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ABSTRACT

Background: Food allergy (FA) has become a major public health concern affecting millions of
children and adults worldwide. In Tunisia, published data on FA are scarce.

Methods: This study, was intended to fill the gap and estimate the frequency of allergy to
different foods in the Sfax region, Tunisia, within self-reported FA. One hundred twenty-five (125)
children (56% males, 1-17 years old), and 306 adults (17% males, 18-70 years old) were inter-
viewed using a bilingual questionnaire.

Results: The number of self-reported food allergens in this sample was 105; allergens were
clustered in 8 foods: fruits, seafood, eggs, milk and dairy, cereals, nuts, vegetables, and peanuts.
Cutaneous reactions were the most frequent symptoms, in both children and adults. About 40% of
children and 30% of adults had a family history of FA. About 81% of adults and 38% of children are
allergic to at least 1 non-food allergen. The most prevalent food allergen was the fruit group in
both adults and children, followed by seafood. Most food allergies were mutually exclusive and
90% of individuals have a single FA. The relationship between self-declared FA was modeled using
a Bayesian network graphical model in order to estimate conditional probabilities of each FA when
other FA is present.

Conclusions: Our findings suggest that the prevalence of self-reported FA in Tunisia depends on
dietary habits and food availability since the most frequent allergens are from foods that are highly
consumed by the Tunisian population.
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INTRODUCTION

Adverse reactions to food were described in
different historical reports since about the third
millennia BC in China, including a pharaoh who
died of anaphylaxis after a bee sting., and later
through writings of Hippocrates (460-377BCE) and
Razi (865-925). It was only in the seventeenth
century that medical literature began to recognize
food allergy (FA) as a disease and described it as a
hypersensitive reaction, having clinical symptoms
like urticaria or anaphylaxis.”

In the 1990s, the US National Institute of Allergy
and Infectious Diseases (NIAID) and the European
Academy of Allergy and Clinical Immunology
(EAACI) defined FA as “an adverse health effect
arising from an immune response that occurs
reproducibly on exposure to a given food"?*?
Currently, FA is considered as having a complex

mechanism that encompasses many clinical
entities resulting from complex interactions
between food intake, metabolism, immune

system, genetic background, and socioeconomic
factors.* This breakdown result varies from
immediate, IgE-mediated anaphylaxis, and chronic
eosinophilic gastrointestinal disorders (EGID) to
cell-mediated, and in certain cases, to life-
threatening. Today, FA is being described as an
emergency health careissue, whose prevalenceisin
constant significant increase.® For instance, Clarke
and et al® reported that in Canada self-reported
FA increased from 7.1 to 9.3% between 2010 and
2016. While FA based on physician diagnosis or
history remained stable (5.9% versus 6.1%). This in-
crease in self-reported FA is likely attributable to
increasing awareness. However, many other studies
from Europe, China, and Thailand”®? have
reported that the prevalence of FA among
children has stabilized in the last decade.

The prevalence of FA in the African continent is
not well characterized and shows large geographic
variations due to heterogeneity in diet exposure
effects, differences according to ethnicity (genetic
background) and myriad other factors."® The
scarcity of data on FA prevalence can be
attributed partly to the socio-cultural difficulties in
well-planned surveys and accurate diagnosis.

Gaps in knowledge among healthcare providers
regarding the prevention of FA is shown especially
through the limited number of allergists in most

developing nations. In fact, such symptoms of FA
may overlap with those of malnutrition and other
childhood diseases, preventing proper diagnosis.
The under-recognition of allergy as a medical spe-
cialty, and the limited healthcare infrastructure,
compromise the chance for definitive diagnosis of
food hypersensitivity. The under-diagnosis of FA in
Africa, resulting in insufficient available data, does
not allow to perform systematic reviews and/or
meta-analyses, due to inconsistent research
methods and wide diversity of allergens that do not
represent all African settings. Nevertheless, data on
challenge-diagnosed FA in Africa show rates that
are similar to those in Western countries.”” The
reported prevalence of allergic disorders
(including FA) in Africa range between 20% and
30% suggesting that allergy represents a morbid
condition in the continent which matches HIV/
AIDS, malaria, and tuberculosis.’ However, the
calculation of certain prevalence statistics remains
elusive because of the many manifestations of FA
with  different  severities, diverse allergy
definitions, and evaluation of specific study
populations, focusing on specific foods and using
different methodologies/protocols.

The prevalence of FA reported in the literature is
highly variable from one country to another,
depending on the age range of the considered
sample and genetic and environmental factors.
Comparable rates of wheezing between some
high-income African urban centers and European
countries were observed."%"?

A limited number of studies reported the prev-
alence of allergic disorders continent-wide. How-
ever, the African settings are underestimated,
especially for Mediterranean countries. In fact, only
4 published data related countries were reported
on food allergens.”®"® All the data collected
indicate a considerable heterogeneity in the
incidence of FA across the Mediterranean region.

In this work, we provide original information on
the patterns of reactivity to the main families of
allergenic food by characterizing the prevalence of
food allergies in adults and children in a sample
from Sfax region (Tunisia). We also tried to develop
predictive statistical tools that might help to sup-
port effective management of FA in Tunisia.
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METHODS
Study population

Tunisia is a north-African country bordered by
the Mediterranean Sea to the north and east. Ac-
cording to the National Institute of Statistics, as of
2022, Tunisia has a population of 11 803 588 in-
habitants. It has a lower middle-income economy
with high unemployment, especially for youth and
women. Sfax, where the survey took place, is the
second biggest city in the country with 1 022 900
inhabitants in 2021.

The sample size was calculated to achieve a given
accuracy in proportion estimation.’® The formula
used is based on the expression of a confidence
interval of a proportion; if we want a precision
(width of the confidence interval) of w for a
proportion of p, the sample size required is
n = 4p(1-p)/w? So if we wish a 3% accuracy
(w = 0.03) for a proportion of 0.1 we need a
sample of n = 400. n = 211 is needed if p = 0.05
with w = 0.03. Hence, a sample of 450-500 is
sufficient to have a good accuracy (0.03-0.05) for
proportion in the range we are interested in (5-
20%).

Description of questionnaire survey

A bilingual questionnaire in Arabic and French
was designed, via Google Forms, including infor-
mation on socio-demographic, FA, symptoms and
co-occurring allergies (associated allergies),
(Supplemental Appendix 1). Fourteen questions of
3 types have been used: multiple choice questions
(choose between a set of many suggested
responses), scale questions (yes/no) and open-
response questions (free text). The questionnaire
was prepared based on previous published ques-
tionnaires in use in different countries that have
been already standardized."”:"®

A panel of 8 foods that are either known as
common cause of allergy reactions (Food and
Agricultural  Organization, FAO/World Health
Organisation, WHO, 2018) or thought to be
potentially allergic foods because of frequent
consumption, was proposed. The list of foods is as
follows: cow milk and dairy, cereals, vegetables,
fruits, peanut, nuts, eggs, and seafood (fish and
shellfish). Other allergies that are not mentioned in
the list were also collected. The respondent was

asked to name exactly the food that caused the
allergic reaction. In case of self-reported allergy to
a given food, detailed descriptions, including the
age at the first clinical manifestations, duration of
symptoms, medical diagnosis (yes/no) and treat-
ments and particularly if an allergy test was done
after recommendation of a medical doctor.

The questionnaire-based survey was performed
from January 2018 to December 2019. Children
and adults were recruited to take the survey
voluntarily through direct interview, by onsite visits
to randomly selected primary schools, high
schools, and university institutions in the Sfax city,
Tunisia. Children (under legal majority age) were
asked to take the survey home and have parental
authorization to fill it in. The survey was also carried
out online via social-media platforms, while pre-
serving anonymity.

The raw data were manually entered and
curated by 4 independent researchers. This resul-
ted in a set of multinomial variables, of various
shapes and structures (numeric, complex strings),
that were cleaned and recoded into a set of binary
variables, according to the rules explained in
Supplemental Appendix 2.

Data cleaning and study design

This cleaning/recoding process consisted of a
set of R scripts that were applied on the following
variables: allergenic foods, clinical symptoms,
medication, diagnostic test, FA in the family, and
co-occurring allergies. For instance, concerning
allergenic foods, the starting variable was the
response to the question: "Which food are you
allergic to?” and if the answer was “Strawberry and
sole”, the R script will attribute “strawberry” as a
binary variable under the class “fruits” and “sole”
under the class seafood. This recoding procedure
transformed a set of initial multinomial variables
called "Allergenic Foods” into 12 binary variables,
each representing a "yes/no” allergic status to a
food: fruits, seafood, cereals, milk and dairy, nuts,
vegetables and legumes, eggs, peanuts, gluten,
chocolate, commercial food products, and rare
food allergies. In the final list of foods, chocolate,
commercial food products and rare food allergies
were removed, due to their low prevalence and
the weak reliability of the response (intolerance to
chocolate for example was thought by
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respondents to be an allergy, which is known to be
extremely rare). Subjects who claim to have an al-
lergy/intolerance to gluten were also removed
because it was not clear if it was referring to a
celiac disease or gluten intolerance.

The other variables were also recoded into new
variables as follows:

The clinical symptoms were grouped into 4
categories according to the organ affected by the
immune reaction:

> Oro-gastro-intestinal symptoms: tummy pain,
feeling sick, vomiting, or diarrhea.

> Rhino-respiratory and ocular symptoms:
Sneezing and an itchy, runny or blocked nose,
itchy, red, watering eyes, wheezing, chest
tightness, shortness of breath, and a cough.

> Dermatologic symptoms: a raised, itchy, red
rash, swollen lips, tongue, eyes, or face.

> Other symptoms: headache, dizziness

The other variables were recoded as follows:

e Diagnostic test: blood test (allergen-specific
immunoglobulin E (IgE) test), skin prick test,
other (eg, fibroscopy, biopsy), and doctor
examination.

Online
N1= 2000

Onsite
N2= 3000

[

Screened population
Na= 5000

Adults respondents
Na= 369
|

n=9

Missing data

Complete data
Na= 360

Non-food allergic
n= 60

Adults final
database na=309

Fig. 1 Flowchart of study methodology steps for adults and children.

e Medication (3 categories): dermatologic, anti-
histamine, others.

e Presence of the FA in the family: first degree
(child, parent), second degree (siblings and
grandparents), and third degree (cousins, aunts
and uncles).

Subjects with missing or inconsistent data of the
following variables: allergic food, age, and clinical
symptoms were removed. The inconsistency
means a non-food allergy and/or a clinical symp-
tom which is not specific to food allergy.

The flowchart showing the study methodology
steps is illustrated in Fig. 1.

Ethical consideration

Personal data protection National regulations
were respected by anonymization procedures
applied to all surveyed participants. All partici-
pants have agreed to take the survey without any
persuasion and pressure and were understanding
of what it is for and will be happening to the an-
swers they provide. For the children, the parent of
the participant provided informed consent and
filled the questionnaire-survey. A description of the
study was included for the respondent in the
Google survey's forms. Privacy statement in-
dications were also mentioned.

Online
N1=2000

Onsite
Ns= 5451

Screened population
Nc=7451

Children respondents

Nc=142
|
| 1
Missing data Complete data
n=2 Nc= 140
I
I |
Non-food Children final
allergic n= 15 database Na=125
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Statistical analysis

Data analyses were performed using R version
4.0.0 (R Foundation for Statistical Computing,
Vienna, Austria). The dataset was split into two
different age groups: children (age under 18
years) and adults (age > 18). All the tests and
models were applied to the whole database and
separately to the 2 subsets. In all statistical tests,
the cutoff for significance was set to p < 0.05.

Descriptive and bivariate analysis

Frequencies of food allergies and other cate-
gorical variables were computed by a simple
counting procedure, according to the number of
informative cases (missing data were discarded).
The Chi-square or Fisher's exact tests were carried
out to test the association between categorical
variables. The Phi-contingency coefficient of asso-
ciation was computed when needed.

Multivariate analyses

Logistic regression analysis was carried on, to
study the linear relationships between the FAs in a
multivariate context, where each FA was used as a
dependent variable at a time and the remaining
allergy variables, age and gender were used as
independent (explanatory) variables. A stepwise
backward selection based on the Akaike Informa-
tion Criterion (AIC), which is an estimator of the
relative quality of a statistical model,"® was used to
identify the variables that are the most significantly
associated to the dependent variable.

Probabilistic graphical modeling

Bayesian network modeling was carried on us-
ing a simplified database with 10 binary variables:
food allergies,® gender, and age. A Bayesian
network (BN) is a graphical model (directed
acyclic graph) used to represent the joint and
conditional probability distributions of a set of
variables related by complex non-linear relation-
ships (Pearl, 1988). In the graph (structure) gener-
ated by a BN, nodes represent the variables and
arcs describe the probabilistic dependencies be-
tween them. A BN is accompanied by conditional
probability tables (parameters) according to the
dependencies described by the graph.

The learning of the structure and parameters of
the model was performed using the bnlearn

package in R (bnlearn.com). The greedy search
(GS) algorithm, also known as Hill-Climbing, was
used for learning the structure of the BN with BIC
score as an optimality criterion.

RESULTS
Description of the study sample

For children

A total of 125 children (70 boys and 55 girls),
their ages ranged from 1 to 17 years (median = 9,
P25 = 6, P75 = 12 years), were surveyed and re-
ported history of at least 1 allergic food reaction,
among which 88 have been diagnosed by a doc-
tor. In 63% of cases 1 of the 3 diagnosis tests was
used; ie, skin prick test was used for 27.3% of the
subjects, the same percentage for the IgE, 17%
both tests were used, and 1.1% equally for
biopsy + IgE, biopsy + IgE + skin prick and
fibroscopy. However, 25% of the subjects have
been diagnosed by a doctor without doing a
diagnosis test.

Most clinical manifestations were skin reactions
(60%), followed by gastrointestinal (14%), respira-
tory (13%,) and other reactions (13%). Regarding
the history of familial allergy, 40.3% have reported
having at least 1 family member allergic; among
those 45.6% have the same allergy as their rela-
tives. About 55.3% were under medication, mainly
antihistamines (62.8% of cases).

For adults

A total of 306 adults, including 248 women and
58 men, with ages ranging from 18 to 70 years
(median = 23, P25 = 19, P75 = 33 years) was kept
for analysis. Among these subjects, 210 (56.9%)
reported that they have FA confirmed by medical
examination. Skin prick test was used for 22.5% of
the subjects, 30% were diagnosed by an IgE test,
and 8.8% by both tests. However, 34.8% of the
subjects have been diagnosed by a doctor without
doing a diagnosis test.

The most frequent clinical manifestations were
skin reactions (77.9%), followed by gastrointestinal
reactions (28.2%), respiratory reactions (22.8%)
and other reactions (17.3%). About 30% reported a
history of familial allergy, with 22.8% of them hav-
ing the same allergy as their first-degree relatives
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(child or parent). About 46.2% were under medi-
cation, mainly antihistamines (37.2%).

Prevalence of allergic foods

For children

The frequencies of the 8 FA are summarized in
Fig. 2 a. In children, fruits was the most prevalent
allergen (53.6%), followed by seafood (17.6%),
cow's milk (16%), and eggs (10.4%). Allergy to
cereals was the least frequent allergy (4%).

For the group of subjects who are medically
diagnosed, the prevalence of food allergens are as
follows: 34% fruits (strawberry 51.2%, peach

a 60
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B
o

Number of individuals
N w
(=) o

26.8%, kiwi 4.8%, tomato 9.7%, other fruits 7.3%),
16% cow milk, 9.4% blue fish, 4.7% shellfish, 7.5%
eggs, 8.5% nuts, 6.6% peanut, and 4.7% cereals.

For adults

The fruits and seafood were the most frequent
FA in adults (43.1% and 31%, respectively). Straw-
berry was the most common allergic fruit (45%)
followed by other local fruits (mainly apples, dates,
melon, and watermelon). Blue fish (tuna and sar-
dines) represent 67.4% of the reported allergies to
fish, while allergies to eggs and peanuts were the
least common allergies (6.5% and 4.2%, respec-
tively). The frequencies are illustrated in Fig. 2a.
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Fig. 2 a: Prevalence of food allergies in children and adults. b: Number of allergic foods causing allergy reaction in adults and Children.
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Among the 210 subjects that were medically
diagnosed, 35.4% are allergic to fruits (strawberry
58.1%, peach 5.4%, kiwi 5.4%, tomato 13.5%,
pineapple 4%, 9.6% to cow milk, 17.7% to blue
fish, 19.5% to shellfish, 6.2% to egg, 5.2% to nuts,
5.7% to peanut, and 4.3% to cereals.

Prevalence of individual allergic profiles

For children

Out of the 125 children, 105 (84%) had an al-
lergy to only 1 food, while 14 (11.2%) had allergic
reactions to 2 foods. Allergies to 3 foods or more
are very rare; we found 3 children (2.4%) with 3
allergies and only 1 having 6 allergies. It is worth
noting that these multi-allergy profiles always
contain 1 or more of the 4 foods: nuts, peanuts,
eggs, and milk, which are the most prevalent al-
lergies in children (Fig. 2b).

For adults

Out of the 306 adults, 257 (84%) had an allergy
to only 1 food, while 39 (12.7%) had allergic re-
actions to 2 foods. Allergies to 3 foods or more are
very infrequent; we found 4 adults (1.3%) with 3
allergies and only 1 having 7 allergies. Note that in
adults most multi-allergy profiles contain at least
fruits or seafood (Fig. 2b).

Age at onset of the first clinical manifestation of
FA

For children

The age at onset of FA was considered as the
age of the occurrence of the first clinical symptoms
and is known only for 103 patients. Most of the
allergic reactions (61.4%) began between the first
and fifth years of life, among them fruits have the
highest prevalence (43.3% during the first ten
years of life).

For adults

Allergies to fruits seem to occur at younger ages
with half of the subjects declaring that they have
had their clinical manifestation when they were
younger than 14 years. However, subjects suffering
from allergy to cereals, reported that the first re-
actions occurred at older ages (ranging from 18 to
45 years).

Co-occurring allergies

For children

Forty-four out of 116 respondents to the
considered question reported co-occurring allergy
reactions (37.9%). The most prevalent were al-
lergies to pollen (56.8%), mites (40.9%) and pets
(22.7%).

For adults

There are 179 out of 221 respondents to the
considered question, who reported co-occurring
allergy reactions (81%). Among these, the most
prevalent were pollen (39.1%), mites (43.6%), and
pets (16.7%).

Bivariate association between food allergies

Table 1 illustrates the significant associations
between pairs of FA, in adults and children.

For children

It can be observed that on one hand, a highly
significant negative association exists between
fruits and milk (p = 0.000006, phi = —0.42) and
fruits and eggs (p = 0.00014, phi = —0.37), but on
the other hand, a positive association exists

Fruits
Seafood
Cereals
Cow milk
Nuts
Vegetables
Peanut
Eggs

*
*
*

Fruits

Seafood

Cereals

Cow milk
Nuts

Children

Vegetables

Peanut

Eggs

Adults

Green and red colors indicate the positive and negative
associations between pairs of food allergies, respectively.*:
significance degree for Chi2 test p-value. *P <0.05; **P <
0.01; and ***P < 0.001. Blank cells: non-significant
association.

Table 1. Association between pairs of food allergies, in adults and
children
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between nuts and peanuts (p = 0.004, phi = 0.30)
(Table 1). This suggests that when people have an
allergy to fruits, they are very unlikely to have an
allergy to milk (or eggs) and vice versa, while if
they have an allergy to nuts they are likely to
have an allergy for peanuts and vice versa.

In addition, a significant but weak association is
noticed between allergy to fruits and seafood
(p = 0.012; phi = —0.23), between nuts and sea-
food (p = 0.017; phi = 0.25), and between fruits
and cereals (p = 0.046, phi = —0.21). Hence, if one
summarizes the general trend, one would say that
if people have an allergy to fruits they are less likely
to have also an allergy to milk, eggs, seafood, and
cereals than others who do not have an allergy to
fruits.

For adults

We found a highly significant negative associa-
tion between fruits and seafood (p = 5 x 10716,
phi = —0.48) and at a lower degree between fruits
and cereals (p = 0.0001, phi = —0.37), fruits, and
milk (p = 0.0017, phi = —0.18) (already reported
for children) and between seafood and cereals
(p = 0.002; phi = —0.18). To these is added a
positive association between peanuts and milk
(p = 0.003; phi = 0.19).

Belmabrouk et al. World Allergy Organization Journal (2023) 16:100813

Accordingly, if one summarizes the general
trend for adults, one would say that if people have
an allergy to fruits they are less likely to have also
an allergy to seafood, cereals, and milk than
someone who does not have an allergy to fruits.

Logistic regression

The multivariate analyses confirm that most food
allergies are mutually exclusive; that is if people
have an allergy to one food, they are unlikely to
have at the same time another allergy to a different
food (Table 2). To this general rule, there are,
however, few exceptions that should be noted.
First, there are strong positive associations
between nuts and peanuts, and between
vegetables and peanuts in children, that vanish in
adults.  Contrarily, other strong positive
associations are found in adults that do not exist
in children, namely between milk and peanuts,
and between eggs and peanuts.

Graphical modeling

The probabilistic graphical modeling using
Bayesian networks allows to identify and visualize
complex relationships that cannot be captured by
bivariate and multivariate statistical analyses.
Fig. 3a and b show that we have 2 different

Food allergy Fruits Seafood Cereals Cow milk  Nuts Vegetables Eggs  Peanuts
Fruitsc -0.33%** -0.78%** 0.63*** NS NS -0.53%** -0.31%**
Fruitsa -0.62%** -0.58%** -0.4%** -0.37*** NS NS NS
Seafoodc -0.29%** -0.36* -0.26%* 0.27* NS NS NS
Seafooda -0.57%** -0.52%** -0.3%%* -0.3%** -0.19% NS NS
Cerealsc -0.19%** -0.10* -0.17%%* NS NS -0.14 NS
Cerealsa -0.30%%*  -0.30%** 0.11%* 0.11 NS NS NS
Cow milkc -0.43%%* -0.16%* -0.44%* NS NS -0.26%* -0.23*
Cowmilks  -023% -0.19%+ 013 [N 019 NS NS 026%*
Nutsc NS 0.16 NS NS NS NS 0.22%*
Nutsa -0.20 -0.19%*** -0.22%* -0.18%* NS NS NS
Vegetablesc NS NS NS NS NS NS 0.22%*
Vegetablesa NS -0.11%* NS NS NS NS

Eggsc -0.31%** NS -0.31* -0.22%* NS NS

Eggsa NS NS NS NS NS NS

Peanutsc -0.17%* NS -0.27 -0.17* 0.26** 0.24* NS

Peanutsa NS NS NS 0.12%* NS NS 0.09*

C: Children; A: Adults; NS: non-significant; ¥*P < 0.05; **P < 0.01; and ***P < 0.001. Each allergic food
is the dependent variable and the remaining foods are the independent variables. Age and gender are the
adjustment variables. The values represent the logistic regression coefficients B between pairs of food
allergies. The asterisks * represent the degree of significance (p-value). The negative value indicates a

negative linear relationship between allergic foods.

Table 2. Association assessment using logistic regression between the different food allergies in children (C) and adults (A).
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patterns of allergy in children and adults with the
common point that allergy to fruits comes as the
node that has the highest number of connections
to other allergies: 3 and 4 child nodes for adults
and children, respectively.

As far as children are concerned (Fig. 3a), we
find out that nuts come as a cue node (no
parents) and is the parent of peanuts and
seafood, confirming the positive association
previously reported between nuts and peanuts.
Fruits group is connected negatively, as a parent,
to seafood, cereals, milk, and eggs; that means
that if fruits is true, the probability of having the
other allergies is low and vice versa.

For adults (Fig. 3b), the egg is disconnected
from other foods, and fruits comes as a cue node
with 3 child nodes: seafood, cereals, and milk,
with the same trend as in children. It is worth
noting that in adults, nuts and peanuts are not

a g

0.083

B o6

directly connected as in children, in agreement
with the results of logistic regression.

In the whole sample, the Bayesian network
structure is more complex (Fig. 3c), with 2 allergies
having 3 parents (seafood and milk) and 3 having 2
parents (peanuts, cereals. and eggs) while fruits,
nuts, and vegetables are cue nodes. The
conditional probability tables allow to compute a
smart score.

DISCUSSION

This cross-sectional study explores the preva-
lence of self-reported food allergies among adults
and children in Tunisia (sample from Sfax region)
through a questionnaire-based survey. The
collected data allowed to estimate the prevalence
of individual food allergies among allergic sub-
jects in Tunisia and also provided insights into the
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Fig. 3 a: Bayesian Network for children. Veg-Leg: Vegetables-Legumes, P: probability, T: True, F: False. b: Bayesian Network for adults. Veg-
Leg: Vegetables-Legumes, P: probability, T: True, F: False, c: Bayesian Network for all individuals. Veg-Leg: Vegetables-Legumes, P:

probability, T: True, F: False.
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food-induced symptoms, medication, diagnostic
test, family allergy, and co-occurring allergies.

Our findings suggest that the number of self-
reported food allergens in this sample was rela-
tively high (105 individual allergenic foods). In this
list, we found the “Big eight” food allergens (FAO/
WHO, 2018), as the most common and respon-
sible for 90% of food allergic reactions in the
United States and also the 14 allergens recognized
as the most common and potent causes of food
allergies and intolerances across Europe (https://
farrp.unl.edu/ref-sit-eu Accessed November 20,
2022). However, the most common food allergens
reported in the present study were fruits in adults,
as well as in children, which is not reported in the
lists above.

Given the differences that may exist between
the feeding pattern, dietary habit, and food avail-
ability across the world,?? it is expected to find
specificities depending on the geographical
location.?" This divergence indicates that the
allergy is likely to appear for the most consumed
foods in a country or region. As a matter of fact,
bioclimatic areas, eg, tropical countries, or the
Mediterranean region, seem to share comparable
allergen patterns.??* Tunisia belongs to the
Mediterranean area and thus has similar
allergens to other Mediterranean cities or
countries. For instance, in Turkey (Antalya), the
fruits (orange, banana, peach, apple, and
strawberry) are the most common allergens.?®
Likewise, allergy to Rosaceae fruits were reported
as the most prevalent in Spain, Greece, and
ltaly.?® In our population of children and adults,
strawberry followed by other local fruits, peach,
tomato, apples, dates, and melon, were the most
frequent (Supplemental Appendix 3). This finding
is in agreement with the allergies to Rosaceae
fruits in the northern part of the Mediterranean
Sea.?’

Besides, the high frequency of fruit allergies is
also consistent with allergy trends in Europe,
where allergies to plants/trees such as apples,
hazelnuts, and peach are the most frequent,’’
being the most consumed since childhood. For
instance, in France, Prunoideae, fruits of the latex
group, and Apiaceae are the first allergenic
foods in adults.?® In this study, allergy to fruits of
the latex-pollen group, which represents 83% of

fruits allergies, manifests itself even after simple
contact with the fruit in question.

In contrast, the FA patterns in this study are
relatively different from those reported in other
North African countries. In fact, while in our study
allergy to foods of vegetal origin were more
prevalent than those of animal origin in both chil-
dren and adults, the inverse trend was reported in
Morocco where eggs and cow's milk were the
most prevalent.?? Moreover, fruits and seafood
were the most reported food allergen in our
study, whereas the most common food allergens
are fruit and wheat in Algeria,3° banana and
Bakers-Yeast in Libya,31 and milk and banana in

Egypt.32

Seafood is one of the most common foods
responsible for allergic reactions worldwide, re-
actions which are potentially life-threatening. The
prevalence of seafood allergy varies considerably
across countries; however, it appears predominant
in regions where seafood is a staple food.*? For
instance, it provokes the most common allergic
reactions in the Mediterranean countries of Spain
and Portugal®®* and also in Asia where the
seafood is the main ingredient in their dietary
habits.** Similarly, we found that seafood is the
second most frequent allergens among children
and adults, as the fish and shellfish are widely
consumed in Tunisia and particularly in a coast
city like Sfax. Interestingly, blue fish (sardine and
tuna), that are the most consumed fish in the
country, due to their high production and low
cost, induced the highest frequency of allergy.
Indeed, a study carried out among children of
school age in 2014 (unpublished) showed a high
rate of sensitization to fish, which reaches 10-12%.

Remarkably, peanuts are the least common
allergen, since it is not so much consumed at an
early age or even later age, although peanut al-
lergy has increased in prevalence in the last
decade. Whereas, local foods, eg, local fruits and
fish, were the most frequent allergenic foods,
which supports the hypothesis that the environ-
ment, or in other words the "exposure” is a
determining factor in allergy. This stems from the
fact that blue fish and local fruits are widely
consumed from a young age by Tunisians, which
leads to sensitization to the allergens of these
foods.
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Our results showed that animal-derived foods
were more reported than foods of plant origin in
both children and adults (36.7% vs 29.4%): and
(17.3% vs 5.3%), respectively. The most frequently
reported animal foods were eggs (10.1% and
2.9%), milk (5.3% and 4.2%), and blue fish (9.8%
and 9.4%) for both children and adults, respec-
tively. The rates of reported adverse reactions to
these foods were significantly different between
children and adults (p < 0.001). Indeed, a statisti-
cally significant difference in FA prevalence was
found between children and adults in cereals
(p = 0.009), seafood (p = 0.005), peanut
(p = 0.041) and, fruits (p = 0.03).

In our study, the multi-allergy profiles in children
always contain at least 1 of the most prevalent food
allergies; however, only 2.4% reported allergy to 3
or more foods. This contrasts with the rates in the
United States, where 40-70% of children were
allergic to multiple foods.*®

Interestingly, adult women reported more
frequently allergies to vegetables and legumes
than adult men (p = 0.038). This is consistent with
the study of Pali-Schéll et al that showed a higher
prevalence of food allergies in adult women.*¢
This could be explained by differences in the gut
microbiome, a genetic predisposition linked to
gender and very likely to hormone-dependent
estrogen factors involved in the pathophysiology
of FA.

Regarding symptoms, skin reactions and oral
allergy reactions were the most prevalent in chil-
dren (66%) and in adults (~80%), while gastroin-
testinal and respiratory reactions were the least
frequently reported by subjects. Urticarial wheals,
itching, redness, and oral symptoms occurred
more often. The majority of comparable studies
confirmed that skin reactions were the most com-
mon presentation of food allergies, and the less
commonly reported were rhino-respiratory mani-
festations.37-37

In this study, 40% of adults and 30% of children
have a family member who is also allergic. This
member has the same allergy in 45.6% and 22.8%
of the cases, respectively. Hence, having an
allergic family member could be predictive of FA.
Indeed, according to Koplin et al (2013) having at
least 1 family member with a history of allergic
disease, increased the risk to have a FA in child,
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although, having 2 or more allergic members was
more strongly predictive of FA.*® However, Koplin
et al and Keet et al reported that the family history
is a major risk for FA, except for peanuts.#%4"

When the immune system identifies the proteins
in 1 substance (eg, pollen) and the proteins in
another (eg, raw vegetables or fruit) as being
similar, it is called cross-allergy or allergy cross-
reactivity.> The immune system may respond
similarly to either when people come into contact
with the allergenic protein, regardless of whether
this protein in question is one to which they are
actually allergic. In some situations, this reaction
can result in allergy symptoms (American
Academy of Allergy, Asthma & Immunology).*?
Indeed, in this study, 9 (2, 94%) subjects are
allergic to fruits of the latex-pollen group, have
claimed that even the smell or their presence in a
place where this fruit is present triggers the allergic
reaction.

In our study, the association analysis showed
that when adult individuals are allergic to peanuts,
they are probably allergic to a vegetable. This
result can be explained by the fact that similar
allergenic plant proteins are present in families
and super-families of plants and peanut.*?
Besides, we found that when children are allergic
to a nut, they are likely allergic to peanuts. The
cross-reactivity between peanuts and tree nuts or
seeds has been previously described by De Leon
et al as a result of a cross-reactive B cell epitopes
present in several peanuts and tree nut aller-
gens.** Nonetheless, it does not appear that the
allergenic cross-reactivity of peanuts and tree
nuts could be predicted by their plant taxonomic
classification.** Yet, this cross-reactivity is still
prevalent and according to McWilliam et al, 20-
30% of those with a peanuts allergy are also
allergic to 1 or more types of tree nuts.*®
Regarding the cross-reactivity between fruits and
cereals found in children and adults, it could be
explained by the fact that both contain pollen or
proteins homologous to those in specific pollens
which was the source of sensitization.?

The major limitation of this study is that FA was
self-reported. Self-reporting may lead to some bias
resulting in overestimating FA prevalence by
three- or four-fold the actual prevalence.*®
Conversely, underestimation of the number of
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diagnosed food allergies can also occur, because
some people might not seek medical help if they
experience mild food allergies or are not aware
of their condition due to inadequate exposure to
the type of food in question. Furthermore, this
study was cross-sectional, precluding conclusions
about causation. However, our study design was
strengthened by the use of cluster random sam-
pling in academic institutions of the Sfax region,
potentially limiting the risk of selection bias and
allowing for the recruitment of a balanced study
sample in terms of gender and age.

CONCLUSIONS

Prior to this study, most research on food al-
lergies in the Tunisia population was collected
from specific and non-generalizable settings’" and
there has not been any large-scale study on that
population. This study brings new insights into the
prevalence of self-reported food allergies and
sources of allergens among adults and children.
For these reasons we think that our study provides
valuable information for clinicians and policy-
makers, particularly in terms of updating food
allergen labeling regulations in processed food
products.

A relatively large sample size with good
coverage of adults and children in the Sfax region
(Tunisia) is the originality of this work, especially
considering the current limited information avail-
able on food allergies in this population. This work
needs to be sustained to cover other regions of
Tunisia; based on a mobile application that alerts
on FA reactions, we are currently setting up a big
data platform to collect online information from
informed and consenting users. This will open the
door to a better prevention and mitigation strate-
gies of food allergies, with increased efficiency and
reduced cost to the national health care system.
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