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ABSTRACT

Background: Data on severity of food allergy across nations are lacking. Building on the World
Allergy Organization (WAQO) DEFASE (Definition of Food Allergy Severity) score, we aim to
explore its global applicability as a grading system for IgE-mediated food allergy (FA) severity.

Methods: An international survey (WAO FASE Project) was conducted using an online ques-
tionnaire distributed to WAO members. The survey collected detailed data on diagnostic prac-
tices, therapeutic options, characteristics of FA patients, severity of reactions (including
anaphylaxis), and eliciting doses of allergenic foods. In addition, FA management costs were
examined (medical expenses, medication costs, and impact on quality of life and productivity).
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Results: We obtained information from 157 centers in 50 countries. FA management varied
significantly across regions. Oral immunotherapy and omalizumab are widely used in Europe and
North America. The use of advanced diagnostic tests (molecular diagnostics) vary widely between
these regions. Thirty-five percent of patients with anaphylaxis exhibited severe symptoms (res-
piratory or cardiovascular compromise), with marked regional differences: more frequent in
Western Asia (55.83%), Southern Africa (50%), and less frequent in South-Eastern Asia (12.5%)
and Central America (21.72%). Approximately 1 in 4 patients reacted to less than half an age-
appropriate portion of the allergenic food. Depending on the region, peanut, milk, egg, wheat,
hazelnut, and peach allergies varied considerably. Economic resources and healthcare systems
play an important role in determining access to diagnostic tests and therapeutic options, which
have a direct impact on the severity and management of FA.

Conclusions: With wide global disparities in access to diagnostic and therapeutic tools for food
allergies, this condition entails a vast healthcare and economic commitment. The percentage of
patients receiving a high severity diagnosis using DEFASE could be around 3%, similar to that of

asthma patients diagnosed with severe refractory asthma.

Keywords: Food hypersensitivity, Epidemiology, Economics, Anaphylaxis, Surveys and

questionnaires

INTRODUCTION

With the development of new therapeutic op-
tions, the scientific community’s attention towards
food allergy has intensified.” This health issue,
which has been increasing in frequency for
decades, has traditionally been managed with
elimination diet.? Recently, the possibility of
protecting patients suffering from food allergy to
oral immunotherapy has been accompanied by
the possibility of protecting them from the
consequences of inadvertent ingestion of food
through  omalizumab.*® As food allergy
presents with a wide range of phenotypes and
severity levels (ranging from oral allergy
syndrome to fatal anaphylaxis), the new disease
management  modalities require  careful
consideration of candidates for individual
therapies.”®'® Alongside the risks of side
effects, the costs of the therapies and their
effects on the natural history of the disease must
be considered.

It is with cost-benefit ratios in mind that the
World Allergy Organization (WAQ) developed the
Definition of Food Allergy Severity (DEFASE)
project."”™® A consensus of experts created a
food allergy severity assessment grid similar to
that available for asthma severity

assessment.’*"® Essentially, it includes

preliminary questions to exclude “difficult-to-
treat” food allergy and, in those who do not
display such issues, proposes to evaluate 5
severity criteria (Table 1).

The evaluation grid aims to include the
emotional, social, and economical impacts of food
allergy™® and its potential repercussions for health
systems. The grid is being validated."”""®

Before its universal implementation, we wanted
to assess the perception of clinicians regarding
the items included in the food allergy severity
evaluation grid. We also wanted to estimate the
number of patients who would be diagnosed with
severe food allergies after applying the DEFASE
grid.

METHODS

An online questionnaire on Food Allergy
Severity (FASE) was created and reviewed by
members of the DEFASE panel, nominated by the
WAQO Food Allergy Committee. The protocol,
approved by the WAO Executive Committee and
Board of Directors, focused on the frequency and
characteristics of food allergy in the respective
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Difficult to manage issues: in this patient, proved

difficult ....

Severity criteria (see also

... to accept her allergic condition
.. to define triggering food allergen(s)

.. to avoid the triggering allergen(s)

.. to read food labels

.. to be regularly followed up
.. to get educated with her family

.. to carry self-injectable epinephrine

.. to understand and update a management plan

.. to be prepared to manage reactions
... to properly treat a reaction

Table 1. The DEFASE grid for food allergy severity

countries (Supplementary appendix). It consisted
of 42 questions under 4 major headings:

1 General questions regarding the respondent
center (11 questions),

2 Specific questions about the how milk/egg/
peanut diagnosis and treatment are delivered
and the characteristics of food-allergic patients
at the respondent center (11 questions),

3 A specific question about the difficult-to-
manage food allergy issues experienced by
patients at the respondent center, and

4 Information on food allergic patients in the
country to which the center belongs (19
questions).

The questionnaire included a definition of
anaphylaxis (“... a serious systemic hypersensitiv-
ity reaction that is usually rapid in onset and may
cause death”) and its severity (... severe
anaphylaxis is characterized by potentially life-
threatening compromise in the airway, breathing
and/or the circulation, and may occur without
typical skin features or circulatory shock being
present, requiring prompt identification and
treatment”)."? Since there are multiple definitions
of the severity of the manifestation of anaphylactic

(A) Symptoms/signs with the most severe previous
reaction

(B) Minimum therapy to treat the most severe
previous reaction

(C) Individual minimal eliciting dose

(D) Current impact on food allergy-related quality
of life (FA-Qol)

(E) Current health-economic impact

episodes, we instructed the responding centers to
use the table generated in the DEFASE systematic
review (Figure S1)'? to define the severity of
anaphylactic reactions presented in the past by
patients with food allergy. To illustrate the
concept of “very small” eliciting doses, our
questionnaire also included a table of the age-
appropriate portion sizes for different food
allergens.?®

The questionnaire was developed as a web-
based survey using SurveyMonkey®, in English,
and was circulated to the representatives of the 95
constituent national societies of WAO in
November 2021. It was also administered to the
WAOQO Centers of Excellence involved in food al-
lergy. This sampling frame consisted of all mem-
bers of the 95 national societies. It included not
only allergists who deal with food allergy, but also
all those who deal with respiratory, drug, and hy-
menoptera allergy. As the questionnaire con-
tained an express invitation to respond only for
those who deal with food allergy, our target
population was just a fraction of the 37,000
questionnaire recipients.

A reminder was launched after 21 days to re-
engage potential respondents.
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Fig. 1 Geographical distribution of the responders by UN macro-geographical regions.

RESULTS
Participating centers

We received 157 responses from 50 countries
[Fig. 1; supplementary table S1]. The majority of
respondents (57) were operating in the context
of a universal government-funded (ie, “single-
payer”) health system, 29 in a non-universal in-
surance system only, 20 in a universal public-
private insurance system, and 5 in a universal
private health insurance system. All the others
were operating in mixed systems, mainly in non-
universal  insurance  system +  universal
government-funded health system (10 re-
spondents). Specifically, concerning the activities
of the responding centers, 59 carried out exclu-
sively public practice, 45 exclusively private prac-
tice, and 53 operated mixed public/private
practice (Table 2). The percentage of centers
operating public practice was maximum in
Northern Europe (84.6%) and minimum in South-
Eastern Asia (none).

Diagnosis through skin testing is universally
widespread with some deficiencies in sub-
Saharan Africa, Southeastern, Eastern, and South
Asia (Table 3). Almost all centers are able to offer
the determination of total and specific IgE. In the
regions where the skin prick test is not
universally  available, the  diagnosis  of

sensitization through determination of specific
IgE is more frequently reported.

The use of molecular diagnostics seems to be
for the moment confined to specific regions, in
particular in Europe and Oceania, less frequent in
North America, Western Asia, and the Eastern
Asia, while it is rarely available in Africa, Central
America, and South America. As these centers
were selected for their competence in food al-
lergies, it is not surprising that many centers are
able to offer diagnostic Oral Food Challenges
(OFCs). Oceania stands out, with a universal
availability of OFCs, followed by North America,
Northern Europe, and Eastern Europe. The
respondent centers in Western Europe do not
exceed 50% for this diagnostic service, also sur-
passed by South America with 56%.

Oral immunotherapy is a widespread practice
mainly in Western Europe, followed by North
America, Southern Europe, and Northern Europe.
In all other contexts the availability of this practice
does not reach 50%. Many centers in Western
Europe, North America, Eastern Asia, and Oceania
reported using omalizumab for the treatment of
food allergy. Many centers, mainly in the same
regions, also have dupilumab available, and
report that they have thought about its use also in
the context of food allergy.
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Patients, food allergy, and its severity at the
participating centers

Among the respondent centers the largest
were those in Western Europe with an average of
4000 patients per year, followed by North Africans
(1778), North Americans (1400), Northern Euro-
peans (1366), Southern Europeans (833), Middle
Eastern (600), Central Americans (538), Eastern
Europeans (505), South East Asians (351), South
Americans (322), Australians and New Zealanders
(250), and South Asians (217). Southern Africa
reports a mean 180 patients per year, while we do
not have data for East-Asian centers. The overall
mean of 853.86 (+1441.84) per year indicates that
these centers see a considerable number of food
allergy patients.

Our survey captures an interesting difference
between the types of foods reportedly respon-
sible for food allergies in different parts of the
world. As already suspected, peanut was the
common food allergen in North America. Peanut

allergy was also frequent in Northern Europe,
Oceania, and Western Europe (Fig. 2). Peanut
allergy is reported in only 5% of patients from
South-East Asia, 3% of those from Central Amer-
ica and 1% of patients from the Eastern Asia. The
remarkable difference in frequency of cow’s milk
protein allergy may reflect the different composi-
tion of the populations belonging to our polled
centers, but also the different demographic
composition of the different populations of the
world. In countries with lower average age, milk
allergy was more widespread: 56% in Central
America, 54% in Western Asia, 50% in South
America, 46% in North Africa, and 43% in Eastern
Europe. Milk allergy is reported less common in
the population of North America (15%), Eastern
Asia (13%), Oceania (12.5%), and Western Europe
(6.5%). At least in this latter context, characterized
by systems offering pediatric assistance in an
universalistic frame, it is very likely that milk-
allergic children are managed by primary care
pediatricians where there is a specialist in the

Type of assistance

Word region
Public practice

North America 9
Central America 2
South America 10
Northern Africa 1
Southern Africa 1
Northern Europe 11
Eastern Europe 4
Southern Europe 9
Western Europe 2
Oceania 3
Western Asia 3
Eastern Asia 3
Southern Asia 1
South-Eastern Asia 0
Overall 59

Private practice

5 16 30
5 4 11
10 5 25
1 2 4
4 3 8
1 1 13
3 4 11
4 11 24
1 1 4
1 0 4
2 3 8
0 3 6
5 0 6
3 0 3
45 53 157

Table 2. Type of assistance provided by the respondents’ centers
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area, and therefore do not come under the

% gl 4 |d 2 8 o e observation of allergy centers except in the most
8 serious cases.?" Egg allergy is also not uniformly
distributed, with 37% of patients in Western Asia
§ - I - . and 35% of patients in Southern Africa reported
Z% 83 B B R allergic to this food, dropping to 31% in
Northern Europe, 23% in South America, 22% in
© Eastern Europe, 21% in Southern Europe, down
§ S a & g 8 38 3 § to 18% of Central America, North America, and
© North Africa. The lowest egg allergy frequency
e (11.5%) is reported in Western Europe and
fg%ﬁ '8 3 |m o e o o Eastern Asia. There are no regions where this
] « ©

allergy did not reportedly affect at least 10% of
the responding center's food allergy patients.

f=
2 38 8 3 o o 3o Wheat allergy was more prevalent among
3 patients at responding centers in Northern and
Southern Africa (21.6% and 18.3%, respectively)
5 g 3 e 3% %e compared to responding centers in European,
8 ° = = © B B Asian, and American regions. Of note, another
G%; unequally distributed allergy is hazelnut, which
£ = seems more prevalent among patients
7 388 8 3 Wi 2. T . South Afri d E
g == 7 o presenting to Southern African an uropean
5 centers, while it is less frequently reported
£ o 2 among patients seen by centers in East Asia and
%g '8 8 g glg 8w '§ Central America and is practically unreported in
St S South Asia and South-East Asia as well as in
1% . . .
; o South America. Peach allergy is prevalent in
= 0 e~ - .
23 IR D Southern Europe, where it reaches 25.6%, fol-
3o [ N = lowed by Western Europe and Eastern Asia. It is
g interesting to observe how Pru p 3 allergy, linked
A - o o - ~ I 8 to peach aIIergy,22 is almost universally reported
< 0 = o ~ . .
El S ¢ § 8 N & ° £ in Southern Europe and much more rarely in
[} . . .
0 other regions, including those where peach
o . . . . .
. - - . < & ool % allergy is reported. This finding possibly reflects
- & & R 2 2 28 the difficult access to molecular diagnostics in
Z .
£= some regions of the world.
>
0
S [ R B Another aspect of great interest is the different
g e B B B R frequency of multiple food allergies, reported at
(e} . .
= almost 50% in North America, Northern Europe,
(e} . .
g . 2 and only 12% in Western Europe and 15% in
= o 7o) < ™ 0 o~
] S < ) ~ W o O ® Q O H
£ — | 1 ™ ~ < 9 o = = ceanla.
< 5}
o The marked diversity of manifestations
() . .
2 T SN e R observed in the different centers may be at least
: IR > | @ . : : '
2t [ R - partially linked to the different frequency of
g sensitization to individual foods, as can be seen in
0w
o ° Table 4. In general, the most frequent of the
< 5 8 L5 %8 © o ke manifestations reported is food-induced urti-
¢ AR - A . . )
: HESE YK ERE o caria, but the second in order of frequency is
o a RSt = £ £ = 3 . .
¢ IEREERE %g 2l £l8 2 food-induced anaphylaxis. Our polled centers
= = =
°C R AN Bl RN report about 25% of patients with this type of
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10%
0% "
Central Norther Norther
Eastern Eastern Norther n Oceani
Americ i A .
Asia  Europe n Africa Americ a
a 5 Europe
nPrup 3 3,67 2,60 2,00 2,17 3,67 1,00
B Wheat 4,00 8,00 8,00 ' 21,67 450 | 10,29 6,00
® Peach 13,50 20,00 | 2,50 | 500 193 | 720 0,50
W Fish 6,71 6,00 343 25,00 6,00 7,50 4,50
| Hazelnut 10,50 10,00 843 833 878 17,33 3,50
| Peanut 3,86 1,00 12,57 833 42,78 | 29,29 ' 20,00
Egg 18,13 11,50 22,86 1833 1839 30,71 1500
u Milk 56,25 13,00 43,57 46,67 1511 41,43 12,50
m Multiple food allergy 18,75 = 25,00 28,43 41,67 4878 | 4586 15,00

Fig. 2 Frequency of allergy to specific foods in different regions of the world as reported by the responding centers.

manifestation, indicating that at least in some re-
gions the cases of more severe food allergies are
concentrated in these centers.

Less severe food allergies were also cared for in
our polled centers. Oral food allergy syndrome
was reported in 25.2% of cases, mainly in South-
Western Europe and in Central America. Gastro-
intestinal symptoms were reported in 28.3% of
cases. Atopic dermatitis was reported in 24.7% of
cases, respiratory manifestations were rarer. The
cases of anaphylaxis were more frequent in North
America (48.9%), Northern Europe (32.5%), and
Oceania (42.5%), indicating that in these countries
the mix of food allergy patients in the respondent
centers is selected upwards. In other regions,
relatively fewer food allergy patients presented
with anaphylactic reactions: in Central America
4.6%, Eastern Asia 5.5%, South Asia 7%, and North
Africa 11%. Surprisingly, among these regions we
also find Western (11.5%) and Eastern Europe
(12.1% of patients reported with anaphylaxis).

As the characteristics of the symptoms with the
most severe previous reaction are part of the
DEFASE grid, in our questionnaire we tried to
evaluate the severity of the anaphylactic manifes-
tations presented by patients from our polled

7
nPrup 3
B Wheat
B Peach
I W Fish
| Hazelnut
Souther
h- I b-
South S e Souther, Sub Wester Wester ® Peanut
Eastern Americ n Asia o Sahara nAsia \
Asia N Europe n Africa Europe Egg
033 | 625 | 067 | 2344 450 240 900 | ™ Mik
367 1021 533 933 1833 750 550 B Multiple food allergy
000 | 346 067 | 2561 1500 3,80 @ 22,50
833 | 993 775 10,67 | 22,33 19,43 6,50
133 | 364 267 | 17,12 27,50 883 | 1500
500 7,69 833 1528 31,67 13,00 20,00
11,67 | 23,94 12,75 | 21,50 | 35,00 | 37,71 11,50
26,67 5495 17,33 31,11 | 21,67 50,57 6,50
15,67 | 20,81 | 42,25 | 5506 36,67 30,67 12,00
centers. What emerges is that 11.7% had

anaphylaxis with respiratory or circulatory failure,
26.2% manifested laryngeal, asthmatic or cardio-
vascular symptoms, while 64.7% experienced true
anaphylaxis (involving many organs), but with the
presence of only skin lesions and mild to moder-
ate  gastrointestinal  symptoms  or  rhino-
conjunctivitis  (Table  S2).  Therefore, with
reference to the overview of anaphylaxis
symptom-severity scores ordered by organ
(Figure S1), 64.7% of the reported patients can be
placed on the left side (green-yellow symptoms),
while 35.3% presented manifestations of severe
anaphylaxis (red symptoms) and fell into the
right side. The "red symptoms” anaphylaxis are
more frequent in Western Asia (55.83% of the
reported anaphylactic food allergies), Southern
Africa (50%), Western Europe (43%), Eastern
Europe (41.2%), and North Africa (40%). The
percentages  of  patients  with severe
manifestations of anaphylaxis reach 39.38% and
39.18% in North America and South America,
respectively. They are 38.64% in Southern
Europe, 35% in Oceania, and 32.9% in Northern
Europe. The percentages of reported severe
anaphylaxis are lower in South-Eastern Asia
(12.5%), Central America (21.72%), Southern Asia
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T é’% ga s I gg o F ‘%E E out the proportion of anaphylactic patients for
s BN s 2 O 9E D _

N 22 BsE = 2, 2L 28 2= < whom the avoidance of food traces should be

Bl 27 B=% 3% BE 3% g'é 2 B 2 recommended. Given the current legislative un-

CEM "o 2oa L€ 28 £5 &% £E O ®© . . -
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this behavior to approximately half of children
with food allergies who develop anaphylaxis.

There are no apparent correlations between
the frequencies with which anaphylaxis is reported
in the different regions and the frequency with
which it has occurred repeatedly. The recurrence
of episodes of severe anaphylaxis in the same
patient in the last 12 months varies between 5.5%
and 20%, with a remarkable 42% in South Asia
(Fig. 3). This finding may be linked to a difficulty in
managing nutrition education in some regions of
the world including Southern Africa, North
Africa, Middle East, and Central America.

However, the recurrence of severe events re-
mains present in all regions of the world, signaling
the need to act in preventive terms both at an
individual and community level to reduce the risk
factors of anaphylactic reactions. An exception is
Japan, where no repetition of severe anaphylaxis

% adrenaline users in the
most severe anaphylactic

events was reported in the same patients in the
last 12 months.

In our survey, the pooled centers were asked to
estimate the impact of food allergies on the
quality of life including the emotional impact, di-
etary and social limitations. For 1 patient in 5 only
it was reported that their food allergy minimally
impacts their quality of life. For all the others the
impact was described as moderate or significant
(Table S5). Everywhere a significant impact was
reported in at least 15% of patients, but in
Eastern Europe, Central and South America,
South Asia, Western Asia, Southern Africa, and
Central America the quality of life was described
severely affected for more than 40% of patients.
Also, in this field the pleasant Japanese
exception stands out, where only 1% of food
allergy patients were reported to suffer a
significant influence on their quality of life.

% of 3 or more adrenaline
users in the most severe

% severe

Word region anaphylaxis

€)
Western Asia 55.83
South Africa 50
Western Europe 43
Eastern Europe 41.2
North Africa 40
North America 39.38
South America 39.18
Southern Europe 38.64
Oceania 35
Northern Europe 32.9
Eastern Asia 30.5
Southern Asia 30
Central America 21.72
South-Eastern Asia 12.5

reaction anaphylactic reaction
(b) (c)
50.05 11.50
56.25 6.25
32.50 5.50
26.67 10.67
13.5 0.50
39.67 5.17
24.97 2.50
21.61 2.50
27.50 3.00
13.67 3.67
47.50 7.50
3.33 0
24.47 5.33
12.50 0

Table 5. Percentage food-allergic patients experiencing severe anaphylactic reactions, of use of adrenaline and of use of multiple
adrenaline in the most severe previous anaphylactic reaction across regions in respondent centers. R (a) vs. (b), 0.596; R (a) vs.(c), - 0.110
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Difficult to manage food allergy issues at the
participating centers

For the purposes of FASE, the questions were
grouped in 5 categories (Table 6). The following
percentages of anaphylactic patients were
reported with difficult to manage issues.

) difficulty to avoid triggering allergen(s), 20.5%,

1) difficulty to define triggering food allergen(s),
21.6%,

1) difficulty to educate patients and family,
17.8%,

IV) difficulty to be prepared to manage reactions,
20.5%, and

V) difficulty to properly treat a reaction, 23.8%.

Issue (I) was less reported in North America,
Japan, Southern Africa, Western Europe and
Northern Europe (9%-15.6%, compared to 18.2%-
31.2% in Northern Africa, Latin America, Southern
Asia, and Western Asia). Issue (ll) was more re-
ported in Africa (40%) and least reported in Japan
(10%). Issue (lll) exceeded 20% in South-Eastern
Asia, Western Asia, Southern Africa, and Latin
America. Issues (IV) and (V) were less frequent in
Japan, followed by Europe. Difficulties remain in
other regions, including North America.

Information on food allergic patients in the
respective countries

A batch of questions was aimed at detecting
the respondents’ perception of the secular trend

western europe (G 10.00
Western Asia (G 1 56

of food allergy in their territory. Specifically, it was
asked if, in the last 10 years, the frequency of food
allergy has increased, decreased, or remained
stable. To that question, 55.4% of the centers
responded, with 90% of reporting an increase in
the prevalence of the condition. These data were
mostly estimated based on personal experience
of changes in clinical service burden or health
care service activity. In 18.4% cases, published
epidemiological evidence was available for the
specific country. The majority of these respondent
centers (71.2%) also reported an increase of food
allergy severity among the national population,
although published evidence was available in
13.8% of cases only.

The following set of questions was aimed at
understanding the frequency of food allergies at
different ages. The response rate for these ques-
tions was 63.7%.

The prevalent allergens in children under 5
years of age were found to be milk and egg,
considered first or second allergen by 88%, and
84% of the responding centers, respectively
(Fig. 4, table Sé). Other allergens reported to be
of maximum prevalence in some countries were
peanuts (15%, especially in English speaking
countries), wheat (3%), fish (3%), soy and fresh
fruit (2% each). Second-line allergens in this age
group (ranked third of fourth by frequency) are
nuts (45%) and wheat (37% reports). Where it is
not among the top 2 allergens, peanut is perma-
nently in third or fourth place. Fish is reported to
be an important allergen, especially in South-East

Sub-saharan Africa T : o 0o

southern turope (T 1013

southern Asia (T -2 00

Southern America  (IEEEEGEG 1555
South-Eastern Asia [ NNRRD 550

oceania (GGG :o.00

Northern Europe (RN :0.50
Northern America (G 10.00
Northern Africa (R '3 33
Eastern Europe (D :.10
Eastern Asia

Central America (TR 1257

0.00 5.00 10.00 15.00

25.00 30.00 35.00 40.00 45.00

Fig. 3 Percentage of patients reported with more than 1 severe reaction per in the last 12 months, by region
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Asia and South Asia with 32% citations as the third

= - 0 wn - N
§ E E ; E ;, or fourth allergen, while seafood is reported in
third or fourth place in 20% of cases.
T S & o o Things change between the ages of 5 and 11.
:;‘t - e N o o At this age the prevalence of egg allergy as first or
second allergen (51%) exceeds that of milk (42%),
i - 3 S 3 o then peanut and tree nuts pair with 33%, shellfish
‘éﬁ o g 0 Si ® at 10%, and fish at 8% (table S7). Less frequent
allergens are wheat (first or second in 3% of
. 5 S 5 5 cases only, but in third or fourth position in 13%
B © o b ~ N of cases), fruit (third or fourth position in 19% of
cases), and peach (4%, all from the
5 Mediterranean area).
N ° A - ° " In adolescents between 12 and 18 years old,
2 g the most common allergen globally is peanut with
A - K} g S S g 50.8% of responses, followed by tree nuts with
52 B = S 15 9 S 40% of responses and shellfish with 36.9% of re-
2 % sponses (Table S8). In this age group, fresh fruit
£ I 3 - 5 o a and fresh vegetables are also among the most
Ey - = & N < c frequent allergens with 13.8% responses, while
g the percentage of centers reporting milk (15.4),
§ s S 2 Q o > egg (9.2%), and wheat (4.6%) as relevant
S = S S N " allergens in this age phase is significantly
g reduced. In third - fourth place in this age group
§ s I 2 8 g 2 g we found fish (29.2% of the answers), and
2z IS = 2 2 = 2 shellfish (30.7%). It is interesting to note that
: é) some centers report a significant incidence of
28 I8 S 3 & ® 2 reactions to seed oils, especially considering the
3i B S 2 = N E non-uniform worldwide distribution of legislation
. 2 on allergies to these foods.
Fd: 2 5 & = |3
& S . = = 5 In the evaluation reported by our responding
: L*g centers, the highest prevalence of food allergy in
£ IR S S ] & | v adults is for shellfish, reported to be the first or
2d e - o - ] second allergen in 33 cases, followed by nuts re-
. 4 ported in 23 cases, peanut (19), fish (16), and fresh
Eé g § g g g e fruit (11 cases). In this age group, the percentage
< H of allergy among the first 2 food allergens was
_— . - . . o lower for egg (7 cases) and milk (6 cases)
‘gé o < = 3 S g (Table S9). Where tree nuts and shellfish were not
oS 3 the 2 major allergens, they were cited as the third,
Y - - . - 8 fourth or fifth allergen practically everywhere.
s: 2 o % s | ® Other allergens reported less frequently were
< qg’v fish, wheat, vegetables, and legumes. Only 1
~ . % center reported mustard as a relevant allergen,
2 I é v “ém 3»% E and no one sesame; however, at the time of the
¢ B 'gé g8 g;g 3 survey, sesame was not listed separately from
el 50 883 82 8EF ag| 2 other nuts in the Codex General Standard for
ol " c° R ff e the Labelling of Prepackaged Foods (GSLPF).2324
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Fig. 4 Food allergy elicitors by age (reported by frequency in FASE survey).

It should be noted that the percentages esti-
mated by the centers refer to personal experi-
ences in the majority of cases. Only in a quota
varying between 4.82% and 10.85%, depending
on the age groups, did the data refer to published
studies on the epidemiology of food allergy
(Tables S6 - S9).

The report of the different health costs of ser-
vices and therapies for food allergy (Table 7) were
provided in local currency and converted into
United States dollars at the exchange rate of
June 30, 2024. This data require some comment
already in the phase of presentation of the
results. The cost of an administration of
adrenaline is extremely variable between one
region and another. Only 67.8% of respondents
declared that self-injectable adrenaline is avail-
able in their country. Where adrenaline auto in-
jectors are present, they are provided without cost
to the patient by the national health system in
77.2% of cases. Standardized national anaphylaxis
action plans area available in 44.1% of centers
(Table S10).

Where self-injectable adrenaline is not avail-
able, the cost of administering a dose of adrena-
line using a traditional syringe was reported to be
between $1.92 and $18.20. The reported costs of
self-injectable adrenalines varied from $30 in
Southern Africa, Western Asia, South Europe
(Greece, Portugal, Italy, and Spain) up to a cost of
$212 in North America. Thus, a wide disparity in
costs of auto-injectors across different countries is
in place. The cost of an ambulance call is equally
different, varying between $18 reported in North
Africa and $1500 reported in North America. An
emergency room visit has a minimum cost of
$13.8 in North Africa, up to $1254.8 in North
America. The variations in cost of these services
are partly linked to the type of healthcare system
in which the food allergic patient is assisted. Being
held in the emergency room has a cost for the
individual or the community varying between $52
in North Africa and $1756.44 in North America.
When the reaction is as serious as to involve
hospitalization in intensive care, the costs of a day
of hospitalization range from $126.5 in North Af-
rica to $4240 in North America. European costs
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Adrenaline

Word region = DRVE Call Dietician OFCH SPT x7 RAST x7 Psych Allergist
North 212.54 4240.00 1254.80 1537.00 1756.44 96.34 2057.22 96.85 329.41 172.65 124.20 108.58 134.93 183.58 12,304.55
America

South
America

182.50

416.01

60.19

57.21

191.52

29.85

95.60

34.79

168.34

49.56

37.92

34.10

31,63

47,32

4115,48

Eastern
Europe

40.80

34.00

55.65

42.00

139.65

29.28

50.46

28.24

52.95

30.28

20.90

16.11

41.80

41.94

5266.83

Western
Europe

95.00

250.00

62.50

100.00

62.50

47.50

110.00

17,50

77.50

42.50

15.00

12.50

55.00

15.00

882.50

Eastern
Asia

148.50

1130.47

21.45

265.23

433.78

11.55

148.50

60,78

165.00

48.86

17.82

2461.84

South-Eastern
Asia

North Africa

30.00

245.00

1130.47

150.50

84.00

727.50

19.00

68.00

49.00

177.50

54.50

24.50

16.80

38.00

38.00

18.20 126.53 13.87 18.20 52.00 13.00 18.20 11.27 277.33 26.87 22.53 14.73

1722.30

Table 7. Unit cost of different healthcare services resulting from food allergy across regions in respondent centers. “Adrenaline (/epinephrine) administration; where available, cost of an

G20Z YO\ ‘L "ON ‘gl dwn[oA

adrenaline (epinephrine) auto-injector. °One day spent in ICU because of food allergy. “Cost of an emergency ambulance call. “Cost of an Emergency Department visit, # Cost of an Emergency Department
admission up to 6 h. °Cost of a dietician consultation. ‘Cost of an Oral Food diagnostic Challenge. 9Cost of a diagnostic skin prick test (7 extracts). "Cost of a molecular diagnostic test (12 allergenic molecules).
iCost of a serum test panel (7 food allergens). /Cost of a community visit to general paediatrician. “Cost of a community visit to general practitioner. 'Cost of a community visit to general practitioner. ™Cost of a
community visit to an allergist.

€l
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are placed in an average between these variables,
with a notable low price in Eastern Europe where
we had respondents from Poland, Romania,
Moldavia, Bulgaria, and Russia. We assume that
the costs to which our responders refer are in this
case simply the costs of participation borne by the
patient in universalistic health systems.

The basic food allergy diagnostic services pre-
sent fewer variations at a global level. The cost of
skin tests for allergy diagnosis varies between
$11.27 in North Africa and $96.85 in North
America for 7 food allergens. The cost of specific
IgE dosage for 7 foods varies between 21.20
dollars in Oceania and 172.65 in North America,
and that of molecular diagnostic tests for a panel
of 7 allergens is reported varying between $77.5
in Eastern Europe and $329.41 in North America.

The cost of specialist healthcare services was
recorded for dietician ($10.4 in Southern Africa -
$96.3 in North America), the pediatrician ($4.90 in
Eastern Europe - $124.20 in North America), and
the general practitioner whose cost varies be-
tween $8.60 in North Africa and $108.60 in North
America. If the patient needs a psychological
evaluation, she can expect to spend from $11.7
dollars in Northern Europe up to $135 in North
America. An allergy visit can be obtained for pa-
tients at a cost ranging from $25.9 in Southern
Africa up to $183.5 in North America. Finally, the
cost of the oral provocation test was reported to
be trivial in North Africa with an expense of $18.2
(but we know that this region lacks facilities for
OFC), and high in North America with a cost of
$2057.2.

DISCUSSION

The survey collected data from 14 of the 19
regions belonging to the United Nations
scheme.?® The regions not represented were
Central Asia (Kazakhstan, Kyrgyzstan, Tajikistan,
Turkmenistan, and Uzbekistan), Polynesia, Melan-
esia, Micronesia, and Antarctica.

In the represented regions, allergy appears to
be a bridge specialty between public and private
practice. Even in universalistic systems, such as the
National Health System (NHS) of the United
Kingdom and the ltalian Servizio Sanitario Nazio-
nale (SSN), it is practiced in both contexts. This

indicates that, despite the social alarm that food
allergy is generating, the resources allocated by
national health systems do not generally seem to
cover the patient needs, except in some (pre-
dominantly Northern European) countries. The
varied situation described a few years ago?®>'
persists.

The size of the centers seems rather large
especially in European and North American areas.
Facilities in South America, Africa, South-East Asia,
and the Middle East report a lower number of
patients per year. However, all centers manage a
large number of patients, indicating that in
different countries the management of food al-
lergies tends to be concentrated in reference
centers.

The responding centers offer diagnostic ser-
vices adapted to their respective realities, dietary
suggestions to avoid food allergens and thera-
peutic solutions in case of accidental reactions.
Beyond these facilities, however, the high per-
centage of the centers reporting use of biological
therapies for food allergy indicates the need, or at
least the universal aspiration, to take advantage of
food allergy therapies that are not limited to
simple avoidance of the allergen. We believe that
the research fervor in this area is generating ex-
pectations among the allergy community: already
in 2023, before the approval of food allergy indi-
cation in the United States, our polled population
was informed about the trials and observational
studies indicating high efficacy and tolerability of
the use of omalizumab for the treatment of food
allergy.?#37

At the time the questionnaire was conceived,
studies were underway to verify the potential
usefulness of dupilumab in food allergy.*®3? The
substantially negative conclusion of these studies
makes this part of our answers anachr-
onistic.*%*" We believe that if the questionnaire
were administered again today, no one would
think of using this drug for the management of
food allergies.

Some of the survey results allow to draw in-
ferences about the severity classification that
could be applied to the populations referred us-
ing the DEFASE grid.
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Difficult-to treat food allergy

DEFASE is the first consensus in which food-
allergic patients with difficult-to-treat problems
have been identified as a specific category. This
category, already well known for patients with
asthma,*? includes all the critical issues of
diagnosis, education and preparation of the
patient and family, the correction of which could
substantially improve the patient’s condition and
reduce the subsequent severity classification. In
this phase of the questionnaire, the clinician was
solicited to verify with the parents or the patient
himself a series of pre-requisites before filling
the severity score. Is diagnosis complete? Does
the patient know every possible culprit food
allergen? Is the patient, parent and/or her family
fit for food allergy? Is she skilled in managing her
allergic condition in terms of regular follow-up,
goal setting and problem-solving? Is she pre-
pared to manage reactions? Is the management
plan updated? Is the patient willing and able to
avoid the triggering food allergen(s)? Is she able
to interpret labels? Is the patient willing and able
to carry self-injectable epinephrine? Is she pre-
pared to properly treat a reaction? Only if all the
answers are "yes” the food allergy severity is
estimated. If not, the suggestion is to correct the
issue(s) before scoring severity.

The results of the questionnaire showed a situ-
ation that was not unexpected. In none of the
responding centers are managing difficulty issues
absent. They vary between 5% of educational dif-
ficulties reported in Oceania and 40% difficulty in
identifying the allergen in North Africa. Even
where a high standard of care is provided, patient
and family education continue to be problematic
in up to 27% of cases, as reported in Central
America.

The managers of the responding centers
consider that, despite the education provided, not
all patients are prepared to manage reactions.
This includes prompt recognition of symptoms,
management of emotional stress, implementation
of action plans, and auto-injector training.** The
best situation appears to be reported in Japan,
while clinicians from Central and South America,
as well as those from South Asia and even
Southern Africa consider a significant proportion
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of their patients unprepared to manage and
treat reactions in practical life.

The definition of trigger allergens appears to
be better where there are stringent legislation on
food allergen labelling as in Japan, Europe and
North America.** Where such legislation is not
present, as in North Africa, it may become
difficult for patients to recognize the respective
sources of danger. Even if they are recognized,
there are regions where it is difficult to avoid the
trigger allergens.

The most frequent of the difficult to manage
issues is the ability to appropriately treat a reac-
tion. There are levels of misunderstanding in the
management of situations of food allergic people
that depend on their cultural level, risk percep-
tion, on the multiplicity of their allergies, or envi-
ronmental factors, which are certainly incom-
pressible,*® but our snapshot of the situation
identifies many possible areas of improvement in
the management of food allergy across the
regions of the world.

Symptoms/signs with the most severe previous
reaction

The number of patients reported with respira-
tory and circulatory failure during the most severe
previous anaphylactic episode was 11.7%. As the
reported incidence of anaphylaxis was 24.05%,
the fraction of patients who receive the highest
score in Domain A (figure S3) was 2.8%. The data
reported in Table 4 suggests that the severity of
severe anaphylactic manifestations in different
regions may be different. In fact, the lowest
number of food allergy patients with a history of
anaphylaxis was reported in Central America
followed by South Asia, East Asia, and North
Africa. On the contrary, anaphylaxis causing
circulatory or respiratory failure was reportedly
more frequent in North America (14% of patients
with food allergies), Western Asia (5.3%),
Northern Europe (4.4%), Eastern Europe (3.5%),
Northern Africa (3.4%), and Oceania (3.1%).
These are therefore the regions in which one
can expect to see the greatest number of
patients with a 3-point score in Domain A. Our
data suggest a possible lower frequency of such
subset in South-Africa (2.3%), Southern America
(2.6%), Southern Asia and Southern Europe
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(1.7%), Western Europe (1.5%), Eastern (1.1%) and
South-eastern (0.5%) Asia, and in Central America
(0.7%).

Minimum therapy to treat the most severe
previous reaction

The use of adrenaline in the most severe of the
past anaphylactic reactions was reported most
frequently in Western Asia, Southern Africa, North
America, and Eastern Asia, less frequently in other
regions; quite rarely in South Asia, Southern
America, and North Africa (table S2). It has been
described that the regions in which adrenaline
as auto injectors is less available are North Africa
(10% of cases as an imported product only),
South America (missing in 72% of cases), and
Asia-Pacific in which it is presently missing in
41% of cases.*® Since in these regions the auto-
injectors are little prescribed, it is perhaps no
coincidence that these are the regions in which
the use of adrenaline is less reported even in the
most severe anaphylactic reactions. The auto
injectable adrenaline is available instantly and can
be self-administered by the patient himself, while
the adrenaline for preparation is generally
administered during emergency room visits. The
data reported underline the importance of mak-
ing adrenaline available worldwide as a life-saving
device, without which the risks for people with
food allergies must be considered increased.

In our opinion, even in regions where the re-
ported percentage of anaphylaxis is more rele-
vant, the use of adrenaline depends on factors
such as the irregular availability of adrenaline
auto-injectors in the world*” and the level of
education of patients in the use of the drug,
which is likely related to the availability of
specific action plans. In terms of application of
the DEFASE score, however, the number of
patients who will be assigned a score of 3 points
in Domain B will be 1.3% of the food allergy
sufferers, while the number of patients who will
be assigned a score of 2 points in the same
domain will be 4.9%. Here also we registered
large regional variations. For the maximum
score, the frequency ranges between none in
Southern and South-Eastern Asia to 1.9% in
Western Asia up to 2.5% in North America. For the
2 points score, the frequency ranges between
0.02% in Southern Asia to 16% in Southern Africa.

Individual minimal eliciting dose

Our method is not suitable for generating in-
formation about the reactions to small doses of
food in the community. In fact, the table we pro-
posed is purely indicative, and has no relation to
the protein content of foods."® However, we
observed that the proportion of patients in
whom the reaction can be attributed to a low
individual eliciting dose was 16.51%. This
response does not appear to present variations
between the different geographical contexts. The
data indicated that the number of patients to
whom the highest severity score in Domain C
can be attributed was around 1 in 6.

Current impact on food allergy-related quality-of-
life (FA-Qol)

While food allergy-related  quality-of-life
assessment scales are now well structured, and
validated in several languages,*® they are not in
common use in clinical practice. For this reason,
we were not able to request numerical
evaluations from the centers covered by the
survey, but we asked more generally which
percentage of patients see their quality of their
minimally, moderately or severely influenced by
food allergy. Not surprisingly, this is the item
that, if translated to the DEFASE grid,
contributes the most to the severity scale of the
food allergy. Approximately 36.8% of patients
may receive a score of 3 in this domain, with an
impact described as significant. In several
regions, the quality of life is described severely
affected by more than 40% of patients. Among
these, Eastern Europe (50%), Central and South
America (45%), South Asia (43.3%), Western Asia
(42.4%), and Southern Africa (40%) The
Japanese exception suggests how local
situations, such as the culture of individuals,
families and the population, an appropriate food
allergen labeling and the presence of a
legislation on precautionary labeling, can have a
favorable impact on this aspect.

Current health-economic impact

It is not possible to estimate the total expenses
that a typical patient with food allergies will have
to face each year simply based on of Table 7.
These will be far different depending on the
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need of the severity of the condition, the number
of reactions that the patient presents, and the
need for more or less frequent diagnostic
evaluations. However, we can predict with
certainty that the costs will be far different in the
different regions of the world.

For the purposes of this discussion, we will refer
to a typical patient who is followed for food al-
lergies and has sporadic reactions (scenario A),
and to another food-allergic patient who instead
presents a severe reaction requiring hospitaliza-
tion in an intensive care unit (scenario B).

In scenario A, we will include the yearly cost of 2
doses of adrenaline, 1 visit without a subsequent
stay in the emergency room, 3 allergy visits, a di-
etary visit, a battery of diagnostic procedures
including skin testing, molecular diagnostics,
specific IgE and 1 oral provocation tests, 2 visits to
the general practitioner, and 1 visit to the psy-
chologist. According to our data, this patient is
expected to incur an annual expense ranging
between $481 in North Africa and $5335 in North
America. If the patient is a child, the expense will
vary between $564 in South Asia and $5366 in
North America. The average cost will be $1689
and $1707, respectively.

In scenario B, we will include the same patient
when she presents a reaction during the year
requiring not only a visit, but also observation in
the emergency room for 6 h; and then admission
to an intensive care unit. In this case, the cost per
year will range between $985 and $11,332 for
adults, and between $990 and $11,363 for a pe-
diatric patient, in Western Europe and North
America respectively. The average yearly cost will
be $2486 for adult patients and $2506 for pedi-
atric patients.

In any case, the economic impact will be
differently perceived and objectively different in
different regions of the world depending on local
economic conditions. In this regard, the calcula-
tion of the ratio between expenses for food al-
lergy and gross national income per capita, as
reported by the United Nations Trade and
Development (UNCTAD) Organization,*? may be
indicative  (Table S11). A patient who
experiences a reaction during the year without
admission to intensive care can expect to spend
between 1.4% in Western Europe and 38.4% in
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Southern Africa of their average annual income
to manage the situation. An admission to
intensive care due to food allergies is prohibitive
in Southern Africa where it would cost 92.6% of
the average per capita income, and more
affordable in other regions such as Western
Europe where it would account for 2.1% of the
per capita income. Globally, a patient with food
allergy can expect to spend between 5.9% in
scenario A and 11.8% in scenario B of their
income to manage their disease.

Strengths and limitations

This study has some strengths and several limi-
tations.>® Among the first, a clear definition of the
research question and the associated hypotheses
and the ability to capture information otherwise
difficult to obtain. The questionnaire was reviewed
by an expert panel, ensuring that the content and
scope adequately address the research question.

Our target population is based on the WAO
database, a unique source for obtaining opinions
of professionals in the allergy sector. As many
surveys, the FASE questionnaire is based on a
report of opinions; the professionalism of their
source guarantees their accuracy. The survey was
presented with a tailored introduction stating its
goals and purposes (Supplementary appendix)
and boosted to increase participation.

As mentioned above, our study design pre-
vents us from presenting these data as reflecting
the epidemiology of food allergy in different
countries of the world. They should be framed in
terms of reported frequency of patients present-
ing to the responding centers with these allergies.

Our survey presents a sampling bias, linked to
the low number of responses obtained. The ma-
jority of respondents are centers specialized in
food allergy. Since the sampling bias can impact
the representativeness, validity and generalizability
of the data, we could overestimate the frequency
and severity of food allergy. Therefore, these data
must be read with the awareness that they refer to
the population of allergy sufferers followed in
specialized centers and not to the general popu-
lation. Another limitation was the necessary
approximation of some calculation measures, such
as those related to the individual minimum elicita-
tion dose. Despite a quite large representatively,
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missing data from Central Asia and the Pacific
Islands suggests caution In terms of global gener-
alizability. Given the study design, we were unable
to explore the influence of ethnic, cultural, and
healthcare system differences in detail.

CONCLUSIONS

The FASE survey highlights many needs for
research developments in food allergy recogni-
tion, education, management and perception. We
must and can do a lot to overcome the barriers
indicated as part of difficult-to-treat allergies.

There are significant research needs in the
evaluation of pharmaco-economics of food al-
lergy. The most striking is the need for epidemi-
ological work on food allergy: national data are
reported only by a few centers. Knowing the dif-
ficulty of carrying out these studies and the
various levels of epidemiology to which they can
be traced,®"*? we think that this is a commitment
that must be taken on by the world scientific
community in the near future.

Using the FASE data to estimate the real-life
performance of the DEFASE grid, we can esti-
mate that 36% of patients will receive a score of 3
in the QoL Domain D, 16.5% in the "minimum
eliciting dose” Domain C, but only 2.8% in the
symptoms and signs Domain A and 1.3% in the
therapeutic Domain B. It is impossible to say from
our data what percentage of patients will end up
receiving a score of 3 in the health/economic
Domain E, however, even considering a high
percentage of high scores in this domain, we
might expect the percentage of patients receiving
a diagnosis of high severity using the DEFASE grid
to be restricted by Domains A and B around 3%.
Although this is a rough conclusion, subject to
verification with daily use of the grid, this per-
centage is similar to that of asthma patients who
receive a diagnosis of severe refractory
asthma.®** Therefore, the DEFASE tool can
reflect the real situation. It is ready to be
promoted for practical implementation.
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