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ABSTRACT

Background and aims: The term “Food Allergy” refers to a complex global health problem with
a wide spectrum of severity. However, a uniform definition of severe food allergy is currently
missing. This systematic review is the preliminary step towards a state-of-the-art synopsis of the
current evidence relating to the severity of IgE-mediated food allergy; it will inform attempts to
develop a consensus to define food allergy severity by clinicians and other stakeholders.

Methods: We undertook a mixed-methods systematic review, which involved searching 11 in-
ternational biomedical databases for published studies from inception to 31 December 2019.
Studies were independently screened against pre-defined eligibility criteria and critically
appraised by established instruments. The substantial heterogeneity of included studies precluded
meta-analyses and, therefore, narrative synthesis of quantitative and qualitative data was
performed.

Results: We found 23 studies providing eligible primary data on symptom-specific severity of
food allergic reactions, and 31 previously published symptom-severity scoring systems referred to
food allergic reactions. There were seven studies which assessed quality-of-life measures in pa-
tients (and family members) with different food allergy severity and two studies that investigated
the economic burden of food allergy severity. Overall, the quality and the global rating of all
included studies were judged as being moderate.

Conclusions: There is heterogeneity among severity scoring systems used and even outcomes
considered in the context of severity of food allergy. No score has been validated. Our results will
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be used to inform the development of an international consensus to define the severity of food
allergy.

Systematic review registration: A protocol was prospectively registered with the International
Prospective Register of Systematic Reviews (PROSPERO) database with the registration number
CRD42020183103 (https://www.crd.york.ac.uk/prospero/#recordDetails).

Keywords: Definition, Food allergy, Severity, Systematic review, Mixed-methods study
BACKGROUND AND RATIONALE and among different stakeholders.16
Over the last few decades, with increasing
prevalence, food Allergy (FA) has emerged as a
global health problem affecting up to 10% of the
population.1–4 Epidemiological studies
demonstrate an increase not only in prevalence,
particularly in children,5,6 but also in severity with
remarkable morbidity and in some cases,
mortality.7,8 A diagnosis of FA can result in a
significant adverse impact on health-related qual-
ity of life for both allergic individuals and their
families, with an increase in emotional, social, and
financial burdens.9 However, as for other diseases,
including allergic pathologies, there are different
phenotypes of FA with variability in allergen-
specific clinical symptoms and eliciting doses.10

Patients with milder forms, such as those with
only oral symptoms, are certainly worthy of
diagnostic attention, but may not require all the
therapeutic and management resources that are
necessary for the patient at higher risk of life-
threatening food-induced anaphylaxis. Diag-
nosing FA remains highly complex, and although
numerous biomarkers are under exploration,11,12

the most commonly used tests remain food
allergen-specific immunoglobulin E (sIgE) and
skin prick testing (SPT) which do not correlate with
severity.13 Presently, without a reliable
classification system, we risk treating all FA
patients in the same way, in effect, a one-size-fits-
all approach that is unhelpful to patients, their
families, and their providers. Severity classifica-
tions are available for both allergic rhinitis and
asthma; however, for FA, no such specific scoring
system for classifying severity currently exists.14,15

Without a standardized classification system in
place, terminology and definitions that are
currently in use are not comparable across studies
Standardizing the classification of FA severity will
benefit not just patients and providers, but also
patient advocacy groups, disease registries,
research, food and drug industries, government
agencies and regulators, as well as legislative
bodies. There is presently a great need for an
international consensus-based system to define
FA severity.

World Allergy Organization (WAO) is undertak-
ing the development of an international definition
and classification of severity associated with food
allergy (“DEfinition of Food Allergy SEverity”,
DEFASE). The preliminary step in the formulation
of a uniform definition and classification of FA
severity includes a state-of-the-art synopsis of the
current evidence. This systematic review focuses
exclusively on IgE-mediated food allergy (ie, acute
allergic reactions manifesting as a broad spectrum
of signs/symptoms ranging from urticaria to vom-
iting and wheezing, up to fatal or near-fatal
anaphylaxis).17 To our knowledge, this is the first
systematic review of the literature on current
severity classifications used for FA.
METHODS

This systematic review (SR) was conducted by a
panel of allergy specialists, psychologists, other
health-care professionals, economists, academi-
cians, researchers, patient representatives, and
methodologists. The members of DEFASE team
come from Europe, North and South America,
Asia, and Australasia.

Plan of investigation

The methods are briefly described herein. A
detailed SR protocol “Consensus on the DEfinition
of Food Allergy SEverity (DEFASE): protocol for an
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integrated mixed methods systematic review” was
registered with International Prospective Register
of Systematic Reviews (PROSPERO)
CRD42020183103 and accepted for publication in
World Allergy Organization Journal.

Population

Studies on patients of any age with a physician-
confirmed diagnosis of IgE-mediated food al-
lergies to eggs, milk, peanuts, tree nuts, and/or any
other food were eligible for inclusion.

Outcomes

Our outcomes of interest were: (a) symptom-
related severity scores for food allergic reactions;
(b) non-symptom related severity scores for food
allergy, ie, health-related quality of life and eco-
nomic evaluations; (c) methodological approaches
used to derive definitions of food allergy severity;
(d) the features used to define them (ie, variables,
either clinical [eg, type and numbers of reactions
to the culprit food; comorbidities; cofactors;
disease-related quality of life impairment], or
immunological characteristics [eg, pattern of
sensitization to allergenic molecules, IgE-specific
activities]); (e) the characteristics associated with
severity category.

We considered and categorised food allergy
severity as either symptom-related or non-
symptom-related severity scores. We have consid-
ered all scores designed for or applied to food
induced allergic reactions. However, we included
primary data on symptom severity of food allergic
reactions only from papers reporting on physician
confirmed diagnosis of IgE mediated food allergy
basedonapositivehistoryand IgEsensitization (skin
prick test, SPT) and/or serum levels of specific IgE
(sIgE) with/without oral food challenge (OFCs). We
also evaluated validated scoring systems for food
allergy quality of life (FAQL) and how FAQL and/or
food allergy independent measure (FAIM) is
impacted by "severity" of food allergic reactions in
patients with physician - confirmed food allergy.

This mixed-methods SR was designed to cap-
ture and include all types of partial and full eco-
nomic evaluations of food allergy severity. The
economic evaluations could either be partial eco-
nomic evaluations (cost analyses or cost-cost offset
analyses) or they could be full economic evalua-
tions that identify, measure, and value costs and
outcomes of the severity of food allergy with an
appropriate comparator(s). The different types of
full economic evaluations include cost-
effectiveness analyses, cost-utility analyses, cost-
benefit analyses, cost-consequence analyses, and
cost-minimisation analyses. The results were ana-
lysed to determine the number of studies that
support the severity of food allergy on cost-
effectiveness grounds, and where available an
overall recommendation was made based on the
results of partial economic evaluations (eg, cost
analysis).
Study types

Papers whose primary or secondary aim is to
define or identify severity classifications of IgE-
mediated food allergies in humans were consid-
ered eligible for inclusion in our SR. The following
study types were eligible for inclusion:

� All analytical studies: ie, cohort, case-control,
and cross-sectional studies; case series
involving 40 or more participants; and economic
evaluation of FA severity.

� All interventional studies: ie, randomized
controlled trials, RCT; quasi- RCTs; controlled
clinical trials, CCT; interrupted time series, ITS;
and controlled before after studies.

In addition, we also included reviews, SRs,
guidelines, position and consensus papers, edito-
rials, and rostrums.

The following study types were excluded:
studies of non-IgE mediated food allergy; studies
that used only self-reported diagnosis of food al-
lergy; primary data from studies on allergen
immunotherapy; non-research letters and edito-
rials; case reports; case-series with less than 40
participants; and in-progress phenotyping studies
(abstracts) as they are unlikely to provide sufficient
detail on the definitions of food allergy severity
score; animal studies; and studies that examined
food allergy as a predictor of a separate outcome
(eg, asthma development).
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Research methods for identification of studies:
electronic databases

We systematically searched 11 international
databases: AMED (1985–2019); CAB (1910–2019);
CINAHL (1937–2019); Cochrane Library (1992–
2019); Econlit (1886–2019); EMBASE (1980–2019);
Global Health (1987–2019); Google Scholar (2000–
2019); ISI Web of Science (which contains the
Science Citation Index) (1970–2019); MEDLINE
(1966–2019); TRIP (2003–2019).

Search strategy for electronic databases

A search strategy was developed in Medline
format and adopted for other databases. MEDLINE
and EMBASE databases were searched using the
controlled vocabulary search terms (MeSH and
EMTREE, respectively) combined using Boolean
terminology with a wide-range of free-text terms.
The results were limited to humans (see Online
Supplementary material, section “Search
strategy”). There were no publication year or
publication status restrictions; however, the
searches were restricted to only English
language. Searches were undertaken from
inception up to 31 December 2019.

Additional search methods

All references of published studies were hand
searched. The bibliographies of all eligible studies
were scrutinised to identify possible additional
studies. In addition, we contacted the primary
study authors to clarify discordant data [Table S1].
We also reviewed the reference lists of relevant
studies.

Study selection

Duplicate publications were removed. Titles and
abstracts of identified studies were checked
against the inclusion/exclusion criteria indepen-
dently by two reviewers.

Full-text papers were retrieved if their titles and/
or abstracts appeared to meet the eligibility
criteria or if the decision could not be made based
on the titles and/or abstracts alone. Assessment of
the full texts of each retrieved paper was under-
taken independently by two reviewers using the
same criteria. Disagreements about inclusion were
resolved through discussion at the meetings.
Assessment of methodological quality

The methodological quality of included obser-
vational studies was independently assessed by
two reviewers (UN, SA) by using the Effective
Public Health Practice Project (EPHPP).18 We
focused on the following domains to assess the
quality of included studies: selection bias; study
design; confounders; blinding; data collection
method; withdrawals and dropouts; and final
global rating. Each component-specific param-
eter (ie, suitability of the study design for the
research question; risk of selection bias; exposure
measurement; outcome assessment; and general-
izability of findings) was given a judgment:
“strong”; “moderate”; and “weak”. At the end of
critical appraisal, we also provided the overall
grading for each study.
Data extraction

Data were independently extracted onto a
customized data extraction sheet by two reviewers
(SA, UN), and any discrepancies were resolved by
discussion or, if agreement was not reached, the
third reviewer arbitrated.
Meta-analysis

Meta-analysis was inappropriate given the sub-
stantial heterogeneity of the populations, expo-
sures, outcomes and study designs.
RESULTS

An overview: characteristics of included studies

Our searches identified 12 148 potentially rele-
vant papers and 10 further papers identified by
experts; 2365 duplicate papers were removed; a
further 9705 papers were excluded for not
meeting our inclusion criteria. Furthermore, 88
papers were at full text level, and in total 52 studies
satisfied our inclusion criteria and were thus
included in our systematic review (see Fig. 1,
PRISMA flow diagram). Manuscripts excluded at
full-text screening phase and reasons for exclu-
sion are explained in Table S2.

We found 23 studies providing eligible primary
data on symptom-specific severity of food allergic
reactions4,19–40 [Table S3].

https://doi.org/10.1016/j.waojou.2020.100503


Volume 14, No. 3, March 2021 5
Fourteen studies reported aggregated
symptom-specific primary data referred to allergic
reactions triggered by any allergenic source (ie,
not only by food allergens). We tried to contact the
respective authors several times; however, only in
three studies, primary data referred specifically to
food allergic reactions were provided by the con-
tacted authors [Table S1] and, therefore, those
three studies have been included28,34,35 in the
category of primary data.

In terms of study design, the 23 eligible studies
were: 12 cohort;19,21,27,29,33–40 two case-
Fig. 1 PRISMA flow diagram
control;4,20 four cross-sectional;22,23,30,41 and
five case series studies.24–26,28,32

Additionally,ourSR identified31previouslypublished
symptom-severity scoring systems referred to food
allergicreactions1,4,15,19,20,22,24,26,27,29–33,42–58 [Table1].
Twenty-three were primary studies providing new
symptom-severity scoring systems to assess food-
induced allergic reactions1,4,19,20,22,24,26,27,29–33,42–50,58

[Tables 1 and 2]. Of note, we were able to pool primary
data eligible for our SR only from 11 of
them.4,19,20,22,24,26,27,29–32 The remaining 20 studies
provided new symptom-severity scores but not eligible
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Table 1. Symptom-severity scoring systems for food allergy in included primary and secondary studies
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primary data for our SR since they: a) included allergic
reactions triggered by a different58 or any allergenic
source (ie, not only food);46–48,50 b) or were based on
self-reported diagnosis of food allergy;1,42,45,49 c) or
included food allergy diagnosis only based on IgE-
sensitization without history of ingestion of the sus-
pected culprit food;44 d) or referred to oral
immunotherapy trials.43 Eight out of the 31 that
included symptom-severity scores were provided by
secondary research papers.15,51–57 The following four
secondary studies were from international collaboration,
specifically, from: World Health Organization (WHO);51

European Academy of Allergy and Clinical Immunology
(EAACI),15,52 and PRACTALL;56 two studies from
Germany,53,54 two studies were from the United
States,55 and one study fromSweden.57

There were seven studies which assessed quality
of life (QoL) measures in patients (and family
members) with different food allergy severity.59–65

All were primary studies, with five out of the seven
employing a cross-sectional,59,61–63,65 and two a
longitudinal,60,64 design [Table S4].

Two studies investigated the economic burden
of food allergy severity66,67 [Table S5].

The studies were undertaken in Australia (n ¼ 3);
Canada (n ¼ 4); France (n ¼ 1); Germany (n ¼ 3);
Japan (n ¼ 1); Korea (n ¼ 1); Spain (n ¼ 4); Sweden
(n ¼ 2); The Netherlands (n ¼ 4); United Kingdom
(n ¼ 5); United States (n ¼ 14); and international
collaboration (n ¼ 10).
Critical appraisal of studies

Quality assessment of the 23 included primary
studies on symptom-severity assessment sug-
gested that out of 12 cohort studies 10 were
judged as strong.19,29,34–40,68 Out of two case-
control studies one was judged as moderate and
two as weak. Three cross-sectional studies22,23,30

were judged as moderate, and one study31 was
judged as weak. Among the five case-series, two
were judged as moderate,24,26 and three studies
were judged as weak25,28,32 [Table S6A].

Each of the seven included studies on QoL uti-
lized a cross-sectional design. In terms of critical
appraisal, four of them have been judged as
moderate60,61,64,65 and three as weak59,62,63

[Table S6B].

The absence of full economic evaluation studies
in this SR precluded the use of Consolidated
Health Economic Evaluation Reporting Standards
(CHEERS) checklist for critical appraisal of only two
cost-evaluation studies.
Primary data on symptom-specific food allergy
severity

Food allergy diagnosis

We included primary data on symptom severity
of food allergic reactions only from papers
reporting on physician confirmed diagnosis of IgE
mediated food allergy based on a positive history
and IgE sensitization (SPT and/or serum levels of
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Table 2. Overview of all included symptom-severity scores in included studies for each listed symptom ordered by organ
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specific IgE) with/without OFCs. In 10 out of 23
included primary studies assessing symptom
severity, food allergy was confirmed by OFC.20–
23,30–32,36–38 Among these 10 studies, 131 used a
validated questionnaire with a sensitivity of 100%
and a specificity of 87% for detecting peanut
allergy compared with the gold standard of
double-blind placebo-controlled food challenge
(DBPCFC).41

Setting

The assessment of food allergy severity was
carried out in different emergency departments
(EDs) of hospitals in nine studies.24–
26,28,34,35,39,40,68 Food allergy severity was
assessed by allergist specialist consultations in 15
studies.4,19–23,29–33,35–38

Recurrence of adverse reactions

Recurrence of adverse reactions (ARs) were re-
ported in 10 studies.22,23,28–31,35,36,38,40 However,
these studies reported data in different formats,
and we could not pool data statistically.

Epinephrine use was reported in 11
studies;22,27–32,35,36,38,40 ED admission was
recorded in five studies;22,23,27,31,40 and
admission to hospital was provided in two
studies.28,30 Admission to intensive care unit
(ICU) was recorded in six studies,22–24,28,31,38

ranging from 0 up to 1.1%.

Symptom-severity scoring systems for food
allergy

Our SR identified 31 previously published in-
struments focusing on severity of food allergic
reactions1,4,15,19,20,22,24,26,27,29–33,42–58 [Table 1].

Twenty-three were primary studies providing new
symptom-severity scoring systems to assess food-
induced allergic reactions1,4,19,20,22,24,26,27,29–
33,42–50,58 [Tables 1 and 2]. We included eight
additional symptom-severity scores from secondary
literature (eg, editorials, rostrum, consensus reports,
theoretical reviews, position papers).15,51–57

Setting

The instruments have been designed and
developed in several settings [Table 1]: allergy
specialist centres (including clinical
trials)4,19,20,22,29,30,32,43,44,48,50 or emergency
rooms24,26,27 or ambulance46 or intensive care
unit58 or general practitioner setting33,47 or self
(/parental) reported survey.1,42,45,49 Three
instruments have been designed for the context
of OFC.30,32,56

Targeted age group

Thirteen instruments have been originally
created targeting pediatric allergic patients. All of
them were primary studies.1,19,20,22,24,31–33,43–
45,47,50 One old primary study did not report age
of participants.58 The other 17 scores, including
all of those reported in secondary literature, are
applicable to all age groups4,15,26,27,29,30,42,
43,46,48,49,51–57 [Table 1].

Targeted allergenic source

We included 17 symptom-severity scoring sys-
tems primarily designed to assess allergic re-
actions elicited by food1,4,19,20,22,29–33,42–

45,49,50,68 [Table 1] as follows: seven for any
food;1,19,27,32,33,43,45 six for peanut
only;4,20,30,31,49,50 one for peanut and nuts;29 1
for peanut, tree-nuts, fish, shell-fish, and ses-
ame;42; one for tree-nuts;44 one for milk22 but also
applied to egg.23 One score has been created to
assess severity of food induced reactions
occurring during oral immunotherapy.43 We
identified 11 instruments created to evaluate the
severity of allergic reactions triggered by any
allergenic source, including food.15,24,26,46–48,51–
54,57 One of them was designed by authors
primarily for adverse reactions to subcutaneous
immunotherapy (SCIT) but with the indication to
be applied for any allergic reaction.51 In
particular, secondary literature, highlighted the
need to identify a uniform instrument to be
applied to any allergenic sources at any patient
age by different stakeholders.15,51–54,57 Our SR
included also one symptom scoring system that
was originally designed to assess the overall
severity of an allergic reaction elicited from other
allergic condition (ie, hymenoptera venom
allergy) but that has been applied afterwards to
classify food-induced allergic reactions.58

Organ-specific symptoms

All included scoring systems had organ-specific
outcomes covering the whole spectrum of clinical
symptoms and signs in the context of IgE-

https://doi.org/10.1016/j.waojou.2020.100503


Volume 14, No. 3, March 2021 17
mediated allergic reactions. Several of them used
the term “anaphylaxis” to describe the entire
spectrum of severity, although non-anaphylactic
milder symptoms neither fulfil the main current
definitions of anaphylaxis69–73 nor the new ICD-11
criteria.74

Of note, all scoring systems divided symptoms
according to their anatomical involvement, ie, skin,
respiratory, gastro-intestinal (GI), cardio-vascular
(CVS), or neurological subjective symptoms/
objective signs. Table 2 provides a detailed
overview of the 30 included symptom-severity
scores for each listed symptom ordered by or-
gan. At least two reading levels of Table 2 are
possible. A macroscopic evaluation suggests that
there is overall concordance in assigning a
progressive severity grade proceeding from the
left (overall coloured in green) to the right side
(in red colour), ie, spanning from skin
involvement up to the lower respiratory tract,
cardio- and neurological involvement passing by
the gastrointestinal and upper respiratory tract (in
yellow). However, a closer evaluation highlights
the presence of some heterogeneities.

The majority of scoring systems used a detailed
predefined list of symptoms, each of them pre-
sented as a dichotomous variable (ie, “present/non
present”) or, in some cases, as a detailed grading
of specific symptoms, (eg, urticaria, into mild/local
or severe/generalized). A few used a more general
"catch-all symptoms" approach for specific organ/
system to embrace all possible symptoms for that
specific organ/system (eg, all symptoms related to
the “GI tract”).15,19,27,50 All scoring systems
utilized an ordinal scale ranging over 2–6
incomparable steps. The majority of them
defined the overall allergic reaction severity
based on the organ symptom(s) of the highest
grade (ie, most severe symptoms).4,15,31,32,51–
53,55 Some considered the number of organ-
systems involved1,19,20,27,44,45,49,51 or the
fulfilment of “2-or-more” symptoms/organs.58

Three scoring tools used a mathematical formula/
summation of symptoms to obtain symptom
severity regardless of number of observed
symptoms.30,48,50 Two studies considered
explicitly the need of medical treatment as a
criterion for assessing the symptom-severity.33,43

One scoring system correlated the severity of any
allergic symptom to the amount of exposed food
allergen.30
Studies investigating predictors for symptom-
severity of food allergy

This SR assessed if the included studies identi-
fied any predictors for symptom-severity of food
allergy. We found that 13 included primary studies
reported on the assessment of host-related and
food allergen-related factors, including de-
mographic, clinical and/or laboratory variable(s),
as predictors for severe allergic reaction to food19–

23,26,29–31,33,36,38,39 [Table S2].
Host-related factors

Three studies reported on the assessment of
gender as a predictor for severity of allergic re-
actions; all of them reported no significant
results.23,30,36

Six papers evaluated age as a potential param-
eter associated with increased risk of symptom-
severity;26,29–31,36,38 only two studies found that
adolescence and adulthood are risk factors.29,31

Asthma has been analized and reported as a
predictor for severe ARs by five studies describing
this analysis,22,23,30,31,33 one31 reported that
patients with a clinical history of asthma were
more likely to suffer severe ARs (x2 ¼ 17.9,
P.00013) and, of note, wheeze as the most
common severe symptom of AR (~40% of pts). In
another study, the frequency of severe ARs
compared with moderate, mild, or no ARs was
10-fold higher in asthmatic children but did not
reach statistical significance (OR, 10.19; 95% CI,
1.13–91.54; P .022).22

One study evaluated the concomitant use of
drugs ie, ACE inhibitor and b-blocker) but no
correlation with symptom severity was found.26

Three studies evaluated the role of recurrence
of ARs as a predictor. The symptom-severity of the
previous AR(s)33 or the first AR23 did not
significantly predict the symptom-severity of the
next, in the two studies reporting on this
outcome.23,33 Similarly, one study evaluating if a
previous reaction to peanut in the clinical history
predicted symptom severity in peanut allergic
patients found no correlation.36
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Food allergen-related predictors

Two of the included studies assessed the type of
food as potential risk factor.19,39 One found that
wheat was the only predictor of severe
anaphylaxis (OR 2.425, 95% CI 1.054–5.581,
p < 0.037).39 The second study found the
highest (but statistically non-significant) risk of se-
vere ARs for peanuts (OR ¼ 1.76, 95%CI: 0.9–3.45)
and shellfish (OR ¼ 1.54, 95%CI: 0.49–5.64) and
the lowest for sesame, soy, and wheat.19

One study reported total IgE level as a protec-
tive factor.23 Total IgE levels were significantly
lower in patients with moderate/severe ARs
(adjusted odds ratio for every 1-unit increase in
the decimal logarithm, 0.16; 95% CI, 0.05–0.54;
P ¼ .001).

On the other side, five out of the eight studies20–
23,30,31,36,38 reporting on serum level of specific IgE
(sIgE) as a predictor for symptom severity found it as
a risk factor.21–23,30,38 The remaining three studies
found no significant results for sIgE as
predictor.20,31,36 Of note, the five studies assessed
specific IgE level to different culprit foods: sIgE to
cow's milk and to casein;22 sIgE to egg white;23

and sIgE to whole peanut proteins,21,30 and rAra h
1, rAra h 2.21 In particular, one study reported that
sIgE to peanut and challenge score correlated
significantly in the whole group but this correlation
was stronger in adults than in children, despite the
median values of peanut sIgE being similar; in
adults Spearman's r-value increased to 0.766
(P ¼ 0.001, compared with children (r ¼ 0.49,
P ¼ .018).30

Another study reported that age, sIgE and SPT
to almond at challenge when combined demon-
strated good predictive value for grade 2/3
allergic reactions by AUC (area under the curve,
0.83).38

A further study found that patients mono-
sensitized to rAra h 2 had a significantly lower
severity score than those polysensitized to the
same source (i.e. rAra h 2 and rAra h 1 and/or rAra
h 3) (P < .02).20 Two studies reported on SPT itself
with no significant results.20,31
Quality of life studies

Our SR identified 7 papers that met our inclu-
sion criteria, namely that the studies used a
validated scoring system to measure FAQL, and
reported how this scoring is impacted by "severity"
(symptoms/anaphylaxis). All papers included par-
ticipants with confirmed FA by specialist/allergist
[Table S4].We note here that the majority of recent
papers not included in the review investigated the
impact of Allergy Immunotherapy on FAQL.
Setting and population samples

The majority of studies recruited participants
through allergy specialty clinics,59–61,64 and two
studies also recruited through general medical
clinics, community support groups and media
advertisements.62,63,65 All studies took place in
The Netherlands, Ireland, and United States. The
measures used were distributed through hospital
allergy clinics either on site or online through the
clinic to patients diagnosed with food allergy (or
parents of patients diagnosed with food allergy).
Measures

All studies used a validated age appropriate
version of the Food Allergy Quality of Life Ques-
tionnaires (FAQLQ) which are recommended as
gold standard by EAACI. The FAQLQ includes
questions on demographics, symptoms, reaction
history, diagnosis, prescription. and use of an auto-
injector. The FAQLQ also incorporates the Food
Allergy Independent Measure (FAIM) which as-
sesses the perception of severity/chance of
adverse outcome, if an allergen is accidentally
ingested. FAIM also operates as an anchor instru-
ment for the FAQLQ. The instruments used were
designed for data collection in general and treat-
ment settings, cross-sectionally and longitudinally,
and have reported a minimal clinical important
difference (MCID) score of 0.45/0.5.

The version of the FAQLQ chosen reflected the
population(s) targeted in the study. The Parent
Form was used in two studies;59,60 the Child Form
(CF) and Teen Form (TF) were used in three
studies59,61,64 and the Adult Form in three
studies.61,62,64 One study used only the FAIM
section of FAQLQ,63 with all other studies using
the FAIM in addition to the FAQLQ, and 165

used the Parental Burden (PB) version of FAQLQ.

In addition to FAQLQ, generic measures were
used to measure outcomes in three studies,
namely Parental Empowerment Scale,65 CHQ-
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CF87 and Rand-36,61 Food Insecurity Scale (FIS),
and use of food assistance programs (SNAP,
food banks).63

Severity

At minimum to satisfy the inclusion criteria, all
studies included questions on reaction history (eg,
a list of symptoms reflecting all levels of severity),
diagnosis (eg, how and by whom a patient had
been diagnosed) and whether an epinephrine
auto-injector (EAI) had been prescribed and re-
ported how FAQL is impacted by "severity" (eg,
symptoms/reactions). Severe food allergy was
defined as having a prescription for an EAI, or self-
reported previous episodes of anaphylaxis (ie, the
symptoms “difficulty breathing”, “inability to stand”,
collapse and/or loss of consciousness).

Outcomes targeted

The majority of the studies were carried out for
psychometric purposes, specifically to assess the
longitudinal validity and responsiveness of the
FAQLQ-AF, FAQLQ-TF, FAQLQ-CF64 and the
FAQLQ-PF60 and cross-cultural validity60,62 of the
adult form (AF) and parent form (PF) respectively,
and one study compared FAQL measured with
generic and disease-specific questionnaires.61

The impact of a food challenge on FAQL was
evaluated in three studies.59,60,64 Relationships
between allergen severity, type, or comorbidities
and FAQL was the focus of 2 in the context of
parental empowerment,65 and uncertainty or
inability to meet family food requirements (FIS).63

Findings/results

FAQLQ was found to be responsive to change
in a food-allergic patient population with disease-
specific clinical outcomes60,64 with good cross-
cultural validity.60,62 All studies identified positive
associations between FAQLQ impact on was
found according to severity, positive challenge
result, number of allergens avoided, and number
of symptoms. The FAQL of American food-
allergic adults was found to be more impaired
than Dutch food-allergic adults62 and Irish food-
allergic children.60 Caregivers classified as FIS
reported an increased perceived risk of
accidental ingestion, severe reaction, and death,
and it was also associated with utilization of food
assistance programs and food banks.63 Mothers
reported greater empowerment and worse FAQL
compared with fathers, regardless of allergen
severity, type, or comorbidities, but was not
significantly associated with FAQL for mothers or
fathers. Highest FAQLQ-PF impact was for items
involving fear of allergen exposure outside the
home.65

Economic burden

A SR was conducted to identify and summarise
evidence regarding economic analyses of food
allergy severity. Of the final articles selected for full
screening, two met inclusion criteria.66,67 Articles
that did not identify grades of food allergy
severity (mild, moderate and severe) were
excluded.

The first study66 was based on 402 cases of
severe anaphylaxis reported by the Allergy
Vigilance Network, in years 2004, 2005, and
2006. The setting was hospital and general
practices in France. International classification of
Diseases codes for anaphylaxis used in the study,
included T780 (shock due to adverse food
reaction), T782 (anaphylactic shock, not
specified), T805 (shock due to serum/vaccine/
immunization), T886 (shock due to adverse drug
reactions), and T882 (anaesthetic shock). Direct
and indirect costs were estimated from a national
perspective. Direct costs consisted of the costs of
medications, consultations, use of emergency
units, diagnosis, and hospitalisations, as well as
nonmedical costs such as transport, and diet.
Indirect costs were based on the costs of
absenteeism with a mean of three days (two days
at the time of event, and one day after an event).
Indirect cost data was calculated on the basis of
Belgian costs.66

Direct medical costs

Results indicated that the average direct cost
was V1580 per patient, ranging from V74.88 to
V4445.47 (as the currency year was not indicated,
it was assumed to be one year prior to the year of
the publication). Costs were equivalent in pur-
chasing power to V1,889 per patient, with a range
of V89.51 to V5,314.08, in year 2020. Table S8
includes the direct medical costs for severe
anaphylaxis management obtained from Flabbee
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et al, 2008, and adjusted to the currency year of
2020. The hospitalization had the greatest cost,
ranging from V239.08 for Emergency ambulance
brigade called, to severe cases of hospitalization
in intensive care unit with an average cost of
V2,528.25/day.

Indirect costs

Indirect costs were estimated to be V315 per
patient; equivalent to V376.55 in year 2020.

Total costs

The total average cost per patient was V1895,
equivalent to the cost of V2,265.27 in 2020.

The second study,67 investigated health service
costs for food allergic individuals in Europe
(Greece, Iceland, Poland, Spain, Czech Republic,
France, Italy, The Netherlands, and United
Kingdom), and the relationship between severity
and the cost of illness. The time frame was from
January 2007 until July 2009. The Geary-Khamis
dollar (I$) was used to estimate unit costs of ser-
vices at 2016 prices. The setting was in general
practitioners’ patient lists, city council registration
databases, local authority/hospital debases, and
primary schools. Participants were recruited
through the EuroPrevall study in a case-control
study design, and completed an economic ques-
tionnaire. Participants with possible food allergy
were identified by clinical history, and those with
sIgE were defined as having probable allergy.67

Results indicated that the average health care
cost for adults with possible food allergy was
I$2016 (equivalent to V1 933.61 in year 2020)
and I$1089 (V1 044.49 in year 2020) for controls.
For children aged 7–11 years, the costs are
� A consensus on definition of food allergy severity is missing.This systema
the current evidence relating to the severity of IgE-mediated food aller
allergy severity by clinicians and other stakeholders. Each participating
covered.

� All included studies were observational studies that investigated symp
children and adults.

� The overall body of epidemiological evidence in relation to the food a
� There is heterogeneity among severity scoring systems used and even

score has been validated.
� To assess comprehensively predictors of severity of food allergy is urg

prediction model for severe food allergy.
� Research into FAQL has helped to raise awareness of patient issues and
� There is lack of full economic evaluation studies on the severity of food
� Shared decision making is needed to address all issues regarding the d

Table 3. Summary of the DEFASE systematic review
I$2197 (V2 107.2 in year 2020) for those with
possible food allergy and for controls it was
I$863 (V827.73 in year 2020). The mean average
yearly cost of possible and probable food allergy
was I$1778 (V1705.33 in currency year 2020) in
9 participating centres. The study indicated that
the cost of treating individuals with moderate
allergy symptoms was 68% higher than for those
with mild symptoms. Health care costs for those
with severe food allergy were estimated to be
double the amount for those with mild food
allergy. No significant differences in health care
costs were observed for children when
compared with adults.
DISCUSSION

Summary of main findings

To our best knowledge, this mixed methods SR
represents the most comprehensive investigation
ever undertaken of literature on current classifica-
tion of food allergy severity.

We have tried to cover all the perspectives of
food allergy severity from different stakeholders,
including patients and parents/families, patient
advocacy groups, disease registries, health pro-
fessionals, researchers, academicians, food and
drug industries, government agencies and regu-
lators, as well as legislative bodies, as they all
perceive the concept of severity differently. All
included studies were observational studies that
investigated symptom-specific and non-symptom
specific severity of food allergy in children and
adults.
tic review is the preliminary step towards a state-of-the-art synopsis of
gy. It will inform attempts to develop a consensus to define food
stakeholders perspectives on food allergy severity has been

tom-specific and non-symptom specific severity of food allergy in

llergy severity classification is moderate.
outcomes considered in the context of severity of food allergy. No

ently required in order to develop and use worldwide the best

provided a means of individualized assessment for a patient or parent.
allergy.

efinition of food allergy severity from each stakeholder's perspectives.
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We found that many severity scoring systems for
food allergic reactions have been generated;
however, they are heterogeneous and none of
them has been validated in practice. They differ for
number of steps and are only partially inter-
changeable. No standardized or validated method
exists to compare multiple heterogeneous scoring
systems. The inconsistency and non-validity of
these scoring systems highlights the urgent need
to develop a harmonised, consensus-based defi-
nition for the severity of food allergy in children
and adults useful for all stakeholders involved.

The severity spectrum of an allergic reaction can
range from subjective local mild symptoms to fatal
anaphylactic shock. Type of allergen, dosage, in-
dividual threshold, route of exposure, age, co-
morbidity, and involvement of cofactors may
influence the severity of a food allergic reaction. In
turn, these variables make severity difficult to
capture. Furthermore, onset and severity of each
symptom can lead to progression and interaction
of symptoms. Allergic reactions can occur in
different incomparable settings: they range from
accidental exposure in an unknown environment
to controlled titrated oral food challenges in a
highly specialized clinical setting.

The variability between instruments included in
this SR was overall wide: some instruments are
purposed solely for single allergens (eg, peanut),
Fig. 2 Roadmap to develop and reach the DEFASE international conse
others developed exclusively for specific pop-
ulations (ie, children) and some to specific situa-
tions (eg, OFC).

At present, the global severity of a food allergic
reaction is generally either based on the highest/
most severe reported symptoms or calculated by
different algorithms. Some instruments used
“catch-all” definitions in contrast to others based
on a predefined “symptom list”, which contains
more information for research purposes, and
avoids the pitfall of overlooking milder symptoms.

Research into FAQL has helped to raise aware-
ness of patient issues and provided a means of
individualized assessment for a patient or
parent.75 If a validated consensus-driven severity
scoring system for FA could be developed, it could
be used to harmonize outcome assessment in
clinical trials and also facilitate understanding of
important determinants of FAQL. This could widen
the parameters of benefits and harms of new
treatments and allow for the development and
improvement in process and outcome quality in-
dicators. A standardised protocol that in-
corporates FAQL, severity, and agreed definitions
of outcomes would allow for the comparison of
efficacy of food allergy treatments between cen-
tres, trials or countries. The use of such measures
can help to differentiate between levels of severity
on multi-dimensional patient outcomes. To this
nsus
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end, it is vital that improved FAQL is seen as a
primary outcome, and is measured at multiple in-
tervals during trial duration and beyond. In addi-
tion, few studies have used the minimal clinical
important difference (MCID) when assessing
change in FAQL.The MCID can help determine the
effect of a given therapy on a patient and add
meaning to statistical inferences made in research;
therefore, their use is critical for the conduct and
interpretability of clinical trials.

Decision science modelling is another method
that could help us understand variations in pref-
erences for treatment, which could affect the
health and economic impact of allergen immuno-
therapy (AIT). Assessment of patient/caregiver
attribute preference and how this translates to
health economic outcomes will provide a basis to
understand if strategies used in food allergy can
deliver value-based care, which can be applied to
the development of future food allergy research.
Utility valuations should be derived from re-
sponses to FAQLQ instruments, providing more
accurate measurement of this construct.
Strengths and limitations of this work

To our knowledge, this is the first SR of the
literature on current severity classifications used
for FA. The strengths of this SR are the compre-
hensiveness of the searches, including all available
sources of 11 international electronic databases
without any geographical restrictions and with
higher methodological rigour. In addition, we were
able to contact an international panel of experts.
We carefully grouped and categorised food al-
lergy severity as either symptom-related or non-
symptom related under several categories to find
the effect of each compounds on the severity of
allergic reactions to culprit food.

The methods used to verify symptom specific
and non-symptom specific measures of food al-
lergy severity were carefully assessed and graded
for methodological rigour.

The main limitations of this systematic review
stem from the substantial heterogeneity of studies
with moderate methodological quality, to the fact
that the included studies were only observational
(cohort, case-control, or cross-sectional) with no
interventional studies.
CONCLUSIONS

The overall body of epidemiological evidence in
relation to the food allergy severity classification is
moderate. We found only observational studies,
data are generally of moderate quality. This sys-
tematic review confirms the variability and diversity
of severity scoring systems for FA. Overall, in terms
of symptom severity systems there is a general
suggestion that cardiovascular and lower respira-
tory tract reactions are severe and the cutaneous,
and gastrointestinal ones are mild to moderate.
Quality of life and economic evaluation of severity
of food allergy should be incorporated into the
food allergy severity definition alongside the
symptom score assessment. Unfortunately, at pre-
sent there is no validated and broadly accepted
categorization of severity of food allergy that can
be used by all stakeholders (patients, family
members, guardians, healthcare professionals, re-
searchers, food industry, policy makers and other
public health authorities). A validated severity
scoring system for FA could be used both for
standardised patient monitoring and also to define
the eligibility of allocating patients for clinical
studies. This review also will represent a pre-
liminary work for generating a consensus-based
definition of severity of food allergy in children
and adults, developing and implementing the al-
gorithm by a multidisciplinary panel of experts.

There is an excess of severity scoring systems for
allergic reactions including to food in children and
adults. The usability of these severity scoring sys-
tems remains unclear because of methodological
shortcomings, incomplete presentation, lack of
internal and external validation, and testing for
reliability and validity of the severity scoring sys-
tems in a range of settings and populations. The
standardised, harmonised, and consensus-based
uniform definition of severity scoring systems that
will be used by all stakeholders is urgently needed.
Rather than developing yet another severity
scoring system for allergic reactions, future
research should focus on external validation of
scoring systems, tailoring of these models to
different allergens, populations, and settings. In
addition, as a gold standard, a standardised,
harmonised, consensus-based severity scoring
system for food allergy needs to be tested for
reliability and validity in a range of settings and
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populations. To reach this crucial goal, expert
consultation, e-Delphi study and impact studies
will be the main platforms in the risk assessment
and risk management of patients with food allergy
[Table 3].
IMPORTANCE TO STAKEHOLDERS AND
IMPLEMENTATION

The concept of food allergy severity is important
not only for healthcare professionals in evaluating
patients, but also for patients’ family members,
food and drug industries, research (clinical trials,
epidemiologic, genetic, immunological, and
mechanistic studies), government agencies and
regulators, as well as for policy makers. The ter-
minology and definitions currently applied to food
allergy severity are not standardized, and often
misleading. Furthermore, different stakeholders
perceive the concept of severity differently.
Therefore, a common approach is needed for an
international consensus-based system to define
food allergy severity and our mixed-methods sys-
tematic review comprehensively assesses and ad-
dresses this crucial issue in the management of
food allergy.
FUTURE RESEARCH

This SR will be a background work to reach an
international consensus on the definition of food
allergy severity in children and adults. As
described in the roadmap (see Fig. 2), the next
step will be to conduct expert consultation,
through an e-Delphi study and by taking into
consideration the perspectives from the different
stakeholders involved. After developing the
consensus document, there is a need for well-
designed clinical impact studies by using large
clinical databases that test the reliability and val-
idity of severity scoring systems for food allergy.
These clinical impact studies may then need to be
followed up via well conducted large RCTs to
evaluate the correct usage of consensus-based
definitions of food allergy severity, effectiveness
and cost-effectiveness of interventions aiming to
reduce food allergy severity burden and risk of
developing its complications in the future.
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