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Learning objectives

A Explain the concept of component resolved diagnostics and its
role in food allergy diagnoses

A Discuss commonly ordered allergen component panels including
alpha-gal, peanut, tree nuts and others

A Describe the pathophysiology of alpha -gal syndrome and the
Importance of serology testing
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AAlpha-gal syndrome
APeanut allergy
AMilk and Eggs
AWheat
ASesame
ATree nuts

AFuture directions in allergy diagnostics

Private Information



Generation of allergen specific IgE



Inflammation types
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A Skin/Mucosal surfacés viral
Infection?/injury A exposure to allergens
A secretell-25, 11-:33, and TSLRlarming

AReleased cytokines/alarmins activate

Dendritic cells (DCs) and local innate cells:

ACD103+ DAa GIT

ACD11b+ DCs and Langerhans cells in
dermis

AILC2A 1L13 and IL4 (inhibit Treg)

ADCs migrate to SLO:

ADrive differentiation of naive T cell#\
Th2producing IL-4, IL-5, and IL-13

ATh2 cytokinesA expansion of naive
allergen -reactive IgM-producing B cells
A class switching and IgEproduction
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AOn reexposure to allergeng, boundIgE
molecules arerosslinked A
degranulation

2 response phases:

Almmediate release of preformed granule
contents by exocytosis

AHistamine, proteases (like tryptase and
chymase), heparin, and chemokines

ADelayed synthesis and secretion of lipid

mediators, cytokines and chemokines
(hours-days)
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Vasodilation
Increased vascular permeability
Smooth muscle vasoconstriction



Allergy Pathophysiology

Immunoglobulin E Primer

ADiscovered In 1967 as the immunoglobulin B4
responsible for immmediate hypersensitivity reactions **

ATwo heavy (epsilon) chains contain four constant
region domains (C NC M b LU

AHeavily glycosylatedA 18% carbohydrate

A Lowest serum concentration of immunoglobulin in nonatopic persons
(20 ng/mL)

A Does not pass the placenta

A Does not activate the classical complement

A Short halflife A 1-5 days in PBA Approximately 50% ofigEis distributed
In the extravascular spaceA longer half life if bound to MC or Basophils

Chauhan et al., PMID: 33081206
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Tth1l3 cells

A Expres$GATA3n addition toBcL6
A Secretdl-4, 1I-5, and k13

A CirculatingTfh13foundto beincreasedn
peanutandaeroallergerallergypatients
A Loss of Tth13 cells abrogates production of

high-affinity IgE

(A) Unactivated mast cell

Low affinity
IgE-switched B cell

Activated mast cell

(B) High affinity

IgE-switched B cell Jg

(anaphylaxis)

Trends in Pharmacological Sciences
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RESEARCH ARTICLES

Cite as: U. Gowthaman et al., Science
10.1126/science.aaw6433 (2019).

Identification of a T follicular helper cell subset that drives
anaphylactic IgE

Uthaman Gowthaman'?, Jennifer S. Chen"?*, Biyan Zhang"**, William F. Flynn?®, Yisi Lu?, Wenzhi Song?,
Julie Joseph’, Jake A. Gertie'?, Lan Xu"?, Magalie A. Collet®, Jessica D. S. Grassmann?®, Tregony Simoneau®,
David Chiang?, M. Cecilia Berin®, Joseph E. Craft?, Jason S. Weinstein®, Adam Williams>7*},

Stephanie C. Eisenbarth®**}

IDepartment of Laboratory Medicine, Yale University School of Medicine, New Haven, CT 06520, USA. 2Department of Immunobiology, Yale University School of Medicine,
New Haven, CT 06520, USA. *The Jackson Laboratory for Genomic Medicine, Farmington, CT 06030, USA. “The Asthma Center, CT Children's Medical Center, Hartford, CT
06106, USA. *Jaffe Food Allergy Institute and Precision Immunology Institute, Icahn School of Medicine at Mount Sinai, New York, NY 10029, USA. éCenter for Immunity and
Inflammation, Rutgers New Jersey Medical School, Newark, NJ 07101, USA. "The Department of Genetics and Genome Sciences, University of Connecticut Health Center,
Farmington, CT 06032, USA.

*These authors contributed equally to this work.
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Tolerance to food a”ergens & PRDM16+RORt+ tolerizing Antigen
commensals: role of specific APCs HIESEU CEl et

Article

PRDM16-dependent antigen-presenting
cellsinduce tolerance to gut antigens

https://doi.org/101038/541586-025-08982-4  Liuhui Fu'®, Rabi Upadhyay'*®, Maria Pokrovskii"*®, Francis M. Chen',
Gabriela Romero-Meza'*, Adam Griesemer® & Dan R. Littman'**=
Received: 22 July 2024

Accepted: 4 April 2025

The gastrointestinal tractis continuously exposed to foreign antigens in food and
commensal microorganisms with potential to induce adaptiveimmune responses.
Peripherally induced Tregulatory (pT,,) cells are essential for mitigating inflammatory
# Check for updates responses to these agents'™. Although RORyt" antigen-presenting cells (APCs) have
been shown to programme gut microbiota-specific pT,., o

Published online: 14 April 2025

Open access

nature https://doi.org/10.1038/s41586-025-09173-x
Accelerated Article Preview

ells

A coordinated cellular network regulates
tolerancetofood

Received: 9 July 2024 Anna Rudnitsky, Hanna Oh, Maya Margolin, Bareket Dassa, Inbar Shteinberg,
Accepted: 19 May 2025 Liat Stoler-Barak, Ziv Shulman & Ranit Kedmi

Accelerated Article Preview

Published online: 27 May 2025 ThisisaPDFfileof a peer-reviewed paper that has beenaccepted for publication.

Cite this article as: Rudnitsky, A. etal. Although unedited, the content has been subjected to preliminary formartting. Nature
A coordinated cellular network regulates is providing this early version of the typeset paper as a service to our authorsand
tolerance to food. Nature https://doi.org/ readers. The text and figures will undergo copyediting and a proof review before the

101038/341586-025-09173-x (2025) paper is published in its final form. Please note that during the production process

errors may be discovered which could affectthe content, and all legal disclaimers
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Allergy Pathophysiology

Gut Lumen

Ageandroute of exposure (the

dual-allergen exposure hypothesis st

First year of life: Initial exposure

through:

A SkinA Sensitization/ allergy
AOralA tolerance

??

A T~—
<.*~* The (O) Raive

-

\

/Plagma\OTfh

/’Crell\} 3/

Private Information

Tordesillas et al., PMIR8723552




LEAP study

ARCT assessed oral tolerance induction to peanut inigh-risk children
(with severe eczema, egg allergy, or bojlaged betweerd and 11months

AConsuming peanut productsat least 3 times (6 g) a weekvs. completely
avoiding any peanut until 60 months

APeanut consumption in first 11 months of life in patients with positive SPT
A 86% reduction in peanut allergy

i

A Intention-to-Treat Analysis

SPT-Negative Cohort SPT-Positive Cohort Both Cohorts The N E ENGLAND
(N=530) (N=98) (N=628) ]OURNAL of MEDICINE

40 P<0.001 40+ 35 3% P=0.004 40— P<0.001 ESTABLISHED IN 1812 FEBRUARY 20, 201 VOL. 372
- .
E 304 30- 304 Randomized Trial of Peanut Consumption
g in Infants at Risk for Peanut Allergy

George Du Toit, M.B., B.Ch., Graham Roberts, D.M., Peter H. Sayre, M.D., Ph.D., Henry T. Bahnsen, M.P.H.,
H 20 20+ 20+ 17.2% Suzagna Radulgvic, M.D., Alexandra F. Samt;s, M.D., Het\en A Bri)ugh‘ M.B., B.S,, Debgrah Phippard, Ph.D.,
E 13.7% onica Basting, M.A., Mary Feeney, M.Sc., R.D., Victor Turcanu, M.D., Ph.D., Michelle L. Sever, M.S.P.H., Ph.D.,
T; 10.6% Margarita Gomez Lorenzo, M.D., Marshall Plaut, M.D., and Gideon Lack, M.B., B.Ch., for the LEAP Study Team:
:;E_ 104 10+ 104
1.9% 3.2%
’ d " Avoid " Avoid
Avoidance  Consumption Avoidance  Consumption Avoidance  Consumption . .
Group Group Group Group Group Group RCT = randomized control trial
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Eczema& sensitization

A Early onset eczema
(infancy)is a strong risk
factor for Igemediated
food allergy

A Detergents and pollutantg,
reduceFilaggarirexpression

A Surfactants affect tight
junctions

MarquesMejiaset al., PMID:38253125
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Low TEWL

FLG

A. Marques-Mejias et al. / Ann Allergy Asthma Immunol 00 (2024) 1-10

Healthy Atopic

L}:‘gﬁ &: ﬁnvironmental factors
‘ ‘ ‘ ‘/‘ ‘ ‘ High TEWL

§ Genetic mutations

Allergens &7
kept outside é‘é

Allergens penetrate
the skin and interact
with immune cells

(Material reused undeterms of Creative Commons license)


https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Marques-Mejias+A&cauthor_id=38253125
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Marques-Mejias+A&cauthor_id=38253125
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Marques-Mejias+A&cauthor_id=38253125

Eczema& sensitization

A2048 patientsA 55.5% were
atopic

AThe frequency of high risk sIgE
(concentrations with >95% PPVIO MIlk, egg
and/or peanut Is:

AHighest with eczema in the first 3
months of life

A 64% of infants with severe eczema of
onset-age 3 month

Al east if eczema developed >12
months
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doi: 10.1111/.1365-2222 2007 02861 .x Clinical and Experimental Allergy, 38, 161-168

@ 2007 The Authors

0 R I G I N A L PA P E R Journal compilation & 2007 Blackwell Publishing Ltd
Confirmation of the association between high levels of immunoglobulin E

food sensitization and eczema in infancy: an international study

D. J. Hill*, C. S. Hosking ™, F. M. de Benedictis', A. P. Dranjei. T.L Diepgen§. V. Bauchau' and the EPAAC Study Group

*Murdoch Children's Research institute, Royol Children's Huospital, Melbourne, Vic, Austrolio, 'Dr:pmtmr_'rjt of Pediatrics, Salesi Children’s Hospitol, Ancona, [taly,
IDL‘punmt'n! of Dermatology ond Venereology, Erasmus MG, University Medical Centre, Rotterdom, The Netherlonds, §Dr:pm!mr.'r|£ of Sociol Medicine, Occupational
and Environmental Dermatology, Heidelbery, Germony ond 0B, ReD/Globol Health Outcomes Research, Braine-IAlleud, Belgium

Association between high levels of IgE-FS and eczema 165

Onset <3 months Onset 3—5 months
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Fig. 3. The relationship between eczema severity and the frequency of high-risk IgE food sensitization (HR-1gE-FS) to foods according to the age
of onset of eczema is shown. The children with the most severe eczema (Q4), and the carliest age of onset (3 months), had the greatest frequency of
HR-IgE-FS.
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doi: 10.1111/cea. 12406 Clinical & Experimental Allergy, 45, 255-264

Eczema and food allergy

Which infants with eczema are at risk of food allerav? Results from a
population-based cohort Age at diagnosis of eczema & mode of topical treatment

P. E. Martin'**, J. K. Eckert'*, J. J. Koplin™®, A.J. L Fjg 2. The risk of food allergy among infants with eczema, stratified by age at diagnosis of eczema and mode of topical treatment for eczema.

A.-L. Ponsonby', M. Matheson®, D. J. Hill?, K. J. Aller ; / ; 2 :
"Mlurdoch Childrens Research Institute, Royal Children's Hosp: £ 000 @llergy to peanut, egg white or sesame was assessed using oral food challenges. Risk estimates for food allergy and 95% confidence intervals

Melbourne, Vic, Australia, *Centre for Epidemiology and Biost were predicted using a logistic regression model with mode of topical treatment (four categories) and age at diagnosis of eczema (four categories)
Australia, *Child Health Research Unit, Barwon Health, Geelor

i _ modelled as linear variables.
Department of Allergy and Immunology, Royal Children's Ho:

APeanut, egg white or sesame i
< 1y old infants

AHigher FA prevalence with
younger ageand more severe
eczema

AEczema:

70

60 1

Mild 1 Severe
0 eczema 19 ema

|
|

|
JI A

white or sesame

Prevalence (%, 95%CI) of infants allergic to peanut, egg

]
0
. . 0-3 4-6 7-9 10-12 0-3 4-6 79 10-12 0-3 4-6 7-9 10-12 0-3 4-6 7-9 10-12
I n I n a n tS a O O a e rg y months | months | months | months | months | months | months | months | months | months | months | months | months | months | months | months
=5 | n=8) | m=2) | n=3) | =87y | n=63| (n=25 | =24 |(n=257| (n=187)| (n=64)| m=56) | w=71) | (n=60) | m=17) | (n=19)

A O R 6 2 No No topical treatments Moisturizers only Over-the-counter topical corticosteroid]  Prescription-only corticosteroid
. eczema

(n =2795)|

A 11.0 times more Iikely to develop Age at diagnosis of eczema & mode of topical treatment
pean ut al Iergy by 1y Fig. 2. The risk of food allergy among infants with eczema, stratified by age at diagnosis of eczema and mode of topical treatment for eczema.

Food allergy to peanut, egg white or sesame was assessed using oral food challenges. Risk estimates for food allergy and 95% confidence intervals
were predicted using a logistic regression model with mode of topical treatment (four categories) and age at diagnosis of eczema (four categories)

A 5.8 times more likely to develop eq [ v o
allergy by 1y [RDz| WWI Wzt I Ws Rq6 WGz AGRY 6131 ¢
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Allergy Pathophysiology

Allergen Immunotherapy

AS SEASYaArAldATl A2y T AYUSYRSR (2 Ay
required to elicit an allergic reaction

Almmunotherapy can be administered several routes:
AOral A OIT
AEpicutaneous A EPIT
ASublingual A SLIT
ASubcutaneous A SCIT
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Muraro et al. World Allergy Organization Journal (2022) 15:100687 /.) WORLD ALLERGY
http://doi.org/10.1016/j.wacjou.2022.100687 e ORGANIZATION

JOURNAL

Review of 161 food allergy studies (till April 2021) Open Acces:

Managing food allergy: GA?LEN guideline
2022

. . Antonella Muraro, MDa"*, Debra de Silva, PhD®, Susanne Halken, DM DMSc"W,
eCOIIIIIIen a Ion a anCIng Margitta Worm, MD*“, Ekateri aKhIeaMDMS , Stefania Arasi, MD PhD',

Audrey Dunn-Galvi PhD Bright I. Nwaru, PhD Ncol ette W. De JogPhD

benefits, harms, feasibility, and e e e B o W2 e et o A "
pat' € n_t and clinician Who is this guideline for? \_ Developing recommendations )
experiences
Healthcare professionals supporting « Evidence from 161 studies
A O I T ige commen d e d for m children and adults with food allergy * Experts from 18 countries ‘

LISNBEA&AUSYd O29

0 Green = strong recommendation O Orange = less strong recommendation
and peanut allergy

( Recommendations > N

AOIT to children from & years of g “ | Aifood Peamut Han's. Cow's
ag e " } 'A allergies milk

Avoid triggering allergens O Q O @

| Hypoallergic extensively hydrolysed or amino acid-based formula @
S for infants needing breastmilk substitute

Al KAf RNBY 6 A

(i
YA{EI’ 2 NJ KSYQ Avoid partially hydrolyzed 's milk f I li ilks and
void partially hydrolyzed cow's milk formula, mammalian milks and,
tolerance spontaneously at for age <6 months, soy-based formula

preschool age

K
a

v,
@ @

Oral immunotherapy for age 4+ years with severe allergy G

Epicutaneous immunotherapy for age 4+ years with severe allergy O

Q
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AA major limitation of OITA unresponsiveness can be transieAt continued

regular exposure to the food

ADosing: daily doses that incrementally increa2®% to 100%veekly) over
several months

AMaintenance of unresponsiveness requires ongoing ingestion of the allert
food A success rates of OIT vary from 36 to 90%

a) OIT

-

<

44

no treatment %

sustained
unresponsiveness?

>G~>’

screening

dose escalation

maintenance phase

' follow up

Private Information

creativecommons.org/licenses/by/4.0/

PMID:35919493


https://creativecommons.org/licenses/by/4.0/

OIT mechanisms

A Natural oral tolerance involves a complexnterplay between mucosal/barrier cells and
cells resident immune cells

A Central role for allergen/antigen specificperipheral T-regs

A CX3CR1+mononuclear phagocytesand CD103+ DC pick antigens from mucosal surfaces
A migrate to mesenteric LNA TGF did retinoic acid A promote differentiation of
antigen-specific Tregs A migrate to lamina propriaA [IL10 fromCX3CR1+ macrophages

A expansion of Tregs:
a) Suppression of Th2 and Thl cells
b) Suppression of allergen -specific IgEproduction and induction of IgG4

c) Reduction of mast cell and basophil infiltrate in tissues
c) Suppression of mast cells, basophils and eosinophils
A Microbiota contributes to tolerance to food antigens by dampening Th1 through CX3CR1+
mononuclear phagocytes
A Overtime, there is an increase in allergen specific -lgG4 +~decrease in IgE
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U.S. FOOD & DRUG

ADMINISTRATION

FDA approved drugs for allergen immunotherapy

Standardized preparations of allergen extracts

Peanut allergen powder

Timothy grass pollen extract

Extracts of 5 specific grass species (sweet vernal, orchard, perennial rye,
timothy, and Kentucky bluegrass)

Dust mite extracts

Ragweed pollen extract

o o T I I
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Allergy diagnosis €

Molecular Allergology
User’s Guide 2.0

suspected allergy A individual history (clinical symptoms?)
examination (cnnical ﬁndingS?) Published by the European Academy of Allergy and Clinical Immunology
2022
sensitisation test B skin test** IgE test* BAT**
*direct . L.
**indirect demonstration of IgE (SPT) (serology) (basophil activation test)
interpretation : ) . : : :
* dir egt B 1 certam uncertain certain uncertain uncertain certain
**indirect demonstration of IgE l
challenge test with C;
interpretation challenge test
clear final result (+ or -)? (clinical relevance?)
clinical agreement? posifive negative
D therapeutic consequences

(i.e. allergen avoidance, allergen immunotherapy)
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Allergy diagnosis: History

CLINCIAL HISTORY, cornerstone for an accurate diagnosis and a targeted appropriate treatment

A Presentation: Signs and symptoms suggesting allergy
A Timing after potential allergen exposure
A Likelihood of allergy being the main driver of the signs and symptoms
A Consistency A every time the patient is exposed to the allergen?
A Foods eaten regularly (every week) in aggppropriate portions can be excluded
A Seasonality
A Geography
A Does the patient present with symptoms or conditions other than allergic diseases?

A The allergens triggering symptoms

AARDGEqUTl WeddWl NUYUY allGe qRIUqkt W ! G GaqYat WNWqls YI + UWs 6
allergen sources?

A ldentification of possible co -factors or facilitators
A other diseases, infection, drug intake (i.e. NSAID) or physical activity provoke and/or worsen these symptoms

A Assessment of disease severity and prognosis
A Family context : similar symptoms?

Private Information



Allergy diagnosis

Private Information

suspected allergy A
sensitisation test B
*direct

**indirect demonstration of IgE

interpretation B,
*direct
**indirect demonstration of IgE

challenge test with Cs
interpretation

clear final result (+ or -)?
clinical agreement?

individual history (clinical symptoms?)

examination (clinical findings?)

l l

2

EAACI

Molecular Allergology
User’s Guide 2.0

Published by the European Academy of Allergy and Clinical Immunology
2022

(basophil activation test)

uncertain

certain

skin test** — IgE test™ —
(SPT) y (serology) y
certain uncertain certain uncertain
challenge test
(clinical relevance?)
positive negative

Vo

therapeutic consequences
(i.e. allergen avoidance, allergen immunotherapy)




Allergy diagnosis: SPT
Allergy tests

U IgE sensitization can be determined using:
AIN VIVO SKIN PRICK TESTS

NN R\ 3
\@\ b \JA o

\///

Drop of allergen Small skin prick Skin reactio

\,_,__7 IE—
i

After fifteen minutes , the results are
ready to be read using a ruler and
measuring the wheal size diameter

Positive control = histamine A O 3
Negative control = saline =0 mm

Private Information

#X® >

V Inexpensive

1. Peel off the top layer from SPT Tape

2. Place SPT Tape on the volar side of a
forearm and make sure it is sealed along
the edges

3. Firmly press each chamber with finger
to assure that all chambers are activated

4. Remove the central part after 5 mins,
leaving two side strips on the skin.

5. Wait for another 10 mins and measure
the wheal diameters

s : R
| ‘G

1

” 2 W
I a

i i
5 5

%4 ¢ 3

Mg il

V Providesimmediate results A evident to patients in

clinic,

V Testing with freshproduce (fruits and veg)n addition to

allergen extracts
X Clear skin
X Stop antihistaminics




AI Ie rgy d |a.g N OSiS : I g E Radioallergosorbent test (RAST) radioactive label

(measures allergen-specific IgE activity)
Quantification of TOTALAND Spgg‘jr‘;‘cng ﬁk\”"]g‘éma” A
Detection/quantification of ALLERGENSPECIFIC
IGE 6IgE) IN SERUM

o, 1kU=2.4ng [ j_'E ﬂ E lﬁ

7

ImmunoCAP Disk coated Incubate with Radiolabeled
with test test serum anti-human
30- (b) allergen IgE

20—

ug Protein per unit

Phadebas RAST

10

Tube passive Paper disc Cellulose foam
coat activated activated

Solid-phase

Gore, Angela & Evans, Gareth Rilvén, Mats. (2013).Phadia
Laboratory Systems. 10.1016/B978)-08-097037-0.00052-X.
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Immunoassay methodologies

Private Information

Patient's serum IgE

: Anti-IgE

Immulite 2000
(Siemens)

Phosphate ester of
L adamantyl dioxetane

* Light

A Reaction vessel

A Allergosorbentmaterial

A Conjugated ant-human IgE
A Substrate

A Calibrators
Fluorescence Enzyme

Immunoassay (FEIA)

Response (RU)
100000
IMmunoCAP Patient’s serum IgEAnti ”
ThermoFisher .
( ) O Methylumbelliferyl-B-D- _—
galactoside
B-galactosidase
* Fluorescence > e
Patient's serum IgE
Hytec 288 Plus : 100+
Anti-|
(Hycor) nti-IgE
O P-Nitrophenyl phosphate
10~
2.00 10.0 50.0 200 1000 SDDD

% Color

Golkoetxeaet al., PMID:24654308

Concentration (kU/l)



https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Goikoetxea+MJ&cauthor_id=24654308

Allergy diagnosis: IgE
How are total and specifigeassays calibrated?

Response (RU)

ACurrent official WHO standard for total IgE -
(WHO 11/234) |

AAssay Calibrationmaterial are cross-standardized
by manufacturers to the reference standard 10000+
preparation |

A CALIBRATIONhe ﬂrocess of adjusting an instrument or test system to establish a
relationship between the measurement response and the concentration or amount of the
analyte that is being measured by the test procedure.

A Specific IgEcalibration is considered
heterologous (calibrated using total IgE
standar s? . specificity of the measured
(assayed)IlgEis different that the used assay
calibrators |

uctt adlt KOCOHYOGE! ¢cHOGWKHRUI |
all?_r?en (extract) and specifidgEor between the primary -
antl-

1000 4

-[gEantibodies used for the reference curve and total 200 00 so 200 1000 =
IgE Concentration (kU/I)

Kleine-Tebbe et al., PMID: 27069839
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https://pubmed.ncbi.nlm.nih.gov/27069839/

Allergy diagnosis: sigE
Testing formats

ASingleplex allergen tests

AMulti -allergen panels (e.g., inhalants, nuts, molds)
AAge grouped
AGeographical distribution

AWhole allergen extracts vs Component
AWhole allergenA reflex to components
AWhole and components
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SemiquantitativelgE
classes

Most modern clinical trials of
allergen immunotherapy
stipulate that subjects must
have aclass Il ( ie, >0.7 kU/L)
result to the
allergen being studied, In
addition to a positive skin test
to that allergen, to be included
In the study population

or greater

Private Information

Revised Traditional Class Scoring

kU /L Class |Interpretation ASM Class Scoring
| ku/L Class |Interpretation
<0.10 0 | None Detected Equivocal/very
0.10-0.34 0/1 Low||0.22 - 0.31 0/1 | low
0.35- 0.69 1 Low ]| 0.31-0.55 1 Low
0.70-3.49 2 Moderate]| 0.55- 1.4 2 Moderate|
3.50-17.49 3 High|]1.4-3.9 3 High |
17.5-49.9 4 Very High]| 3.9-19 4 Very High
1 50.0-99.9 5 Very High{| 19 - 100 5 Very High
{ >100 6 Very High]| >100 6| Very High
Positive
' [Classes]
0 1 2 3 4 5 6
| Il I I | I
e o s Y
035 0.7 a5 17.5 50 100

Allergen-specific IgE, kU,/L

Jorg Kleine-Tebbe LaboratoriumsMedizin, vol. 40, no. 2, 2016, pp. 8D6.



https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Kleine-Tebbe+J&cauthor_id=27069839
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Kleine-Tebbe+J&cauthor_id=27069839
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Kleine-Tebbe+J&cauthor_id=27069839

The folloyvin%assumpti_ons should be kept in mind when
considering the predictive value of an allerge n specific IgE
antibody results:

1. Onlyestablishes a loose association with clinical disease
2. ThresholdsigElevelsorh I IJH Rt R Ydhéuld A0t e brapdly déneralized

A Threshold depends on the context relating to the patient: demographic, geographical, and
comparator procedures (oral challenge protocol, assay type)

3. Normalization of allergenspecific IgE(considering thespecific IgEtotal IgE
ratio) does not improve a prediction on clinical outcomes

4. No absolute guantitative correlation should be expected by comparing
allergen-specific IgElevels with SPT oother vitro tests

5. A positive allergenspecific IgEt 131 YOG YN! Wl It eGqWRUI RHECE q
results are only clinically relevant in case of corresponding allergic symptoms
A9 ¢ UWHWWHY Ut RT I UT Wet Wht WUt RORAC qRYULWgdt qt kAL

6. Clinical relevance has to be determined by the allqrglﬁt or the responsible _
6UclhdaqdéHC!I DWGI YnJt +t RYUctGlWs 6 YWt UYst Wab 1J
test itself, even if single allergen molecules are used in thanalysis

EDITORIAL - ——

Cashew allergy, 2S albumins, and risk predictions based

on IgE antibody levels
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Component resolved diagnostics (CRD)

Aakamolecular allergy

AUtilizespurified native or recombinant major allergenic proteirte detect
serum specifidgEagainst the individual allergenic molecules

AMore standardizecthan whole extracts used for serology and SPT

AAllows differentiation ofrue (primary) allergen sensitizatiorfrom cross
reactivity (likely mild/no reactions)

ACan be useful for risk stratification (e.qg., eligibility for OFC and
Immunotherapy)
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Allergy diagnosis: specific -IggA CRD

Extracts
(=)
\ /

Beef or MillsigE?

Low quantity Marker/Major allergen
Severe 1ry Cross reactivity VS Genuine 1ry
sensitization sensitization
More single
allergen
component!!
Improved Improved Indicator of Marker allergen
sensitivity specificity Cross reactivity (1ry Sensitization)

Adapted from Jorg Kleine-Tebbe PMID: 27069839
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Allergen TreeView: Major Taxonomic Groups

F+Animalia Arthropoda (Lis

banimaia crorsaa . PRYIUM/ClassA order A Family A Genus/spemesA

E-Animalia Cnidaria (List)
Animalia Mollusca (L prOteInS/ComponentS 10
Animalia Nematoda ( st) 19
T—Bacteria Bacillota (List) 1
D—Fungl Ascomycota (List) 95
TCapnodlales (List) 10
EFEurotiales (List) 55
Aspergﬂius flavus (List) 1
Aspergillus fumigatus (List)

w
o

Aspergilius niger (List)
Aspergillus oryzae (List)
Aspergilius terreus (List)
Aspergﬂlus versicolor (List)
Penicﬂiium brevicompactum (List)
Penicillium chrysogenum (List)
Penicﬂiium citrinum (List)

= AN N s N W

Penicﬂiium crustosum (List)
Penicillium oxalicum (List)

‘-Hypocreales (List) 5

H-Onygenales (List) 4

‘-Pleosporales (List) 18

[ e Iy [ -y |

t+Saccharomycetales (List) 3
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CLINICAL AND
LABORATORY

STANDARDS o
INSTITUTE® 3rd Edition

A Guidelines for manufacturers (e.g., calibration
standardization) and clinical laboratories

A Background information on allergy and role of IgE
testing

A Performance evaluation QC management

A Result reporting

Analytical Performance Characteristics,
Quality Assurance, and Clinical Utility
of Immunological Assays for Human

Immunoglobulin E Antibodies of Defined
Allergen Specificities




Allergy diagnosis: slgE
CLSI Definitions

AAllergens A molecules that elicit allergic reactions in susceptible individuals
A cardinal featuredq the ability to induce the production g antibodies

0 Crude extracts:
o Composed ofnatural animal or plant source materials
0 Each extract contains proteins, carbohydrates, enzymes, and pigments
o Allergens may constitute only a small proportion

o Allergen extract (aka allergens)

o0 Mixture of molecules that have been solubilized from a defined (usually biological) source and
that a portion of which can elicit an immunoglobulin E antibody response in exposed persons

o Allergen molecule

o Individual native (purified) or recombinant allergen that has unique molecular and structural
properties , including a defined molecular weight, isoelectric point, carbohydrate composition,
nucleotide and/or amino acid sequence, and reactivity to a monospecific or monoclonal antibody
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Allergy diagnosis: slgE
Ox Ef W?1IJnRURqRYU!t B

o Allergenic epitope

A a submolecular structure or surface on the allergenic molecule primarily
responsible for immunoglobulin E antibody binding (a single allergen molecule has
several lgEbinding regions (called epitopes))

extracts A molecules A epitope
Diagnostics and immunotherapy

AAllergosorbent

Aa solid-phase material to which allergen molecules are attached by
covalent coupling methods or adsorption
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Allergy diagnosis

Private Information

suspected allergy A
sensitisation test B
*direct

**indirect demonstration of IgE

interpretation B,
*direct
**indirect demonstration of IgE

challenge test with Cs
interpretation

clear final result (+ or -)?
clinical agreement?

individual history (clinical symptoms?)

examination (clinical findings?)

l l

2

EAACI

Molecular Allergology
User’s Guide 2.0

Published by the European Academy of Allergy and Clinical Immunology
2022

(basophil activation test)

uncertain

certain

skin test** — IgE test™ —
(SPT) y (serology) y
certain uncertain certain uncertain
challenge test
(clinical relevance?)
positive negative

Vo

therapeutic consequences
(i.e. allergen avoidance, allergen immunotherapy)




Allergy diagnosis: In-vivo challenges

ALLERGEN PROVOCATION TESTS

AConfirm the presence of allergy through the exposure of the patient
to a suspected allergen in a medically supervised environment

ADifferentiate between sensitized tolerant and sensitized
allergic

AAllow clinicians/patients to identify allergy phenotypes and culprit
allergen

XRequires medical supervision
XEthical issuesA risk of anaphylaxis
XTime consuming

X Costly
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Allergy diagnosis: In-vivo challenges

ALLERGEN PROVOCATION TESTS

A ORAL FOOD CHALLENGE:

A Gold standard for food allergy diagnosis
A May need to be doubleblind placebo-controlled oral food challenge PBPCFQ
A Increasing doses of food (or placebo) are administered

ANASAL ALLERGEN PROVOCATION:

A chronic rhinitis phenotypes A could be associated withabsence of serum
specific IgE
A CONJUNCTIVAL ALLERGEN PROVOCATIONS
ABRONCHIAL ALLERGEN PROVOCATION
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Allergy diagnosis: BATOOFC 1 n a test tubebo
ADDITIONAL TESTS: Basophil activation test

If mismatching history and primary diagnostic tests:

U Third line testsA basophil activation test A assessesex VIVo
cellular response to an allergen
o Mimic in vivo conditions
0 Could be used to establish eligibility for immunotherapy and follow up

4 N

SPT Oral food |
Specific IgE challenge

Fig. 5 The basophil activation test can be useful in selected patients, in whom the combination of the clinical history and skin prick test (SPT) and/
or specific IgE is inconclusive, before referring for oral food challenge. A positive BAT confirms the diagnosis of food allergy and allows to defer the
performance of OFC. An equivocal or a negative BAT should be followed by OFC to clarify the diagnosis

G

Santos et al., PMID26981234(Material reused undeterms of Creative Commons license)
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Whole blood
+ Staining antibodies Incubation Red cell lysis Flow
+ Stimulation buffer 37°C /30 and Wash cytometry
+ Allergen min

BN

CD63 is exposed on cell surfaces

& EDTA tube &

Specimen stability is a major issue with this assay!! Hparn e

':J(‘ Staining antibody

C Cell with marker

Michel et al., PMID36238933 of interest

Material reused under the terms of the Creative Commons Attribution License (CC BY)
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Summary

AAllergen specificlgEHRUT + Waq VY Waq6 IJWE RNS WE nn RURC
mast cells A on allergen reexposure A degranulation A allergy

AClinical history and clinical presuspicion is cornerstone for proper
diagnosis

ASerologic measurements of total and allergerspecific IgEare
essential for allergy diagnosis

AOFC is considered gold standard for food allergly higher risk and
costs

ABAT (thirdline tests) could reduce the need for allergen provocation
challenges
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Food allergy

A Affects up to 10% of the global population, including 4% confirmed by OFC
A Up to 8% of children in the US are believed to be affected by food allergies
A Up to 86% can be allergic to multiple foods

A Estimated cost of $24.8 billion in the US (2€A0A12) for pediatric allergy alone
A Can present from hives, respiratory and/or GI symptoms, and anaphylaxis in severe cases

A Documented to over 100 different foods

A 8 food groups account for the majority of cases:

milk, egg, peanut, tree nuts (cashew, almond, pecan, walnut, and hazelnut), wheat, soy,
fish, and shellfish

ATwo ways one can become allergic to a speciyc fo

(a) Direct exposure via the oral route or, skin

(b) Cross -reactivity between foods (e.g., cow milk allergens related to anaphylactic reaction to
beef)
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Food specifidQE WherelgE B cells develop?

The upper gastrointestinal tract is the front e
and center environmental reservoir folgke Local class switching to IgE
prOdUCing B'CE”S takes place in upper Gl

Ig:t;E+CD138+ plasma cells form small fociin the lamina propria of
stomach and duodenum

A Substantial overlap in expandedgE clonal lineages amon
stomach, duodenum and peripheral blood within individuals
with peanut allergy Peanut

A 90% of Bcell clones in individuals with ﬁeanut allergy were I9GIA
identified in only a single tissue site with shared somatic
mutation patterns betweenIgE"and IgA clone members

A Positive correlation between the clone counts from the <
stomachs and duodenums of these individuals and peanut
specific serum IgElevels

AThere is convergence of IgE sequences in multiple
peanut-allergic individuals 7

Hoh et al., PMID: 32139586
Iweala et al., PMID:32393770
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Alpha- gal syndrome
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Alpha-gal syndrome

A In 18 months: >13000 tested samples
A Close to 37% sensitization rateise.,sIgE

Tick bite
X N KUAL) —
A How tick bites induce antAGIgEresponse? /
A Local skin injuryd, inflammation release of J6E to alpha gal

A Tick salivecontains immunomodulatory
peptides and proteing, skew naive Titell

alarmlns / (1-3 months)

2-6 hrs Urticaria
A Local and/or systemic responsedgosomes : : et
andextracellularvesiclesin tick saliva which R
could disseminate pathogens and further i
A Cotransmitted pathogens/bacteria

Summary of alpha-gal sensitization leading to clinical symptoms of red meat allergy

https:// milesobrien.com/tick -red-meat-allergy/
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ORIGINAL ARTICLE

Cetuximab-Induced Anaphylaxis and IgE
Specific for Galactose-a-1,3-Galactose

Christine H. Chung, M.D., Beloo Mirakhur, M.D., Ph.D.,

Emily Chan, M.D., Ph.D., Quynh-Thu Le, M.D., Jordan Berlin, M.D.,
Michael Morse, M.D., Barbara A. Murphy, M.D., Shama M. Satinover, M.S.,
Jacob Hosen, B.S., David Mauro, M.D., Ph.D., Robbert . Slebos, Ph.D.,
Qinwei Zhou, Ph.D., Diane Gold, M.D., Tina Hatley, M.D.,

Daniel I. Hicklin. Ph.D.. and Thomas A_.E. Platts-Mills. M.D.. Ph.D.

Unusual clusters of hypersensitivity cases
to Cetuximab reported in Southeast states
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Glycosylation site including
galactose-a-1,3-galactose

and sialic acid Murine

F(ab’)2 —

Pepsin digestion - - == - ———- A - — - - - - — - — - — -

Glycosylation
site

- i » -\
Human

Figure 2. Structure of Cetuximab.

The amino acid sequence of cetuximab has potential glycosylation sites at
Asn43 of the light chain and at Asn88 and Asn299 of the heavy chain. The
sugars on the Fab portion include galactose-a-1,3-galactose and the sialic
acid N-glycolylneuraminic acid. In contrast, the glycosylation site at Asn43
is not glycosylated, and glycosylation of the Fc portion of the heavy chain
includes only oligosaccharides that are commonly present on human pro-
teins.'”*® S-S denotes a disulfide bond.




% Morbidity and Mortality Weekly Report (MMWR)

Geographic Distribution of Suspected Alpha-gal Syndrome Cases —
United States, January 2017-Decemlber 2022

Weekly / July 28, 2023 / 72(30);815-820

Print

Julie M. Thompson, DVM, PhD?; Ann Carpenter, DVM?; Gilbert J. Kersh, PhD?; Tyler Wachs? Scott P. Commins, MD3; Johanna S. Salzer, DVM, PhD? (VIEW AUTHOR
IIIIIIIIIII

ADuring January 1, 20176December 31, 2022, a total of 357,119 tests
were submitted from U.S. residences from 295,400 subjects

A90,018 (30.5%) persons received a positive test result and were
classified as having suspected AGS

https:// www.cdc.gov/mmwr/volumes/72/wr/mm7230a2.htm
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Not all meat Is the same!

A Study compared different types of
meat: Innards, lean meats,
processed meat products, and dairy

Ah-Gal-carrying glycoproteins and
glycolipids can trigger allergic
responses

Received: 28 November 2023 Revised: 23 May 2024

Accepted: 19 June 2024

DOI: 10.1111/3l.16235

ORIGINAL ARTICLE

Food Allergy and Gastrointestinal Disease

Allergenic potency of various foods of mammalian origin in

patients with a-Gal syndrome

Marija Perusko?%© | Jeanette Grundstrém®?

| Carl Hamsten*?@ |
2

Verena Fuhrmann®?® | Meltem Diizakin®

Maria Starkhammar*

| Danijela Apostolovicl

Allergy ===

| Maria Eldh*?

| Marianne van Hage!?

r—< Allergenic potency %

High

GO

Innards

'

Lean meats

&

Processed meat

0

Diary

| Annika Reinhardt*?

FIGURE 2 Immunoblot analysis of food extracts. Detection of

a-Gal-bearing proteins using the murine anti-a-Gal antibody (M86). \

ABeef and pork kidney contained
highest amounts of " -Gal

Material reused under the terms of the Creative
Commons Attribution License (CC BY)
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Concentration (ug/ml)
e Pork kidney * Pork lean meat
e Beef kidney * Moose lean meat .
e Beef liver Reindeer lean meat
¢ Beef lean meat Wild boar o

100
Bacon *  Milk
Chorizo Whey
Liver paté
Black pudding
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Aging effect?

ACompromised skin barrie

with age?

AA shift ofiNKTto type?2
cytokines

AMore outdoor time!

Material reused under the terms of the Creative
Commons Attribution License (CC BY)
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glycolipid

»~— anti a-Gal IgG

iINKT cell
cell

:77/"/“ -~ anti a-Gal IgE

N A%
h ‘&

mast cell

Roman-Carrasco et al., PMID: 35386980
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Food allergy: PEANUT Arachis hypogaea)

APrevalence is between 1% to 2% in
western countries

APersists in adulthood in about 80%
of affected children

ARisk of accidental exposure and
anaphylaxis: higher than other food

allergies
ASignificant healthcare costs

Crustaceans 2%
Multiple 1%
Additive 1%

Fruits and vegetables 2%
Eggs 4%
Unknown

with FA Hx
4%

Peanuts

FIGURE 2 A study of all anaphylaxis admissions to North
American (United States, Canada and Mexico) paediatric intensive
care units between 2010 and 2015 (N = 1989) found that peanut
was the most common trigger. FA, food allergy; Hx, history.
Reproduced with permission from Ramsey et al®’

Anaphylaxis admissions in North America

Material reused under the terms of the Creative Commons Attribution License (CGBY-NC-ND)
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Food allergy: PEANUT Arachis hypogaea)

APrevalence of clinical allergy is about 1.4% (CI 1-2.6%; 2008)
APeanut allergy is about 25% of food allergies in the US
A NMEWYnWOEWYt RT + WwWel 3wt Ut RqRAIJT Wa Y

ADoses as low as 100 mg of peanut protein (half a peanut) may already
provoke symptoms

AA total of 16 peanut allergens have been identified to date

AAra h 1, Ara h 2 andAra h 3 areas themajor peanut allergens A
97% of patients with peanut allergy sensitized to at least 1 of these
allergens
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Cross~react,-v’. ty Risk stratification geverity Risk

CCD Profilin PR-10 LTP Storage protein
A Does not A Asymptomatic A Heat and acid A Heat and acid A Heat and acid
cause A Abundant in labile stable stable
reactions nature A Mainly local A Local & Systemic A Systemic reactions
A Highly cross - A Can be age/ reactions (pollen reactions A Indicates primary
reactive geography food syndrome) A Primary sensitization
(pollen, food, dependent A Cross-reactive with sensitization
venoms) birch pollen and/or cross -
reactivity

CCDcrossreactive carbohydrate domain
PR10: PathogenesiRelated protein family 10
LTP{ipid transfer protein
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Food allergy: PEANUT Arachis hypogaea)

7S-Globulin (Vicilin)
Bet v1 homolog

Ara h 1*

Cross reactivity
Mild oral symptoms

2S-Albumin

Ara h 2*
Ara h 6*
Arah 7

LTP protein

May cause moderate
to severe allergy
patients from
Mediterranean regions

11S-Globulin (Legumin)

Ara h 3*
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ROC Curve

Food allergy: PEANUT Arachis hypogaea) e
Study of 50 peanut allergy, 40 sensitizeterant i
and 10 healthy subjects o]

Ara h 2 and Ara h 6: P
highest sensitivity and specificity to discriminate T
. . . . . . 1 - Specificity
allergic from sensitized tolerant individuals 2 et e S

ROC curves and the respec 95/ CI T bl E2 IgE Sp f IgE

AUC: A = Arah2

Ara h 2sIgE(0.28 KUA/L) = 0916 82% e O
sensitivity/ 94% specificity) T
Ara h 6sIgE(0.32 kUA/L) = 0.908 82% 5 |
sensitivity) H
Ara h 2 is the dominant peanut allergen despite [ o “ *
similarities with Arah 6 0 'T"l i | | | | |
B e o e Tl D1 oo Lk FROFCH 2 e

Hemmings et al., PMID:32298698 )
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REVIEW ARTICLE

EAACI

Systematic review and meta-analyses on the accuracy of
diagnostic tests for IgE-mediated food allergy

Riggionet al., PMID38009299

2® | Cristian Ricci® | Beatriz Moya*’® | Dominic Wong® |

10,11 |

Carmen Riggioni®
Evi van Goor®’ | Irene Bartha®® | Betul Buyuktiryaki’ | Mattia Giovannini
Sashini Jayasinghe® | Hannah Jaumdally®*? | Andreina Marques-Mejias®® |

Alexandre Piletta-Zanin'® | Anna Berbenyuk* | Margarita Andreeval® | Daria Levina
Ekaterina lakovleva* | Graham Roberts®'%Y® | Derek Chu!® | Rachel Peters?®?° |

George du Toit®®® | Isabel Skypala?'?? 6.8,12

14|

| Alexandra F. Santos

A Meta-analyses to assess the accuracy of diagnostic tests fdgEmediated food
allergy: 149 studies 24,489 (60.4% children) patients

A Diagnostic accuracy (sensitivity and specificity) of anyindex test for IgEmediated
FAcompared with OFC or previous clear history of immediate reaction to the
food and evidence of IgEsensitization

A Defined tests with high accuracy: have a sensitivity or specificity of 90% with low
heterogeneity score (Hsquares under 50%)

A Low sensitivity and specificity test: test performing under 75%
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Peanut allergy A sigio peanutshowed a poolegensitivity of 81%and

51 studies specificity 83%at a median 4.3KUA/L cutoff
_ _ A Higher sensitivity/specificity & years of agé, 94%
Ara h 2,3,6 sensitivi -87%)was lower than
Using optimal A CRDAra h 2,3,6 tivity (82-87%)was | th
cutoffs reported in  specificity(92:94%)
studies: A BAT (4 studies)pooled sensitivityf 84%high specificity 080%
Diagnostic Sensitivity 12 sensitivity Specificity 12 specificity Cut-off Subjects  #studies
test (95% ClI) (%) (95% ClI) (%) Median IQ range | included
SPTto peanut  0.84 (0.69;0.92) 69.1  0.86(0.79;0.91) 547 4 378 2602 20
sIgE to peanut  [0.81/(0.71; 0.88)  84.6 0.83(0.71;0.90)  80.6 4.3 0.35-10 3893 24
Arah 1 0.45 (0.36; 0.54) 67.4  0.89 (0.87; 0.92) 0.2 0.3 0.170.35 1212 27
0.371.3 2924
Ara h 2 0.82/(0.77;0.86) 63 0.92(0.87;0.95)  61.6 0.44
0.2-0.8 1269
Arah 3 0.34/(0.20;0.51) 86.8 | 0.93[(0.88;0.97)  60.8 0.35
0.170.9 64D
Ara h 6 0.87/(0.47;0.98) 87.4 | 0.94(0.76;0.99)  72.1 0.4
0
Ara h 8 0.22 (0.01;0.87) 19.3  0.99 (0.77; 1.00) 2.3 0.67 0.1-65 O

Riggionket al., PMID38009299

Material reused under the terms of the Creative Commons Attribution License (CGBY-NC-ND)
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Peanut allergy
51 studies

Using predefined thresholds available in literature

Food/test Cut-off Sens (95% I%sens Spec (95% CI) I°spec Subjects
values Cl) (%) (%) included
SPT to peanut 68.0 (42.0; 1086
K Y0 86.0) 85.2  94.0(85.0; 98.0) 28.6
slgEto peanut 28.0 (16.0; 872
K NP t[O  45.0) 84.1 | 98.0{(96.0; 99.0) 25.6
Ara h 2 83.0 (78.0; 1994
K MIOOgIIUt ©87.0) 54.5 | 93.0/(87.0; 96.0) 58.7

A The maximum sensitivity and maximum specificity weyexx P 6 > G J
peanut, slgEto peanut and Ara h 3IgE

Data on Ara h 8IgE and Ara h-8IgE was highly heterogeneous

Riggionket al., PMID38009299
brivate Inf i Material reused under the terms of the Creative Commons Attribution License (CGBY-NC-ND)
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High pretest probability A SPT or
slgEprior to OFC

Low pretest probability A ? Y Uk q LU
test

A single test A
sigEto Ara h2

SPT &slgEto whole extract,
then components

?2 YUk qlle t SWRIEANLWIY | LU
results to predict disease
severity
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