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* Food allergies and intolerances

* Development of an LC-MS/MS screening
method for multiple food allergen

+ Application: Food allergen study AAGE21
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Undesired reactions to food

food

Reaction to

Non-immunologic

QA Intoxications
O Toxi-infections

O Food Intolerances

* Lactose
* Fructose

* Gluten
(Non-celiac gluten sensitivity)

* Histamine
(Scombroide or histamine-rich foods)

* Sulfites

(intolerance with unknown mechanism)

Adapted from Maitre et al., Revue médicale Suisse, 2014

Immunologic

Q IgE-mediated Food allergy

(Peanut, nuts, milk, egg,

shellfish, mustard, ...)

Q Non-IgE mediated

Celiac disease

QA IgE and non IgE-mediated

Eosinophilic Esophagitis
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Legal context

Ordinance on food information

+ Ingredients that may cause allergies or other adverse reactions:
Cereals containing gluten, crustaceans, eggs, fish, peanuts,
soya, milk, nuts, celery, mustard, sesame, lupines, molluscs and

sulfites
=2 "14 majors™

+ These ingredients must be clearly mentioned and highlighted in
the ingredient list on pre-packaged products.

+ They must also be mentioned when they unintentionally enter a

foodstuff and their content exceeds or may exceed 1 g/kg for

allergens of interest (mention: may contain ...), except gluten (200

mg/kg) and sulfites (10 mg/kg).

» For bulk products, information on allergenic ingredients must also be

provided, for example orally.
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Three strategies for allergen analysis

ADN
Transcription
and

’
{' \‘ translation

Protein

Enzymatic
digestion

Specific peptide

NHLPILRYLRLSAEKGVLYNNATYTPHWHTNANAL
VYPIRGNARVQVVNENGDPILNDEVREGQLFLIPQ
NHAVITQASNEGFEYISFRTDENGFTNTLAGRTSV
LRALPDEVLQTAFRISRQEARNLKYNRQESRLLSA
TSPPRGRLMSILGY

Gene amplification

Immunoassay (ELISA)

Proteotypic peptide

(PCR) (LC-MS/MS)

Comparaison librairie / exp.

] - m:w | .

: CREN IR ‘ [T

= ° I W
.E |

Cycle number = i =9 o
« Highly sensitive Highly sensitive + Multiplex
« Multiplex Quantitative « Many peptides per

ADN quantity #
allergen quantity
Milk, processed
foods, etc.

No multiplexing
Protein denaturation

allergen

* Not quantitative
* Not very sensitive
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In-house method development

ADN
Transcription

and

Protein

Enzymatic
digestion

Specific peptide

NHLPILRYLRLSAEKGVLYNNAIYTPHWHTNANAL
VYPIRGNARVQVVNENGDPILNDEVREGQLFLIPQ
NHAVITQASNEGFEYISFRTDENGETNTLAGRTSV
LRALPDEVLQTAFRISROEARNLKYNRQESRLLSA
TSPPRGRLMSILGY

Extraction of soluble proteins

Reduction / alkylation of cysteins
Digestion with trypsin (overnight)
Desalting on SPE cartridges

Kinetex C18, 100 x 2.1mm, 2.6um
H20 / AcN with 0.1% Formic acid, 0.25

LC:

ml/min
MS:

Orbitrap Q-Exactive Focus
PRM mode for MS/MS “’"
R = 17500 [FWHM]

Data treatment / identification criteria:

1004
804
60
40
204

Experimental

Comparaison librairie / exp.

HM+H21: Aman ALPDEVIQ  Scors: 100 Rarie 15f1 Id:2

#8103 F-FTUS = p ESI Full ms2 686 8646@hcd25.00 [94.6667-1420.0000]

342201 7484004

€35.3250

441198 7494135 gu7 4773 100! 5460

Library

# FFIMS+

P ESI dFull ms2 686.8653@hcd25.00 [100.0000-1420.0000]
T — s 7484104
& £35.3265
wttos (442 garareg

e S e e ey
200 400 600 200 1000 1200

976.5231

T
1400

T T T T T T
200 400 600 800 1000 1200

T
1400

Precursor ion (A= 5 ppm)

3 fragment ions (A =5 ppm)

RT (A =60s)
Library search match with
syntethic peptide

mz
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Selection of proteotypic peptides

Previously No previous data from litterature,
described or described peptides not observed
proteins/peptides ‘ ' with extraction procedure
wl:“;iscI:::III'lZ:nical l. / Egg, gluten, almond, pecan nut,
phy . \ / mustard, lupine, sesame, molluscs,
proprieties \/ .
fishes

In-house identification of soluble, abundant

proteotypic peptides from databases using
Milk, tree nut, hazelnut, peptide-spectrum match search tools (Andromeda)
pistachio, brazil nut,

cashew, shrimps, cod, soy,

V4 \Y

peanut Basic Local Alignment Spiking various
Search Tool food matrixes
Litterature: «  Ensure specificity in
» Ogura et al., Journal of o ! : real life samples
AOAC, 2019 Protein BLAST \ - Estimate assay
+ Planque et al., Journal of pEiEnRREEn sensitivity at legal
Chromatography A, 2017 Compare potential limit of 1g/kg

Van Vlierberghe et al., Food

proteotypic peptide
sequence with all sequenced

Chemistry 2019 proteins (all species)
) Gavage etal., Food = ensure specificity to
Chemlstry 2020 considered allergen 19/10/2023 - Page 7
Sensitivity

Spike at 1g/kg with allergen food
in various matrices

1 g of Hazelnut per kg food

* Hazelnut = 14% protein
» CorA9is a major storage
protein : 10% of protein

Matrices: breakfast cereals, pop-
corn, spice mixes, baby formula,
milk chocolate, protein powder,

T content
herbal teas, spirulina food
supplements, olive oil, marzipan, 14 mg of Hazelnut Cor A 9
sushi, ... allergen
HE £ :ﬁ 532 l + 59 kDa protein &
lafs|z|e|z|E 1600 Da peptide
R R R R
e petivetmee [ o1 T2 T [ e [ (s [ 380 pg proteotypic peptide
False positives 0 0 0 0 0 0 0
False negati =
asienr;?ti:i:;es 0.22 0.775 o;s o.zs o.Ls 0.196 o.:s 1 * Observed at z= 11 21 3 and 4
Equivalent of a 300 Da
Conclusion: Not a sensitivity problem, molecule (single-charged)
but a complexity and dynamic range . 401&

problem
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Complexity of the matrix

16.66
11.26

2885 Pop Corn

18.16

« Corn

27.68
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- - Ew 1504 supplement
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1 protein = 20 peptides - Efﬁ rz e TBQ 2769 . Soy proteins
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Co-eluting peptides & false negatives

RT = 21.9 min, milk chocolate

RT = 21.9 min, protein food supplement

815.4351 815.9351

‘ “ 816.4378

\
I H ‘ 816.9345
A L
817.0

e

906.4776
1019.5645

328.1139

L ‘
200

§70
427.1828

Relative Abund:

650.3604
1118.6341
1445.7150

400 600 800 1000 1200 1400 1600
m/z

Library match M

815.39966

815.90106

816.40338 817.34302

|
\”‘

814.9047
| | |

100

20
g 80
g 70
€60
g 50
ru 40
£ 30
&2

10

0

815.0

136.0757
354.1447
906.4759
{ 1019.5618
1092.5335
467 2309 l 11635771

H ‘ ‘ I 1276.6418
IHM\\ O T

200 400 600 800 1000 1200 1400 1600
m/z

Library match [X]
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Application on real-life food samples

Analysis of 200 food samples

from official food control
Convenience foods

Sushis

Stuffed pasta

Spice mixes

Chocolate

Bread spread

Allergen screening (LC-MS/MS)
In >95%, declared allergens were
identified

8 cases of undeclared allergen > 1 g/ kg
(quantitative & confirmation analysis by
ELISA)

Trace allergens in the 50 — 100 mg/kg
range routinely identified (Quantification by
ELISA)

No false positive identification

8 /200 Non-compliant

foods

Other nut species
Gluten in spice mixes
Milk in sushis

Milk in dark chocolate
Crustaceans in sauces

-) Recall

Conclusion:

Robust method,
adapted for official food
control

Valid alternative to
individual ELISA/ PCR
assays
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AAGE 21 Study
(Allergies alimentaires a Genéve en 2021)
1 Hopitaux "f gt

Universitaires DE GENEVE
- Genéve (99

Study goal :
Investigate relationship between nature and quantity of food allergen, the
consumed food and the severity of the symptoms

Method :

+ Case investigations after emergency and allergological consultations
regarding suspected food allergies via a questionnaire

+ Collection and analysis of the suspected food, if possible

» Definitive confirmation of food allergy via allergological testing and follow-up
Outcome :

+ Link between allergen quantity in food reaction severity

» Global vision of cases requiring a medical consultation

« Study the circumstances leading to a food allergy reaction

+ Food legislation sufficient regarding food allergies?
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Study design & recruitment

Matching allergy
workup and food
analysis
n=49
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Study design & recruitment

Pl
@

School canteen
n=14

Emergency

oy n=189
Allergology clini

[e?

an

Recruitment
N=147

Allergy workup
Food allergy: n = 65
Crossallergy : n = 12

Irritative reactin: n = 5

No allergy: n = 19
Unknown: n= 46

Quantitative
food allergen
analysis
Food label

Matching allergy
workup and food

analysis
n=49
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Trace allergen labeling

Prepacked foods without
precautionary labeling

mUndeclared allergens identified ®No undeciared allergens

Prepacked foods with
precautionary labeling

= Tracealergen identfied = Wo allergen

Food without
precautionary
labeling

2e e

Food with | 34 em e
precautionary
labeling

5

Trace allergen concentrations

10 15

Allergen concentration [g/kg]

20

For consumers, “traces” is understood as being a very small amount of allergen
This belief can cause relatively tolerant allergic patients to consume sufficient

amounts to trigger a reaction
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Study design & recruitment

/\ School canteen
—> m g4
D
Emergency
department
®

n=189

()
| Recruitment
N =147
Allergology clinic
n=49
Di <

Allergy workup
Food allergy: n = 65
Sonte “;" Cross allergy : n = 12
P Kk Irritative reactin:n = 5
No allergyi n =19

Link between
food and allergic
reaction

« Allergen amount
* Reasons for
adverse reaction

Matching allergy
workup and food
analysis
n=4g

Unknown: n = 46
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Food responsible for allergic reactions

Identified food allergens

All confirmed
allergic reactions to
food with identified
allergen (n = 49)

* 40 pre-packed food
* 6 home-made food
¢ 3 bulk foods

* 46 children

* Probably biased
towards pre-packed
food due to food
collection method

m Nuts Milk Peanuts mWheat mEgg ® Sesame

m Cocotnut m Shellfish mLupine mSoya mPine nut mPea
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Nature & reasons of allergic reactions

7 accidental reactions

to undeclared

ingredients or traces

» Milk and hazelnuts

» 2 undeclared allergens
(vegan chocolate with 2 g/kg
milk, sorbet with 9 g/kg
milk)

» Label not read in 2 cases

» Trace labeling ignored in 3
cases

14 accidental reactions
to declared ingredients
> 8 pre-packed foods

» 5 labels not read

» 4 formally compliant labels,

but considered as "confusing"

» 7 cases of milk and nuts

28 First-time

reactions

» Patients not aware of
food allergy

» Mostly compliant food,
allergen is a major
ingredient

» 60% Milk and peanuts

» 90% are part of the "14
majors"

» Other allergens: pine
nuts, coconut and peas
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Allergen amount versus reaction severity

Medians

Link between severity of the reaction and quantity of allergen
600
EPIPEN - EPIPEN + Stade 1/2 Stade 3/4
500 Median: 27.5g/kg  42.1g/kg 298fke  275g/ke
g Z-score 03 2‘489 - 0.8‘0139
%n 400 P-value 0.7489 0.42373
=
5 300 —[
=
< 200 S
=, -
] .
100 .
0 L
Severity of the reaction
(e/ke)

* Mild reactions: Grade | or Il on the Mueller grading system, (skin or digestive reaction)

» Severe reactions: Grade Ill or IV on the Mueller grading system (dyspnoea, dysarthria,
hoarseness, weakness, confusion, and loss of consciousness, anaphylactic choc)

* The use of Epipen (intramuscular adrenaline) is also an indicator of severity
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Conclusions

s |

e

GLUTEN LUPIN

50 ®

MILK SESAME MOLLUSCS

12 Majors in one shot

o)

A

MUSTARD TREE NUTS EGG FISH SOYBEANS PEANUTS

* Robust, specific, low false negatives

» Large variety of food matrices

* Limits the parallel use of specific ELISA kits
+ Suited for official food control

* Future work: Quantitative aspects with
spiked internal standard protein
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