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In 2014, the European Academy of Allergy and Clinical Immunology (EAACI) published

Funding Information food sensitization in Europe for studies published 2000-2012. However, only sum-
DBV Technologies SA mary estimates for tree nut allergy (TNA) were feasible in that work. In the current
update of that systematic review, we summarized the prevalence of tree nut allergy/
sensitization to individual tree nuts. Six databases were searched for relevant papers
published 2012-2021 and 17 eligible studies were added to the 15 studies already
identified between 2000 and 2012, giving a total of 32 studies. Of the investigated
tree nuts, meta-analysis was possible for hazelnut, walnut, almond, and in few cases,
for cashew, and Brazil nut. The lifetime self-reported prevalence was 0.8% (95% Cl
0.5-1.1) for hazelnut and 0.4% (0.2-0.9) for walnut. The point self-reported preva-

lence was 4.0% (2.9-5.2) for hazelnut, 3.4% (2.0-4.9) for Brazil nut, 2.0% (1.1-2.9) for
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1 | INTRODUCTION

In 2014, the European Academy of Allergy and Clinical Immunology
(EAACI) published the first systematic review and meta-analysis on
the frequency of food allergy (FA; i.e., immune response on exposure
to specific foods resulting in adverse health effects) and food sensiti-
zation (i.e., specific immunoglobulin E and/or skin prick test positivity
to a food allergen) in Europe.? We have recently updated the fre-
quency estimates on FA/sensitization in Europe, including summary
estimates for tree nut allergy (TNA) and sensitization, up to 2021.34
According to the updated estimates, the prevalence of any TNA var-
ies from 0.9% and 2.4% for self-reported lifetime and point preva-
lence, respectively, to 0.04% for food challenge (FC) confirmed TNA.

The prevalence of allergies to individual tree nuts may vary sub-
stantially as they are not homogenous groups. There are potential
differences in prevalence of individual tree nut allergies between
age groups and European regions, which are important to explore
to guide clinical care/research priorities. Although cross-reactivity
exists between different tree nuts, many subjects with one TNA can
tolerate other tree nuts.’

In the current work, we present the prevalence estimates for
specific TNA/sensitization, including hazelnut, walnut, almond,
Brazil nut, cashew nut, pistachio, chestnut, pecan nut, and pine nut
based on data published between 2000 and 2021. There were no
available data on macadamia nut allergy.

2 | METHODS

2.1 | Protocol registration, search strategies, and
study identification and selection

The protocol for this study was registered with the Interna-
tional Prospective Register of Systematic Reviews prior to per-
forming the systematic review (PROSPERO; registration number
CRD42021266657).

The search strategy was adapted from the methodology used
in the 2014 EAACI review.!'? We searched six electronic databases
(MEDLINE, EMBASE, CINAHL, Web of Science, Cochrane Library,
and Scopus) for relevant studies (papers or conference abstracts)
published between September 2012 and June 2021. Eligible studies
were then added to the studies included in the systematic review
published in 2014, which was based on papers published between

almond, and 1.8% (1.1-2.5) for walnut. Point prevalence of food challenge-confirmed
TNA was 0.04% (0.0-0.1) for hazelnut and 0.02% (0.01-0.1) for walnut. Due to pau-
city of data, we could not identify any meaningful and consistent differences across

age groups and European regions.

epidemiology, Europe, food allergy, sensitization, systematic review

January 2000 and September 2012. For the search strategy we
maintained all keywords previously employed in the 2014 EAACI re-
view and added new keywords to ensure the inclusion of all relevant
studies, as well as to account for developments that have occurred
in the respective databases over the last 10years.

No language restriction was employed in searching the data-
bases. In case of papers or conference abstracts published in a lan-
guage other than English, we consulted with researchers who were
fluent in the language used in the study. When no expert was avail-
able to translate the text, we extracted data on FA from the En-
glish abstract, while at the same time employed Google Translate to
translate the main text. The types of studies eligible for this review
included systematic reviews, cross-sectional, cohort, and case con-
trol studies, clinical trials, and routine healthcare studies. Narrative
reviews, discussion papers, non-research letters or editorials, case-
series, case-studies, and animal studies were excluded.

All eligible studies were first screened by title and/or abstract,
and later by full text by two pairs of independent reviewers (SN/
GS and YA/MA). Disagreement between the pairs was resolved
either by consensus or by consulting the project Pl (BN). We em-
ployed the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) flow diagram for reporting the screening
procedure. The full search strategy and screening procedure have

been reported previously.3'4

2.2 | Outcomes

All types of tree nuts were investigated in the review, that is, hazelnut,
walnut, almond, Brazil nut, cashew nut, pistachio, pecan nut, chestnut,
pine nut, and macadamia nut.®” Although the systematic review aimed
to provide up-to-date data on the incidence, prevalence, and time trends
for TNA, data on incidence and time trends were scarce and not suffi-
ciently homogenous to perform meta-analysis. Therefore, only data on
lifetime and point prevalence were included in the meta-analysis. We did
not differentiate between IgE-mediated and non-IgE-mediated FA, as
this was not usually differentiated in the extant literature. Furthermore,
although IgE-mediated allergy to tree nuts includes varying syndromes,
including pollen-food syndrome, lipid transfer protein syndrome, and
allergy to storage proteins, each with distinct clinical presentations and
severity, it was not possible to differentiate these syndromes, thus the
prevalence estimates reported in the manuscript constitute the entirety
of manifestations and not only primary FA.
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The following prevalence outcomes were investigated: (1) lifetime
prevalence (i.e., prevalence of subject reporting ever having a reac-
tion or hypersensitivity to respective foods) and point prevalence
(i.e., prevalence of subjects reporting having a reaction or hypersen-
sitivity to respective foods currently or during the past 12 months)
of self-reported TNA,; (2) lifetime prevalence and point prevalence of
self-reported physician-diagnosed TNA (i.e., physician-diagnosed FA

reported by subjects); (3) point prevalence of specific immunoglob-
ulin E (slgE) positivity to tree nuts; (4) point prevalence of SPT (skin
prick test) positivity to tree nuts; (5) point prevalence of symptoms
plus slgE positivity to tree nuts; (6) point prevalence of symptoms
plus SPT positivity to tree nuts; (7) point prevalence of FC (oral food
challenge [OFC] or double-blind placebo-controlled food challenge
[DBPCFC]) positivity; and (8) point prevalence of FC positivity (OFC

PRISMA 2020 flow diagram for updated systematic reviews which included searches of databases and registers

only
[ Previous studies ] [ Identification of new and updated studies via databases and registers ]
Studies included in Records removed before
§ previous ve:ts_lon of screening:
"g' ;Z\ggi\gcr%o;\ '{:153:(;'1_)) Records identified from: Du_pllcate records removed
= Databases (n= 38,903) (FQ— 5,228) ced as inelicib|
b= ] Registers (n= 0) ecords marked as ineligible
§ Reports of studies by automation tools (n= 0)
= included in previous Records removed for other
version of review (n= 20) reasons (n= 0)
\ 4
Records screened Records excluded
(n=33,875) (n=33,625)
\ 4
Reports sought for retrieval . _
IE! (n= 250) »| Reports not retrieved (n= 2)
o
2
o
”n \ 4
Re_ports assessed for eligibility
(n=248) Reports excluded: (n= 231)
* FA in high-risk groups/case
i series (n= 80)
* Not matching our topic (n=71)
* Not systematic review or
— New studies included in review systematic review with no
— (n=17) original data (n=10)
* Published prior to September
Reports of new included studies 2012 (n= 4)
(n=20) * Not European country (n= 2)
* Duplicate papers (n=3)
-  Duplicate results present in
3 other papers (n= 3)
= * Paper could not be translated
©
= (n=3)
+ Did not rt on TNA (n= 55
Total studies included in review d notreport on (n )
| (n=32)
Reports of total included studies
(n=40)
—

FIGURE 1 PRISMA flow diagram for updated systematic review on prevalence of food allergy to the eight common foods in Europe,

2000-2021.
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TABLE 1 Summary of the characteristics and main results of the studies published 1 January 2000-30 June 2021 included in the review.

Reference, country

Baricic et al., Croatia’

Burney et al.; Woods et al.,
Europe, United States of
America, Australia, New
Zealand*®1!

Burney et al.; Lyons et al, Le et al,,
Switzerland, Spain, Greece,
Poland, Bulgaria, Lithuania,
Iceland, The Netherlands!? 14

Caffarelli et al., Italy®®

Clausen et al., Sweden®¢

De Jong et al., The Netherlands®’

Depner et al., Austria, Finland,
France, Germany, and
Switzerland®

Dereci et al., Turkey®’

Eller et al., Kjaer et al., Johnke
et al., Denmark?°-%2

Fedorova et al., Russia®®

Study design

Cross-
sectional
study

Cross-

sectional
study

Cross-
sectional
study

Cross-
sectional
study

Cohort study

Cohort study

Cohort study

Cross-
sectional
study

Cohort study

Cross-
sectional
study

Study population N (children/adults;
source of study population)

Number
approached

Not indicated

Not indicated

All countries
30,420

900

5654

7393

1133

20,800

1095

Not indicated

Age of

Number participated  subjects

702 6-48months
old

17,280 18-27years
old

All countries 17,366 20-54years

Switzerland 2250 old

Spain 943

The Netherlands 3865

Poland 1499 Bulgaria

2118

Greece 1979

Lithuania 2598

Iceland 2114

625 5-14years
old

3637 0-12years
old

5471 10years old

793 0-12months
old

15,783 6-18years
old

562 6years old

13,010 7-10years
old

Outcome studied and assessment method

Outcome(s)
studied

Hazelnut

Hazelnut, walnut

Hazelnut, walnut

Hazelnut

Hazelnut, almond

Hazelnut, cashew
nut

Hazelnut

Hazelnut

Hazelnut, Brazil
nut

Hazelnut

Method of outcome
assessment

Self-reported, SPT, sIgE

sIgE

Self-reported, sIgE,
slgE +symptoms,
DBPCFC

Self-reported

Self-reported

SPT, SR-physician
diagnosis

sIgE

Self-reported, SPT/PTP,
DBPCFC, OFC

Self-reported, SPT, sIgE,
OFC, DBPCFC

Self-reported, SPT, sIgE
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Occurrence
measure(s)

Point prevalence

Point prevalence

Point prevalence

Lifetime prevalence

Point prevalence

Point prevalence

Point prevalence

Lifetime and point
prevalence

Point prevalence,
cumulative
incidence

Point prevalence

Main results of the frequency of FA (FA) Percentage
(95% Cl)

Data not available

sIgE point prevalence for all countries at 18-27 years:
Hazelnut 3.1%

Walnut 1.8%

Confidence intervals not available.

slgE point prevalence in adults (20-54 years)

- Hazelnut: Al centers: 9.3%

Switzerland: 17.8%; Spain: 6.0%; The Netherlands:
11.9%; Poland: 6.5%; Bulgaria: 6.3%; Iceland: 1.3%

- Walnuts:

All centers: 3.0%; Switzerland: 5.6%; Spain: 7.6%; The
Netherlands: 1.9%; Poland: 3.6%; Bulgaria: 2.7%;
Iceland: 0.1%

sIgE+symptoms point prevalence for hazelnut and
allergy see Figures 8 and 9

Data on self-reported and DBPCFC positive allergy
were reported by Le et al. only for Netherlands:

SR point prevalence:

Hazelnut: 0.6% (0.4-0.9)

Walnut: 0.6% (0.4-0.9)

DBPCFC point prevalence Hazelnut: 0.2 (0.1-0.4)

SR lifetime prevalence of hazelnut allergy at
5-14years: 0.3% (0.1-1.2)

SR physician diagnosed point prevalence in 12years
children: Hazelnut: 1.6% (1.2-2.0)
Almonds: 0.8% (0.5-1.1)

SPT point prevalence at 10years:

Hazelnut: 4.1% (3.5-4.7)

Cashew nut: 1.3% (1-1.7)

SR physician diagnosed: Cashew nut: 1.4% (1.1-1.8)

Data on sIgE positivity to hazelnut are presented in a
bar graph for children aged 0-12 months

SR lifetime prevalence hazelnut allergy: 0.2% (0.2-0.3)

Point prevalence SPT hazelnut allergy: 0.1% (0.1-0.16);

Point prevalence of DBPCFC confirmed hazelnut
allergy in 6-18years old children: 0.0% (0.0-0.1)

Not available

Point prevalence hazelnut allergy at 7-10years was
0.1%. The method of assessment was not specified
in the main text.

Comments

Not considered in meta-analysis.
Hazelnut allergy was investigated by authors, but data
were not shared

Not considered in meta-analysis. Estimate of sensitization
is a weighted average over all countries in the study
excluding birth positivity. No weighting factor or
baseline data was given, so we were unable to
calculate the confidence intervals form meta-analysis.

For Burney et al. 2014 slgE point prevalence was
estimated as the prevalence of those with a specific
IgE response to a particular food among ‘cases’ and
‘controls’ weighted back to the general population
according to the sampling fraction by which these had
been selected for further study. Since the sampling
factor was not mentioned by the authors, it was not
possible to define precise confidence intervals for
meta-analysis. Therefore, data for sIgE positivity have
not been included in meta-analysis.

For Lyons et al. 2019 data on population prevalence
estimation were obtained by the authors using a
weighting procedure fully explained in the paper
online repository.

DBPCFC was employed to assess FA to hazelnut, A
summary of the DBPCFC is presented by the authors
in Table 3. Participation rate to DBPCFC was low,
preventing the calculation of a meaningful population-
based prevalence estimate. Data on DBPCFC were
therefore not reported in meta-analysis.

Data on point prevalence of SR physician diagnosed
allergy were not considered for meta-analysis as there
were not sufficient records from other studies to allow
data synthesis

Data on point prevalence of SR physician diagnosed
allergy were not considered for meta-analysis as there
were not sufficient records from other studies to allow
data synthesis

Not considered in meta-analysis as it was not possible to
calculate confidence intervals.

Not considered in meta-analysis. Hazelnut and Brazil nut
allergy investigated by authors, but data not shared

Not considered in meta-analysis. In Fedorova et al.
2014a, the authors claim to have investigated SR,
slgE and SPT positive allergy to hazelnut and peanuts.
Contextually, the authors report that point prevalence
allergy to peanut and to hazelnut is 0.1% and 0.1%,
respectively, but do not specify if the record regards
SR, sIgE or SPT positivity, or a combination of all.

Overall
risk of bias
assessment

Moderate

Moderate

Strong

Moderate

Moderate

Moderate

Weak

Strong

Moderate

Moderate

(Continues)

95U8917 SUOWIWOD SAITE81D 3|qeal|dde auy Ag peusenob afe sop e WO ‘8sN J0 S3|nJ oy Aleld1 U1IUO A1 UO (SUONIPUOD-PUE-SULIB) 0D AS [ AReIq DU [UO//SANY) SUONIPUOD pue SWis 1 8y) 385 *[£202/0T/92] U0 ARid18uluo AS|IM 591 Ad SO6ST I!e/TTTT 0T/10p/wod AS|im Alelqjpul|uo//sdny wolj pspeojumod ‘0 ‘G666865T



ﬂ—Wl LEY—

TABLE 1 (Continued)

Reference, country

Gelincik et al., Turkey?*

Grabenhenrich et al., Erhard et al.,
Iceland, United Kingdom,
The Netherlands, Germany,
Poland, Lithuania, Spain and
Greece?>%¢

Haftenberger et al.?”

Johansson et al., Sweden and
Norway28

Kaya et al., Turkey?’

Kristinsdottir et al., Iceland®°
Kvenshagen et al., Norway®!

Lyons et al., Switzerland, Spain,
Greece, Poland, Bulgaria,
Lithuania, Iceland, and The
Netherlands®?

Marklund et al., Sweden®?

SPOLIDORO ET AL.

Study design

Cross-
sectional
study

Cohort study

Cross-
sectional
study

Cross-
sectional
study

Cross-
sectional
study

Cohort study

Cohort study

Cross-
sectional
study

Cross-
sectional
study

Study population N (children/adults;
source of study population)

Number
approached Number participated
17,064 11,816
6150 All countries 6069
Iceland 945 United
Kingdom 454 The
Netherlands 652
Germany 1001
Poland 819 Greece
561 Spain 688
Lithuania 2598
8152 7988

Not indicated Sweden 1002;

Norway 500

11,233 10,096

No information 1341

Not indicated 609

28,589 16,935

2064 1488

Age of
subjects

>18years old

6-10years
old

18-79years
old

Adults

11-15years
old

1year old

2years old

7-10years
old

13-21years
old

Outcome studied and assessment method

Outcome(s) Method of outcome
studied assessment
Hazelnut, walnut  DBPCFC

Hazelnut, cashew
nut, pine nut,
walnut

Self-reported, SR-
physician diagnosis,
slgE, SPT, DBPCFC

Hazelnut, almond  SR- sIgE

Hazelnut sIgE

Hazelnut, Self-reported, physician
walnuts, diagnosis, SPT, slgE,
pistachio OFC; DBPCFC

Almond Self-reported,

History +SPT

Hazelnut Self-reported, SPT, sIgE,

OFC, DBPCFC

Hazelnut, walnut  sIgE, sIgE +symptoms

Almond Self-reported
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Occurrence
measure(s)

Point prevalence

Lifetime and point
prevalence

Point prevalence

Point prevalence

Point prevalence

Point prevalence

Point prevalence

Point prevalence

Point prevalence

Main results of the frequency of FA (FA) Percentage
(95% Cl)

Point prevalence in adults:

History +SPT (hazelnut) 0.0% (0.0-0.0)

History +slgE (hazelnut) 0.0% (0.0-0.0)

Point prevalence of DBPCFC confirmed allergy in

Comments

Data on history of allergy and SPT/sIgE positivity were

not considered from meta-analysis as there were not
sufficient records from other studies to allow data
synthesis.

adults:
Hazelnut: 0.0% (0.0-0.0)
Walnut: 0.0% (0.0-0.0)

Lifetime prevalence of SR hazelnut allergy for each
centre: see Figure 2.
Lifetime prevalence of SR physician diagnosed
hazelnut allergy for each centre: see Figure 4
Point prevalence of SPT positive hazelnut allergy (all
centres): 5.2% (4.4-6.2)

DBPCFC positivity:

Hazelnut 0.3% (0.1-0.7) (all centres); 0.4% (0.1-2.1) in
Germany

Cashew nut: 0.1% (0.03-0.35)

Pine nut: 0.1% (0.03-0.35)

Walnut 0.05% (0.01-0.27)

sIgE point prevalence at age 18-79 years: Hazelnut
15.7% (14.6-16.8)
Almond 4.0% (3.5-4.6)

Point prevalence of sIgE positive sensitization in adults
(Sweden +Norway): 2.5% (1.9-3.5)

Sweden 3.5% (2.5-4.8)

Norway 0.6% (0.2-1.8)

Point prevalence of hazelnut sensitization/allergy:
slgE: 0.0% (0-0.1); OFC: 0.0% (0.0-0.1); DBPCFC:
0.0% (0-0.1)

Point prevalence of walnut sensitization/allergy: SPT:
3% (2.1-4.2); slgE: 0.0% (0.0-0.1); OFC: 0.0% (0-
0.1); DBPCFC: 0.0% (0.0-0.1)

Point prevalence of pistachio sensitization:

SPT: 0.0% (0-0.1); slgE: 0.0% (0-0.1)

Point prevalence SR almond allergy: 0.1% (0.0-0.4)
Point prevalence of History + SPT positive almond
allergy: 0.1% (0.0-0.4)

Not considered in meta-analysis due to unclear data

Not considered in meta-analysis.
Hazelnut allergy investigated by authors, but data not
shared

Not available

Point prevalence of sIgE positivity to hazelnut and to
walnut for each centre: see Figure 5

Symptoms +slIgE positivity point prevalence:

Hazelnut:

Switzerland: 0.8% (0.1-2.3), Spain: 0.5% (0.0-1.8),
Greece: 0.3% (0.1-1.9), The Netherlands: 0.7%
(0.1-1.9), Lithuania: 2.1% (0.4-5.3), Poland: 0.8%
(0.16-1.9), Iceland: 0.1% (0.0-0.6)

Walnut:

Switzerland: 0.3% (0.0-1.3), Spain: 0.5% (0.0-1.8),
Greece: 0.6% (0.0-2.5), The Netherlands: 0.5%
(0.1-1.5), Lithuania: 0.0% (0.0-0.9), Poland: 0.5%
(0.0-1.4), Iceland: 0.0% (0.0-0.3)

SR point prevalence at 13-21years:
Almond 4.1% (3.2-5.3)

Overall
risk of bias
assessment

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Strong

Moderate

(Continues)
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TABLE 1 (Continued)

Reference, country

Mortz, et al., Denmark®*

Mustafayev et al., Turkey®®

Orhan et al., Turkey®¢

Osterballe et al., Denmark®”

Rentzos et al., Sweden®®

Roberts et al. and Lack et al.,
United Kingdom?374°

Schifer et al., Germany™**

SPOLIDORO ET AL.

Study design

Cross-
sectional
study

Cross-
sectional
study

Cross-
sectional
study

Cross-
sectional
study

Cross-
sectional
study

Cohort study

Nested case-
control
study

Study population N (children/adults;
source of study population)

Number

approached Number participated

Not indicated 460

7653 6963

3500 2739

1094 843

30,000 (1172 18,083 (1042 for
for stage 2) stage 2)

13,971 12,090

2539 1537

Age of
subjects

Not indicated

6-7 and 10-
11years
old

6-9years old

Mean age
22years

16-75years
old

0-7years old
25-74years
old

Outcome studied and assessment method

Outcome(s)
studied

Hazelnut

Hazelnut, walnut,
pistachio

Hazelnut, walnut

Hazelnut, walnut,
almond, brazil
nut

Hazelnut,
almond, brazil
nut, chestnut

Hazelnut, walnut,
cashew,
almond, brazil
nut, pecan
nut

Hazelnut

Method of outcome
assessment

SPT and sIgE

Self-reported, SPT
(positive test
reported by
parents), SPT
(measured), sIgE,
OFC

Self-reported,
SPT +history, OFC,
DBPCFC

Self-reported, SPT,
OFC, DBPCFC

Self -reported, slIgE,
sIgE +symptoms

SPT

SPT
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SPOLIDORO ET AL.

Occurrence
measure(s)

Point prevalence

Point and life-time
prevalence

Lifetime and point
prevalence

Point prevalence

Point prevalence

Point Prevalence

Point prevalence

Main results of the frequency of FA (FA) Percentage
(95% Cl)

Not available.

Hazelnut:

SR point prevalence at 10-11years: 1.5% (1.2-1.8);

SPT positivity point prevalence at 10-11years: 0.4%
(0.3-0.6)

OFC point prevalence at 10-11years: 0.0% (0-0.1)

Walnut:

SR point prevalence at 10-11years: 1.2% (1.0-1.5);
SPT point prevalence at 10-11years: 4.5%
(4.0-5.0)

OFC point prevalence at 10-11years: 0.0% (0.0-0.16

Pistachio: SR point prevalence at 10-11years: 0.8%
(0.6-1.0)

Point prevalence of DBPCFC at 6-9 years:
Hazelnut 0% (0.01-0.1)

Walnut 0% (0.01-0.1)

SR lifetime prevalence at 6-9 years:

Hazelnut 0.3% (0.1-0.6)

Walnut 0.1% (0.0-0.3)

History and SPT point prevalence at 6-9years:
Hazelnut 0.1% (0.0-0.3)

Walnut 0.1% (0.0-0.3)

SR point prevalence at mean age 22years:
Almond 0.2% (0.1-0.9)

Brazil nut 2.7% (1.8-4.1)

Hazelnut 6.6% (5.2-8.5)

Walnut 0.5% (0.2-1.2)

Point prevalence

at age 17-78years:

Hazelnut: - SR: 8.9% (7.1-10.6); - sIgE positivity:

13.3% (11.2-15.4); - Symptoms + sIgE positivity:

Chestnut: - SR: 0.5% (0.1-0.9)

Almond: - SR 3.7% (2.5-4.8); - sIgE positivity: 3.0%
(1.9-4.0); - Symptoms +slgE positivity: 0.8%
(0.2-1.3)

Brazil nuts: - SR 4.2% (3.0-5.4); - slgE positivity:

0.9% (0.3-1.5); - Symptoms + sIgE positivity: 0.4%
(0.0-0.8)

SPT point prevalence at 0-7 years:
Almond 0.5% (0.2-0.9)

Brazil nut 0.5% (0.3-0.9)

Cashew nut 0.4% (0.2-0.8)

Hazel nut 0.1% (0.0-0.4)

Pecan nut 0.2% (0.1-0.4)

Walnut 0.5% (0.3-0.9)

SR lifetime prevalence in adults 5.3%
SPT point prevalence in adults (hazelnut) 11.3%

Comments

Not considered in meta-analysis. Only data on
concomitant sesame plus hazelnut allergy were
available

Not considered in meta-analysis.
Number of included studies unclear.

Overall
risk of bias
assessment

Moderate

Moderate

Moderate

Moderate

Strong

Moderate

Moderate
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SPOLIDORO ET AL.

TABLE 1 (Continued)

Study population N (children/adults;

source of study population)

Outcome studied and assessment method

Number Age of Outcome(s) Method of outcome
Reference, country Study design  approached Number participated  subjects studied assessment
Soost et al. and Zuberbier et al., Cross- 13,300 All: 4093 0-79years Hazelnut, walnut  Self-reported,
Roehr et al,, Germany“z'44 sectional Age 0-17years: 739 old SPT +history,
study Age 18-79years: DBPCFC
3227
Sterner et al., Sweden®® Cohort study 2568 1888 13-14years Hazelnut Component-resolved
old diagnostic
Strinnholm et al.; Winberg et al, Cohort study 2612 2585 7-12years Almond Self -reported
Sweden*¢# old
Venter al 2008; Dean Cohort study 1063 827 1-11years Hazelnut, cashew History or OFC
et al.; Venter et al., United old nut
Kingdom“s'51
von Hertzen et al. Finland and Cross- Finland: 546 Finland: 413 children, = 7-16years Hazelnut SPT
Russia®? sectional child- 409 mothers children
study mother
pairs
Westerlaken-van Ginkel et al. The ~ Cohort study 167,729 78,890 Adults Almond, Self-reported
Netherlands®® cashew nut,
pistachio,
walnut,
hazelnut

Note: (a) Fedorova et al 2014 was extracted from conference abstracts. Clausen et al. data were extracted from a university thesis. (b) Data recorded
were reported as “studies”; therefore, one row may combine data extracted from more than one paper reporting on the same study.

Abbreviations: Cl, confidence interval; DBPCFC, double blind placebo-controlled food challenge; OFC, oral food challenge; sIgE, specific

immunoglobulin E; SPT, skin prick test; SR, self-reported.

or DBPCFC) and/or clinical history of FA (i.e., FA confirmed by judg-
ment of a physician, based on convincing clinical history, without
food challenge).

Meta-analysis was considered meaningful for all outcomes with

three or more records available.

2.3 | Data extraction, analysis, and synthesis

Data extraction was carried out by the same pairs of reviewers who
participated in the study screening and selection process. Any disa-
greement was resolved by consensus or by consulting the project PI.
All newly extracted data were recorded in a customized data extrac-
tion form. In case of unclear data, a request for clarification was sent

to the corresponding author of the study. When possible, we recal-
culated the prevalence and/or incidence of TNA based on the avail-
able data using minimally measured events, rather than extrapolated
ones. The Wilson score without continuity correction was employed
to obtain the 95% confidence intervals (95% CI).% The extracted data
were then combined with the ones already obtained in the 2014 re-
view. All European countries defined according to the Unite Nations
definition (see Appendix 1) were included in the systematic review.
However, meta-analysis was performed only on countries included
in the Organization for Economic Cooperation and Development
(OECD), Russia, and Lithuania, as was done in the 2014 EAACI re-
view."? Random effects meta-analysis was performed to derive
pooled prevalence estimates for TNA using the Stata 16 software
(StataCorp LLC, College Station). We assessed heterogeneity using
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SPOLIDORO ET AL.

Main results of the frequency of FA (FA) Percentage
(95% Cl)

Occurrence
measure(s)

Point and lifetime
prevalence

History and SPT point prevalence:
Hazelnut

0-17years 2.0% (1.2-3.3)

Children and adults 23.0% (20.2-26.0)
Walnut 0-17 years 0.7% (0.3-1.6)
Children and adults 7.1% (5.5-9.1)
DBPCFC point prevalence of Hazelnut:
0-14years 0.7% (0.3-1.7)

15-17years 4.3% (2.0-9.0)

All children 1.4% (0.7-2.5)

Point prevalence Only data on component-resolved diagnostic were

available.

Point prevalence SR point prevalence at age 7-8years: Almonds 2.0%

(1.5-2.6)

Point, lifetime and History or OFC point prevalence
period prevalence, At 1year:
cumulative Cashew nut 0.0% (0.0-0.4)
incidence Hazelnut 0.0% (0.0-0.4)
At 2years:
Cashew nut 0.0% (0.0-0.4)
Hazelnut 0.0% (0.0-0.4)
At 3years:
Cashew nut 0.1% (0.0-0.6)
Hazelnut 0.1% (0.0-0.6)

Point prevalence SPT point prevalence in Finland

Children (7-16years): 6.3% (4.0-9.8)
Mothers 11.3% (8.1-15.6)

Point prevalence SR point prevalence at mean age 47.5years:

Almond 1.0% (0.9-1.1)
Cashew 0.7% (0.6-0.8)
Pistachio 0.5% (0.4-0.5)
Walnut: 1.8 (1.7-1.9)
Hazelnut: 2.1 (2.0-2.2)

thel? statistic. All studies which provided adequate and clinically
and methodologically comparable numerical data were included in
the meta-analysis. Meta-analysis was also performed stratifying by
age groups (children [0-17 years] and adults [>18years]) and by Eu-
ropean regions (Northern, Eastern, Southern, and Western Europe)
following the classification by the United Nations (see Appendix 1).
As an exception, United Kingdom, was assigned to Western instead
of Northern Europe, as was done in the 2014 EAACI review.?

2.4 | Risk of bias assessment

The risk of bias assessment for individual studies was appraised with
an adapted version of the Critical Appraisal Skills Programme (CASP;

Overall
risk of bias
Comments assessment
Moderate
Not considered in meta-analysis. Moderate
Hazelnut was investigated only by component-resolved
diagnostic test and not with traditional tests
Moderate
Data on history of allergy or OFC positivity were not Moderate
considered for meta-analysis as there were not
sufficient records from other studies to allow data
synthesis
Moderate
Moderate

http://www.casp-uk.net) quality assessment tool, as employed in
the 2014 review. Assessment was performed by the same pairs of
reviewers who performed the literature screening and data extrac-
tion. Discrepancies were resolved by consensus or after consulta-

tion with the project PI.

3 | RESULTS

The study selection and screening process are summarized in the
PRISMA flow chart (Figure 1). We identified 38,903 new records
published between 2012 and 2021. After de-duplication, and upon
completing the screening process, we included 17 new studies
published during 2012-2021, which were added to the 15 studies
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Lifetime prevalence of self-reported specific tree nut allergies in Europe, 2000-2021

Lifetime prevalence of self-reported hazelnut by European region, 2000-2021

%
Study Year Country Prevalence (95% Cl) Weight
Hazelnut
Caffarelli 2011 Italy & 0.30(0.10,1.20)  9.09
Dereci 2016 Turkey * 0.23 (0.16, 0.32) 13.28
Grabenhenrich 2020 Iceland - 0.95(0.50, 1.80)  8.06
Grabenhenrich 2020 United Kingdom -~ 0.88 (0.34, 2.24) 5.54
Grabenhenrich 2020 The Netherlands - 1.07 (0.52,2.20) 6.36
Grabenhenrich 2020 Germany —-— 1.90 (1.22, 2.95) 6.16
Grabenhenrich 2020 Poland —+— 354(248,5.04) 375
Grabenhenrich 2020 Lithuania - 1.26 (0.72, 2.20) 7.20
Grabenhenrich 2020 Spain - 1.16 (0.59,2.28) 6.32
Grabenhenrich 2020 Greece - 0.18 (0.03,1.00)  9.79
Le 2015 The Netherlands [0 0.60 (0.40, 0.89) 12.25
Orhan 2009 Turkey * 0.30 (0.10, 0.60) 12.21
Subtotal (I-squared = 83.2%, p = 0.000) 0 0.79 (0.50,1.08)  100.00
Walnut
Le 2015 The Netherlands * 0.62(0.42,0.92) 47.74
Orhan 2009 Turkey * 0.10(0.05,0.30) 52.26
Subtotal (I-squared = 92.5%, p = 0.000) 0 0.35(-0.16, 0.86)  100.00
NOTE: Weights are from random effects analysis

T
0 5.04

Lifetime prevalence of self-reported hazelnut by age groups, 2000-2021

%

Study Year Country Prevalence (95% Cl) Weight

1
0-17 years |
Caffarelli 2011 Italy - 0.30(0.10, 1.20)  9.09
Grabenhenrich 2020 Iceland - 0.95 (0.50, 1.80) 8.06
Grabenhenrich 2020 United Kingdom >~ 0.88 (0.34,2.24) 554
Grabenhenrich 2020 The Netherlands -~ 1.07 (0.52,2.20) 6.36
Grabenhenrich 2020 Germany | 1.90 (1.22,2.95) 6.16
Grabenhenrich 2020 Poland : —+— 354 (2.48,5.04) 375
Grabenhenrich 2020 Lithuania I#- 1.26 (0.72,2.20) 7.20
Grabenhenrich 2020 Spain = 1.16 (0.59,2.28) 6.32
Grabenhenrich 2020 Greece I01 0.18 (0.03, 1.00) 9.79
Orhan 2009 Turkey * 0.30 (0.10,0.60) 12.21
Subtotal (I-squared = 80.4%, p = 0.000) ()] 1.01(0.56, 1.46)  74.47

|
18+ years !
Dereci 2016 Turkey .’. 0.23(0.16,0.32) 13.28
Le 2015 The Netherlands M 0.60 (0.40,0.89) 12.25
Subtotal (I-squared = 87.4%, p = 0.005) ) 0.40 (0.04,0.76)  25.53
o |
Overall (I-squared = 83.2%, p = 0.000) [ 0.79 (0.50, 1.08)  100.00

|
NOTE: Weights are from random effects analysis |

I
0 5.04

%

Study Pub_year Country Prevalence (95% Cl)Weight

T
Southern Europe | |
Caffarelli 2011 Italy - 0.30 (0.10, 1.20) 9.09
Dereci 2016 Turkey . 0.23 (0.16, 0.32) 13.28
Grabenhenrich 2020 Spain | | ol 1.16 (0.59, 2.28) 6.32
Grabenhenrich 2020 Greece 0-1 0.18 (0.03, 1.00) 9.79
Orhan 2009 Turkey * 0.30 (0.10, 0.60) 12.21
Subtotal (I-squared = 18.9%, p = 0.294) b 0.27 (0.13, 0.40) 50.68
o I
Northern Europe |
Grabenhenrich 2020 Iceland - 0.95 (0.50, 1.80) 8.06
Grabenhenrich 2020 Lithuania - 1.26 (0.72,2.20) 7.20
Subtotal (I-squared = 0.0%, p = 0.537) p 1.09 (0.60, 1.57) 15.26
\ |
Western Europe .
Grabenhenrich 2020 United Kingdom - 0.88 (0.34, 2.24) 5.54
Grabenhenrich 2020 The Netherlands -~ 1.07 (0.52, 2.20) 6.36
Grabenhenrich 2020 Germany | 1.90 (1.22, 2.95) 6.16
Le 2015 The Netherlands * 0.60 (0.40, 0.89) 12.25
Subtotal (I-squared = 66.0%, p = 0.032) O 1.04 (0.45, 1.62) 30.31
. |
Eastern Europe 1
Grabenhenrich 2020 Poland | —%— 3.54(248,5.04) 375
Subtotal (I-squared =.%, p =.) | <> 3.54(2.26,4.82) 3.75
Overall (I-squared = 83.2%, p = 0.000) ¢ 0.79 (0.50, 1.08) 100.00
NOTE: Weights are from random effects analysis 1

T

o

5.04

FIGURE 2 Lifetime prevalence of self-reported specific tree nut allergy (hazelnut and walnut) and lifetime prevalence of hazelnut allergy

stratified by age and by European region.

already available from the EAACI 2014 review, giving a total of
32 studies included in the current systematic review, and meta-
analysis.®>2 Table 1 presents a summary of the studies involved,
including the main characteristics and results of each study. Data
recorded were reported as “studies”; therefore, one row may com-
bine data extracted from more than one paper reporting from the
same study. Nineteen out of the 32 included studies were cross-
sectional studies,”1%1%2%:24.27-29.32-38.42-44.52 1 5 \yere cohort studie

s 16-18,20-22,25,26,30,31,39,40,45-51,53
’

and one study was a nested case-
control study.*! Only estimates of point and lifetime prevalence
were available across the studies. Most studies were graded at a
moderate risk of bias. Figure S1 summarizes the grading of the main
CASP quality assessment features for all studies.

The pooled lifetime and point prevalence estimates for spe-

cific TNA according to the different outcomes investigated (i.e.,

self-reported TNA, FC positive TNA) are presented in Figures 2-9.
Overall, the heterogeneity between pooled studies was significant
(I? 280 in each case). The meta-analysis-derived estimates for TNA/

sensitization prevalence are synthesized below.

3.1 | Hazelnut allergy

Hazelnut allergy or sensitization was investigated in 29

9-29,31,32,34-44,48-53 of \which 20 were included in meta-

studies
analysis. The overall lifetime and point prevalence of self-reported
hazelnut allergy were 0.8% (95% CI 0.5-1.1) and 4.0% (Cl 2.9-5.2),
respectively (Figures 2 and 3). Lifetime prevalence of self-reported
physician-diagnosed hazelnut allergy was 0.8% (Cl 0.4-1.2) (Figure 4).

Point prevalence of sensitization to hazelnut was 8.1% (4.6-11.6) for
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SPOLIDORO ET AL.

Point prevalence of self-reported specific treenut allergies in Europe, 2000-2021

%
Study Year  Country Prevalence (95% Cl)\Weight
Almond
Markiund 2004 Sweden - 410(320,530)  17.48
Osterballe 2000 Denmark ¢ 020(010,090)  21.87
Rentzos 2019 Sweden »> 370(250,480)  16.70
Strinnhoim 2014 Sweden R 197(150,258) 2113
Westeriaken-van Ginkel 2020 The Netherlands ) 099(092,108) 2282
Sublotal (\-squared = 95.2%, p = 0.000) (3 202(1.11,293)  100.00
Hazelnut
Mustafayev 2013 Turkey - 150(1.23,181) 3079
Osterballe 2009 Denmark @ 660(520,850) 1939
Rentzos 2019 Sweden & 890(7.10,1060) 18.50
Wesleriaken-van Ginkel 2020 The Netherlands - 207(197,217) 3131
Subtotal (I-squared = 97.1%, p = 0.000) <o 4.04(2:86,5.21)  100.00
Walnut
Mustafayev 2013 Tuikey - 121(098,149) 2857
Osterballe 2009 Denmark 050(020,120)  26.03
Rentzos 2019 Sweden # 490340590 1594
Westeriaken-van Ginkel 2020 The Netherlands * 182(173,191)  29.46
Subtotal (1-squared = 95.6%, p = 0.000) o 179(1.06.253) 10000
Pistachio nut
Mustafayov 2013 Turkey - 080(062,1.04) 4437
Westeriaken-van Ginkel 2020 The Netherlands - 049(0.45,055) 55,63
Sublotal (1-squared = 87.4%, p = 0.005) ' 063(0.33,093)  100.00
Brazil nut
Osterballe 2009 Denmark - 270(1.80,4.10) 5068

nizos 2019 Sweden -* 420(300,540)  49.32
Sublotal (1-squared = 68.0%, p = 0.077) £2S 344(197,491)  100.00
Cashew nuts
Westeriaken-van Ginkel 2020 The Netherlands - 070(065,077) 100,00
Sublotal (-squared =.%,p =) || 070(064,076)  100.00
Chestnut
Rentzos 2019 Sweden - 050(0.10,090)  100.00
Subtotal (\-squared = %, p =) 050(0.10,090)  100.00
NOTE: Weights are from random effects analysis

T T
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Point prevalence of self-reported walnut by age groups, 2000-2021

Point prevalence of self-reported hazelnut by age groups, 2000-2021

%

Study Year Country Prevalence (95% Cl) Weight
0-17 years :
Mustafayev 2013 Turkey .| 150 (1.23,1.81)  30.79
|
Subtotal (I-squared =.%, p=.) o | 1.50 (1.21, 1.79) 30.79
|
|
18+ years |
|
Osterballe (2009) 2009 Denmark | —— 6.60(5.20, 8.50) 19.39
Rentzos 2019 Sweden : =+ 8.90(7.10,10.60)  18.50
Westerlaken-van Ginkel 2020 The Netherlands . 2.07 (1.97, 2.17) SISl
(

Overall (I-squared = 97.1%, p = 0.000) 4.04 (2.86, 5.21) 100.00

NOTE: Weights are from random effects analysis

Subtotal (I-squared = 97.7%, p = 0.000) <:> 580 (1.20,10.39)  69.21
]
I
I
1

0 10.6

Point prevalence of self-reported almond by age groups, 2000-2021

%

NOTE: Weights are from random effects analysis

Study Year Country Prevalence (95% ClWeight
0-17 years :
Mustafayev 2013 Turkey el 1.21(0.98,1.49) 2857
|
Subtotal (I-squared =.%, p=.) OI 1.21(0.96, 1.47) 28.57
I
|
18+ years 1
I
Osterballe (2009) 2009 Denmark * | 0.50 (0.20, 1.20)  26.03
Rentzos 2019 Sweden : —%— 4.90(3.40,5.90) 1594
Westerlaken-van Ginkel 2020 The Netherlands 3 1.82(1.73,1.91) 29.46
Subtotal (I-squared = 96.0%, p = 0.000) <> 223(0.83,363) 7143
|
Overall (I-squared = 95.6%, p = 0.000) é 1.79(1.06,2.53)  100.00
I
I
I

%

Study Year Country Prevalence (95% CI) Weight
I
0-17 years |
Marklund 2004 Sweden : —+— 4.10(3.20,5.30) 17.48
Strinnholm 2014 Sweden > 1.97 (1.50, 2.58)  21.13
Subtotal (I-squared = 92.0%, p = 0.000) O 2.99(0.90,5.07) 3861
. 1
1
18+ years |
Osterballe (2009) 2009 Denmark e | 0.20 (0.10,0.90)  21.87

|
Rentzos 2019 Sweden | —+— 3.70(2.50,4.80) 16.70
I

Westerlaken-van Ginkel 2020 The Netherlands . 0.99 (0.92, 1.06) 22.82

[
Subtotal (-squared = 94.5%, p = 0.000) (92 1.39(0.40,237) 61.39

Overall (l-squared = 95.2%, p = 0.000)

NOTE: Weights are from random effects analysis

1
|
<P 2.02(1.11,2.93)  100.00
|
1

0 59

T
[ 53

FIGURE 3 Point prevalence of self-reported specific tree nut allergy (almond, hazelnut, walnut, pistachio, Brazil nut, and cashew nut) and
point prevalence of hazelnut, walnut, and almond allergy stratified by age.

sIgE positivity (Figure 5), 2.2% (1.5-2.9) for SPT positivity (Figure 6),
1.0% (0.5-1.4) for sIgE positivity plus symptoms (Figures 7 and 8),
and 0.04% (0.0-0.1) for FC positivity (Figure 9). Point prevalence of
hazelnut allergy or sensitization was higher in adults than in chil-
dren for most outcomes investigated, while lifetime prevalence of
self-reported hazelnut allergy was higher in children. Estimates on
lifetime prevalence of self-reported physician-diagnosed hazelnut
allergy, and on point prevalence of SPT sensitization to hazelnut
were only available in children (Figures 2-9). No consistent pattern
was seen in prevalence of hazelnut allergy or sensitization across
European regions (Figures 2-9).

3.2 | Walnutallergy

Walnut allergy or sensitization was investigated in 12 studie

10-14,24-26,29,32,35-2739-4042-44,53 £ \which 11 were included in meta-

s
analysis. The overall lifetime and point prevalence of self-reported
walnut allergy were 0.3% (0.2-0.9) and 1.8% (1.1-2.5), respectively
(Figures 2 and 3), although for lifetime prevalence only two stud-
ies were available. Point prevalence of sensitization to walnut was

4.1% (2.2-5.9) for slgE positivity (Figure 5), 2.7% (0.3-5.6) for SPT

positivity (Figure 6),0.1% (0.0-0.2) for sIgE positivity plus symptoms
(Figures 7 and 8), and 0.02% (0.0-0.1) for FC positivity (Figure 9). The
point prevalence of self-reported walnut allergy was higher in adults
than in children (Figure 3). Point prevalence of sIgE sensitization plus
symptoms was 0.1% both in children and in adults (Figure 8). For all
the other outcomes investigated differentiation by age group was
not possible. Differentiation by European region was only possible
for point prevalence of sIgE and of sIgE plus symptoms, but no con-

sistent pattern was seen across European regions (Figures 5 and 8).

3.3 | Almond allergy

Almond allergy or sensitization was investigated in nine stud-

jes,16:27,30.33,37-40464753 ¢ \yhich seven were included in meta-

ies
analysis. The overall point prevalence of self-reported almond allergy
was 2.0% (1.1-2.9) (Figures 3). Point prevalence of sIgE positivity to
almond was 3.6% (2.6-4.6) (Figure 5), based on only two studies,
while for both SPT positivity and IgE positivity plus symptoms only
one study was available (Figures 6 and 7). No studies were available
for the other outcomes investigated. The point prevalence of self-

reported almond allergy was higher in children than in adults (3.0%
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SPOLIDORO ET AL.

Lifetime prevalence of self-reported physician-diagnosed hazelnut allergy in Europe

%
Study Year Country Age group Prevalence (95% CI) Weight
Hazelnut
Grabenhenrich 2020 Iceland 0-17 years L = 0.63 (0.29, 1.38) 14.65
Grabenhenrich 2020 United Kingdom 0-17 years --— 0.66 (0.22, 1.92) 10.12
Grabenhenrich 2020 The Netherlands 0-17 years | 0.46 (0.16, 1.34) 13.90
Grabenhenrich 2020 Germany 0-17 years —--— 0.80 (0.41, 1.57) 14.07
Grabenhenrich 2020 Poland 0-17 years —— 2.69(1.78, 4.03) 7.25
Grabenhenrich 2020 Lithuania 0-17 years - 0.84 (0.43, 1.65) 13.58
Grabenhenrich 2020 Spain 0-17 years - 1.02 (0.49, 2.09) 10.76
Grabenhenrich 2020 Greece 0-17 years >~ 0.18 (0.03, 1.00) 15.67
Overall (I-squared = 61.2%, p =0.012) <> 0.78 (0.41, 1.16) 100.00
NOTE: Weights are from random effects analysis
|
0 4.03

FIGURE 4 Lifetime prevalence of self-reported physician diagnosed hazelnut allergy.

vs. 2.0%) (Figure 3). However, there were no age-stratified estimates

for the other outcomes, nor by European region.

3.4 | Cashew nut allergy

Cashew nut allergy or sensitization was investigated in five studie

S17,2‘5,26,39,40,48—51,53

of which four were included in meta-analysis.
Point prevalence of self-reported and FC positivity to cashew nut al-
lergy were reported by only one study (Figures 3 and 9). The overall
point prevalence for SPT positive cashew nut allergy was 0.8% (0.0-
1.7), based on only two studies (Figure 6). For all the other outcomes,
no estimates were available. There were no age-stratified estimates,

nor were there estimates by European region.

3.5 | Brazil nutallergy

Brazil nut allergy or sensitization was investigated in four

Studies20—22,37—41

of which three were included in meta-analysis.
The overall point prevalence of self-reported Brazil nut allergy was

3.4% (2.0-4.9), based on two studies (Figure 3). For sIgE positivity,

SPT positivity and sIgE positivity plus symptoms only one study was
available (Figures 5-7). There were no age-stratified estimates, nor

were there estimates by European region.

3.6 | Pistachio allergy

Pistachio allergy or sensitization was investigated in three
studies.??~3>%% All three studies were included in meta-analysis. The
overall point prevalence of self-reported pistachio allergy was 0.6%
(0.3-0.9) based on only two studies (Figure 3). For slIgE positivity
and SPT positivity only one study was available (Figures 5 and 6),
while no estimates were available for all the outcomes investigated.
There were no age-stratified estimates, nor were there estimates by

European region.
3.7 | Chestnut, pecan nut, pine nut, and macadamia
nut allergy

The data on pecan nut, chestnut, pine nut, and macadamia nut allergy or
sensitization were scarce. The only study available on chestnut reported
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SPOLIDORO ET AL.

Point prevalence of IgE sensitization to specific tree nut allergies in Europe, 2000-2021

Study Year Country Age group Precalence (95% Cl) Weight
Hazelnut
Haftenberger 2013 Germany 18+ years @ 15.70 (14.60, 16.80) 10.03
Kaya 2013 Turkey 0-17 years “ 0.01(0.01,0.06) 10.13
Lyons 2020 Switzerland 0-17 years * 14.35(12.89, 15.81)9.95
Lyons 2020 Spain 0-17 years 863 (7.12,10.15) 9.94
Lyons 2020 Iceland 0-17 years. ® 1.87 (1.31,2.43)  10.11
Lyons 2020 Poland 0-17 years . 7.56 (6.40, 8.73) 10.02
Lyons 2020 The Netherlands0-17 years - 9.52(8.28, 10.76) 10.00
Lyons 2020 Greece -17 years . 3.63 (2.76,4.51) 10.07
Lyons 2020 Lithuania 0-17 years - 6.82(5.00,7.74)  9.98
Rentzos 2019 Sweden 18+ years < 13.30(11.20, 15.40)9.77
Subtotal (I-squared = 99.6%, p = 0.000) <>  811(462,1159) 100.00
Almond
Haftenberger 2013 Germany 18+ years * 4.00 (3.50,4.60)  60.41
Rentzos 2019 Sweden 18+ years * 3.00(1.90,4.00)  39.59
Subtotal (I-squared = 63.4%, p = 0.098) (] 3.60 (2.65,4.56)  100.00
Pistachio
Kaya 2013 Turkey 0-17 years 4 0.01(0.01,0.06)  100.00
Subtotal (I-squared =.%, p =) 0.01(0.02,0.04)  100.00
Walnut
Kaya 2013 Turkey 0-17 years - 0.03 (0.01,0.09)  12.88
Lyons 2020 Switzerland 0-17 years * 9.52(8.30, 10.74) 12.18
Lyons 2020 Spain 0-17 years - 7.45(6.04,8.87) 11.96
Lyons 2020 Iceland 0-17 years * 1.37(0.89,1.85)  12.76
Lyons 2020 Poland 0-17 years. * 3.58 (2.76,4.40)  12.55
Lyons 2020 The Netherlands0-17 years * 3.55(2.77,4.33)  12.58
Lyons 2020 Greece 0-17 years . 5.33(4.28,6.38) 12.35
Lyons 2020 Lithuania 0-17 years * 2.28(1.73,2.82) 12.73
Subtotal (I-squared = 99.0%, p = 0.000) < 4.07 (2.24,5.91)  100.00
Brazil nut
Rentzos 2019 Sweden 18+ years * 0.90 (0.30, 1.50)  100.00
Subtotal (I-squared =.%, p =.) 0.90 (0.30, 1.50)  100.00
NOTE: Weights are from random effects analysis

I I
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Point prevalence of IgE sensitization to walnut by age groups, 2000-2021

Point prevalence of IgE sensitization to hazelnut by European region, 2000-2021

%

Study Year Country Age group Prevalence (95% Cl) Weight
Western Europe !
Haftenberge2013 Germany 18+ years | # 1570 (14.60, 16.80)10.03
Lyons 2020 Switzerland ~ 0-17 years | * 14.35(12.89, 15.81)9.95
Lyons 2020 The Netherland3-17 years [ 9.52 (8.28, 10.76) 10.00
Subtotal (I-squared = 96.4%, p = 0.000) 1<> 13.19(9.35, 17.03) 29.99
. |
Southern Europe |
Kaya 2013 Turkey 0-17 years | 0.01(0.01,0.06) 10.13
Lyons 2020 Spain 0-17 years * 8.63(7.12,10.15) 9.94
Lyons 2020 Greece 0-17 years . | 3.63(2.76,4.51)  10.07
Subtotal (I-squared = 98.9%, p = 0.000) <>I 4.03 (-0.25,8.31) 30.14
Northern Europe !
Lyons 2020  Iceland 0-17 years . | 1.87 (1.31,2.43)  10.11
Lyons 2020 Lithuania 0-17 years L 6.82(5.00,7.74)  9.98
Rentzos 2019 Sweden 18+ years | # 13.30(11.20, 15.40)9.77
Subtotal (I-squared = 98.5%, p = 0.000) <> 7.26(1.28,13.24) 29.85
. |
Eastern Europe |
Lyons 2020 Poland 0-17 years - 7.56 (6.40,8.73)  10.02
Subtotal (I-squared =.%, p =.) (} 7.56 (6.39,8.72)  10.02
Overall (I-squared = 99.6%, p = 0.000) <> 8.11(4.62,11.59) 100.00
NOTE: Weights are from random effects analysis 1

1

Point prevalence of IgE sensitization to hazelnut by European region, 2000-2021

%

Study Year Country Age group Prevalence (95% Cl) Weight
T

Southern Europe |

Kaya 2013 Turkey 0-17 years ¥ 0.03 (0.01,0.09) 12.88

Lyons 2020 Spain 0-17 years g 7.45(6.04,8.87) 11.96

Lyons 2020 Greece 0-17 years - 5.33(4.28,6.38) 12.35

Subtotal (I-squared =99.0%, p = 0.000) 4.24 (-0.68,9.16) 37.19

: |

Western Europe |

Lyons 2020 Switzerland 0-17 years | #* 052(8.30,10.74) 12.18

Lyons 2020 The Netherlands0-17 years 3.55(2.77,4.33) 12.58

Subtotal (I-squared = 98.5%, p = 0.000) 6.52 (0.67, 12.37) 24.76
Northern Europe

Lyons 2020 Iceland 0-17 years
Lyons 2020 Lithuania 0-17 years
Subtotal (l-squared = 83.4%, p = 0.014)

1.37 (0.89,1.85) 12.76
2.28(1.73,2.82) 1273
1.82(0.92,2.71) 2550

Eastern Europe

e e 0,0

Lyons 2020 Poland 0-17 years 3.58 (2.76,4.40) 12.55

Subtotal (I-squared =.%, p=.) 3.58 (2.76,4.40) 12.55

Overall (I-squared = 99.0%, p = 0.000) ? 4.07 (2.24,5.91)  100.00
!

%

Study Year Country Prevalence (95% Cl) Weight
18+ years :

Haftenberger 2013 Germany | + 15.70 (14.60, 16.80) 10.03
Rentzos 2019 Sweden | 13.30(11.20, 15.40) 9.77
Subtotal (I-squared = 74.6%, p = 0.047) | <> 14.67 (12.35, 17.00) 19.80
. |

0-17 years !

Kaya 2013 Turkey ! 0.01 (0.01, 0.06) 10.13
Lyons 2020 Switzerland : + 14.35(12.89, 15.81) 9.95
Lyons 2020 Spain Lo 8.63 (7.12,10.15)  9.94
Lyons 2020 Iceland LI 1.87 (1.31, 2.43) 10.11
Lyons 2020 Poland - 7.56 (6.40, 8.73) 10.02
Lyons 2020 The Netherlands & 9.52 (8.28, 10.76) 10.00
Lyons 2020 Greece ! 3.63 (2.76, 4.51) 10.07
Lyons 2020 Lithuania 6.82 (5.00, 7.74) 9.98
Subtotal (I-squared = 99.4%, p = 0.000) 6.51 (3.45, 9.57) 80.20

Overall (I-squared = 99.6%, p = 0.000) 8.11(4.62,11.59)  100.00

Loy o

NOTE: Weights are from random effects analys|

[

NOTE: Weights are from random effects analysi?
0 12.4

0

N
J

FIGURE 5 Point prevalence of sIgE positive specific tree nut sensitization (hazelnut, almond, pistachio, and walnut), point prevalence
of sIgE positive hazelnut sensitization stratified by age and by European region, and point prevalence walnut sensitization stratified by

European region.

on self-reported allergy (Figure 3).38 The only study available on pecan
nut reported on SPT sensitization (Figure 6).3%%0 The only study avail-
able for pine nut reported on DBPCFC positivity (Figure 9).252¢ No
study was available for macadamia nut. Therefore, it was not possible to

perform meta-analysis for any of the outcomes of interest.

4 | DISCUSSION
4.1 | Statement of principal findings

This systematic review and meta-analysis, for the first time, provides
estimates on the prevalence of specific TNA and sensitization in
Europe, including hazelnut, walnut, almond, Brazil nut, cashew nut,
pistachio, pecan nut. Although we investigated all tree nut allergies,

no data were available for macadamia nut allergy. Most of the stud-
ies were rated as a “moderate” risk of bias and reported estimates on
children, while fewer studies were conducted on adults. Hazelnut was
the most investigated TNA/sensitization, followed by walnut, almond,
Brazil nut, cashew nut, chestnut, pecan nut, and pine nut. For lifetime
prevalence of self-reported specific TNA, estimates were only avail-
able for hazelnut and walnut, and pooled prevalence was higher for
hazelnut (0.8%) than walnut (0.3%). The overall pooled point preva-
lence of self-reported specific TNA was highest for hazelnut (4.0%)
and lowest for pistachio (0.6%). For IgE sensitization, the highest
prevalence was for hazelnut (8.1%), and lowest for pistachio nut sen-
sitization (0.01%), although the estimate for pistachio was based on
only one study. For SPT sensitization, the highest prevalence was for
walnut (2.7%) and lowest pistachio nut sensitization (0.01%), although
the estimate for pistachio was based on only one study.
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ﬂWl LEY-Allergy

SPOLIDORO ET AL.

Point prevalence of skin prick test sensitization to specific tree nuts in Europe, 2000-2021

%

Study Year Country Age group Prevalence (95% Cl) Weight
Hazelnut
De Jong 2019 The Netherlands 0-17 years * 4.10 (3.53, 4.75) 17.51
Dereci 2016 Turkey 0-17 years . 0.10 (0.06, 0.16) 20.12
Grabenhenrich 2020 Europe 0-17 years | - 5.20 (4.36, 6.22) 14.94
Mustafayev 2013 Turkey 0-17 years . 0.40 (0.27, 0.59) 19.93
Roberts 2005 United Kingdom 0-17 years * 0.10 (0.05, 0.40) 19.89
von Hertzen 2006 Finland and Russia 0-17 years - 6.30 (4.00, 9.80) 4.59
von Hertzen 2006 Finland and Russia 18+ years —— 11.30 (8.10, 15.60) 3.02
Subtotal (l-squared = 98.2%, p = 0.000) 0 2.25 (1.54, 2.95) 100.00
Cashew nuts
De Jong 2019 The Netherlands 0-17 years * 1.30 (1.00, 1.70) 49.48
Roberts 2005 United Kingdom 0-17 years * 0.40 (0.20, 0.80) 50.52
Subtotal (l-squared = 93.2%, p = 0.000) 0 0.85 (0.04, 1.73) 100.00
Pistachio nut
Kaya 2013 Turkey 0-17 years * 0.01 (0.01, 0.06) 100.00
Subtotal (l-squared =.%, p=.) 0.01 (0.02, 0.04) 100.00
Walnut
Kaya 2013 Turkey 0-17 years *> 3.00 (2.11, 4.25) 32.52
Mustafayev 2013 Turkey 0-17 years * 4.50 (4.01, 5.05) 33.62
Roberts 2005 United Kingdom 0-17 years * 0.50 (0.30, 0.90) 33.86
Subtotal (l-squared = 98.9%, p = 0.000) > 2.66 (0.29, 5.60) 100.00
Brazil nut
Roberts 2005 United Kingdom 0-17 years * 0.50 (0.30, 0.90) 40.24
Roberts 2005 United Kingdom 0-17 years * 0.20 (0.10, 0.40) 59.76
Subtotal (l-squared = 67.5%, p = 0.080) r 0.32 (0.03, 0.61) 100.00
Almond
Roberts 2005 United Kingdom 0-17 years * 0.50 (0.20, 0.90) 100.00
Subtotal (l-squared =.%, p =".) ] 0.50 (0.15, 0.85) 100.00
NOTE: Weights are from random effects analysis

[ [

0 15.6

FIGURE 6 Point prevalence of SPT positive specific tree nut sensitization (hazelnut, cashew nut, pistachio, walnut, Brazil nut, and

almond).

The pooled point prevalence of specific IgE sensitization plus
symptoms to specific tree nuts was highest for hazelnut allergy
(1.0%), followed by almond (0.8%) Brazil nut (0.4%), and walnut
(0.1%). Almond and Brazil nut were reported by only one study, with
prevalence of 0.8% and 0.4%, respectively. Finally, FC-confirmed
specific TNA meta-analysis estimates were only available for hazel-
nut (0.04%) and walnut (0.02%). The highest reported FC-confirmed
point prevalence was 0.1% for cashew nut, but only one study was
available and meta-analysis could not be performed. There were
some inconsistencies across the results obtained. For example, for
hazelnut and walnut, point prevalence self-reported allergy was

higher than lifetime prevalence, which seems illogical. However, the

estimates for lifetime and point prevalence were not pooled from
the same studies, which may explain the discrepancy. Additionally,
the number or records available for the analysis was three times
higher for lifetime prevalence of self-reported hazelnut allergy than
for self-reported point prevalence hazelnut allergy. For walnut al-
lergy, the available studies on lifetime prevalence self-reported al-
lergy were only two, limiting our ability to perform a meta-analysis.
The number of records available for point prevalence self-reported
meta-analysis was twice the records available for lifetime preva-
lence. For most types of TNAs investigated, it was not possible to
derive estimates stratified by age or by European region due to lack
of data.
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SPOLIDORO ET AL.

Point prevalence of IgE sensitization plus symptoms to specific treenut allergies in Europe

%

Study Year Country Prevalence (95% Cl) Weight
Walnut
Lyons (2019) 2019 Switzerland - 0.58 (0.11, 1.45) 2.28
Lyons (2019) 2019 Spain <— 0.71 (0.14, 1.88) 1.35
Lyons (2019) 2019 Iceland 0.05 (0.01, 0.48) 18.52
Lyons (2019) 2019 Poland o 0.15 (0.05, 0.80) 7.27
Lyons (2019) 2019 The Netherlands * 0.10 (0.05, 0.51) 19.34
Lyons (2019) 2019 Greece IO— 0.29 (0.02, 1.61) 1.62
Lyons (2020) 2020 Switzerland > 0.27 (0.05, 1.29) 2.66
Lyons (2020) 2020 Spain lO— 0.53 (0.02, 1.85) 1.22
Lyons (2020) 2020 Iceland L 2 0.05 (0.01, 0.35) 35.40
Lyons (2020) 2020 Poland > 0.48 (0.05, 1.43) 2.15
Lyons (2020) 2020 The Netherlands H— 0.53 (0.06, 1.55) 1.84
Lyons (2020) 2020 Greece H— 0.56 (0.05, 2.51) 0.68
Lyons (2020) 2020 Lithuania > 0.05 (0.01, 0.86) 5.66
Subtotal (l-squared =0.0%, p = 0.737) ' 0.13 (0.02, 0.23) 100.00
Hazelnut
Lyons (2019) 2019 Switzerland —— 2.57 (1.47, 4.02) 5.72
Lyons (2019) 2019 Spain ->— 0.76 (0.16, 1.96) 7.30
Lyons (2019) 2019 Iceland L 0.10 (0.05, 0.60) 9.72
Lyons (2019) 2019 Poland - 1.33 (0.49, 2.66) 6.49
Lyons (2019) 2019 The Netherlands - 0.93 (0.36, 1.81) 8.08
Lyons (2019) 2019 Greece L o 0.19 (0.06, 0.99) 9.14
Lyons (2020) 2020 Switzerland I-Q— 0.81(0.10, 2.27) 6.49
Lyons (2020) 2020 Spain > 0.53 (0.02, 1.85) 7.23
Lyons (2020) 2020 Iceland <+ 0.07 (0.03, 0.63) 9.65
Lyons (2020) 2020 Poland \-0— 0.78 (0.16, 1.92) 7.39
Lyons (2020) 2020 The Netherlands - 0.74 (0.14, 1.89) 7.41
Lyons (2020) 2020 Greece > 0.28 (0.07, 1.89) 7.26
Lyons (2020) 2020 Lithuania —_—— 2.15(0.41, 5.26) 2.69
Rentzos 2019 Sweden —— 5.30 (4.00, 6.70) 5.44
Subtotal (l-squared = 84.0%, p = 0.000) O 0.97 (0.50, 1.43) 100.00
Almond
Rentzos 2019 Sweden - 0.80 (0.20, 1.30) 100.00
Subtotal (l-squared =.%,p=".) <> 0.80 (0.25, 1.35) 100.00
: I
Brazil nut
Rentzos 2019 Sweden < 0.40 (0.05, 0.80) 100.00
Subtotal (l-squared =.%,p=".) O 0.40 (0.03, 0.78) 100.00
NOTE: Weights are from random effects analysis

| |

0 6.7

FIGURE 7 Point prevalence of sIgE positive specific tree nut (walnut, hazelnut, almond, and Brazil nut) sensitization plus symptoms.

4.2 | Strengths and limitations of the current a comprehensive search of the literature in major electronic data-
update bases, and a systematic approach at every step of the review. Com-

pared to the 2014 review, we added two more databases to the ones
We followed a rigorous methodology in implementing this system- already considered in 2014 and included more keywords in the da-

atic review, including a priori developed and registered protocol; tabase search. Through this, we minimized the risk of missing any
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SPOLIDORO ET AL.

il—Wl LEY-

Point prevalence of IgE sensitization plus symptoms to hazelnut by European region

%

Study Year Country Prevalence (95% Cl)Weight

Western Europe

Lyons (2019) 2019 Switzerland - 2.57 (1.47,4.02) 5.72

Lyons (2019) 2019 The Netherlands > 0.93(0.36, 1.81) 8.08

Lyons (2020) 2020 Switzerland -~ 0.81(0.10, 2.27) 6.49

Lyons (2020) 2020 The Netherlands - 0.74 (0.14, 1.89) 7.41

Subtotal (I-squared =51.8%, p =0.101) Q 1.15(0.46, 1.85) 27.70
Southern Europe ;

Lyons (2019) 2019 Spain - 0.76 (0.16, 1.96) 7.30

Lyons (2019) 2019 Greece - 0.19 (0.06, 0.99) 9.14

Lyons (2020) 2020 Spain - 0.53 (0.02, 1.85) 7.23

Lyons (2020) 2020 Greece -— 0.28 (0.07,1.89) 7.26

Subtotal (l-squared = 0.0%, p = 0.701) 0.34(0.01,0.69) 30.93

— =

Northern Europe

Lyons (2019) 2019 Iceland * 0.10 (0.05, 0.60) 9.72
Lyons (2020) 2020 Iceland *> 0.07 (0.03, 0.63) 9.65
Lyons (2020) 2020 Lithuania +— 2.15(0.41,5.26) 2.69
Rentzos 2019 Sweden | =+ 530(4.00,6.70) 5.44
Subtotal (I-squared = 94.9%, p = 0.000) Q 1.55(0.38,2.72) 27.49
Eastern Europe '
Lyons (2019) 2019 Poland -~ 1.33 (0.49, 2.66) 6.49
Lyons (2020) 2020 Poland -~ 0.78 (0.16, 1.92) 7.39
Subtotal (I-squared = 0.0%, p = 0.440) 10 1.00 (0.31, 1.68) 13.88
Overall (I-squared = 84.0%, p = 0.000) ¢ 0.97 (0.50, 1.43) 100.00
NOTE: Weights are from random effects analysis |
|
0 6.7

Point prevalence of IgE sensitization plus symptoms to hazelnut by age groups

Point prevalence of IgE sensitization plus symptoms to walnut by European region

%

Study Year Country Prevalence (95% Cl) Weight

Western Europe

Lyons (2019) 2019 Switzerland . 0.58 (0.11, 1.45) 2.28
Lyons (2019) 2019 The Netherlands - 0.10 (0.05, 0.51) 19.34
Lyons (2020) 2020 Switzerland >~— 0.27 (0.05, 1.29) 2.66
Lyons (2020) 2020 The Netherlands le—  0.53(0.06,1.55) 1.84
Subtotal (I-squared = 0.0%, p = 0.431) 0.19 (0.01, 0.39) 26.12
. I

Southern Europe 1

Lyons (2019) 2019 Spain — 0.71(0.14,1.88) 1.35
Lyons (2019) 2019 Greece — 0.29 (0.02, 1.61) 1.62
Lyons (2020) 2020 Spain : 0.53 (0.02, 1.85) 1.22
Lyons (2020) 2020 Greece 0.56 (0.05,2.51) 0.68

Subtotal (I-squared = 0.0%, p = 0.918) 0.50 (0.05,0.96) 4.87

Northern Europe

Lyons (2019) 2019 Iceland 0.05(0.01,0.48) 18.52
Lyons (2020) 2020 Iceland 0.05(0.01, 0.35) 35.40
Lyons (2020) 2020 Lithuania 0.05(0.01,0.86) 5.66

Subtotal (I-squared = 0.0%, p = 1.000) 0.05 (0.08, 0.18) 59.59
Eastern Europe

Lyons (2019) 2019 Poland
Lyons (2020) 2020 Poland
Subtotal (I-squared = 0.0%, p = 0.410)

0.15(0.05, 0.80) 7.27
0.48 (0.05, 1.43) 2.15
0.23(0.10, 0.55) 9.42

Overall (I-squared = 0.0%, p = 0.737)
NOTE: Weights are from random effects analysis

0.13 (0.02, 0.23) 100.00

I
2.51

S ToFt 1

Point prevalence of IgE sensitization plus symptoms to walnut by age groups

%

Study Year Country Prevalence (95% Cl) Weight
18+ years :

Lyons (2019) 2019 Switzerland |~ 257 (1.47,4.02) 572
Lyons (2019) 2019 Spain -~ 0.76 (0.16, 1.96)  7.30
Lyons (2019) 2019 Iceland . 0.10 (0.05, 0.60) 9.72
Lyons (2019) 2019 Poland -~ 1.33 (0.49, 2.66) 6.49
Lyons (2019) 2019 The Netherlands - 0.93(0.36, 1.81) 8.08
Lyons (2019) 2019 Greece *- 0.19 (0.06, 0.99) 9.14
Rentzos 2019 Sweden | =+ 5.30(4.00,6.70) 5.44
Subtotal (I-squared = 91.7%, p = 0.000) O 1.44 (0.55,2.32) 51.88
o I

0-17 years 1

Lyons (2020) 2020 Switzerland — 0.81(0.10,2.27) 6.49
Lyons (2020) 2020 Spain - 0.53(0.02,1.85) 7.23
Lyons (2020) 2020 Iceland . 0.07 (0.03,0.63) 9.65
Lyons (2020) 2020 Poland = 0.78 (0.16, 1.92)  7.39
Lyons (2020) 2020 The Netherlands -~ 0.74 (0.14,1.89)  7.41
Lyons (2020) 2020 Greece 0.28 (0.07,1.89) 7.26
Lyons (2020) 2020 Lithuania 2.15(0.41,5.26) 2.69

Subtotal (I-squared = 21.8%, p = 0.263) 0.41(0.08,0.75) 48.12

Overall (I-squared = 84.0%, p = 0.000) 0.97 (0.50, 1.43)  100.00

NOTE: Weights are from random effects analysis

%

Study Year Country Prevalence (95% CI) Weight
U
18+ years |
Lyons (2019) 2019 Switzerland — 0.58 (0.11,1.45)  2.28
Lyons (2019) 2019 Spain e 0.71(0.14,1.88) 1.35
Lyons (2019) 2019 Iceland >~ 0.05(0.01,0.48) 18.52
Lyons (2019) 2019 Poland -— 0.15(0.05,0.80)  7.27
Lyons (2019) 2019 The Netherlands >~ 0.10 (0.05,0.51)  19.34
Lyons (2019) 2019 Greece 0.29 (0.02, 1.61) 1.62
Subtotal (I-squared = 0.0%, p = 0.533) ! 0.13(0.01,0.28)  50.39
0-17 years :
Lyons (2020) 2020 Switzerland — 0.27 (0.05,1.29)  2.66
Lyons (2020) 2020 Spain 0.53(0.02,1.85) 1.22
Lyons (2020) 2020 Iceland 0.05(0.01,0.35)  35.40
Lyons (2020) 2020 Poland 0.48 (0.05,1.43)  2.15
Lyons (2020) 2020 The Netherlands 0.53(0.06, 1.55)  1.84
Lyons (2020) 2020 Greece 0.56 (0.05,2.51)  0.68
Lyons (2020) 2020 Lithuania 0.05 (0.01,0.86)  5.66

Subtotal (-squared = 0.0%, p = 0.616) 0.12(0.03,0.26)  49.61

Overall (I-squared = 0.0%, p = 0.737) 0.13(0.02,0.23)  100.00

Rauiid

NOTE: Weights are from random effects analysis
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FIGURE 8 Point prevalence of sIgE positive specific tree nut (walnut and hazelnut) sensitization plus symptoms by age and by European

region.

relevant studies published after the publication of the 2014 review.
The inclusion of additional databases and keywords also consid-
ered developments that have been made since the publication of
the previous EAACI systematic review. All methods of assessment
of FA or frequency occurrence measures were included. Moreover,
there was no language restriction in the database searches. To our
knowledge, this is the first systematic review presenting prevalence
estimates of specific TNA or sensitization in Europe, which offers a
comprehensive and updated insight into the burden of specific TNA
and sensitization in Europe.

The current work is however limited by the lack of data for
some of the investigated outcomes, especially for the less com-
monly consumed tree nuts, such as chestnut, pecan nut, pine nut,
and macadamia nut. In addition, most of the included studies did
not distinguish between IgE and non-IgE allergy, which did not

allow us to differentiate specific TNA outcomes by IgE-mediated
or non-IgE-mediated phenotypes. It is also important to note that
IgE-mediated allergy to tree nuts includes different syndrome such
as storage protein syndrome, lipid transfer protein syndrome, and
pollen-food syndrome (also known as oral allergy syndrome), each
with distinct clinical presentations and severity. Our manuscript
however presents the entirety of manifestation, not only primary
FA. In the meta-analyses, there was high heterogeneity between
the studies included, an indication of potential methodological dif-
ferences between the studies (e.g., different definition of specific
TNA/sensitization). A better harmonization of the methodological
aspects of studies and on FA definition may produce more com-
parable estimates in future studies. On the other hand, the high
heterogeneity may also reflect clear variations in the prevalence
of specific TNA/sensitization across Europe. The fact that most of
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Point prevalence of food challenge positivity to specific tree nuts in Europe, 2000-2021

Point prevalence of food challenge positivity to hazelnut by age groups, 2000-2021

%

Study Year Country Prevalence (95% Cl)  Weight
0-17 years t

Dereci 2016 Turkey . 0.05 (0.01, 0.10) 18.14
Erhard 2021 Germany r— 0.38 (0.07, 2.14) 0.13
Grabenhenrich 2020 Europe -— 0.30 (0.10, 0.70) 1.41
Kaya 2013 Turkey . 0.02(0.01,007) 2138
Mustafayev 2013 Turkey * 0.02 (0.01, 0.10) 18.14
Orhan 2009 Turkey * 0.01(0.01, 0.10) 18.14
Roehr 2004 Germany ——— 1.40(0.70, 2.50) 0.17

Subtotal (I-squared = 58.4%, p = 0.025) 0.03 (0.01, 0.07) 77.51

18+ years

Gelincik 2008 Turkey . 0.01(0.01, 0.10) 18.14
Le 2015 The Netherlandss - 0.23 (0.12, 0.44) 4.34
Subtotal (I-squared = 85.1%, p = 0.009) N 0.11 (0.1, 0.32) 22.49

Overall (I-squared = 62.2%, p = 0.007) 0.04 (0.00,0.07)  100.00

NOTE: Weights are from random effects analysis

%

Study Year Country Age group Prevalence (95% Cl) Weight
Hazelnut |
Dereci 2016 Turkey 0-17 years . 0.05(0.01,0.10)  18.14
Erhard 2021 Germany 0-17 years |[+—— 038(007,214) 013
Gelincik 2008 Turkey 18+ years . 0.01(0.01,0.10)  18.14
Grabenhenrich 2020 Europe 0-17 years |-0— 0.30(0.10, 0.70) 1.41
Kaya 2013 Turkey 0-17 years . 0.02(0.01,0.07) 21.38
Le 2015 The Netherlandss 18+ years G 0.23(0.12,0.44) 4.34
Mustafayev 2013 Turkey 0-17 years . 0.02 (0.01,0.10)  18.14
Orhan 2009 Turkey 0-17 years * 0.01(0.01, 0.10) 18.14
Roehr 2004 Germany 0-17 years ——— 1.40(0.70,2.50) 0.17
Subtotal (I-squared = 62.2%, p = 0.007) } 0.04 (0.00,0.07)  100.00
Cashew nut
Grabenhenrich 2020 Europe 0-17 years - 0.10 (0.03, 0.35) 100.00
Subtotal (I-squared =.%, p =.) T) 0.10 (0.06, 0.26) 100.00
Walnut
Gelincik 2008 Turkey 18+ years . 0.01(0.00, 0.10) 36.72
Grabenhenrich 2020 Europe 0-17 years - 0.05(0.01,027) 4.90
Kaya 2013 Turkey 0-17 years +— 0.04 (0.02,0.80) 0.54
Mustafayev 2013 Turkey 0-17 years . 0.05(0.02,0.16)  16.91
Orhan 2009 Turkey 0-17 years * 0.01(0.01, 0.10) 40.92
Subtotal (I-squared = 0.0%, p = 0.866) r 0.02 (0.01,0.05)  100.00
Pine nut
Grabenhenrich 2020 Europe 0-17 years - 0.10 (0.03, 0.35) 100.00
Subtotal (I-squared =.%, p =.) 0.10 (0.086, 0.26) 100.00
NOTE: Weights are from random effects analysis f

T T

0 25

FIGURE 9 Point prevalence of FC positive specific tree nut allergy (hazelnut, cashew nut, and walnut), and point prevalence of FC

positive hazelnut allergy stratified by age.

the studies included in the analysis were graded as at moderate
risk of bias by the CASP quality assessment tool further uphold
that the methodological quality of studies still warrants improve-

ment and possibly standardization in Europe.

4.3 | Comparison of findings to previous studies
Only a few systematic reviews have investigated the epidemiol-
ogy of TNA. The study by Van der Valk et al. (2015) synthesized
evidence on the global prevalence of cashew nut allergy, but only
a few studies were available.”® The only available prevalence esti-
mate for Europe reported by the authors was limited to the findings
of one study, which reported 0.08% prevalence for SPT positivity
to cashew nut in a population of UK children aged 0-4years.”*
Zuidmeer et al. published a systematic review on the worldwide
distribution of TNA. Available prevalence ranges for specific tree
nuts were: 0%-4.1% for self-reported almond allergy; 0.1%-4.5%,
0.1%-1.4%, 0.07%-0.6%, 0.04%-0.4%, and 0.1%-0.5% for SPT
sensitization to hazelnut, walnut, almond, cashew nut, and Bra-
zil nut, respectively; and 0.7%-4.3% for OFC positive hazelnut.
Notably, all the prevalence ranges available were based only on
studies performed in Europe.>® Finally, McWilliam et al. published
a systematic review on the worldwide prevalence of TNA, but the
authors reported estimates on individual TNA only as “percentage
of tree nut allergics reporting reactions to the individual tree nuts”
and identified hazelnut as the most common TNA in Europe, which
is line with what we observed in the current review.>®

To our knowledge, the current review is the first to provide prev-
alence estimates of allergy to specific tree nuts. This limits the pos-

sibility to compare the current review with the above-cited previous

systematic reviews. However, all the studies agree on the overall
lack of available data on TNA. The paucity of data on specific tree
nuts may partly be explained by the fact that in many studies, TNA
is commonly reported as “nut” allergy, which may include allergy to
both tree nuts and peanut.56 In addition, even in the instances where
TNA is specifically investigated, individual tree nuts are rarely ex-
plored. Commonly, studies report the prevalence of individual TNA
in terms of ratio of allergic subjects within a test-population of food
allergic individuals.®’

4.4 | Interpretation and implication of findings

The results obtained from this review should be carefully inter-
preted. Indeed, the majority of the studies were at “moderate” risk
of bias, which limits our opportunity to provide an unequivocal
and firm conclusion of the study findings. It is not clear whether
the observed higher prevalence of hazelnut allergy, compared to
other types of TNA, is real or because hazelnut was by far the
most investigated type of tree nut. For some of the outcomes in-
vestigated, only one or two estimates were available for several of
the tree nuts, less than the estimates available for hazelnut. This
limited the possibility of performing meaningful meta-analyses for
all types of tree nuts. More definitive and reliable results on the
prevalence of TNA may be derived in the future by standardizing
specific TNA definitions, as well as by employing similar meth-
odologies across studies in investigating TNA. Nevertheless, the
current study has provided the most comprehensive and up-to-
date survey of the prevalence of specific TNAs in Europe and high-
lighted the research gaps on this topic, which should be taken into

account in designing future studies.
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5 | CONCLUSIONS

Of the specific tree nut allergies analyzed, hazelnut allergy/sensiti-
zation was the most common in Europe, while chestnut, pecan nut,
and pine nut allergy/sensitization were the least common. Overall,
there is still a paucity of data for most tree nut allergies to allow
assessment of a comprehensive and definitive picture of the preva-
lence in Europe. The paucity of data also hindered comparison by
age and region in the burden of TNA in Europe. More studies are
required on this topic, and given the observed methodological het-
erogeneity of included studies, implementing more standardized ap-
proaches to definition and assessment of TNA across Europe will

further advance the field.
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