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ABSTRACT 45 

BACKGROUND: A clear understanding of the differences of the epidemiology of food 46 

allergy between rural and urban populations may provide insights to the causes of 47 

increasing prevalence of food allergy in the developed world. 48 

OBJECTIVE: We used a standardized methodology to determine the prevalence and types 49 

of food specific allergic sensitisation and food allergies in schoolchildren from urban and 50 

rural regions of China, Russia, and India.   51 

METHODS: The current study is a multicentre epidemiological survey of children 52 

recruited from five cities in China (Hong Kong, Guangzhou), Russia (Tomsk), India 53 

(Bangalore, Mysore), and one rural county in Southern China (Shaoguan). A total of 35,549 54 

children aged 6 to 11 years from three countries participated in this survey. Random 55 

samples of children from three countries were first screened by the Europrevall screening 56 

questionnaire. Children with and without history of adverse reactions to foods were then 57 

recruited for the subsequent case-control comparative studies. We determined the 58 

prevalence rates of food specific IgE sensitization and food allergies using the pre-defined 59 

criteria. 60 

RESULTS: The prevalence rates of food-specific IgE sensitisation (≥0.7kU/L) to at least 61 

one food were 16.6% in Hong Kong, 7.0% in Guangzhou, 16.8% in rural Shaoguan, 8.0% 62 

in Tomsk, and 19.1% in India.  Using a definition of probable food allergy as reporting 63 

allergic symptoms within 2 hours of ingestion of a specific food plus the presence of 64 

allergic sensitization to the specific food (positive IgE and/or positive skin-prick-test), the 65 

prevalence of food allergy was highest in Hong Kong (1.50%), intermediate in Russia 66 
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(0.87%), lowest in Guangzhou (0.21%), Shaoguan (0.69%) and  India (0.14%).  For 67 

children recruited from Hong Kong, both sensitization and food allergy were significantly 68 

higher in children who were born and raised in Hong Kong when compared to those who 69 

were born in mainland China and migrated to Hong Kong highlighting the importance of 70 

early life exposures in affecting the subsequent development of food sensitization and food 71 

allergy. 72 

 73 

CONCLUSIONS: There are wide variations in the prevalence of food specific IgE 74 

sensitization and food allergy in the three participating countries.  Food allergy appears to 75 

be less common when compared to developed countries. The variations of the prevalence of 76 

food allergen sensitization cannot be explained by the differences in the degree of 77 

urbanization.  Despite the high prevalence of food-specific IgE sensitization in India and 78 

rural China, food allergy is still extremely uncommon.  In addition to IgE sensitization, 79 

other factors must play important roles resulting in the clinical manifestations of food 80 

allergies. 81 

 82 

Key words: Food allergy, children, epidemiology, China, Russia, India, rural population 83 

 84 
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 85 

What is already known about this topic? 

IgE mediated food allergy and food induced anaphylaxis have been found to be 

increasing in developed countries. Very little is known regarding the prevalence of food 

allergies in developing countries. 

 

What does this article add to our knowledge? 

Our study is the first comparative study to evaluate food allergies in India, China and 

Russia. The protection observed in migrants from mainland China to Hong Kong 

highlighted the important role of early environmental exposures.  

 

How does this study impact current management guidelines? 

Most children with food allergen IgE sensitization in rural areas do not have symptoms 

of food allergy.  Additional evaluations are important for diagnosing allergies in the 

small fraction of rural children with food allergy. 
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 86 

 87 

 88 

Food allergy has become a major worldwide problem affecting a large proportion of 89 

children and adults especially those in developed countries, and food allergy is one of the 90 

most common causes of anaphylaxis. There is evidence of an increase in the prevalence of 91 

food allergy in the last two decades (1-4).  However, food allergy has been perceived to be 92 

less common in developing countries (5).  The exact pathophysiology of food allergy 93 

remains poorly understood and currently the cornerstone of the management for this 94 

potentially fatal condition is still avoidance of the relevant foods and the use of rescue 95 

medication for an accidental exposure.  The rise of the prevalence of peanut allergy has 96 

been alarming and we are beginning to understand the possible underlying reasons for such 97 

increase (6).  Recent data from the United States, United Kingdom and Australia 98 

documented an increasing trend of food induced anaphylaxis-related hospitalization (7-9).  99 

Epidemiological studies in the US revealed that up to 8% of children and adolescents 100 

suffered from food allergy (10). Although there are many published reports of food allergy 101 

 

Abbreviations used 

 95% CI: 95% confidence intervals 

 IgE: Immunoglobulin E 

 SPT: Skin-prick test 
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from the western world, it has been difficult to accurately determine the prevalence because 102 

of the lack of objective measures in many of these studies (11,12).  The European Union 103 

funded the multidisciplinary Integrated Project, EuroPrevall, aiming to evaluate the 104 

prevalence, basis and costs of food allergy in different European countries using the same 105 

standardized and validated methodology (12).  106 

 107 

Despite many studies in North America, Europe and other developed countries, the 108 

exact determinants of food allergy are still largely unknown.  Similar to other atopic 109 

conditions such as allergic rhinitis and asthma, food allergy appears to be relatively less 110 

common in developing or underdeveloped countries (13-16).  Comparative studies of 111 

Chinese children from different environments revealed a wide variation of prevalence of 112 

asthma, and differences in environmental exposures may explain such disparity found in 113 

children with similar genetic background (17).  Therefore, careful comparative studies of 114 

children from these communities and those from western countries may reveal possible 115 

causal factors responsible for the higher prevalence in the West.  The EuroPrevall project 116 

was extended to study food allergies in urban and rural China, India, and Russia, countries 117 

that are emerging economies where rapid urbanization and changes of lifestyle are taking 118 

place (18). 119 

 120 

Although there have been many epidemiology studies of food allergy around the 121 

world, the use of non-standardized methodology and the lack of objective assessments in 122 

the studies made it difficult to compare the results.  Data from the European Community 123 

Respiratory Health Survey (ECRHS) (19) revealed that 12% of the population reported 124 
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adverse reactions caused by eating certain foods (20), with the lowest rate of 4.6% in Spain 125 

to the highest of 19.1% in Melbourne, Australia.  In the current study, the combined 126 

population of the three participating countries, namely China, India and Russia, represents 127 

about 40% of the world population.  Yet, there have been very few epidemiology studies of 128 

food allergies in these countries (13, 21-22).  The limited evidence available suggested that 129 

the prevalence of food allergy might be very low and some of the common food allergens 130 

are different from those in developed countries (13-16).  In the past two decades, many 131 

studies from around the world have confirmed that children from rural areas have much 132 

lower prevalence of asthma and related atopic conditions (23-26).  Many factors in the rural 133 

environment including microbial exposure and dietary factors may exert epigenetic effects 134 

thereby modulating the immature immune system in early life (27-28).  Careful studies in 135 

rural regions may help to understand the possible driving force behind the rise of food 136 

allergy in urban environment. 137 

 138 

The current study aims to determine the prevalence of food allergies, and the 139 

distribution of food sensitization using standardized EuroPrevall protocol in random 140 

samples of primary school children aged 7-10 years recruited from urban and rural regions 141 

of China, Russia, and India. Given the transient nature of food allergy in a large proportion 142 

of younger children and the difficulty of performing multiple SPT and blood taking in 143 

preschool children, school age children were chosen for this large-scale comparative study. 144 

The results can be used to compare with data collected by the same standardized protocol in 145 

children recruited from different regions of Europe.  This set of data will also form the 146 

baseline dataset for monitoring the trend of food allergies in these three countries.    147 
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 148 

 149 

METHODS 150 

Study design and data collection 151 

The Europrevall-INCO survey was a multi-center, cross-sectional study in random 152 

samples of children from the general populations with a nested case-control design 153 

conducted in China, India, and Russia. The studies were performed between September 154 

2009 and June 2016. The details of the study methodology including sampling strategies, 155 

skin-prick test (SPT), serum IgE analyses, and sample size calculation have been published 156 

previously (18). The sample sizes were estimated based on pilot studies from China and 157 

estimation of prevalence of food allergies in urban and rural centres of the participating 158 

countries (18). In brief, primary school children from grade 2 to grade 5 (aged 7-10 years) 159 

were screened for the presence of adverse reactions to foods by a standardized screening 160 

questionnaire.  The EuroPrevall questionnaires were developed based on relevant pre-161 

existing questionnaires (19), and the questions inquired about possible adverse reactions to 162 

specific food and obtained information related to possible risk factors for food allergy.  The 163 

screening and case-control questionnaires are included as online repository text.  164 

 165 

To estimate the prevalence of food allergies among children from the three 166 

participating countries, a multi-staged approach was used and we concentrated on IgE-167 

mediated allergies to a panel of foods most commonly reported to result in Type I allergic 168 

reactions. Objective assessments of sensitization by skin prick test (SPT) or measurement 169 
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of serum specific immunoglobulin E (IgE) were performed. A total of 25 EuroPrevall 170 

priority foods were assessed in the three countries (29). These foods were hen’s egg, cow’s 171 

milk, peanut, soy, hazelnut, walnut, celery, kiwi, apple, peach, sesame, mustard, wheat, 172 

fish, shrimp, buckwheat, corn, carrot, rice, tomato, melon, banana, lentils, sunflower seeds 173 

and poppy seeds.  In addition, foods perceived to be of local importance were also included 174 

for assessment with SPT and/or IgE measurements.  These were mango (IgE and SPT) and 175 

crab (IgE and SPT) for China, jackfruit (SPT only), eggplant (SPT only), orange (SPT 176 

only) and chickpea (SPT) for India, and carrot (SPT) for Russia.  Random samples of 177 

school children were recruited from Hong Kong, Guangzhou (urban), Shaoguan (rural), 178 

Tomsk (Russia), and the two Indian cities of Mysore and Bangalore.  Guangzhou is one of 179 

the largest metropolitan cities with a population of 15 million located in Southern China 180 

approximately 200 kilometers north-west of Hong Kong and Shaoguan is a rural area 181 

involved mostly in agricultural farming located 240 kilometers north-east of Guangzhou.  182 

Two cities in Karnataka State, South India took part in this study.  Bangalore, the capital of 183 

Karnataka State, is a metropolitan city with a population of 8.5 million.  Mysore is a 184 

smaller city of Karnataka state with a population of 0.9 million.  It is 140 kilometers south-185 

west of Bangalore and the population retains a traditional lifestyle including habits of food 186 

consumption when compared with people in Bangalore.  Tomsk Oblast is located at the 187 

Western Siberia - middle part of the Russian Federation with the total number of the 188 

population around 1 million.  The capital of Tomsk Oblast comprises the territory of 294.6 189 

sq. km on the River Tom, a confluent of Ob, and the weather is typical of the region of 190 

Siberia with very low temperature in the winter.  191 

 192 
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All recruited subjects were first screened by a standardized one-page questionnaire. 193 

Subsequently, a case-control sample was recruited for completion of a face-to-face 194 

questionnaire, skin-prick test (SPT), and blood collection for serum specific IgE 195 

measurement.  Those who reported adverse reactions to food in the screening stage would 196 

be considered as ‘cases’ while those without reported adverse reaction to food were 197 

‘controls’.  The questionnaire used in the second stage included questions on potential risks 198 

and exposures as well as symptoms of other allergic conditions such as asthma, allergic 199 

rhinitis, and eczema along with a detailed enquiry of the timing and symptoms of the 200 

possible reactions to the suspected foods and how the foods were processed. Ethical 201 

approval was given by the ethical review board of the Chinese University of Hong Kong 202 

and all relevant ethical review boards in  other participating centers. 203 

 204 

 205 

Objective measures of sensitization 206 

Standardized allergen extracts and control solutions were obtained from ALK-207 

Abelló (Madrid, Spain) for SPT.  All measurement of serum specific IgE were performed 208 

using an ImmunoCAP 250 system (ThermoFisher Scientific, Uppsala, Sweden), following 209 

the manufacturer’s instructions.  As in other EuroPrevall centres (29), serum IgE to twenty-210 

five foods were determined (Figure 1).  The sera were first tested on five mixtures (two 211 

commercially available and three custom-made).  Samples testing positive (≥0.35 kUA/L) 212 

to a mix was tested on the individual foods of that mix.  Additional serum specific IgE 213 

measurements or SPT were performed because such foods were perceived to be of local 214 
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importance as described previously.  We also measured serum specific IgE against the 215 

common environmental aeroallergens including house dust mite, cat, birch, grass, mugwort, 216 

and Parietaria pollen.  Ethical approval was given by the relevant ethical review board in 217 

all participating centers.  A positive response in replying to the initial screening 218 

questionnaire was taken to imply consent to the subsequent case-control study if they were 219 

selected.  Written informed consents were obtained from the parents or legal guardians 220 

prior to subsequent clinical studies including SPTs and blood testing. Less than 2% of the 221 

questionnaires had one or more missing data, we then contacted the parents or guardians to 222 

provide answers to the missing variables. The case-control questionnaires were done face-223 

to-face and there was no missing data. Only 6 cases (0.3%) and 11 controls (0.7%) were 224 

unable to provide sera for IgE measurements. 225 

 226 

 227 

Statistical analyses 228 

 229 

For the determination of clinically relevant sensitization and probable food allergy, 230 

positive serum specific IgE was defined as ≥ 0.7 kUA/L, and positive SPT was defined as a 231 

weal size of ≥ 3 mm after subtraction of the negative control.  “Probable food allergy” was 232 

defined as reporting allergic symptoms within 2 hours of ingestion plus the presence of 233 

serum specific IgE and/or positive SPT to that specific food.  The prevalence rates of IgE 234 

sensitization and probable food allergy in each population or subgroup were estimated as 235 

the prevalence rates of those specific food among the ‘cases’ and ‘controls’ weighted back 236 



13 
 

to the population participating in the initial screening survey. We used R (R Foundation for 237 

Statistical Computing, version 3.4.3) for all statistical analyses. The 95% confidence 238 

intervals of the prevalence rates were calculated based on the pooled variance of the 239 

outcomes of the case-control samples in each population group.  A P-value of <0.05 was 240 

considered significant.  241 

 242 

RESULTS 243 

 244 

Overall, 35,549 children took part in the screening survey, of whom 2,891 245 

participated in the second stage of case-control study.  Tables 1 summarises the 246 

demographic characteristics of the study population and the prevalence of parental reported 247 

adverse food reactions.  The participation rates were very high ranging from 91% in Hong 248 

Kong to almost 100% in Russia and India.  The prevalence of reporting adverse reaction to 249 

food at least once in the subjects’ lifetime varied widely from the highest of 38% in Russia 250 

to the lowest of 1.8% in India.  The reported prevalence rates were similar among the three 251 

centers from China.  Table 2 shows the number of subjects recruited in the subsequent case-252 

control study along with their demographic information.  As the number of subjects 253 

reported to have adverse food reactions was very low in India, we recruited more control 254 

subjects for comparison in the subsequent case-control study.  255 

 256 

To give a better picture of the relationship of sensitization and food allergy, we first 257 

report the prevalence of sensitization (SPT, sIgE) and then the prevelance of food allergy in 258 
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the 5 participating centers. Table 3  shows the estimated prevalence of IgE sensitization to 259 

different foods.  The prevalence rate of IgE sensitization to at least one food was highest in 260 

India (19.1%) and lowest in Guangzhou (7.0%).  The most common foods associated with 261 

sensitization in Hong Kong were egg, milk, and shrimp. Hong Kong has the highest rates of 262 

sensitization against milk and egg when compared to all other centres (P<0.05).  With the 263 

exception of India, sensitization against peanuts was very low, ranging from 0% in 264 

Guangzhou to 2.7% in Hong Kong.  Despite having a very low prevalence of reported 265 

adverse reaction to food, India has the high prevalence of IgE sensitization (19.1%) when 266 

compared to other cities.  Positive sensitization against shrimp was highest in India (10.3%) 267 

and rural Shaoguan (13.1%).  Table 4 shows the estimated prevalence of sensitization to 268 

different foods in the participating centres by SPT.  Although the overall rates of positive 269 

SPT were much lower than those of IgE sensitization, the SPT results are in line with those 270 

of IgE sensitization with the highest rate in Shaoguan and India (Table 3).  271 

 272 

Using the predefined criteria, the prevalence of probable food allergy was highest in 273 

Hong Kong (1.50%; 95% CI: 1.23-1.84) and the rate was significantly higher than the two 274 

other Chinese centers, Guangzhou and Shaoguan (Table 5).  Tables E1 and E2 show the 275 

prevalence of IgE sensitizations and probable food allergy if the lower cut-off of specific 276 

IgE  (≥ 0.35 kUA/L) was used.  In Russia, in addition to fish, probable food allergies for 277 

fruits and vegetables such as apple, peach, carrot, and tomato were significantly higher than 278 

the other centers as these plant allergies are non-existent in China or India.  The prevalence 279 

rate of probable food allergy was intermediate in Guangzhou and was lowest in India 280 

despite having very high rates of IgE sensitization.  Among the 6194 participants from 281 
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Hong Kong, 5015 were born and raised in Hong Kong while 1049 were born in mainland 282 

China and subsequently migrated to Hong Kong.  The rest were born outside of mainland 283 

China and Hong Kong.  Among those born in mainland China, their mean ± SD age of 284 

migration to Hong Kong was 4.9 ± 2.9 years.  When compared with children born in 285 

mainland China, those born and raised in Hong Kong were 4 times more likely to be 286 

sensitized against at least one food as measured by serum specific IgE (Table 6).  IgE 287 

sensitization against most food allergens including egg, milk, fish, and shrimp were all 288 

more common in children who were born and raised in Hong Kong (P< 0.01).  As shown in 289 

Table 7, the prevalence of probable food allergy in those born in Hong Kong was 1.68% 290 

while the rate for those born in mainland China was only 0.48% (P< 0.01).  Table 8 shows 291 

the prevalence of IgE sensitization against common aeroallergens in the three participating 292 

countries.  House dust mite sensitization was very high in Hong Kong (66.3%) while birch 293 

sensitization was highest in India (14.3%) and Russia (3.7%). 294 

 295 

DISCUSSION 296 

 297 

Using the standardized EuroPrevall methodologies, we have conducted the first 298 

comparative study of food allergies in children from China, India and Russia. Both rural 299 

and urban children were successfully recruited for study and the participation rates were 300 

extremely high.  We documented a wide variation in the rates of sensitization to different 301 

foods.  The results showed that the prevalence of probable food allergies were higher in 302 

children from the highly urbanized city of Hong Kong when compared to regions of lesser 303 
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degree of urbanization such as the participating cities in Russia and India.  However, the 304 

prevalence of sensitization alone cannot be adequately explained by the difference in levels 305 

of urbanization among the study centers. The strength of this study is the use of 306 

standardized and objective methodology in a large sample of children. Participation rates 307 

were very high (91- 99%) with little missing values.  308 

 309 

Among the different Chinese populations, we have documented that the prevalence 310 

of childhood asthma was highest in Hong Kong when compared to children from mainland 311 

China.  In a large study with more than 10,000 participants from three Chinese cities, we 312 

confirmed that environmental and dietary factors could explain the disparity of asthma 313 

prevalence among Chinese children from different cities (17).  The results of the current 314 

studies are in line with data on asthma epidemiology, children from Hong Kong have the 315 

highest rates of probable food allergies when compared with children from mainland China.  316 

Early life exposures most likely have significant effects on the early immune system 317 

affecting the subsequent development of food sensitization and food allergy as children 318 

born in mainland China and migrated to Hong Kong had much lower prevalence of food 319 

sensitization and allergies when compared to children who were born and raised in Hong 320 

Kong.  These results corroborate with our previous studies that children born and raised in 321 

Hong Kong had significantly higher prevalence of wheeze in the past year (1.6 times) and 322 

symptom of rhinoconjuntivitis in the past year (1.3 times) when compared with children 323 

born in mainland China and migrated to Hong Kong subsequently (30).  The numbers of 324 

children recruited from the two Indian cities were relatively small and the occurrence of 325 

probable food allergy was also very low in India such that we do not have enough statistical 326 
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power to detect possible differences among children from the urban centre of Bangalore 327 

and the less developed city of Mysore. 328 

 329 

IgE mediated food allergy is common affecting both children and adults in 330 

developed countries.  Recent literature also suggested that the prevalence of food allergy is 331 

increasing in the western world.  Data from national databases in England and Wales 332 

revealed significant increase in the hospital admissions of anaphylaxis (8).  Hospitalization 333 

data of anaphylaxis and other severe allergic reactions have also increased in the US 334 

Australia (8,9). In Australia, the increase was particular steep in children under 5 years and 335 

there has been a 5.5-fold increase of hospitalisation rate for food induced anaphylaxis in 336 

this age group (31).  One of the major areas of allergy research has been allergies to 337 

peanuts.  These allergies are commonly associated with food induced anaphylaxis and the 338 

disease in a large proportion of these patients with peanut allergy tends to persist into 339 

adulthood (32).  Despite possible exposure to peanuts as a common ingredient in different 340 

foods among Indian and Chinese children, peanut allergy was very uncommon.  Peanut 341 

consumption in the form of boiled peanuts and the use of peanut oil are common in 342 

Southern China.  A comparative study revealed that the prevalence of peanut allergy among 343 

Jewish children in the United Kingdom was 10-fold higher than that of Jewish children 344 

from Israel (33).  Their findings suggested that high consumption of peanuts in early life 345 

might be an important factor explaining the difference.  A recent randomised control trial of 346 

high risk UK infants confirmed that frequent peanut consumption from infancy to 5 years 347 

of age could reduce the risk of peanut allergy (34).  Another study from Australia also 348 

documented that the prevalence of challenge proven peanut allergy in Asian children born 349 
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in Australia was three times higher than that of children with parents born in Australia (35). 350 

This argues against the notion that Asian children have lower genetic risk in developing 351 

peanut allergy. Summing up these findings and our findings in Chinese children, 352 

environmental exposures including factors related to the timing and amount of peanut 353 

consumption are likely to be crucial in protecting the subsequent development of peanut 354 

allergy in the Chinese population.  Similar to peanut exposure, cow’s milk and egg are 355 

usually introduced around 4 to 6 months as protein sources when Chinese infants are 356 

weaned off breast milk. Such early exposure may also contribute to the low prevalence of 357 

cow’s milk and egg allergy in this population. Furthermore, among the Chinese children 358 

who are sensitized to cow’s milk, the majority (96%) of them have low levels of 359 

sensitization (<3.5kUA/L). Although 6.7% of the children from Hong Kong were sensitized 360 

to cow’s milk, very few of them had cow’s milk allergy as such low level of sensitization is 361 

usually not associated with true milk allergy. 362 

The patterns of food sensitization and food allergy in Russia were very different 363 

from those of China.  Sensitizations and probable food allergy to hazelnut, fruits and 364 

vegetables such as apples, carrot, tomato, and peach were rather common in Russia. Such 365 

fruit and vegetable allergies may be related to cross reactivity to birch pollen in Russian 366 

children (36).  In our study, birch sensitization as reflected by positive specific IgE in 367 

Russian children was 6 times higher than that in children from Hong Kong (Table 368 

8).However, the high rate of sensitization to birch in Indian children did not translate into 369 

high prevalence of allergies against fruits and vegetables. 370 

 371 
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Children from India had very low prevalence of food allergy despite of their high 372 

rates of sensitization.  Such findings were similar to our recent reported results in adults 373 

from India (37).  Additional factors other than IgE sensitization must be important for 374 

clinical food allergies to develop.  In contrast with epidemiological data from Western 375 

countries, the prevalence rates of shrimp allergy and IgE sensitization were found to be 376 

very high in Chinese children.  A recent questionnaire based study conducted in Singapore 377 

also suggested that the prevalence of shrimp allergy was higher among Asian children 378 

when compared with expatriate children of other racial groups (38).  There is accumulating 379 

evidence suggesting that shellfish allergy may be related to dust mite allergy.  Early studies 380 

suggested that primary sensitizing agent might be tropomyosin found in dust mites, while 381 

recent molecular studies revealed that α-actinin and arginine kinase could also be 382 

responsible for the cross reactivity between mite and shrimp allergy (39).  Our 383 

epidemiological data from the Chinese centres corroborated with these findings.  In a large 384 

series of patients presented to an emergency department in Hong Kong with anaphylaxis, 385 

seafood was found to be the most common precipitating factor responsible for 71% of all 386 

food induced anaphylaxis (40).  In our studies, we have also measured serum specific IgE 387 

against dust mite in addition to food specific IgE,  the prevalence rates of mite sensitization 388 

(ImmunoCap, Thermofisher, Sweden) were 65.4 % in Hong Kong, 30.1% in Guangzhou, 389 

23.0% in Shaoguan, 18.2% in India, and only 8.4% in Russia.  We have repeatedly 390 

documented very high prevalence of mite sensitization in Chinese school children from 391 

Hong Kong and Guangzhou (17,41).  Such high prevalence rate of mite sensitization may 392 

be one of the reasons resulting in the high prevalence of shrimp allergy in Chinese children.  393 

There are other possible reasons for the high prevalence of shrimp allergy.  Exposure to 394 
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cockroach or exposure to shrimp allergen through skin contact may also result in 395 

subsequent sensitization leading to manifestation of shrimp allergy (42).  Detailed studies 396 

of our shrimp allergic individuals are needed to determine if dust mite proteins may be the 397 

primary sensitizing agents for these patients or if other possible mechanisms may explain 398 

their shrimp allergy.  399 

 400 

This study has several limitations.  Although we have use objective assessment 401 

including SPT and IgE measurements to determine sensitization in addition to symptoms 402 

after ingestion of a specific food, it was not possible for us to conduct food challenges in all 403 

subjects with suspected food allergy to confirm “true” food allergy.  The true prevalence 404 

rates of food allergies are likely to be even lower than our reported rates of probable food 405 

allergy. Geographically, the three participating countries are very large.  We have only 406 

sampled a small number of cities.  There are marked regional differences regarding 407 

environmental exposures and dietary habits in different regions of these three countries 408 

such that data from the participating cities may not reflect all the regional variations within 409 

the participating countries. Furthermore, only a relatively small number of Indian children 410 

were recruited.  According to our questionnaire data on dietary habits, approximately 60% 411 

of the Indian children were vegetarians who do not eat egg or meat.  The absence of many 412 

foods in their vegetarian diet is likely one of the major reasons for their low rate of 413 

sensitization and food allergy. Non-vegetarian children from other regions of India most 414 

likely have different patterns of sensitization and food allergy.  415 

 416 
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In conclusion, this is the most comprehensive study of food allergy in large 417 

randomly selected samples of children using a standardised approach along with objective 418 

measurement of food specific sensitization recruited from China, Russia and India.  419 

Compared with developed countries, food allergy is much less common in these three 420 

countries and the prevalence of food allergy appears to increase with the level of 421 

urbanization with the highest prevalence in Hong Kong.  Despite the high rate of IgE 422 

sensitization in rural China and India, the prevalence of food allergies was very low 423 

highlighting that other factors in addition to sensitization are needed for inducing clinical 424 

manifestations of food allergies.  Our earlier analysis showed that serological markers of 425 

orofecal infections such as hepatitis A and salmonella were not associated with food 426 

allergen sensitization (43).  Using the big data approach such as the current study, we can 427 

further evaluate the possible role of lifestyle factors as well as dietary exposures in the 428 

development of food allergy in children. 429 

 430 
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Table 1   Demographic characteristics of subjects and prevalence of parental reports of  

adverse food reactions from all participating centers  

 

 Hong Kong Guangzhou Shaoguan Tomsk India 

N 6194 5542 5139 12997 5677 

Participated rate (%) 91 94 92 99 99 

Males: N (%) 3004 (48) 2835 (51) 2615 (51) 6417 (47) 2914(51) 

Age (years) ± SD 8.6±1.6 9.3±1.7 10.4±2.0 8.9±1.1 8.8±1.5 

 

Adverse food reaction 

 at least once  

 

734 (12%) 

 

809 (15%) 

 

880 (17%) 

 

4187 (38%) 

 

102 (1.8%) 

 2-4 times 269 (4.3%) 254 (4.6%) 225 (4.4%) 1964 (15%) 40 (0.7%) 

>4 times 242 (3.9%) 128 (2.3%) 68 (1.3%) 1741 (13%) 56 (1.0%) 
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Table 2 Number of subjects participated in the second stage case-control study  

 

 Hong Kong Guangzhou Shaoguan Tomsk India 

Cases:  194 189 124 652 82 

Control 207 213 225 637 368 

Male 211 209 183 624 230 

Female 190 193 166 665 220 

Age (Years)±SD  8.5±1.6 9.1±1.5 9.1±1.5 8.9±1.1 9.1±1.8 
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Table 3   Percentage (95% CI) of subjects with positive serum specific IgE 

(≥0.7kU/L) to various food allergens in participating centers 

 
 Hong Kong Guangzhou Shaoguan Tomsk [95%CI] India [95%CI] 

IgE food at least 1 16.6 [15.7-17.6] 7.0 [6.3-7.7] 16.8 [15.8-17.8] 8.0 [7.6-8.5] 19.1 [18.1-20.1] 

Egg 5.4 [4.9-6.0] 1.5 [1.2-1.8] 0.4 [0.3-0.7] 0.5 [0.4-0.7] 1.7 [1.4-2.1] 

Milk 6.7 [6.1-7.4] 3.4 [3.0-3.9] 1.0 [0.7-1.3] 1.2 [1.1-1.4] 2.1 [1.8-2.5] 

Fish 1.2 [0.9-1.5] 0.0 [0.00-0.07] 0.0 [0.00-0.07] 0.5 [0.4-0.6] 0.4 [0.3-0.6] 

Shrimp 4.7 [4.2-5.3] 2.0 [1.7-2.4] 13.1 [12.2-14.0] 1.8 [1.6-2.0] 10.3 [9.5-11.1] 

Crab 2.4 [2.1-2.9] 0.8 [0.6-1.1] 3.3 [2.8-3.8] N/D N/D 

Apple 1.0 [0.8-1.3] 0.0 [0.01-0.13] 1.9 [1.6-2.4] 2.9 [2.6-3.2] 4.2 [3.7-4.7] 

Peach 1.5 [1.2-1.8] 0.0 [0.00-0.07] 1.9 [1.6-2.4] 2.5 [2.3-2.8] 5.0 [4.5-5.6] 

Mango 1.5 [1.2-1.8] 0.0 [0.00-0.07] 2.0 [1.7-2.5] N/D N/D 

Melon 1.5 [1.2-1.8] 0.0 [0.00-0.07] 2.0 [1.7-2.5] 0.9 [0.8-1.1] 6.7 [6.1-7.4] 

Banana 3.1 [2.7-3.6] 0.5 [0.3-0.7] 2.8 [2.4-3.3] 1.7 [1.5-1.9] 5.0 [4.5-5.6] 

Kiwi 3.3 [2.9-3.8] 1.0 [0.8-1.3] 1.9 [1.6-2.4] 1.6 [1.4-1.9] 5.5 [4.9-6.1] 

Tomato 2.0 [1.7-2.4] 0.0 [0.00-0.07] 2.5 [2.1-3.0] 1.6 [1.4-1.8] 7.5 [6.9-8.3] 

Carrot 1.5 [1.3-1.9] 0.0 [0.00-0.07] 2.0 [1.7-2.5] 2.5 [2.2-2.7] 6.7 [6.1-7.4] 

Celery 1.0 [0.8-1.3] 0.0 [0.00-0.07] 2.0 [1.7-2.5] 2.2 [1.9-2.4] 5.9 [5.3-6.5] 

Hazelnut 1.6 [1.3-1.9] 0.0 [0.00-0.07] 2.0 [1.6-2.4] 3.2 [2.9-3.5] 3.8 [3.3-4.3] 

Walnut 1.0 [0.8-1.3] 0.0 [0.00-0.07] 2.1 [1.7-2.5] 0.7 [0.5-0.8] 4.2 [3.7-4.8] 

Mustard 0.1 [0.07-0.26] 0.0 [0.00-0.07] 1.0 [0.8-1.3] 0.9 [0.8-1.1] 3.3 [2.9-3.8] 

Poppy 0.1 [0.05-0.21] 0.0 [0.00-0.07] 2.0 [1.7-2.5] 1.1 [1.0-1.3] 5.9 [5.3-6.5] 

Sunflower 1.6 [1.3-1.9] 0.0 [0.00-0.07] 2.0 [1.6-2.4] 1.0 [0.9-1.2] 5.5 [4.9-6.1] 

Sesame 2.2 [1.9-2.6] 0.0 [0.01-0.13] 3.3 [2.8-3.8] 2.3 [2.0-2.6] 8.0 [7.3-8.7] 

Peanut 2.7 [2.3-3.1] 0.0 [0.01-0.13] 2.4 [2.0-2.8] 1.6 [1.4-1.9] 6.3 [5.7-7.0] 

Soya 2.9 [2.5-3.3] 0.0 [0.00-0.07] 2.0 [1.6-2.4] 1.2 [1.0-1.4] 5.4 [4.9-6.1] 

Lentils 0.7 [0.5-1.0] 0.0 [0.00-0.07] 2.4 [2.0-2.9] 1.6 [1.4-1.8] 4.7 [4.2-5.3] 

Buckwheat 2.0 [1.7-2.4] 0.0 [0.00-0.07] 2.8 [2.4-3.3] 0.9 [0.8-1.1] 7.5 [6.9-8.3] 

Rice 2.1 [1.7-2.4] 0.0 [0.00-0.07] 2.8 [2.4-3.3] 1.2 [1.0-1.4] 5.4 [4.9-6.1] 

Corn 2.5 [2.1-2.9] 0.0 [0.01-0.13] 1.9 [1.6-2.4] 1.4 [1.2-1.6] 5.9 [5.3-6.5] 

Wheat 3.4 [3.0-3.9] 0.0 [0.00-0.07] 2.0 [1.7-2.5] 1.6 [1.4-1.9] 6.7 [6.1-7.4] 

N/D = not done 
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Table 4   Percentage [95% CI] of subjects with positive skin-prick test in participating centers 
 

 Hong Kong Guangzhou Shaoguan Tomsk India 

Food at least 1 3.04 [2.64-3.50] 3.19 [2.76-3.69] 8.58 [7.84-9.37] 4.11 [3.78-4.47] 4.48 [3.97-5.05] 

Egg 0.09 [0.04-0.20] 0.00 [0.00-0.07] 0.04 [0.01-0.15] 0.52 [0.41-0.66] 0.10 [0.05-0.23] 

Milk 0.04 [0.01-0.14] 0.00 [0.00-0.07] 0.48 [0.33-0.71] 0.21 [0.15-0.31] 1.35 [1.08-1.68] 

Fish 0.22 [0.13-0.37] 0.00 [0.00-0.07] 0.04 [0.01-0.15] 0.91 [0.76-1.08] N/D 

Shrimp 2.43 [2.07-2.84] 1.14 [0.89-1.45] 4.53 [3.99-5.13] N/D N/D 

Crab 0.94 [0.73-1.21] 1.31 [1.04-1.65] 5.06 [4.49-5.69] N/D N/D 

Mussel 0.04 [0.01-0.14] 0.92 [0.70-1.21] 0.22 [0.13-0.40] N/D N/D 

Beef 0.09 [0.04-0.20] 0.00 [0.00-0.07] 0.13 [0.06-0.28] N/D N/D 

Apple  0.09 [0.04-0.20] 0.00 [0.00-0.07] 0.04 [0.01-0.15] 0.29 [0.21-0.40] 0.34 [0.22-0.52] 

Peach 0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.48 [0.33-0.71] N/D N/D 

Mango 0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.53 [0.37-0.77] N/D N/D 

Melon 0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.10 [0.06-0.17] 0.03 [0.01-0.11] 

Orange 0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.00 [0.00-0.07] N/D 1.01 [0.78-1.30] 

Banana N/D N/D N/D N/D 0.36 [0.24-0.56] 

Jackfruit N/D N/D N/D N/D 2.46 [2.09-2.89] 

Tomato 0.04 [0.01-0.14] 0.44 [0.30-0.66] 0.00 [0.00-0.07] 0.12 [0.07-0.19] 0.36 [0.24-0.56] 

Carrot N/D N/D N/D 1.17 [1.00-1.37] N/D 

Eggplant N/D N/D N/D N/D 1.05 [0.82-1.35] 

Hazelnut 0.04 [0.01-0.14] 0.00 [0.00-0.07] 0.04 [0.01-0.15] 0.54 [0.43-0.68] N/D 

Walnut 0.04 [0.01-0.14] 0.00 [0.00-0.07] 0.00 [0.00-0.07] N/D N/D 

Mustard N/D N/D N/D N/D 0.36 [0.24-0.56] 

Sunflower N/D N/D N/D 0.14 [0.09-0.22] 0.36 [0.24-0.56] 

Peanut 0.26 [0.16-0.43] 0.44 [0.30-0.66] 0.53 [0.36-0.77] 1.23 [1.05-1.43] 0.08 [0.03-0.19] 

Soybean 0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.46 [0.36-0.59] 0.67 [0.49-0.92] 

Lentil N/D N/D N/D N/D 0.05 [0.02-0.15] 

Chickpea N/D N/D N/D N/D 0.08 [0.03-0.19] 

Wheat 0.04 [0.01-0.14] 0.04 [0.01-0.13] 0.09 [0.04-0.22] 0.34 [0.26-0.46] 0.67 [0.49-0.92] 

*N/D = not done 



32 
 

Table 5  Probable food allergy as defined by reported symptoms and positive SPT/IgE   

(≥0.7kU/L) to the specific food (% [95% CI]) in different centers 

  

 Hong Kong Guangzhou Shaoguan Tomsk India 

At least one food 1.50 [1.23-1.84] 0.21 [0.12-0.38] 0.69 [0.50-0.95] 0.87 [0.73-1.05] 0.14 [0.07-0.27] 

Egg 0.20 [0.11-0.34] 0.04 [0.01-0.13] 0.00 [0.00-0.07] 0.10 [0.06-0.17] 0.05 [0.02-0.16] 

Milk 0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.04 [0.01-0.15] 0.05 [0.02-0.11] 0.00 [0.00-0.07] 

Fish 0.20 [0.11-0.34] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.34 [0.25-0.45] 0.00 [0.00-0.07] 

Shrimp 1.05 [0.82-1.33] 0.18 [0.10-0.33] 0.65 [0.46-0.90] 0.02 [0.00-0.06] 0.00 [0.00-0.07] 

Crab 0.20 [0.11-0.34] 0.07 [0.03-0.18] 0.43 [0.28-0.65] - - 

Apple  0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.27 [0.19-0.37] 0.00 [0.00-0.07] 

Peach 0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.05 [0.02-0.11] 0.00 [0.00-0.07] 

Mango 0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.00 [0.00-0.07] - - 

Melon 0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.03 [0.01-0.08] 0.00 [0.00-0.07] 

Banana *0.00[ 0.00-0.06] *0.00 [0.00-0.07] *0.00 [0.00-0.07] *0.03 [0.01-0.08] 0.00 [0.00-0.07] 

*Kiwi 0.07 [0.03-0.17] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.00 [0.00-0.03] 0.00 [0.00-0.07] 

Tomato 0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.07 [0.03-0.13] 0.00 [0.00-0.07] 

Carrot *0.00 [0.00-0.06] *0.00 [0.00-0.07] *0.00 [0.00-0.07] 0.15 [0.10-0.23] *0.00 [0.00-0.07] 

Eggplant - - - - †0.04 [0.01-0.14] 

Hazelnut 0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.05 [0.02-0.11] 0.00 [0.00-0.07] 

Walnut 0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.00 [0.00-0.07] *0.03[0.01-0.08] *0.00 [0.00-0.07] 

Sunflower *0.00 [0.00-0.06] *0.00 [0.00-0.07] *0.00 [0.00-0.07] 0.03 [0.01-0.08] 0.00 [0.00-0.07] 

Peanut 0.10 [0.05-0.21] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.08 [0.05-0.15] 0.03 [0.01-0.12] 

Chickpea - - - - †0.03 [0.01-0.11] 

Wheat 0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.02 [0.00-0.06] 0.00 [0.00-0.07] 

* IgE measurement only 
†  SPT only 
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Table 6  Percentage (95% CI) of subjects with positive IgE (≥0.7kU/L): Subjects recruited from  

Hong Kong with birth place in Hong Kong vs mainland China 

 
 Hong Kong Mainland China P OR [95%CI] 

N 5015 1049    

At least one food 18.8% [17.8-19.9] 5.2% [4.0-6.7] <0.001 4.3 [3.2-5.7] 

      Egg 5.8% [5.2-6.4] 4.4% [3.3-5.9] 0.087 1.3 [1.0-1.8] 

Milk 7.8% [7.1-8.5] 0.2% [0.1-0.8] <0.001 34.7 [10.1-119.7] 

Fish 1.3% [1.0-1.6] 0.2% [0.1-0.8] 0.003 5.3 [1.5-18.8] 

Shrimp 5.5% [4.9-6.2] 0.5% [0.2-1.1] <0.001 12.0 [5.0-28.9] 

Crab 2.9% [2.4-3.4] 0.0% [0.00-0.36] <0.001 -  

Apple 1.1% [0.9-1.5] 0.0% [0.00-0.36] <0.001 -  

Peach 1.7% [1.4-2.1] 0.0% [0.00-0.36] <0.001 -  

Mango 1.7% [1.4-2.1] 0.0% [0.00-0.36] <0.001 -  

Melon 1.7% [1.4-2.1] 0.0% [0.00-0.36] <0.001 -  

Banana 3.5% [3.1-4.1] 0.2% [0.08-0.77] <0.001 15.1 [4.4-52.2] 

Kiwi 3.9% [3.4-4.4] 0.2% [0.1-0.8] <0.001 16.6 [4.8-57.5] 

Tomato 2.3% [1.9-2.7] 0.0% [0.00-0.36] <0.001 -  

Carrot 1.8% [1.4-2.2] 0.0% [0.00-0.36] <0.001 -  

Celery 1.2% [0.9-1.5] 0.0% [0.00-0.36] <0.001 -  

Hazelnut 1.8% [1.5-2.2] 0.2% [0.1-0.8] <0.001 7.6 [2.2-26.5] 

Walnut 1.2% [0.9-1.5] 0.0% [0.00-0.36] <0.001 -  

Mustard 0.1% [0.06-0.28] 0.0% [0.00-0.36] 0.242 -  

Poppy 0.1% [0.03-0.21] 0.0% [0.00-0.36] 0.34 -  

Sunflower 1.7% [1.4-2.1] 0.2% [0.1-0.8] <0.001 7.2 [2.1-25.2] 

Sesame 2.5% [2.1-3.0] 0.2% [0.1-0.8] <0.001 10.6 [3.1-36.9] 

Peanut 3.1% [2.6-3.6] 0.0% [0.00-0.36] <0.001 -  

Soya 3.4% [2.9-3.9] 0.0% [0.00-0.36] <0.001 -  

Lentils 0.8% [0.6-1.1] 0.0% [0.00-0.36] 0.004 -  

Buckwheat 2.3% [2.0-2.8] 0.0% [0.00-0.36] <0.001 -  

Rice 2.4% [2.0-2.8] 0.0% [0.00-0.36] <0.001 -  

Corn 2.9% [2.4-3.4] 0.0% [0.00-0.36] <0.001 -  

Wheat 4.0% [3.5-4.5] 0.0% [0.00-0.36] <0.001 -  
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Table 7  Subjects recruited from Hong Kong with probable food allergy (percentage with 95% CI): 

Birth place in Hong Kong vs mainland China 

 

 

 Hong Kong 

5015 

Mainland China 

1049 

 

P 

 

OR 

 

[95% CI] 

Probable food allergy 1.68% [1.32-2.08] 0.48% [0.21-1.12] 0.003 3.53 [1.44-8.67] 

Shrimp 1.21% [0.94-1.55] 0.24% [0.08-0.77] 0.005 5.07 [1.44-17.84] 

Crab 0.26% [0.15-0.44] 0.00% [0.00-0.36] 0.100 -  

Fish 0.13% [0.06-0.27] 0.24% [0.08-0.77] 0.387 -  

Egg 0.26% [0.15-0.44] 0.00% [0.00-0.36] 0.100 -  

Milk 0.00% [0.00-0.08] 0.00% [0.00-0.36] - -  

Peanut 0.13% [0.06-0.27] 0.00% [0.00-0.36] 0.245 -  

Kiwi 0.09% [0.03-0.21] 0.00% [0.00-0.36] 0.343 -  

 
Prevalence of probable allergy of the other foods was zero and was not listed in this table. 
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Table 8  Prevalence of aero-allergen sensitization (specific IgE ≥ 0.7kU/L), percentage positive (95% CI) 

 

 

 
Hong Kong Guangzhou Shaoguan Tomsk India 

At least 1 

Aeroallergen 
66.3 [65.1-67.4] 30.6 [29.4-31.9] 26.7 [25.5-27.9] 13.6 [13.0-14.2] 26.2 [25.1-27.3] 

HDM 65.4 [64.2-66.5] 30.1 [28.9-31.3] 23.0 [21.8-24.1] 8.4 [7.9-8.8] 18.2 [17.2-19.2] 

Cat 9.0 [8.4-9.8] 3.4 [3.0-3.9] 0.1 [0.03-0.21] 5.4 [5.0-5.8] 11.8 [11.0-12.7] 

Grass 2.1 [1.7-2.4] 0.5 [0.3-0.7] 2.9 [2.5-3.4] 2.5 [2.2-2.8] 18.4 [17.4-19.5] 

Mugwort 1.1 [0.9-1.4] 0.2 [0.12-0.38] 3.7 [3.2-4.3] 3.3 [3.0-3.6] 15.9 [15.0-16.9] 

Birch 0.6 [0.4-0.8] 0.0 [0.01-0.13] 2.0 [1.7-2.5] 3.7 [3.4-4.1] 14.3 [13.4-15.2] 

Parietaria 1.6 [1.3-1.9] 0.1 [0.03-0.18] 2.0 [1.7-2.5] 1.7 [1.5-2.0] 16.1 [15.2-17.1] 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table E1  Percentage (95% CI) of subjects with positive serum specific IgE 
(≥0.35kU/L) to various food allergens in different centers 

 
 Hong Kong Guangzhou Shaoguan Tomsk [95%CI] India [95%CI] 

IgE food at least 1 29.4 [28.3-30.6] 14.7 [13.8-15.7] 25.8 [24.6-27.0] 13.2 [12.7-13.8] 28.4 [27.3-29.6] 

Egg 14.1 [13.2-14.9] 6.3 [5.7-7.0] 3.9 [3.4-4.4] 2.4 [2.1-2.6] 4.2 [3.7-4.8] 

Milk 14.6 [13.7-15.5] 7.2 [6.6-7.9] 1.9 [1.6-2.3] 3.7 [3.4-4.0] 4.3 [3.8-4.8] 

Fish 1.7 [1.4-2.1] 0.0 [0.01-0.13] 0.0 [0.00-0.07] 0.8 [0.6-0.9] 0.4 [0.3-0.6] 

Shrimp 7.2 [6.5-7.8] 3.1 [2.7-3.6] 19.2 [18.2-20.3] 2.6 [2.4-2.9] 14.6 [13.7-15.6] 

Crab 5.8 [5.2-6.4] 1.5 [1.2-1.8] 5.3 [4.7-5.9] N/D N/D 

Apple 2.6 [2.2-3.0] 0.0 [0.01-0.13] 2.0 [1.7-2.5] 3.4 [3.1-3.8] 7.9 [7.3-8.7] 

Peach 2.7 [2.4-3.2] 0.0 [0.00-0.07] 2.4 [2.0-2.9] 3.4 [3.1-3.7] 8.8 [8.1-9.5] 

Mango 2.2 [1.9-2.6] 0.5 [0.3-0.7] 3.0 [2.6-3.5] N/D N/D 

Melon 2.5 [2.1-2.9] 0.0 [0.00-0.07] 3.0 [2.5-3.5] 1.6 [1.4-1.8] 10.5 [9.7-11.3] 

Banana 6.2 [5.6-6.8] 2.4 [2.0-2.8] 4.2 [3.7-4.8] 3.9 [3.6-4.3] 10.5 [9.7-11.3] 

Kiwi 6.2 [5.6-6.8] 1.0 [0.8-1.3] 2.9 [2.5-3.4] 3.1 [2.9-3.5] 9.6 [8.9-10.4] 

Tomato 2.7 [2.3-3.1] 0.0 [0.00-0.07] 3.4 [2.9-3.9] 2.6 [2.3-2.8] 10.9 [10.1-11.8] 

Carrot 1.8 [1.5-2.2] 0.0 [0.00-0.07] 3.4 [2.9-3.9] 3.0 [2.7-3.3] 10.5 [9.7-11.3] 

Celery 2.1 [1.8-2.5] 0.0 [0.00-0.07] 3.4 [2.9-3.9] 2.8 [2.5-3.1] 10.0 [9.3-10.8] 

Hazelnut 2.2 [1.9-2.6] 0.0 [0.00-0.07] 2.5 [2.1-3.0] 3.7 [3.4-4.1] 8.0 [7.3-8.7] 

Walnut 2.1 [1.7-2.4] 0.0 [0.00-0.07] 3.1 [2.6-3.6] 1.2 [1.1-1.4] 7.2 [6.5-7.9] 

Mustard 2.0 [1.7-2.4] 0.0 [0.01-0.13] 2.5 [2.1-3.0] 1.5 [1.3-1.7] 5.1 [4.5-5.7] 

Poppy 1.7 [1.4-2.0] 0.0 [0.00-0.07] 3.4 [2.9-3.9] 1.6 [1.4-1.8] 8.8 [8.1-9.6] 

Sunflower 2.3 [1.9-2.7] 0.0 [0.01-0.13] 3.8 [3.3-4.4] 2.5 [2.2-2.8] 9.6 [8.9-10.4] 

Sesame 3.0 [2.6-3.5] 0.1 [0.03-0.18] 4.7 [4.2-5.3] 3.0 [2.7-3.3] 12.6 [11.8-13.5] 

Peanut 3.9 [3.4-4.4] 0.1 [0.03-0.18] 3.8 [3.3-4.4] 2.8 [2.5-3.1] 9.3 [8.5-10.0] 

Soya 4.0 [3.6-4.6] 0.5 [0.36-0.75] 3.3 [2.8-3.8] 2.0 [1.8-2.3] 8.4 [7.7-9.2] 

Lentils 3.3 [2.8-3.7] 0.0 [0.01-0.13] 3.4 [2.9-3.9] 2.6 [2.4-2.9] 9.7 [9.0-10.5] 

Buckwheat 2.7 [2.3-3.1] 0.0 [0.01-0.13] 4.2 [3.7-4.8] 2.3 [2.0-2.5] 11.7 [10.9-12.6] 

Rice 2.2 [1.9-2.6] 0.0 [0.01-0.13] 4.2 [3.7-4.8] 2.4 [2.2-2.7] 10.1 [9.3-10.9] 

Corn 2.7 [2.4-3.2] 0.0 [0.01-0.13] 3.8 [3.3-4.3] 2.6 [2.3-2.9] 10.1 [9.3-10.9] 

Wheat 7.5 [6.9-8.2] 0.6 [0.39-0.79] 2.5 [2.1-3.0] 3.3 [3.0-3.7] 13.0 [12.2-13.9] 

N/D = not done 



Table E2  Probable food allergy as defined by reported symptoms and positive SPT/IgE (≥0.35kU/L) 

to the specific food (% in population [95% CI]) 
 

 Hong Kong Guangzhou Shaoguan Tomsk India 

At least one 
food 1.99 [1.67-2.37] 0.25 [0.15-0.42] 0.69 [0.50-0.95] 1.02 [0.86-1.21] 0.14 [0.07-0.27] 

Egg 0.23 [0.14-0.38] 0.04 [0.01-0.13] 0.00 [0.00-0.07] 0.12 [0.07-0.19] 0.05 [0.02-0.16] 

Milk 0.45 [0.32-0.66] 0.00 [0.00-0.07] 0.04 [0.01-0.15] 0.07 [0.03-0.13] 0.00 [0.00-0.07] 

Fish 0.20 [0.11-0.34] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.34 [0.25-0.45] 0.00 [0.00-0.07] 

Shrimp 1.08 [0.85-1.37] 0.21 [0.12-0.38] 0.65 [0.46-0.90] 0.02 [0.00-0.06] 0.00 [0.00-0.07] 

Crab 0.20 [0.11-0.34] 0.07 [0.03-0.18] 0.43 [0.28-0.65] - - 

Apple  0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.27 [0.19-0.37] 0.00 [0.00-0.07] 

Peach 0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.08 [0.05-0.15] 0.00 [0.00-0.07] 

Mango 0.03 [0.01-0.12] 0.00 [0.00-0.07] 0.00 [0.00-0.07] - - 

Melon 0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.03 [0.01-0.08] 0.00 [0.00-0.07] 

Banana *0.00 [0.00-0.06] *0.00 [0.00-0.07] *0.00 [0.00-0.07] *0.03 [0.01-0.08] 0.00 [0.00-0.07] 

*Kiwi 0.07 [0.03-0.17] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.00 [0.00-0.03] 0.00 [0.00-0.07] 

Tomato 0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.07 [0.03-0.13] 0.00 [0.00-0.07] 

Carrot *0.00 [0.00-0.06] *0.00 [0.00-0.07] *0.00 [0.00-0.07] 0.15 [0.10-0.23] *0.00 [0.00-0.07] 

Eggplant - - - - †0.04 [0.01-0.14] 

Hazelnut 0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.20 [0.13-0.29] 0.00 [0.00-0.07] 

Walnut 0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.00 [0.00-0.07] *0.03 [0.01-0.08] *0.00 [0.00-0.07] 

Sunflower *0.00 [0.00-0.06] *0.00 [0.00-0.07] *0.00[0.00-0.07] 0.03 [0.01-0.08] 0.00 [0.00-0.07] 

Peanut 0.10 [0.05-0.21] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.08 [0.05-0.15] 0.03 [0.01-0.12] 

Chickpea - - - - †0.03 [0.01-0.11] 

Wheat 0.00 [0.00-0.06] 0.00 [0.00-0.07] 0.00 [0.00-0.07] 0.02 [0.00-0.06] 0.00 [0.00-0.07] 

* IgE measurement only   
† SPT only  

 



Figure 1 

Commercial mixes 

CAP mix 1 (commercial, fx5): hen’s egg, cow’s milk, soy, peanut, wheat, fish 

CAP mix 2 (commercial, fx6): sesame seed, wheat, buckwheat, corn, rice 

EuroPrevall custom mixes 

CAP mix 3 (custom made): hazelnut, tomato, walnut, carrot, celery 

CAP mix 4 (custom made): shrimp, poppy seed, lentil, mustard, sunflower 


