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Objective

The prevalence of food allergy (FA) has been increasing in recent years and has become an important public health, food safety, and clinical nutrition problem. However, population-based studies on the prevalence of FA are very limited in China. This study aims to determine the prevalence and pattern of parent-reported FA among school children in Jiangxi Province, China.



Methods

A multicenter cross-sectional study on FA was conducted on primary school children aged 6-11 years old using random cluster sampling with a questionnaire survey. Parent-reported FA was used and defined as individual-reported FA by parent or guardian through a questionnaire in this study.



Result

Among the total of 8,856 (96.36%) complete questionnaires received, 727 (8.2%) children had adverse reactions to food (ARF). The prevalence rates of parent-reported FA and doctor-diagnosed FA were 6.2% and 3.3%, respectively. Animal-derived foods were the main causative source of FA, and the three leading allergenic foods were shrimp, mango, and mollusks. Skin reactions were the most common clinical manifestations of FA, accounting for 63.7%, and 45.32% of the subjects with parent-reported FA experienced severe allergic reactions. There was a significant difference in parent-reported FA between different survey centers, and FA risk increased significantly in children with other allergic diseases (P<0.001) and small family size (P=0.026). The FA prevalence was significantly higher among children aged 8-11 years than those aged 6-7 years (P=0.020).



Conclusions

A high prevalence of parent-reported FA was observed among children in general primary schools in Jiangxi Province, China. Shrimp, mango, and mollusks were the most common causative foods. The main common symptoms of FA were adverse reactions relating to the skin system. The rate of severe allergic reactions was also high in Jiangxi Children with reported FA. Local standards and policies for the prevention and management of FA need to be adjusted on a timely basis according to actual local conditions.
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Introduction

Food is an indispensable part of life; however, improper diets can cause nutrition, health, and food safety problems. Some studies have shown that up to 41.6% of individuals reported adverse reactions to food (ARF) (1). One of the ARFs is food allergy (FA). In childhood, food allergic reactions are more common compared to nonallergic food hypersensitivity reactions (2).

Food allergy is a complex immune-mediated disorder that affects all ages, especially children. Based on numerous epidemiological studies, FA has become a common chronic disease in children (3) and affects approximately 8% of children (4–8), and even up to 10% in developed countries (9). The prevalence of FA is increasing globally (10–14) and the types of foods causing allergies and serious allergic reactions are growing (2, 15). Therefore, FA is described as the “second wave” of allergic disease after asthma and allergic rhinitis (16).

Food allergy is known to be associated with a negative impact on child growth and psychosocial condition, serious impairment of their quality of life, and is also the main cause of anaphylaxis among patients presenting to hospital emergency departments (10, 17–19). FA not only impacts health, psychological well-being, nutritional status, and the economy (20), but is also an important issue relating to clinical nutrition, food safety, and public health.

The prevalence and trend of FA in the community largely depend on public awareness, diagnostic methods, and dietary habits of the population (21), and vary among different geographic regions. This issue has been well documented in high-income countries (HIC), but information available about it is very limited in many low- and middle-income countries (LMIC) (22). The epidemiology of potentially life-threatening FA in Asia is unclear (23). Currently, few epidemiological studies on FA have been conducted and there is a lack of information from large-scale population-based studies on FA in China. In addition, a small-scale research study reported that the prevalence of confirmed FA in children was approximately 6% in China (24), indicating a consistent upward trend with global prevalence (16). A recent meta-analysis of the Chinese population has also concluded that FA prevalence from 2009–2018 was 8% (95% CI: 6%–11%), higher than that from 1999-2008 (5%; 95% CI: 3 %–7%) (25).

Studies on FA in the general population with a large sample size have not been done in Jiangxi Province. Jiangxi, one of the inland provinces in China, is located in the central southeast of China and covers an area of 166,900 square kilometers. Jiangxi is economically ranked in the middle of the country and accounts for a large share of agriculture, with grain, oilseeds, and vegetables. Jiangxi is a provincial administrative division with 11 prefecture districts and 100 counties, a population of 45.18 million, and 55 ethnic groups, of which the Han account for more than 99%. There are about 7,200 elementary schools with 242,200 teachers and 4,063,100 students.

This survey-based study was designed to estimate the prevalence and pattern of parent-reported FA, identify main foods allergens and understand the most common symptoms of FA. This study also included the prevalence of doctor-diagnosed FA, and the other allergic diseases among children in Jiangxi, China. Findings from this study will form the baseline not only for improving current awareness of FA among children and their parents but also for facilitating the development of an effective strategy to prevent and control FA among school children.



Subjects and methods


Study population

A population-based cross-sectional epidemiological survey on FA was conducted among more than 9000 children using stratified cluster random sampling in Jiangxi Province from January 2020 to May 2021. Three prefectures were randomly selected in Jiangxi and then one district or county was randomly chosen from each selected prefecture as the survey center (Figure 1). The subjects were children aged 6-11 years currently enrolled in primary schools. First, the lists of primary schools were obtained from local education departments, then elementary schools from rural and urban regions were randomly selected. Approximately 3,000 schoolchildren were recruited from primary schools in each survey center using class-based random cluster sampling. A total of 9,000 representative children from 16 primary schools in three survey centers were enrolled in this study. Approximately half of them came from rural regions and the others came from urban regions.




Figure 1 | Distribution of survey centers.





Questionnaire

The questionnaire designed for this study was mainly based on the EuroPrevall FA questionnaire (26) with some modifications according to a validation test to accommodate the indigenous need of the local people. Several questions about demography, ARF, FA, doctor-diagnosed FA, and other allergic diseases were the focus of this questionnaire.



Survey method

All the children aged 6-11 years old in grades 1 to 5 from each selected school were invited to participate in this study. The questionnaires were distributed, in the school classes, to their parents or legal guardians for completion. The class teachers and investigators collected and checked the filled questionnaires. Questionnaires with any problems such as incomplete or unclear answers were then returned to respondents for clarification and completion.



Study management

The expert panel of this study formulated and approved standard survey procedures, and all staff were well-trained in the standard procedures and methods and conducted the survey accordingly. The survey data was cross-checked and verified independently by two individuals and was then used to form a database via a web APP (Information Management System of Chinese FA Epidemiological Investigation), which was specifically designed for data capturing in this project.



Definition

Several definitions used in this study were based on the descriptions published previously (27). ARF was defined as the report of an illness or disorder after consuming food: parent-reported FA was defined as FA reported by participants’ parents or guardians, doctor-diagnosed FA referred FA diagnosed by doctors, and multiple FA meant allergies to 3 or over 3 food allergens.



Statistical analysis

The descriptive statistics for categorical variables were presented as frequencies and percentages, while continuous variables were summarized as means ± standard deviation (SD). Pearson’s chi‐squared or Fisher’s exact tests were used for categorical variables. Comparisons of continuous variables were performed with a t-test or one-way ANOVA. The statistical analysis was performed with SPSS version 25.0, and two-tailed P values of <0.05 were considered as statistical significance.



Ethical approval

This study was approved by the Ethical Committees of the China Center for Food Safety Risk Assessment (Number 2019027) and written informed consent was obtained from each child’s legal guardian.




Results


Participants

A total of 9,191 questionnaires were randomly distributed to schoolchildren in 16 primary schools from urban and rural regions in Jiangxi, China. Among the 8,856 (96.36%) valid questionnaires collected, 4,658 were from boys, 4,198 were from girls, 4,141 were from urban children, and 4,715 were from rural children. The mean age and height of children were 8.67 ± 1.26 years old and 1.31 ± 0.10 meters, respectively. Table 1 shows the demographic characteristics of the participants.


Table 1 | Demographic characteristics and prevalence of reported ARF and FA.





Prevalence of parent-reported ARF and FA

Our study showed no age difference between the ARF group and the non-ARF group. Among the participants, 727 reported AFR with a mean age of 8.79 ± 1.27, 56.8% experienced ARF only once, and 10.3% experienced it four or more times. Among the non-ARF children (8,129), the mean age was 8.66 ± 1.25. A total of 545 children (6.2%) reported an FA, 88.5% (7,834) reported no FA, and 5.4% (477) did not know if they had an FA. Table 1 summarizes the prevalence of parent-reported ARF and FA. There was no significant difference in FA prevalence between gender, ethnicity, residence, or BMI. However, FA was associated significantly with age group, family size, living region, and other allergic diseases. FA prevalence among 8-11-year-old children was higher than that in 6-7-year-old children (P=0.020), and FA was more common in children with other allergic diseases (P<0.001) or small family size (P=0.026). Figure 2 indicates the overview of participants, distribution of ARF, and allergic diseases. There were 292 doctor-diagnosed FA cases (3.30%) reported, accounting for 53.58% of the parent-reported FAs, of which 15.41% suffered multiple FAs.




Figure 2 | Overview of participation, distribution of ARF, and allergic diseases.





Food allergens and symptoms of FA

This survey revealed over 100 food allergens and animal-derived foods were dominant. As shown in Table 2, the most common causative foods were shrimp, followed by mango, mollusks, egg, fish, milk, beef, and lamb. Peanuts were not included in the top eight food allergens. The top three leading food allergens accounted for 39.45%, 30.28%, and 22.57%, respectively. Mango, beef, and lamb were determined to be among the top eight food allergens in this study, but they are not included in the recommended list of food allergens in the Chinese GB 7718-2011 National Food Safety Standard. In total, 77 children (0.87%) were reported with multiple FAs, accounting for 14.13% of parent-reported FAs. Table 3 lists the major causative foods of self-reported doctor-diagnosed FA, and it also presents mango, beef, and lamb as the common causative foods.


Table 2 | Summary of the common food allergens of parent-reported food allergy.




Table 3 | Causative foods of the parent-reported doctor-diagnosed food allergy.



This survey showed that the main clinical manifestations of FA were diverse and heterogeneous, primarily associated with the skin, perioral, respiratory tract, digestive tract, and cardiovascular system. Skin symptoms were particularly prominent, such as rashes and itches, accounting for 85% of the FA reaction. Perioral symptoms accounted for 28.6% of FA cases, while 18% of FA cases presented headaches and dizziness, as shown in Figure 3. Among the subjects with parent-reported FA, more than 45% (247) experienced severe allergic reactions, among them 12.41% were allergic to multiple foods. Table 4 shows the common symptoms caused by major allergens, and the severe reactions caused by major food allergens are presented in Figure 4.




Figure 3 | Reaction characteristics and common symptoms of FA.




Table 4 | The prevalence of main clinical symptoms associated with major allergenic foods (%).






Figure 4 | Severe reactions caused by major allergens.






Discussion

Food allergy is affecting the growth and development of children. A recent study from Australia has suggested that the rate of admissions for food anaphylaxis is increasing, and more dominant among elementary and secondary school children than among preschoolers (28). The prevention and treatment of FA are becoming a challenge for doctors, scientists, politicians, and the public (2). Allergen avoidance and drugs in case of an allergic reaction currently remain the standard of care for FA (14). Therefore, a clear understanding of the characteristics and patterns of FA prevalence will help to improve public health services and the prevention and management of FAs.


Prevalence of parent-reported FA

This study showed that 8.2% of parent-reported AFR prevalence among primary school children was higher for Asian children, which previously ranged between 1.2% and 6.5% (23), but was lower than the 10.5% prevalence of hypersensitivity to food among children in Italy, 46.9% among primary school children in Vilnius, Lithuania (2), and 12.6% in Japan (6), but was consistent with the 8% in the United Arab Emirates (2) and 8.1% in Hong Kong (23). The prevalence of parent-reported FA was estimated to be 6% among primary school-age children in Turkey and 7.6% in the USA (29), which are in accordance with our findings. The dietary culture, living environment, and genetic susceptibility are diverse in different countries or regions which might contribute to different distributions and features of FAs in different regions and countries.



Food allergens

Previous studies reported that the most common food allergens responsible for clinical reactions included milk, egg, peanut, tree nuts, mollusks, fish, wheat, and soy, which accounted for 90% of serious allergic reactions (6, 8). The list and order of the common food allergens vary in different countries or regions. For example, fish is a more common food allergen in Scandinavia; while soy is more common in Japan; peanuts in the United States and the United Kingdom; tropical fruits in Southeastern Asia; and seafood in Mediterranean countries. The different observations are most likely due to the differences in cultural traditions, dietary habits, culinary practices, and genetic factors (2).

Our study revealed some common food allergens for both parent-reported FA and doctor-diagnosed FA. Among the 100 FA causative foods analyzed, the top eight offending foods are different from the reports of FA studies in Hong Kong (23) and other regions (2, 29). The prevalence of peanut allergy is as high as 1%-3% among children in the USA, UK, and Australia but is less than 1% in most Asian countries (20, 30). Our study demonstrated that the prevalence of peanut allergy was 0.34%. Consuming peanuts in the form of boiled peanuts and peanut oil are very common in Southern China. The EuroPrevall-INCO Survey revealed that the prevalence of peanut allergy was 10 times higher in British Jewish children than in Israeli Jewish children, suggesting that high peanut consumption in early life could play an important role in explaining the difference (15).

The GB 7718-2011 National Food Safety Standard-General Standard for the Labeling of Prepackaged Foods in China lists eight categories of allergenic substances, referring to the Codex Alimentarius Standard, of recommended foods to encourage enterprises to voluntarily label to inform consumers. Three of the top eight allergenic foods (mango, beef, and lamb) in our study are not in the eight recommended food allergens list of GB 7718-2011. They were also the major food allergens that can cause severe allergic reactions. Since the occurrence and development of FA may change with economic and social development, relevant local standards should be adjusted on a timely basis according to the local situation in order to prevent and manage FA effectively.



Common symptoms of FA

Food allergy is a potentially fatal immune disease (31). Living with FA in childhood is well-recognized as impairing health (32, 33).

This study showed that skin symptoms were particularly prominent, such as rashes and itches, and accounted for 85% of the FA reaction. Perioral symptoms, nasal symptoms, headache, and dizziness were also noted frequently. Ebisawa and their team demonstrated that the most frequent clinical manifestations of FA were skin symptoms (92.0%), followed by respiratory symptoms (33.6%), mucosal symptoms (28.0%), gastrointestinal symptoms (18.6%), and shock (10.4%) (34). However, a similar study concluded that diarrhea and vomiting were the most common reactions of FA among schoolchildren (48.0%); a rash, urticarial rash, or itchy skin were also frequently observed disorders (46.4%) (2). Our study substantiated the previous findings and showed a high rate of severe allergic reactions (>45%) among the children with parent-reported or doctor-diagnosed FA.



Possible risk factors of food allergy

The epidemiological characteristics of FA may be related to the complex interaction of polygenic inheritance and environmental factors. The prevalence of FA ranges from 2% to 10%, based on different variables such as age, geographical location, or ethnicity  (2, 29), and declines with the increase in age (22). However, a meta-analysis including 24 studies with 138,740 subjects concluded that the prevalence of FA in children aged 4-17 years was the highest (10%; 95% CI: 7%–14%) in China (25). Our survey study showed that the FA prevalence in schoolchildren was lower compared with that reported in teenagers (12.0%) (21) and college students (15.7%) (35). The FA prevalence among 8-11-year-old children was significantly higher than that among children aged 6-7 years old. Hayashi concluded that the FA prevalence was significantly higher in boys than girls among the schoolchildren (3), but our finding does not support this observation and instead is more consistent with the study among 7–15-year-old children in Japan showing the FA prevalence of 6.3% without difference between boys and girls (3). A previous report noted ethnic differences in the prevalence of FA among African Americans (10); the small sample size of ethnic minorities in this study prevented the assessment of such differences here. Levin et al. reported that exposure to livestock in rural regions could be the strongest protective factor against FA, and the prevalence of allergic diseases was higher in urban regions than in rural regions among South African children (36). This survey showed no difference in FA prevalence between rural children and urban children. A possible explanation may be due to the progress of urbanization in China and the diminishing lifestyle difference between urban and rural regions. Since the living environment and diet habits are quite different among the three survey centers, this may explain the variation in the FA prevalence among them. For example, kiwi is a locally special fruit of Fengxin and known to be an allergen there, however, we found that no child was allergic to it in the other two survey centers. According to the hygiene hypothesis, large family size is a protective factor against FA (17), and our study also showed that the prevalence of FA decreased with an increase in family size.

Food allergy is often the first clinical appearance of allergy and the first link of the so-called “march of atopy” (2). It is also associated with a higher risk of severe asthmatic forms in children (37) and more than a third of food-allergic children have asthma (38). Our analysis has also demonstrated that the prevalence of other allergic diseases was higher in children with FAs than in those without FAs. This finding was in agreement with the result reported by Liu et al. (39) Therefore, FA may be a marker of a generalized phenotype for atopic diseases, which may suggest that atopic diseases coexist and may share the same susceptibility genes (10).

This study has several limitations. It is a cross-sectional study, so it could not confirm a causal relationship and the incidence of FA was not available. Another major limitation is that our study was based on parent-reported FA. Recall bias may exist even though many common offending foods were listed in the questionnaire for parents to choose from and retrospective information about the FAs of their children. Some of the reported cases will not be substantiated when clinical confirmation is sought, because other ARF such as food intolerance may be regarded as FAs, so self-reported FA may overestimate FA prevalence by three or four times (40, 41). On the other hand, parent or self-reported FA is affected by many factors, such as economic status, awareness of FA, medical resources, etc., and people may be unaware of FAs or mistake an FA for another ARF, then result in the underestimation of FA prevalence. One study found that approximately 30.0% of allergic reactions occurred in children who were not previously known to have an FA (4). The Food Allergy Working Group of the Latin American Society for Pediatric Gastroenterology, Hepatology and Nutrition recently published the results of a survey that showed much diversity in the diagnostic approach, as well as poor adherence to the existing guidelines (42), but the consensus is that self-reported FA can be an appropriate method for assessing FA prevalence in population-based studies if ancillary testing is not possible (10). It is the initial evidence and an important first step for studies on FA prevalence, so self-reported FA is usually used in studies on FA, especially in a large-scale general population. Nevertheless, this is the first large-scale multicenter study on FA among children with a higher participation rate, high effective response rate, and compliance in Jiangxi Province, China. Strict quality control work was performed during the survey. The result will help to improve awareness of FA in the population and provide insights about the epidemiological characteristics of FA in China, which may form the scientific basis essential for the development of effective approaches for the prevention and control of FA in Jiangxi, and even in wider China. More objective diagnoses of FA including SPT, sIgE, and OFC will be performed in a further study to confirm these findings. The protocol is available in China CDC Weekly (27).




Conclusion

Our study has clearly demonstrated that the prevalence of parent-reported FA is not low among school children in Jiangxi Province, China. More than 45% of the children with parent-reported FA had experienced severe allergic reactions. Three of the eight leading food allergens are not included in the recommended eight food allergens in Chinese GB 7718. These findings suggest that bringing public attention to the importance of carefully reading food allergen labels is necessary to avoid food allergens.Furthermore, health education on FA prevention and treatment should be implemented for school administrators, teachers, medical care personnel, parents, and children in order to increase their awareness and essential knowledge of FA and effectively prevent and control FA in school children. In addition, local standards and policies for preventing and managing FA should be adjusted on a timely basis according to local conditions.
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