24 months were enrolled randomly when they received
well-baby checking in the division of Primary Child Care, Chil-
dren’s Hospital, Chongqing Medical University. Because FA
seems to be age-related, the infants studied in 2009 were similar
in age distribution prevalence to those in our original study. A
total of 401 infants were involved in this study. There were 218
boys and 183 girls. Of these, 175 were 0-6 months, 142 were
6-12 months, and 84 were 12-24 months. This study was
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approved by the ethics committee of the Children’s Hospital,
Chongqing Medical University, China.

Criteria for diagnosis of food allergy

All FA infants were confirmed by food challenge.

At first, a questionnaire was distributed to parents to deter-
mine whether the infants had suspected atopic symptoms related
to food. The questionnaire inquired about the characteristics and
reproducibility of the symptoms, duration between the ingestion
and occurrence of the symptoms, and estimated quantity of sus-
pected food. The demographic details, atopic family history and
living environment were queried as well.

After that, all subjects underwent a skin-prick test (SPT). The
SPT was performed by our nurse in the presence of an allergist,
using the prick technique and glycerinated food extract supplied
by Greer Company (Taibei, China) according to the standard
guidelines.® Food extracts included milk, egg, peanut, soy, fish,
shrimp, wheat and orange, which can cause approximately 85%
of adverse reactions in children. The positive and the negative
control tests with histamine phosphate (10 mg/mL) and saline,
respectively, were always placed along with the test allergens.
SPT was defined as positive when the greatest diameter of the
wheal was at least 3 mm larger than a negative control at 15 min.

Then, a special diet record form was given to those with
positive SPT response. Initially, infants continued to have their
regular diet for 2 weeks and then suspected foods were eliminated
completely from their regular diet for 1-2 weeks. Cow’s milk was
substituted by extensively hydrolyzed formula (Alfa-re, Nestle,
Chongqing, China) in bottle-fed infants who reacted to cow’s milk
formulas. The parents recorded the contents and amount of all
foods eaten by the infant, and symptoms that occurred during this
procedure. If the symptoms of the infant did not improve, FA were
excluded; however, if the symptoms improved, an open food
challenge (OFC) was conducted in the hospital under the super-
vision of an allergist, as previously described.” In brief, the sus-
pected food was administered with minimal weight first (usually
started with about 1/16 of the challenge dose) and then the weight
of the food was increased gradually (the interval for increasing the
dose was according to the history). For most infants, we increased
the dose every 15-30 min, until the usual dietary weight was
given. For example, for suspected cow’s milk allergy, a drop of the
formula was put on the infant’s lips first. If no reaction occurred

Table1 Demographic data in the 1999 and 2009 surveys
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after 15 min, the formula was given orally and the dose was
increased stepwise (0.5, 1.0, 2.0, 5.0, 10, 20, 40, 80, 100, 150 mL)
every 15-30 min. The infant was observed for at least 2 h in the
clinic before going home. The allergist recorded the respiratory
rate, heart rate, blood pressure and any symptoms. Parents were
told to observe the child for late reactions at home also. Likewise,
boiled eggs, noodles for wheat, cooked soybeans, peanut butter,
cooked fish and shrimp, and fresh orange were used for oral
provocation. All the suspected foods were investigated one-by-one
with the OFC. Once the symptoms were induced by a suspected
food, FA was confirmed.

Statistical analysis

As the aim of this study was to compare the prevalence of
two cross-sectional studies, we used the same equation to recal-
culate the prevalence, which is a little different from that of
our epidemiology study.® That is, prevalence estimates were
calculated by dividing infants with positive results by the total
number of completed questionnaires. To compare the differences
in SPT positive rate, FA prevalence and other characteristics of
FA between the two studies, the ¢-test and y>-test were performed.
P < 0.05 was considered significant. The spss software package
version 15 for Windows (spss, Chicago, IL, USA) was used for
all statistical analysis.

Results
General information of two cross-sectional studies

In the 1999 study, 314 questionnaires were completed and infants
underwent the SPT. Ten of the infants dropped out during the
food elimination test. Therefore, 304 infants were included in
the final analysis with an overall response of 96.8% (304/314). In
the present study, 401 questionnaires were distributed and 382
infants were included in the final analysis. The overall response
rate was 95.3% (382/401), similar to the 1999 study (P > 0.05)
(Table 1). The age and sex distribution of infants is shown in
Table 1. The age and sex distributions of the study groups were
similar in the two studies.

The feeding schedule, age of solid food introduction, and
symptoms reported by parents are shown in Table 2. There were
no differences in feeding practices between these two decades
(P > 0.05).

1999 study (n = 314) 2009 study (n =401) P-value
n % n %
Responder
Full responder 304 96.8% 382 95.3% 0.296
Partial responder 10 3.2% 19 4.7%
Age
0-6 months 133 42.4% 175 43.6% 0.878
7-12 months 117 37.2% 142 35.4%
13-24 months 64 20.4% 84 20.9%
Sex
Male 181 57.6% 218 54.4% 0.381
Female 133 42.4% 183 45.6%
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Table 2 Feeding practice and reported symptoms

1999 study 2009 study P-value
n No. of FA n No. of FA
Feeding methods up to 4 months of age
Breast-fed 126 7 168 21 0.067
Partially breast-fed 86 3 132 8 0.536
Formula-fed 102 1 101 2 1.000
Age of solid foods introduction
<4 months 120 5 34 0 0.585
4-6 months 107 5 196 23 0.062
>6 months 31 0 58 6 0.173
Non-introduction 56 1 113 2 1.000
Parents reported symptoms
Eczema or wheal 27 10 57 29 0.464
Swollen eyelid and lips 1 1 2 1 1.000
Vomiting/diarrhea 15 1 7 2 0.530
Milk refusal 2 1 1 1 1.000
Sneezing or wheezing 2 1 1 0 1.000

FA, food allergy.

There were 31 infants in the 1999 study and 72 infants
in 2009 with positive SPT. Some infants were sensitive to a
variety of foods (Table 3). However, only four infants in 1999
and three infants in 2009 were diagnosed as having multi-food
allergy.

In these two cross-sectional studies, identical methodology
was used to obtain the prevalence of FA. The results of diagnostic
tests of FA are shown in Table 4. The prevalence was 3.5% in the
1999 study and 7.7% in the 2009 study, respectively.

Prevalence

The parent-reported FA, SPT response and confirmed FA in
1999 and 2009 are compared, respectively, in Table 5. The rate
of parent-reported FA increased from 13.7% (1999 study) to
16.7% (2009 study), but there was no statistical significance
(P > 0.05). Positive SPT response was significantly higher in
2009 (18.0%) than in 1999 (9.9%) (P < 0.05). The prevalence
of confirmed FA increased markedly from 3.5% (1999 study)
to 7.7% (2009 study) (P < 0.05). The prevalence of FA in this
population increased more than 2.2-fold between 1999 and
20009.

Table 3 Distribution of positive skin prick tests (SPT)

Food allergens and symptoms

The characteristics of FA infants are shown in Tables 5 and 6.
The most common triggers of infant FA in Chongqing were egg
(9711 in 1999, 20/31 in 2009) and cow’s milk (5/11 in 1999,
14/31 in 2009). The other offending foods included peanut
(1/11), soy (1/11), orange (1/11) and fish (1/11) in the 1999 study,
while there was no other implicated foods besides egg and cow’s
milk in 2009.

The prevalence of egg allergy was about 2.9% (9/314) in 1999
and 5.0% (20/401) in 2009, and the prevalence of cow’s milk
allergy was about 1.6% (5/314) in 1999 and 3.5% (14/401) in
2009. However, the prevalence of infants’ FA increased with time
and there was no discernible change in the proportion of infants
allergic to any one food in these two studies (P > 0.05). In 1999,
there were four infants with multi-FA out of 11 with FA. In
the 2009 study, there were three infants with multi-FA among
31 with FA, which was remarkably lower than that in 1999
(P < 0.05) (Table 5).

In both studies the most common symptoms occurred on the
skin (10/11, 90.9% of patients in 1999, 27/31, 87.1% in 2009),
such as eczema and wheal, followed by gastrointestinal (GI)

Egg Milk Peanut Fish Orange Wheat Shrimp Soy

Positive no. of SPT in 1999 23 10 1 1 3 1 0 3
Positive no. of SPT in 2009 62 25 6 3 0 2 1 2
Table 4 The results of diagnostic tests of food allergy

Questionnaire SPT Elimination test OFC Prevalence (%)

Total no. Positive Total no. Positive Total no. Positive Total no. Positive
no.. no. no. no.

1999 study (n = 314) 314 43 314 31 31 21 21 11 3.5
2009 study (n = 401) 401 67 401 72 72 45 45 31 7.7

OFC, open food challenge; SPT, skin prick tests.
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Table 5 Time trend of prevalence of parent-reported FA, positive SPT response and FA

1999 study (n = 314) 2009 study (n =401) P-value
Positive number (1) % Positive number (n) %o
Reported FA 43 13.7% 67 16.7% 0.268
SPT 31 9.9% 72 18.0% 0.002
FA 11 3.5% 31 7.7% 0.017
Cow’s milk allergy 5 1.6% 14 3.5% 0.117
Egg allergy 9 2.9% 20 5.0% 0.154
Multi-FA 4 1.3% 3 0.7% 0.041

FA, food allergy; SPT, skin prick tests.

symptoms (2/11, 18.2% vs 4/31, 12.9%), for example vomiting
and diarrhea. Respiratory symptoms were rare in both studies:
only one infant showed respiratory symptoms (sneezing) in 1999.
All symptoms were confirmed by the OFC.

Discussion

According to some reports, the prevalence of food allergy is
increasing along with other allergic diseases.'®!" However, there
is a lack of data from developing countries, especially China. The
primary aim of this study was to determine whether the preva-
lence and characteristics of food allergy had changed over a
10-year period in Chongqging, China. Therefore, we compared the
results of our two cross-sectional studies using the same diag-
nostic methods on the same age group (0—24 months) in the same
clinic in Chongging.

Most prevalence studies based on self-reported symptoms
related to FA range from 9.1% to 34.9%."" In our data, although
there was no statistical difference (P > 0.05), the prevalence of
parent-reported FA in 2009 was slightly higher than that in 1999
(16.7% vs 13.7%). During the last few years, FA education
programs for the general population and medical personnel in
Chonggqing have been developed. These educational programs
have made people more aware about food allergens and their
symptoms. Therefore, this rising trend may be explained by
increased knowledge of FA and of the atopic symptoms.'”
Another reason might be because parents in the 2009 study might
prefer to consider all adverse reaction to food as FA. In fact,
questionnaire-based prevalence studies could overestimate
data: it is reported that only 10% of self-reported reactions are
confirmed when the food challenge is used."* However, it is an
important tool to provide information regarding FA.

It is known that FA cannot be diagnosed with SPT alone
because the positive predictive value is less than 50%. A positive
SPT response merely indicates food sensitization. However,
studies have shown that the magnitude of the SPT has a good
correlation with challenge-derived hypersensitivity data.'®'®
Therefore, infants with positive SPT response, especially in those

Table 6 Symptoms of food allergy

with atopic family history, are the high-risk population to present
clinical symptoms. In these two studies, the food challenge was
used to confirm the true FA. With regard to the prevalence of FA,
in a recent meta-analysis, the authors observed a marked hetero-
geneity in the prevalence of FA that could be a result of differ-
ences in study design or methodology, or differences between
populations.'® Hereby, it is hard to compare one study to another.
To solve this problem, we compared our two studies conducted
with the same methodology and almost the same population in
the same clinic. We show that the prevalence of positive SPT
response and true FA are both increased (from 9.9% to 18% and
from 3.5% to 7.7%, respectively), which is consistent with recent
reports in developed and developing counties.'®"'? The rapid
economic development, environmental changes caused by rapid
Westernization and increase in hygiene may partially explain this
rising trend in the prevalence of FA.?'*? Other hypotheses include
topical sensitization, cesarean section, increased use of antacid
medication in infants, food processing methods, vitamin D expo-
sure, alterations in dietary fat consumption, and perhaps even
delayed introduction of allergenic food.**

From our data, the prevalence of egg allergy and cow’s milk
allergy were not different in these two studies. The most fre-
quently allergenic food sources in infants were egg (9/11 in 1999,
20/31 in 2009) followed by cow’s milk (5/11 in 1999, 14/31 in
2009), which is consistent with most countries,* and somewhat
different from Australia, where the top three sensitization food
allergens in children under 5 years were shellfish, milk and egg.”
Peanut and shellfish allergy are rare in Chongqing. This profile
could be due to our eating habits and food preparation methods
compared with those in Australia.

Skin reactions were the most frequent symptoms in infants
with FA (10/11, 90.9% of patients in 1999, 27/31, 85% of patients
in 2009), followed by GI symptoms. No anaphylactic shock
related to FA was found in our study, probably due to the scarce
reaction to nuts and shellfish in our population.

In conclusion, the prevalence of FA has increased significantly
in 2009 when compared with the previous study in 1999. Egg and

1999 study (n = 11) 2009 study (n = 31) P-value
Positive %o Positive %o
Skin symptoms 10 90.9% 27 87.1% 0.737
Gastrointestinal symptoms 2 18.2% 4 12.9% 0.667
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cow’s milk are still the first two food allergens for Chinese
infants, and the most common symptoms are skin and GI reac-
tions. These data may significantly contribute to our further
understanding of FA in childhood in China, and further studies
are needed to elucidate the risk factors related to the increase in
FA prevalence.
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