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ABSTRACT

Background: Food allergy (FA) is a serious, costly and growing health problem worldwide. FA
occurs in both children and adults; however, there is a paucity of information on FA prevalence and
its clinical features in the adult population, especially in Asia. We sought to assess the prevalence
of FAs in Vietnamese adults and the distribution of offending food items among different regions
throughout Vietnam.

Methods: A nationwide, cross-sectional, population-based survey was conducted among Uni-
versity students aged 16-50 years. We used a structured, anonymous questionnaire, which was
modified from recently published FA epidemiologic studies and based on European Academy of
Allergy and Clinical Immunology (EAACI) guidelines, to collect data on FA prevalence, clinical
presentations, and implicated food groups. Statistical analysis was performed to generate the
prevalence of self-reported and doctor-diagnosed FA and to examine the association of key
environmental factors and FA incidence in this population.

Results: Of the 14,500 surveys distributed, a total of 9,039 responses were returned, resulting in a
response rate of 62.4%. Among participants who reported food-induced adverse reactions, 48.0%
have repeated reactions. 18.0% of the participants perceived FA symptoms, but less than half of
them sought medical services for confirmation (37.9%). Stratifying for true FA symptoms, the prev-
alence of self-reported FA was 11.8% and of doctor-diagnosed FA, 4.6%.The most common doctor-
diagnosed FA was to crustacean (3.0%; 95% Cl, 2.6-3.3), followed by fish (1.6%; 95% Cl, 1.3-1.8),
mollusk (1.3%; 95% Cl, 1.0-1.5) and beef (1.0%; 95% Cl, 0.8-1.2). The prevalence of doctor-
diagnosed FA differed among participants living in urban (6.5%) and rural regions (4.9%)
(P <0.001). Atopic family history was the strongest predictor for FA (odds ratio 8.0; 95% Cl, 6.2-10.4).

Conclusions: Seafood allergy among adults is predominant in Vietnam, followed by beef, milk,
and egg, while peanut, soy, and tree nut allergy are much less common. Populations in rural re-
gions have considerably less FA; however, the protective environmental factors have yet to be
identified.
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INTRODUCTION

Food allergy (FA) is defined as abnormal re-
actions of the human's immune system triggered
by food components during food ingestion and/or
food exposure process. FA presents with a wide
range of clinical manifestations, from a mild skin
problem to acute and severe systemic reactions.
FA occurs in both children and adults, and is
among the most common causes of food-induced
anaphylaxis." FA lessens the quality of life and
imposes a substantial financial burden to its
sufferers; %2 thus, it has been considered a major
public health problem in many westernized
countries.

Approximately 10% of children and 5% of adults
in developed countries experience FA, and this
incidence is reported to rise.* However, very little is
known about this epidemic in other parts of the
world, especially in developing economies. In Asia,
most FA studies focused on children, reporting
prevalence rates of 1.11%-7.65%. Epidemiological
studies on FA among adults were only conducted
in a few Asian countries, and they revealed a
prevalence of 18% in China,®> 6.4% in Taiwan,®
1.2% in India,” and 0.21% for wheat allergy in
Japan.® Furthermore, major food triggers even
varied from country to country in the region and
demonstrated different patterns of food allergens
as compared to countries in the West.”

Adulthood FA might be initiated and transi-
tioned from childhood incidence such as in the
case of peanut allergy or seafood allergy;"®
however, new sensitizations to food allergens in
adults were also reported."” It is well evidenced
that long-term exposure to broadly presented al-
lergens from the environment could trigger the
development of later FA.">"3 As a result, adults
might have different patterns of food allergens
and clinical manifestations as compared to the
phenotype of FA in children. The study of FA in
adults is of importance to provide valuable
insight into the nature and development of FA
over the course of life.

Our first population-based survey on FA was
conducted among Vietnamese adults, comparing
two different survey modes: traditional paper-based
survey and online survey.' This study validated the
data from two survey modes and proposed the

application of the online survey as an economic
and validated model for future epidemiological
studies. Extended from previous work, in this study
a detailed analysis of the paper-based FA survey
data was conducted to identify the pattern of FA and
food allergens among Vietnamese adults and detect
FA risk factors in this population.

METHODS
Survey design

A cross-sectional, randomized paper-based
survey was conducted from March to December
2016 among university students across 4 different
regions of Vietnam. Questionnaires were distrib-
uted to the target populations, and most of the
answer sheets were collected on the same day. By
accepting to answer the questionnaire, a partici-
pant consented to the study. The response rate
was calculated by dividing the number of returned
questionnaires by the total distributed question-
naires. This study was approved by the Human
Research Ethics Committee (HREC) at James Cook
University (ID: H6437).

Participant recruitment

The minimum sample size of 1,963 participants
was required to obtain a precision level of 20%,
with p and a confident level of 95%. The study
population was recruited using the cluster sam-
pling method. Participants were selected randomly
from over 50,000 students at 3 participating uni-
versities across Vietnam (Supplemental Figure 1).
The participating universities included Nong Lam
University, Nha Trang University, and the
University of Food Industry. These are multi-
disciplinary universities with a wide diversity of
student age ranges and backgrounds. The survey
at Nong Lam University was conducted at its 3
different campuses in Kon Tum province, Ninh
Thuan province, and Ho Chi Minh City.

Questionnaire

Participants were invited to answer a structured,
anonymous questionnaire comprised of 2 parts:
Part | asked the participant demographic infor-
mation; Part Il consisted of 10 questions on FA
(Supplemental Appendix 1). The questionnaire was
developed based on the pre-existing, standard-
ized questionnaire of recent epidemiological
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Variable
Total questionnaire distributed
Number of respondents

Sex distribution

Male
Female

Age median (years)
Interquartile range

Age range (years)
16-20
21-25
26-30
31-35
Over 35

Number of participants by regions
North Central Coast
South Central Coast
Central Highlands
South East
Mekong Delta

Distribution of health service approach in this
study by regions®

North Central Coast

South Central Coast

Central Highlands

South East

Mekong Delta

Doctor-diagnosed FA

FA to 1 food group
FA to 2 different food groups
FA to more than 2 different food groups

n (%)
14,500 (100)
9,039 (62.4)

2,955 (32.7)
6,084 (67.3)

20
18-20

6,802 (75.3)
2,064 (22.8)
88 (1.0)
41 (0.5
44 (0.5)

3(15.0)
364 (22.3)
78 (26.4)
513 (27.5)
45 (28.7)

264 (50.1)
117 (22.2)
146 (27.7)

Table 1. Demographic features of participants in this survey. a. Among participants with food-induced adverse symptoms. Percentage was calculated
by dividing the number of participant visits to health care services by the total number of participants with food-induced adverse reactions. FA: Food allergy

studies conducted in Asian populations.’®"® The
questionnaire  was modified taking into
consideration the current understanding of
general Vietnamese adults about FA definition
and its symptoms.

Definitions

Two definitions of FA were used in this study:
self-reported FA and doctor-diagnosed FA, based
on the most recent European Academy of Allergy
and Clinical Immunology (EAACI) guidelines on FA
and anaphylaxis."”"® The suggestive symptoms of

FA include: (a) having persistent symptoms
towards food ingestion and the co-occurrence of
2 or more different clinical adverse reactions; (b)
having typical symptoms for Immunoglobulin E
(IgE)-mediated FA, including hives/urticaria or
angioedema or gastrointestinal symptoms or
anaphylaxis reactions (i.e. a drop in blood pres-
sure, loss of consciousness, chest pain and weak
pulse) after food intake.

Self-reported FA was the group of participants
who fulfilled the above criteria and reported hav-
ing FA.
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Doctor-diagnosed FA was the group of partici-
pants with self-reported FA and self-reported to be
clinically confirmed by a medical practitioner.

Food-induced adverse symptoms: any abnormal
clinical response that occurs following ingestion of
a food or a food component.*?

Family history of FA: participant had in their
immediate family a member with FA.

Coexisting other allergic diseases: participant
had any other allergic diseases including pollen
allergy, antibiotic allergy, asthma, eczema.

The lifetime prevalence of self-reported and
doctor-diagnosed FA were estimated.

Statistical analysis

For the analysis of generated data, the IBM SPSS
Statistics for Windows, version 24.0 (IBM Corp.,
Armonk, N.Y., USA) was used. A sampling design
without replacement was chosen for the estimation
of prevalence. The ratio of male to female partici-
pants was weighted to fit the natural gender ratio
in  Vietnam.'  Continuous variables  were
presented as median and interquartile range
(IQR). Categorical data were compared by using
Chi-square tests with a 2-tailed P-value. The prev-
alence was calculated to provide a 95% ClI of re-
sponses to each criterion. Multiple logistic
regression model was used to study the associa-
tion between multiple risk factors and the inci-
dence of having doctor-diagnosed FA. The
significance level was considered at a P-value of
<0.05 for all tests.

RESULTS
Demographic features

Table 1 presents the demographic features of
the survey. The questionnaire was distributed to
14,500 subjects, with 9,039 subjects responding
(response rate 62.4%). The median age and IQR
of participants were 20 and 2 years. The survey
recruited participants from 5 different regions of
Vietnam. There were more participants from
South Central Coast (3,753 participants) and
South East (4,249 participants) than the
remaining areas: North Central Coast (91

participants), the Central Highlands (617
participants), and  Mekong Delta (329
participants). Female participation (67.3%) was
much higher than male participation in all survey
sites.

Reported food-induced adverse reactions and
offending food groups

There were 6,563 (72.6%) respondents who
experienced adverse clinical symptoms after food
intake, with an average of 3.7 symptoms per
respondent (Supplemental Table 1). Symptom re-
occurrences were reported in 48% of participants
(Supplemental Table 2). Gastrointestinal symptoms
were the leading complaint with the contribution
of diarrhea (16.7%), followed by nausea or
vomiting (12.2%) and stomach pain (10.6%)
(Supplemental Table 1). Systematic reactions and
skin problems were the most common reasons
for medical service visit/hospital admission
(Supplemental Table 3). The study reported
different rates of medical service approach
towards health problems across studied regions
(Table 1).

The top 3 causative food items belong to the
seafood group: crustacean (28%), fish (15.2%), and
mollusk (15.1%). Milk (9.5%) and beef (6.8%) were
more common offending foods, as compared to
peanut (5.0%), wheat (5.0%), tree nut (4.6%), egg
(3.8%), and soy (3.3%). Other reactive foods, be-
sides beef, included animal meats (i.e., chicken,
duck, dog, and cat), fruits (i.e., mango, papaya,
and strawberry), and vegetables (mostly chilli and
mushroom), and alcoholic drinks (i.e., beer and
wine) accounted for the remaining 10.2%
(Supplemental Table 4).

In this survey, of the 1,629 (18.0%) participants
who perceived FA, only 617 subjects (37.9%)
sought medical services for their health condition.
Of the 617 medical services-seeking participants,
527 (85.4%) were diagnosed to have FA, indicating
that 14.6% of the remaining adults might manifest
food-induced adverse reactions (e.g., by food
toxins) or could not be confirmed due to unavai-
lable diagnostics. Among the doctor-diagnosed
FA group, half of the participants reported
adverse reactions to only one food item; 22.2%
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Self-reported FA Doctor-diagnosed FA

Any food 11.80 (11.14-12.47) 4.55 (4.12-4.98)
Crustacean 6.88 (6.36-7.40) 2.95 (2.60-3.30)
Fish 3.71 (3.32-4.10) 1.58 (1.32-1.84)
Mollusk 3.09 (2.73-3.44) 1.27 (1.04-1.50)
Beef 2.09 (1.80-2.39) 0.95 (0.75-1.15)
Milk 1.66 (1.40-1.92) 0.46 (0.32-0.60)
Egg 1.04 (0.83-1.25) 0.65 (0.49-0.82)
Wheat 1.06 (0.85-1.27) 0.37 (0.24-0.49)
Peanut 0.89 (0.69-1.08) 0.32 (0.20-0.44)
Soy 0.81 (0.62-0.99) 0.31 (0.20-0.42)
Tree nut 0.77 (0.59-0.96) 0.25 (0.15-0.36)
Other foods 2.05 (1.75-2.34) 0.66 (0.50-0.83)

Table 2. Weighted prevalence of FA in study population. Value reported as % (95% ClI). FA: Food allergy. Any food = any food groups other than listed
in the questionnaire including "other food". Other foods= other food groups not listed in the questionnaire. Other food commodities reported in the survey are
animal meat (i.e. chicken, duck, dog, and cat), fruits (i.e. mango, papaya, and strawberry), vegetables (mostly chili and mushroom), and alcoholic drinks (i.e. beer

and wine)

had reactions to 2 different food groups and the
remaining 27.7% of FA patients had allergic re-
actions to more than 2 different food groups
(Table 1).

Prevalence of self-reported and doctor-diagnosed
FA

The survey data were weighted by gender
according to the current distribution of male
and female adults aged below 50 vyears in
Vietnam'? to estimate a more accurate
prevalence of FA (Supplemental Table 2). As
anticipated, the overall prevalence of FA for all
survey food groups was more than two-fold in
self-reported than in doctor-diagnosed partici-
pants (11.8% vs. 4.6%) (Table 2). Crustacean,
fish, and mollusk were the top 3 allergy-
triggering foods. The pattern of offending
foods was the same for both self-reported and
doctor-diagnosed group, except for milk.
Combining data from crustacean and mollusk
allergy indicated a prevalence of 10.0% (95% Cl:
9.4-10.6) and 4.2% (95% Cl: 3.8-4.6) to shellfish
allergy in self-reported and in the doctor-
diagnosed group, respectively.

Clinical features of FA

Clinical features of doctor-diagnosed FA par-
ticipants are presented in Fig. 1. Allergic subjects
presented with multiple adverse symptoms
involving different organs (an average of 5.5
symptoms per subject). Cutaneous symptoms
(hives/urticaria, eczema) were dominant, present
in 87.8% of all confirmed FA subjects, followed
by gastrointestinal symptoms (diarrhea, nausea/
vomiting, and stomach pain). The manifestation
of severe reactions (i.e. loss of consciousness,
weak pulse, drop in blood pressure, chest pain)
was not rare among FA subjects, accounting for
up to 38.9% of all affected participants.

Influence of demographic factors on the risk of
having FA

The influence of demographic factors on FA was
analyzed by multivariable logistic regression
(Table 3). Predictor variables were gender, family
history of FA, and co-existence of other allergic
diseases, while the outcome variable was doctor-
diagnosed FA. Family history of FA was shown to
be the strongest predictor of doctor-diagnosed FA
(odds ratio (OR), 8.0, P < 0.001), while co-existing
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Fig. 1 Distribution of clinical manifestations among doctor-diagnosed FA participants (n = 506) by food allergens. Clinical symptoms are
divided into 5 categories: severe symptoms (loss of consciousness, weak pulse, drop in blood pressure, chest pain); oropharyngeal
symptoms (trouble swallowing, itchy mouth or ear canal, odd taste in mouth, swelling of the lips, tongue and/or throat, redness of the skin
or around eyes); respiratory tract symptoms (sneezing, nasal congestion or a runny nose, coughing); gastrointestinal symptoms (nausea or
vomiting, diarrhoea, stomach pain), and cutaneous symptoms (hives, eczema). Other foods: other food groups that were not listed in the
questionnaire. Other food commodities reported in the survey are animal meat (i.e. chicken, duck, dog, and cat), fruits (i.e. mango, papaya,
and strawberry), vegetables (mostly chili and mushroom), and alcoholic drinks (i.e. beer and wine)

other allergic diseases (P = 0.734) and gender
(P = 0.082) did not show any significant associa-
tions with doctor-diagnosed FA rate.

The relationship between living location and the
incidence of having a doctor-diagnosed FA was
analyzed using Chi-square tests. The difference in
overall FA incidence was recorded between the
South Central Coast and the South East
(P < 0.001), between the Central Highlands and
the Mekong Delta (P < 0.05) and between South
East and Mekong Delta (P < 0.001) (Fig. 2).
Specifically, the prevalence of FA in the Mekong
Delta (9.7%) was much higher than in the other
study sites: South East region (7.1%), South
Central Coast (4.3%), North Central Coast (3.3%)
and Central Highlands (4.7%). Taking into
consideration the impacts of population density,
lifestyle and living environment, participants from
the South East — mostly residing in Ho Chi Minh
City, the biggest city in Vietnam'?— were defined
as people living in urban area and participants
from other survey sites were considered as living
in the rural areas. We observed higher
prevalence of crustacean (3.73% vs. 2.69%), fish
(1.82% vs. 1.57%), mollusk (1.58% vs. 1.25%),
beef (1.32% vs. 0.77%), and other foods allergy

(1.14% vs. 0.37%) (P < 0.001) in South East as
compared to the other study sites (Fig. 3).

DISCUSSION

This study determined the lifetime prevalence of
doctor-diagnosed FA among Vietnamese adults at
4.6% (95% Cl, 4.1-5.0), which is lower than the
6.4% rate previously reported in Taiwan adults.®
The pattern of FA demonstrated seafood as the
most common food culprit, consistent with
findings in Korean adults®*® and the current trend
among adults in the United States.?’ Our study
demonstrated the disparity of FAs across
geographic locations (P < 0.001), implying the
possible influence of environmental exposures
and dietary habits to allergy risk. Additionally,
family history of FA was strongly associated with
FA (OR, 8.0; 95% Cl, 6.2-10.4) but not for other
allergic comorbidities or gender factor. These
findings would be of great interest to local
clinicians, researchers, and policy makers and
beneficial for a better management of FA in
Vietnam.

We noted a discrepancy between people with
suggestive FA symptoms and those who
approached medical advice for FA diagnosis.
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Sex (Female/Male)
Family history of FA (Yes/No)

Co-existing other allergic diseases (Yes/No)

Risk factor, OR (95%ClI)

1.2 (1.0-1.5) 0.082
8.0 (6.2-10.4) <0.001
1.0 (0.8-1.3) 0.734

Table 3. Multivariable logistic regression analysis of demographic factors to FA. Binary logistic regression was performed in SPSS Statistics for
Windows to generate ORs. A P-value of <0.05 was considered as statistically significant, and highlighted in bold. FA: Food allergy

Specifically, less than half of the self-reported FA
subjects in this survey ever visited doctors for their
medical condition. While most people who visit a
medical practitioner are confirmed to have FA,
there is a high proportion of people with FA who
do not seek advice. These people remain undiag-
nosed and untreated, leaving them at risk of un-
expected FA reactions, which could be fatal. In the
current context of Vietnam, the low rates of pre-
sentation for suspected allergy symptoms might
be explained by insufficient awareness of the
general public about FA and/or the possible
shortage of medical services providing allergy
testing.

Manifestations of FA in adults in the study varied
according to the causative allergen (Fig. 1).
Among FA events, the major manifestation of FA
in  Vietnamese adults involved cutaneous
symptoms (42.7%). Hives was the major indicator

of allergic condition for all food allergens in the
study, and this is consistent with previous
studies®*® and EAACI guidelines."” The second
most  frequent FA  manifestation  was
gastrointestinal symptoms, induced more by
foods from plant origin than animal origin in this
study. We also noticed that plant-origin foods
were the major cause of oral allergy syndrome in
the doctor-diagnosed FA group. However, milk
and wheat were the leading causative food items
that evoked severe FA events/anaphylaxis; milk
and wheat allergy were reported by 0.46% and
0.37%, respectively. Previous studies showed that
most food-induced anaphylaxis in adults were
caused by plant foods such as wheat, peanut, and
tree nut???® Thus, presenting severe milk-
inducing food allergic reactions is rather unusual
in adults. Lactose intolerance is predominant in the
Asian population®® and it is undoubtedly
presumed as the major suspected reason for any
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Fig. 2 Distribution of the prevalence of doctor-diagnosed food allergies across different regions in Vietnam. Statistical significance was
recorded between North Central Coast (n = 91) and Central Highlands (n = 617) (P < 0.001), between South Central Coast (n = 3,753) and
South East (n = 4,249) (P < 0.001); between South East (n = 4,249) and Mekong Delta (n = 329) (P < 0.001), and between Central
Highlands (n = 617) and Mekong Delta (n = 329) (P < 0.05). Other food: other food groups that were not listed in the questionnaire. Other
food commodities reported in the survey are animal meat (i.e. chicken, duck, dog, and cat), fruits (i.e. mango, papaya, and strawberry),
vegetables (mostly chili and mushroom), and alcoholic drinks (i.e. beer and wine). Any FA: any food groups other than listed in the
questionnaire including other foods. * denotes statistical significance (P < 0.001)
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Fig. 3 Distribution of the prevalence of doctor-diagnosed food allergies among 2 major survey sites: South Central Coast (n = 3,753) and
South East (n = 4,249). Survey data were combined to generate the prevalence of food allergies for the population living in the rural areas
of Vietnam (n = 4,790). Taking into consideration of population density and lifestyles, participations from South East (mostly reside in Ho
Chi Minh City, the biggest city in Vietnam) were considered as population living in the urban areas. The comparison of FA prevalence
among population living in rural and urban was conducted. Urban population demonstrated a higher risk of being sensitized to seafood,
beef and some other foods (P < 0.001). Other foods: other food groups that were not listed in the questionnaire. Other food commodities
reported in the survey are animal meat (i.e. chicken, duck, dog, and cat), fruits (i.e. mango, papaya, and strawberry), vegetables (mostly chili
and mushroom), and alcoholic drinks (i.e. beer and wine). * denotes statistical significance (P < 0.001)

adverse symptoms evoking by milk consumption.
However, in a recent investigation of FA in Israeli
patients, milk-induced anaphylaxis was reported
and confirmed in adults who reported to previ-
ously tolerate that food."” This finding is of
importance for clinicians and FA specialists as
well as adult patients with milk allergy in
addressing the significant risk of anaphylactic
and possibly fatal reactions.

In our study, seafood allergy clearly accounted for
more than half of all FA cases. The perceived shell-
fish allergy in Vietnamese adults (10.0%) is higher
than the rate previously reported in Taiwanese
counterparts (7.05%).° We also demonstrated a
doctor-diagnosed shellfish allergy prevalence of
4.2%, which is the highest adult shellfish allergy rate
ever reported worldwide.?® Shellfish is a common
food source in the Asia Pacific region and has
been claimed as the leading allergic food in this
region.?® A retrospective survey in Korean patients
demonstrated seafood including crustacean,
cephalopod, and fish to be the most frequent

cause of FA and seafood-induced anaphylaxis in
adults (51.1%).2% Similar findings were reported in
both Taiwanese children and adults with FA.°
Although there are limited robust studies to
investigate the evolution of seafood allergy
throughout a life course, we noticed a strikingly
high rate of shellfish allergy in both children and
adults in Asia.’® In fact, investigations on
paediatric shellfish allergy were outnumbered by
similar studies in adults. Shellfish allergy was
reported in very young children aged 3-months to
6-years in Thailand (0.3%)?” and appeared to surge
in other older children. School-age children from
Vietnam showed a prevalence of 3.83% to crusta-
cean and 1.03% to mollusk allergy,® while shellfish
allergy rates were 5.12% and 5.23% in Filipino and
Singaporean adolescents, respectively."® There
were several hypotheses claimed to elucidate the
elevated rate of shellfish allergy in the region
including the great abundance and high
consumption  of this food  commodity.?
Furthermore, the tropical climate condition might
play a role in favoring the abundance of indoor
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creatures (e.g., house dust mites and
cockroaches)?? that the clinical cross-reactivity of
these indoor allergens with allergen molecule in
shellfish ~ (e.g.  tropomyosin) was  widely
documented.?%3"

Similarly, we found a higher rate of doctor-
diagnosed fish allergy (1.58%) in this cohort than
previously reported in the United States (0.8%)"
and Canada (0.56%).32 The self-reported fish al-
lergy in Vietnamese adults (3.71) is much higher
than in Taiwan (1.17%).° The identified prevalence
of seafood allergy in Vietnamese adults appears to
surpass the highest rates established in any
published study from North America, Europe, and
Asia (i.e. Taiwan).** One plausible explanation is
the availability and abundance of this food
commodity in Vietnam as a major source of animal
protein.34 Vietnamese consume an average of
33 kg fish per capita per year in comparison to
22 kg in North America and Europe.®® A
correlation between seafood consumption rate
and seafood allergy prevalence among different
survey sites was observed (Fig. 2).2¢ Another
potential cause might be the allergic reaction to
Anisakis, a food-borne parasitic nematode
frequently contaminating fish.*”  Although no
specific case of Anisakis infection has been
reported in Vietnam, parasite infection via seafood
vectors is commonly reported.*#3? The presence
of this food-borne allergen seems to be particu-
larly common in raw and undercooked fish, and it
was reported to cause infection and allergic re-
actions in Thailand, Korea, and Japan.”"rI

The current study identified beef as the fourth
most common allergy-induced food. A strong
correlation of beef allergy with previous tick bites
has been previously identified in Australia, Europe,
and the United States.**** The observed
anaphylactic reactions were explained by the
production of specific IgE antibodies to
galactose-a-1,3-galactose (a-Gal), a carbohydrate
present in red meat. While no reports on tick bites
in Vietnam have been published, ticks are very
common in the region,** and they could be a new
and not yet identified cause of beef allergy in Asia.

FA is thought to be controlled, at least in part, by
the interaction between genetic and environmental
factors. When family history, atopy, sex, and living
location were considered, we observed that family

history of FA was the strongest predictor for FA in
adults. This finding is in line with previous
population-based studies in infants where the in-
vestigators revealed that having 2 or more allergic
family members increased the risk of having FA in
the child (OR, 1.8; 95% CI 1.5-2.3).*® The disparity of
male and female participants in the survey as well as
the variation in the FA incidence by gender were
demonstrated. Female participants seemed to
have a higher rate of FA (5.1%) than their male
counterparts (3.9%) (Supplemental Table 2).
Similar findings were reported in a recent study of
North American adults in which female adults were
1.67 times at higher risk of having food allergies
than the male participants.*® Furthermore, the
geographical location can have a profound impact
on allergen exposure, thus increasing the risk of
developing atopic conditions.*” In this study, we
noted the variation of FA incidence among
different geographic regions of Vietnam, with a
higher incidence of FA among people living in
urban areas compared to rural areas (P < 0.001).
This observation supports the hypothesis that
there are possible protective influences in the rural
environment, and postulated mechanisms include
the hygiene hypothesis.*®

The major limitation of this study is that the in-
formation of doctor-diagnosed FA was self-
reported. Furthermore, it is not known if the phy-
sicians diagnosing FA in this study group in Viet-
nam were utilizing the currently available FA
diagnostic tests. It would be ideal to confirm the
allergic responses in suspected participants
combining with other diagnostic methods,
including allergen-specific serum IgE quantifica-
tion and oral food challenge. However, the initial
scope of this study was to evaluate the current
situation of FA in Vietnam and to approach
affected FA patients. The manifestation of true FA
among Vietnamese patients is currently under
investigation by the authors, using established
in vivo and in vitro diagnostics.

This survey gained a slightly lower response rate
(62.4%) than previous studies on FA in other Asian
countries: 67.9% in Singapore, 81.1% in the
Philippines, and 80.2% in Thailand.”® We did not
conduct any further investigations on the non-
response group. We assume that a paper-based
questionnaire survey might not be popular with
most Vietnamese, in addition, limited information
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and/or awareness on FA in the public might influ-
ence the response rate. We are also aware that the
selection of university students might misrepresent
the general Vietnamese adult population. Howev-
er, a weak correlation of education level to FA
incidence was demonstrated in the U.S. adults (OR,
1.06; 95% CI, 1.03-1.09).*¢ Furthermore, 3
different universities in 5 different geographical
regions participated, including over 50,000
students from different age groups and diverse
cultural backgrounds. Therefore, the sample
selection enabled this study to gain objective
and representative data on FA in Vietnam.

CONCLUSIONS

This study provides the first population-based
data on FA in the adult Vietnamese population.
Our findings revealed the dominance of seafood
allergy and the commonality of beef allergy as a
new allergen source to be reported among adults
in the Asian population. This study also suggests
that under-diagnosis and under-treatment of FA
may occur, owing to low rates of presentation to
medical services for FA in Vietnam.
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