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Case #1 Safety of Oral Food Challenge Materials

View the slide alternates to see more color options!

Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud
exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure
dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur. 
Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit
anim id est laborum.v
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HEAT STABILITY OF Bos d 11 
(CASEIN)
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Allergens in 
Baked Milk Muffins

Baked muffins:
• Retain 70% of IgE binding to uncooked muffin 

mix 
• Inhibit IgE binding to uncooked muffin by 80%



Learning Early About Peanut Allergy:  
(LEAP - trial of prevention of peanut allergy) 



Case #2. Doses of peanut allergen in Bamba 
administered during the LEAP study

Bamba
US/UK 
samples

ErdnußLocken
Germany

Hindley et al, JACI 2018; 141:780-82
Cumulative weekly doses of ~330 mg peanut allergens (Ara h 1, Ara 
h 2 and Ara h 6) are associated with prevention of peanut allergy.

 Bamba is a well 
formulated peanut 
product, with each 
of the three major 
allergens present 
in uniform 
amounts.



Food allergen specific mAb beads in a 
suspension multiplex array

MARIA for Foods 

• Multiplex array built on Luminex xMAP technology

• 6.5μm polystyrene beads with internal fluorescent dyes

• Bead surface functionalized with carboxyl groups for 
covalent coupling

• Beads coupled to capture mAb, incubate with allergen 
samples

• Detect allergen using biotinylated mAb and 
streptavidin-conjugated fluorophore

• Filep at al, Food Chemistry 2022
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ANTIBODIES, BEAD SETS, 
ALLERGEN STANDARDS

MARIA for Foods
Standardized Reagents

Target allergens were chosen for 
assay development based on:

• Clinical relevance
• Relative abundance
• Purity
• The US Big-9 and EU 14 

allergens
Filep et al, Food Chem 2022



In the U.S., Europe and Japan

MARIA for Foods Includes All Regulated Food Allergens
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1. Milk:  Bos d 5, Bos d 11 
2. Eggs:  Gal d 1, Gal d 2
3. Fish:   Cyp c 1 
4. Crustacea: Tropomyosin
5. Tree nuts:  Ana o 3, Cor a 9, Jug r 1
6. Peanuts:    Ara h 1, Ara h 3, Ara h 6
7. Wheat:      Tri a 19  
8. Soybean:   Gly m 5
9. Sesame: Ses i 1

*Food Allergen Labeling and Consumer Protection Act, 2004; 
Food Safety and Modernization Act, 2010.

10. Celery: Api g 1
11. Mustard: Sin a 1 

EU 1169/2011; 
Off J Eur Union L304, 18-63.



PROMOTED TO CONSUMERS FOR ‘PREVENTION’ OF FOOD ALLERGY

Case #3. Early Introduction Foods
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SAMPLES AND PROTOCOL 

EIF Study 
Overview
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Protocol:
 EIF from 9 manufacturers and 4 controls were 

compared

 Between 1-8 samples of 32 EIF were analyzed 
for 17 allergens by MARIA for Foods. 

 Ara h 2 was measured by ELISA 2.0
 In total, 86 samples were tested for a dataset 

of n=1548 

 Filep S, Chapman MD JACIP 2022



KEY FINDINGS

Doses of Food Allergens in Early 
Intervention Products
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• Peanut puffs – 3 of 4 products had ‘consistent’ allergen profiles
• Peanut powders – 4 of 7 products had ‘consistent’ allergen profiles
• Up to 100-fold differences between allergen levels in different products
• Up to 100-fold variability in levels between multi-allergen products
• Cross-contamination – e.g. trace amounts of milk and egg allergens in 

peanut products
• Inconsistent allergen profiles in products from 3 companies



FOOD PUFFS

Major Peanut 
Allergen Levels
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 Ara h 1  
 Ara h 2 

Ara h 3 
 Ara h 6 

15kD

50kD
75kD



POWDER PRODUCTS

Allergen concentration
by day in selected EIF
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Filep and Chapman JACIP 2022



Multi-blend EIF and 
Fruit Sauces 

Variability in 
allergen levels
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CUMULATIVE DOSES OF SPECIFIC ALLERGENS

Early Intervention Foods – Combined Doses

View the slide alternates to see more color options!

Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud
exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure
dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur. 
Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit
anim id est laborum.v
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*Based on the dosing recommendations provided by the manufacturer on the product 
insert or website. NA = Not applicable.





The AAAAI and ACAAI Response (March 2023)

• Concern that labeling all food extracts for skin testing in this manner is unnecessary
• New label statement could also be applied to food-specific serum IgE testing 
• New labeling could be over-interpreted, resulting in:

• over-testing
• over-diagnosis
• reduced quality of care
• increased health care costs

• AAAAI and ACAAI requested further discussion with FDA concerning these statements.



POTENCY OF RECALL AND 
NON-RECALL LOTS

Case #4 Peanut 
Diagnostic Products

Mean Wheal Diameter
Recall: 4mm, SD 3mm
Non-Recall: 14mm, SD 11mm   

Stone, Hemler et al, JACIP 2023
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DOSE RESPONSE CURVES USING RECALL AND NON-RECALL LOTS 

Allergen analysis using hIgE mAb to 
peanut allergens
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Two site mouse IgG mAb ELISA 2.0

Allergen concentration within recall and nonrecalled peanut lots

InBio |  22

• Filep et al, JACI 2018; Stone et al JACIP 2023



RECALL AND NON-RECALL LOTS

SDS-PAGE analysis 
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COMPARISON OF 
ALLERGENIC POTENCY

Current Diagnostic 
Peanut Extracts 

Filep at al Food Chem 2022; Filep & Chapman JACIP 2022



ARA H 2 AND ARA H 6 ELISA

Correlation between murine IgG and hIgE mAb immunoassays
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A MULTI-FACETED APPROACH

Allergen Standardization

Biochemical analyses. 
 Immunoassays for precise measurement of specific allergens:
ELISA, MARIA for Foods – Multiplex array technology for 

simultaneous allergen measurements.
Mass spectrometry for detecting multiple allergens.
Human IgE monoclonal antibodies from allergic patients.  
Customized methods for novel therapeutic products
 Standardization based on measuring allergens - the active 

pharmaceutical ingredients (API).
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9-PLEX ANALYSIS 

Case #5 NIST Food 
Reference Materials 

Allergen Concentration (µg/g):

Ana o 3 Ara h 3 Ara h 6 Bos d 5 Cor a 9 Gal d 1 Gal d 2 Gly m 5
Shrimp 

Tropomyosin
MoniQA - Milk BD BD BD 21,370 BD BD 0.01 BD BD

NIST SRM 1549a - Milk BD BD BD 7,000 BD BD BD BD BD

NIST SRM 8445 - Egg BD BD BD BD BD 11,970 109,700 BD BD

NIST SRM 3234 - Soy BD BD BD BD BD BD BD 45,314 BD

NIST SRM 2387 - Peanut Butter BD 59,250 1,820 BD BD BD BD BD BD

NIST RM 8405 - Hazelnut BD BD BD BD 175,340 0.20 0.01 BD BD

Filep at al, Food Chemistry 2022



Chapman & Briza CAAR 2012
Mindaye et al, Clin Exp Allergy 2017

READY FOR PRIMETIME?

The Utility of Mass 
Spectrometry
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Purity assessment of allergen molecules
Absolute quantification of individual 

allergens
Relative abundance of allergens e.g. in 

therapeutics and foods 
Already being considered by regulatory  

authorities (FDA, PEI)



GOLDEN PEANUT CO, 12% LIGHT ROAST (DEFATTED)

Real time stability testing of peanut flour protein
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RELATIVE ABUNDANCE BY MASS SPECTROMETRY

Allergen composition of food reference materials
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Hazelnut Flour Protein Soy Flour Protein

Wuenschmann et al, AAAAI 2024



Screening of drug substance:
• Relative potency by ELISA
• Protein integrity/content by HPLC
• Aflatoxin
• Color, fat content, moisture
• Bacteria, yeast and mold counts

Up to 60% of peanut source 
material lots (N=34) failed to 
meet acceptance criteria 



PTAH; Palforzia®

Case #6 Potency ranges of peanut drug substance 
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• Retrospective review of allergy clinic patients 
receiving peanut OIT (2009-17).

• 79% of patients achieved maintenance dose 
(2000mg) and 105 patients received 3 or 
more years of maintenance.

• 23% of patients had adverse reactions that 
required treatment with epinephrine (ETR)

• 14% had other adverse reactions (ELORS)
JAIP 2019.
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Captain Crunch
Escalation Day: ¼-2 pieces, 2-16mg @ 20 min int

Build Up Protocol, Bi-weekly updosing with:
Captain Crunch – 16-128mg
PB2 - tsp 15-2000mg

Peanut butter – tsp 18-2300mg

HOME BREW, OFF-LABEL 
PEANUT OIT THERAPY

Captain Crunch 
and the Kool-Aid!

Nuts.com peanut flour 
~10g + 50ml dH2O = 250mg/ml
Six Serial dilutions down to 2.5μg/ml in dH2O
11 doses, 0.1-20mg peanut protein solution dissolved 
in Kool-Aid powder
Updosing:
12 doses peanut fragments or peanuts, up to 
challenge with 24 peanuts (6000mg peanut protein)
2000mg maintenance dose for 3 years



VALIDATION, METHODS DEVELOPMENT, REGULATORY APPROVAL

Future Priorities for Allergen Standardization

 Standardization and harmonization of peanut and other food 
allergen diagnostic products is a high priority. 

 Simplified and improved multiplex immunoassay platforms.
Validated mass spectrometry methods that can be incorporated 

into multi-center ring trials.
Validation of in vitro methods for assessment of biologic potency
 Fast track processes for allergen standards, measurement methods 

and potency assessment to speed regulatory approval.  
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CLOSED!

The Case for Monitoring Allergen Content 
of Food Extracts

 Assessment of the allergen profile, composition and quality of natural and 
processed foods.

 Defining the ‘active pharmaceutical ingredients’ (API) of foods.

 Potency and/or tolerogenicity assessment of oral food challenge 
materials, early introduction foods, and next-gen allergen therapeutics.

 A must for clinical trials.
 Quality control and management of diagnostic and therapeutic products.

 Development of robust food reference materials for standardization and 
harmonisation of food extracts. 
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