Journal Pre-proof

Diagnosis of Sesame Allergy: Analysis of Current Practice and Exploration of Sesame /
Component Ses i 1

Sarah Saf, MD, MSc, Travis M. Sifers, MD, Mary Grace Baker, MD, Christopher M.
Warren, PhD, Christopher Knight, MBA, Katrina Bakhl, BA, Jacob D. Kattan, MD,
Hugh A. Sampson, MD, Anna Nowak-Wegrzyn, MD, PhD

Pl S2213-2198(19)30968-7
DOI: https://doi.org/10.1016/j.jaip.2019.11.028
Reference: JAIP 2572

To appearin:  The Journal of Allergy and Clinical Immunology: In Practice

Received Date: 6 March 2019
Revised Date: 14 November 2019
Accepted Date: 15 November 2019

Please cite this article as: Saf S, Sifers TM, Baker MG, Warren CM, Knight C, Bakhl K, Kattan JD,
Sampson HA, Nowak-Wegrzyn A, Diagnosis of Sesame Allergy: Analysis of Current Practice and
Exploration of Sesame Component Ses i 1, The Journal of Allergy and Clinical Imnmunology: In Practice
(2019), doi: https://doi.org/10.1016/j.jaip.2019.11.028.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2019 Published by Elsevier Inc. on behalf of the American Academy of Allergy, Asthma & Immunology


https://doi.org/10.1016/j.jaip.2019.11.028
https://doi.org/10.1016/j.jaip.2019.11.028

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Safetal-1

Diagnosis of Sesame Allergy: Analysisof Current Practice and Exploration of Sesame
Component Sesi 1

Sarah Saf, MD, MS¢&, Travis M Sifers, MD; Mary Grace Baker, M) Christopher M. Warren,
PhD? Christopher Knight, MBA; Katrina Bakhl BA; Jacob D Kattan, M) Hugh A Sampson,
MD*; Anna Nowak-Wegrzyn, MD, PHD

! Division of Allergy and Immunology, Department®édiatrics, Kravis Children’s Hospital,
Jaffe Food Allergy Institute, Icahn School of Mede at Mount Sinai, New York, NY, USA

2 Department of Allergology-Centre de I'Asthme e$ édlergies, Hopital d'Enfants Armand
Trousseau, Paris, France

% Northwestern University Feinberg School of Medégiimstitute for Public Health and
Medicine, Chicago, IL, USA

* Allergy and Immunology, Department of PediatriceviNYork University Langone Health,
New York, NY, USA;> Department of Pediatrics, Gastroenterology andititrir Collegium

Medicum, University of Warmia and Mazury, Olsztygland

Corresponding author:

Anna Nowak-Wegrzyn, MD, PhD
Allergy and Immunology

Department of Pediatrics

NYU Langone Health
anna.nowak-wegrzyn@nyulangone.org
212-263-5940

Funding: Sarah Saf's scholarship was funded by ANAFORCA&nENh society grant.



25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Safetal -2

Conflict of Interest:

Sarah Saf, MD, MSc-no conflict; Travis M Sifers, Mid conflict; Mary Grace Baker, MD-no
conflict; Christopher Knight, BS-no conflict; Katia Bakhl-no conflict; Jacob D Kattan, MD-no
conflict; Hugh A Sampson, MD-is a part-time empleyd DBV Technologies and the Icahn
School of Medicine, New York, NY; receives grannfi the National Institutes of Health,
National Institute of Allergy and Infectious Diseasand FARE;

receives consultant fees from N-Fold, LLC; UCB S#Al &lycor Biomedical, royalties from Up
To Date and Elsevier; holds stock options in DB\¢Amologies and N-FOLD

; Anna Nowak-Wegrzyn, MD, PhD-A. Nowak-Wegrzyn, MBhD is employed by the NYU
Langone Health, New York, NY, receives grants fidBV Technologies, Astellas Pharma,
Nutricia, Nestle; royalties from Up To Date; sheves on the advisory boards for the Gerber
Institute, Merck, Alk Abello, Sanofi Aventis andtise deputy editor for the Annals of Allergy

Asthma and Immunology.

Total word count: 3978; References. 46; Tables: 4; Figures: 3



40
41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

Safetal -3

Abstract

BACKGROUND: Sesame is an allergen of increasing importance.

OBJECTIVE: We sought to characterize the outcomes of ol fthallenges (OFCs) to sesame

and evaluate the diagnostic accuracy of skin pesking (SPT), sesame and Ses i 1-specific IgE

(slgE).

METHODS:. We reviewed sesame OFCs performed at the Mounai $ediatric allergy clinic

between January 2010 and April 2018. We assessedatburacy of diagnostic tests by
calculating the area under the curve (AUC) of #meiver operating characteristic (ROC) curves.
Association between OFC outcome and sesame satisiizwas analyzed using a logistic
regression, which was then used to estimate the P&8iiive predictive value (PPV) of these

tests.

RESULTS: We identified 341 patients (69% male, mean agey@&ars) who underwent sesame
OFC. Among 106 (31%) positive OFCs, the median dative eliciting dose was 500 mg
sesame protein (Y2 teaspoon tahini). Sesame SPTI whéamm had sensitivity 54.1% and
specificity 87.8%; AUC 0.756 [95% CI 0.699 to 0.818PT wheal size >14 mm had 95% PPV.
Sesame-sIgE level did not correlate with OFC outo8es i - sIgE levels were analyzed in 30
patients using ISAC microarray and were signifibarssociated with OFC outcome (AUC:
0.715 [95% CI 0.541 to 0.890]). Ses i 1-slgE >(8®) Ihad sensitivity 58.3% and specificity

83.3%.

CONCLUSIONS: This is the largest study of sesame allergy te.d8esame SPT is a more
accurate predictor of sesame allergy compared danse sIgE. Ses i 1-sIgE appears promising

but requires further study regarding diagnostiaieacy.
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Abstract word count: 247

1. What isalready known about thistopic?
Sesame is a food allergen of increasing importaaitieough the relevant diagnostic decision
points have not been firmly established for skiklptesting, sesame-specific IgE or sesame

component Ses i 1.

2. What doesthisarticle add to our knowledge?

Sesame skin prick test is a more accurate preditteesame allergy compared to sesame

specific IgE. Ses i 1-specific IgE seems to be @dgmandidate but further studies are warranted.

3. How does this study impact current management guidelines?
Sesame oral food challenge (OFC) could be safééyexd to children sensitized to sesame
without prior reactions. A skin prick test wheabrmm threshold is proposed as a clinical

decision point for offering sesame-OFC.

Key words: food allergy, sesame, skin prick test, serum-§igdgE, Ses i 1, oral food challenge,

predictive value, diagnosis, sesame IgE

Abbreviations:
AUC: Area Under the Curve

Cl: Confidence Interval
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INTRODUCTION

Current estimates suggest that food allergies @ff&&6 of children in the United States.
Seeds are among the small number of foods resperfsibthe majority of reactiorfs® Sesame
(Sesamum indicum) is the most common seed allerdefhe prevalence of sesame allergy varies
according to geographic location. In the Middle tadere sesame seeds are widely consumed,
sesame is one of the most common food allerg®rBue to migration and globalization,
consumption of sesame in Western countries haseased. Sesame allergy has been
increasingly self-reported, with an estimated Q2% prevalence in North Ameri¢&* In
Australia, food challenge-proven sesame allergy een reported in 0.8% of 12 month-old
infants from an unselected cohdrt?

Sesame has the potential to cause severe alleagations. In France, sesame has been
identified as a trigger for 3% of cases of foodtioed anaphylaxi§’ Pediatric Canadian study
exposed the high risk of accidental exposure, piaignleading to anaphylaxis, contributing to
sesame being added to the Canadian food allergémedlihg list®. The U.S. Food and Drug
Administration is considering including sesame agtre major food allergens that have to be
disclosed on a food labtl.Sesame allergy is usually life-long, with tolerardeveloping in
approximately 20-34% of patients®’

An oral food challenge (OFC) is the gold standamtlie diagnosis of food allerd$*° However,
OFCs are resource-intensive, time-consuming, ang earisk of anaphylaxi€’** justifying the
importance for alternative diagnostic studies. Belevels of food-specific IgE (SIgE) antibodies
and skin prick tests (SPTs) are routinely useddod allergy diagnosis. A 95% positive
predictive value (PPV) for these tests is an aezkptirrogate to the OFC in clinical practiée.
Another approach is based on component-resolvephdsis (CRD), which is promising

especially for cross-reactive food and pollen giers® Seven sesame allergen components,
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including the major allergen 2S albumin Se<{ have been registered by the WHO/IUIS
Allergen Nomenclature Subcommitt&e?® Data regarding the diagnostic utility of these
components are inconclusive, particularly becadiskeoabsence of clear threshofddwo
Japanese studies reported that Ses i 1-sIgE dapegior diagnostic accuracy versus whole
sesame-slgE and Ses i 2-sfE®

We sought to determine whether sesame-sigE andaBBlrately predict sesame OFC
outcome in the American children. In addition, vweed to evaluate the diagnostic accuracy of

Ses i 1-slgE in a subgroup analysis.
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METHODS

Study design

The study was approved by the Institutional Revi@oard. We reviewed all sesame
OFCs from January 2010 to April 2018 at the Elaotd Roslyn Jaffe Food Allergy Institute at
the Icahn School of Medicine at Mount Sinai in Néferk, a pediatric, university-based
outpatient practice. Patients with suspected sesdlergy were referred for open OFC by Mount
Sinai’s allergists based on clinical criteria. Téagsatients avoided sesame in the diet, had
evidence of sesame-IgE sensitization. Allergic tieacto sesame within the past 2 years was
usually a contraindication to the OFC. The OFCsewgerformed per standard prototdf’
usually doubling doses every 15 minutes until are-agpropriate serving was ingested,
approximately 18 g of sesame seeds or 6 teaspddakini paste for patients older than 3 years
of age. The inclusion criterion was a conclusiveasee-OFC, irrespectively of a reaction history,
sesame SPT and sIgE results. We analyzed demogyagtinical, and laboratory information,
including reason for sesame avoidance, prior sesdlaggic reactions, co-allergies to peanut,
tree nuts, and other seeds (assessed by a cleawytog reaction or a positive OFC). The details
of the sesame-OFC including dosing, any reportedpsyms or signs of a reaction, treatment,
and the OFC outcome were recorded. The OFC outcmasereported as negative (passed),
positive (failed), or inconclusive. OFCs were dednmeonclusive if the patient failed to ingest a
sufficient quantity of sesame, had confounding corent symptoms, or reported a delayed
reaction that did not meet the positive challenggerta. The accepted definition of anaphylaxis

was used to assess severe reactions.
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SPTs were performed using sesame commercial eX@aeer Laboratories, Inc, Lenaoir,
NC, USA) and bifurcated needles (Hollister-Stieb&pon patients’ forearm. Negative (50%
glycerin-saline) and positive (histamine) contreisre performed concurrently. The results were
read at 10-15 minutes; wheal and erythema diameters measured and means calculated. A
wheal of >3 mm greater than negative control wassitiered a positive test. Serum sesame-sigE
antibodies were analyzed by using the ImmunoCARe(fio Fisher Scientific, Waltham, MA,
USA). A subset of patients underwent additional kmim Solid-phase Allergen Chip (ISAC®)
microarray (ImmunoCAP, Thermo Fisher Scientific, pdpla, Sweden) testing prior or
immediately after sesame-OFC. These patients geated in a study examining the utility of the
ISAC microarray from June 2011 to June 26%Bor that patient subset, testing included sesame
component Ses i 1-sIgE. The lower detection linhithe assay was 0.35 kL for sesame-sIgE
and 0.3 ISAC Standardized Units (ISU) for Ses IgEs sesame IgE value0.35 kUn/L and Ses
i 1 value> 0.3 ISU were considered positive. The ImmunoCARG® microarray test was
provided by Thermo Fisher Scientific (Waltham, MASA), however, the authors independently
performed and are solely responsible for the deaighconduct of this study, all study analyses,

the drafting and editing of the paper, and itslfoantents.

Statistical M ethods

The diagnostic accuracy of SPT, sesame-sigE, asdi SeslgE were assessed using
receiver operating characteristic (ROC) curves. dptmal cut-off maximizes both sensitivity
and specificity ratio on the ROC curve. The aredenreach ROC curve (AUC) was calculated to
estimate the accuracy of each of the three testfolp’s test was used to compare AUCs.
Logistic regression models were fit to estimateoeisdions between the outcome “sesame

allergy” (e.g., positive vs. negative sesame ORGS),to the IgE-sensitization (SPT wheal size
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diameter or specific IgE level). Fitted predictadlpability curves were plotted using the results
from logistic regression. Modeled PPVs derivingnirthe logistic regression models were used
to estimate thresholds of interest for SPT and slig&Etheir 95% confidence intervals (Cl).
Continuous variables were reported as mean + stdnddeviation (SD) or

median * interquartile range (IQR) depending upommality of distribution. Two-sample t-tests
were used for comparing normally distributed vdeabwvhereas non-parametric Mann—Whitney
U-tests were used to compare non-normally distribwi@riables. Comparison between groups
was performed for categorical variables using ReessChi-Square test if the conditions were
met (i.e. > 5 observations per group) ; if nothEiss-exact test was used. Variables associated to
OFC outcome with a p-value <0.20 in univariate gs@g were included in a multivariate logistic
regression model. All analyses were two-sided, ampdvalue<0.05 was considered statistically
significant. The outcome of all analyses was thease OFC result (positive or negative). All
analyses were performed with RStudio (2016): Irgegt development environment for R

(Version 1.1.456) (Boston, MA).
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RESULTS

In total, 367 sesame-OFCs were performed. We egdlu@d6 (7%) inconclusive
challenges from the study. Among 341 conclusiveasesOFCs (age range 8 months to 22
years), 106 (31.1%) were positive and 235 (68.9%grewnegative. The demographic
characteristics of each group along with univariael multivariate analyses are presented in
Table 1.

Prior reactions to sesame %6X18.61;P<0.0001) and anaphylaxis to sesarPe@.01;
Fisher's exact test) were significantly associatéth positive OFCs. There was no difference
regarding concomitant peanut, tree nut, or seedgiis (supplemental Table E1).

The most common symptoms observed during the se€dfiewere cutaneous (86%), followed
by oropharyngeal/naso-ocular (56%), gastrointekij@d%), and lower respiratory (15%). No
biphasic reactions were reported.

The sesame-OFC was administered in 4 forms: taf1i@%o), sesame seeds (22%),
hummus (2%), and sesame butter (0.3%). The chdisesame form for the OFC was driven by
the patient and family preference. There was noifsignt difference in the OFC outcome
according to the ingested form %X 1.76;P=0.18 for tahini and ¥ 1.94;P=0.16 for sesame
seeds). The median cumulative eliciting dose toctvipatients reacted was 500 mg sesame
protein (equivalent to %2 teaspoon of tahini; 288§ or 1 teaspoon of sesame seeds) [IQR: 250

to 1500 mg sesame protein, respectively 1455 n87 3 mg of sesame seeds)].

Patients with prior reactionsto sesame
The majority of patients (n=257; 75.3%) had no pprieactions to sesame and were
avoiding sesame due to positive testing found duttve evaluation of a patient with another food

allergy (mainly peanut allergy); 77% (n=198) of th@ever ingested sesame prior to the OFC.
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Eighty-four (24.6%) patients reported a prior reactto sesame (more than 2 years prior to
OFCQC); of these, 11 (13.1%) had been treated wiithegrine but none were severe.

Co-morbid asthma (% 10.21;P<0.01) and allergic rhinitis (3¢ 5.86; P<0.05) were
more common in patients with a history of reactionsesame. No differences were observed
regarding atopic dermatitis, peanut, tree nut edsm-allergies (data not shown).

Half of the patients with a prior reaction to sesarmacted during sesame-OFC (n=42;
50%), compared to 25% patients without prior sesegaetions (= 18.61;P<0.0001). There
was no significant difference in the symptoms amel treatments administered during the OFC

between these two groups (data not shown).

Anaphylaxis during sesame OFC

Twenty-three (22% of positive OFCs; 7% of total ldreges) patients had an anaphylaxis.
Of these, 21 (20% of positive OFCs; 6% of totalllemges) were treated with epinephrine; one
dose in 19 patients and two doses in 2 patientdivitual clinical and immunologic
characteristics are summarized in supplementaleT&8a. There was no association between
anaphylaxis and patient age (t=-0.%%0.57) or cumulative eliciting dose, regardlespatient
age (t=0.58P=0.57). We observed no significant differences in SPEallsize between patients
with anaphylactic and mild reactions (W=898+0.46). However, sesame-sigE levels were
significantly higher among patients with anaphyaknedian: 3.88 kk/L (IQR: 1.22 - 7.99
kUa/L)] compared to patients with milder reactions ¢haam: 1.61 kUW/L (IQR: 0.77 - 3.98

KUa/L)] (W=571, P<0.01).

Skin prick testing to sesame
SPTs were recorded for 339 (99.4%) patients; adeh@00 (29.5%) patients had negative

sesame SPTs. The median SPT wheal size was largbe igroup with positive vs. negative
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OFCs at 6 mm (IQR: 4 — 7 mm) and 3 mm (IQR: 0 — Hmespectively (W=6,014P<0.001).
Among 100 patients with a negative SPT (Omm), 1224)Lhad a positive OFC; 3 (25%) were
treated with epinephrine (see supplemental Table H¥ relationship between sensitivity and
specificity is presented as a ROC curve in FigHe @rea under the curve (AUC) was estimated
as 0.756 (95% CI; 0.699 - 0.814). For an averagiemgaa 1 mm increase in SPT wheal size was
associated with significantly greater odds of aitpes OFC outcomeR<0.001;adjusted odds-
ratio, 1.47 [95% CI, 1.33-1.66]). Several SPT cutoffsravassessed along with sensitivity,
specificity, and positive and negative predictiague (PPV and NPV) in Table II. A SPT wheal
size>6mm demonstrated a specificity of 87% and was fgiemal cut-off in the ROC curve. The
95% PPV value was not observed in this populatitowever, this decision point was estimated
to be>14mm (95% CI, 12.5 — 17.5mm) using the modeled aiodity predicted curve and a 50%
PPV was estimated to b&mm (95% CI, 6 — 8mm) (Fig 2-A). Seven patientse(aange: 6.7 —
16.7 years) had a positive OFC with subjective spmg only but all had positive testing [SPT
range: 0 — 9mm; sesame-sIgE range: 0.94 — >1Q@LkUEXcluding their results from the AUC
and logistic regression analyses did not affect rémults, and the 95% PPV SPT threshold

remained unchanged.

Serum sesame-specific I gE testing

Sesame-sIgE values were documented for 332 (97a%ents. Sesame-sIgE levels were
not associated with the outcome of the OFC (W=18;,88:0.92). The sesame-sigE was higher
in patients with passed sesame OFCs [median of RU3L (interquartile range, IQR: 0.25-
4.96kUn/L)] vs. failed OFCs [1.88 KWL (IQR: 0.94-4.67kW/L)]. Undetectable sesame-sigE
levels were not predictive of a negative OFC. AmdQgpatients with sesame-sIgE level below

0.35 kW/L, 14 (35%) failed the OFC. One (2.5%) patient wesated with epinephrine
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(supplemental Table E4). AUC did not reach 0.5atiiftAUC=0.497; 95% CI, 0.429 — 0.564).
The AUCs’ comparison for diagnostic performanceofad sesame SPT over sesame-sigE
(D=5.57;P<0.001). The 95% PPV for sesame-sIgE could noabmutated (see Fig 2-B). Several
cutoffs are presented along with sensitivity, spety, PPV, and NPV values in Table Ill. The
sesame-sigE and SPT were double negative beforei®ELZ (4.1%) patients; 2 (14.3%) failed

OFC with mild objective symptoms.

Sesi 1-specific IgE

Sesame component Ses i 1-slgE was available for(88%) patients whose
characteristics are presented in supplemental TableOf those, 12 (40%) reacted during the
OFC. Twenty (67%) patients had an undetectablei $edgE level. Five (25%) patients had a
positive OFC despite an undetectable Ses i-1-glgi,1 (5%) patient had a negative sesame SPT
and an undetectable sesame-sIgE. A threshdl8 ISU had a specificity of 83.3%, a sensitivity
of 58.3%, PPV of 70.0%, and NPV of 75.0%. The medialues and AUC for the three tests
(SPT, sesame-sigE and Ses i 1-sIlgE) from this suipgpopulation are presented in Table IV.
Ses i 1-sIgE was significantly associated with @€C outcome (W=61.32<0.05), unlike SPT
(W=77.5;P=0.20) or slgE (W=101P=0.98) in this subset. There was no significanted#nce
between the three AUCs (Fig 3). Ses i 1-sIgE catofith their sensitivity, specificity, PPV and

NPV values are presented in supplemental Table EG6.
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DISCUSSION

We report the results of the largest study to dadeloring the diagnostic testing for
sesame allergy. As sesame has emerged as one oBjbr food allergens capable of triggering
anaphylaxis and causing persistent allergy, itripdrtant to gain a better understanding of the
diagnostic utility/accuracy of the available diagtho tests. While OFCs remain the gold
diagnostic standard for food allergy, the avaiigpibf OFCs is limited, in part due to physicians’
and patients’ reluctance to pursue a labor-intengivocedure with a risk of anaphylaxis.
Therefore, so-called diagnostic decision point$ #stimate the risk of a positive OFC are very
useful for risk stratification when evaluating catates for an OFC in practice. However, the
utility of the diagnostic decision points is limitdecause they tend to be specific for the patient
population. In our study, sesame SPT had a sigmifig better diagnostic accuracy than sesame-
sIgE. Based on the probability curves, sesame SR8amsize of 14 mm or greater has a 95%
PPV for sesame allergy, and a 6 mm SPT threshadbBa8% sensitivity and 87.1% specificity.
In contrast, sesame-sigE was a poor predictor k&rggl, AUC of 0.497. The predictive
probability curve of the latter could not reach 8% PPV decision point. In the Ses i 1-sIgE
subgroup analyses, the Ses i 1-slgE had a betdgnastic accuracy in comparison to both
sesame-SPT and sesame-sigE, however without rgaehstatistical significance. This might
have been due to a small number of patients widhiable Ses i 1-sIgE levels, warranting further
exploration of sesame components. The proportiopatients who failed the OFC despite a
negative testing was higher with sesame-sige (33&tlpwed by Ses i 1-sIgE (25%) in the
subgroup analysis and sesame-SPT (12%). The piropost patients who passed the OFC
despite positive testing was high, reaching 69%p &hd 30% respectively with sesame-sigE,

sesame-SPT and Ses i 1-sIgE.
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The majority of sesame-OFC offered on the basiSRI and sIgE were negative but the
number of reactions, including anaphylaxis, was imocbnsequential. Of these OFCs, 6.2%
reactions were treated with epinephrine, comparibtbe average rate (under 10%) of reactions
treated with epinephrine during OFCs in childféhe median cumulative eliciting dose of
sesame protein was 500 mg (equivalent to %2 a teaspbtahini and 2.9 g of sesame seeds).
There was no correlation between cumulative efigitdose and reaction severity. Among
patients with prior reactions to sesame, 50% didr@act during the OFC, suggesting, that in our
population, the rate of resolution of sesame ajlenight be higher than previously reportet.
However, a potential recruitment bias might skeis tasult. In addition, the majority of patients
with a prior history of anaphylaxis to sesame reacturing sesame OFC (9/12, 75%), suggesting

caution when offering sesame OFC to such patients.

Our 95% PPV decision point for sesame SPT was higfen the 8mm wheal size
previously reported by Peters et°ah the Australian HealthNuts study cohort withainfs from
11 to 15 months old. Sesame SPT wheal of 3 mm HaWer PPV among our patients (38%)
compared to Peter’s younger population (58%). Permgaal found similar results to our study
with children aged 2 to 12 for the same 3 mm tho&kk31% PPV and 88% NPV) but without
being able to reach a 95% PPANevertheless, we noted that a negative SPT dicerdude
sesame allergy or anaphylaxis. Our results supgpertprevious findings that sesame-sIigE has
sub-optimal diagnostic performan®dn our study, an undetectable sesame-sigE digxmitide
sesame allergy, in contrast to previously repotfs’® In the HealthNuts study, the highest PPV
estimated was 86% for sesame sIgE threshold ofth@Lk Permaul et al reported that 29% of

their sesame allergic patients had an undetectaisi@me-sIgE level, with a low overall accuracy
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(AUC 0.56). The positive sIgE threshold detectiefl.85 kUa/L) had 71% sensitivity and 31%
specificity (22% PPV, 80% NPV¥. The differences between our results and previmginigs
could be explained by patients’ age, different gaphic locatiof’ and other characteristics of
the study population. PPV and NPV are dependenthendisease prevalence in a specific
population. Specific decision points determinedme center may differ from another center.

Component-resolved diagnostic tests are valualiés tm the diagnosis for allergy to
peanut, tree nuts, and some other fob@sir results support the previous findings regaydhe
utility of Ses i 1-slgE. In am vitro IgE performance study, the experimental ImmunoC3éX i
1-sIgE had the best diagnostic accuracy with an A#©.896 compared to the major sesame
experimental components and the commercially ahigilaesame extractsHowever, we used a
different assay in our study: ISAC microarray, nmakit impossible to compare the thresholds.

A positive OFC in the setting of negative laborgt@sting might be explained by absent
relevant major sesame allergens in the currentiylahe tests, which are based on the aqueous
sesame extracts. Commercial extracts used for $pracessed using a de-fatting procedure,
thus these extracts have a low content of fat-$elatiergenic proteins such as oleosfhs.
Likewise, processing methods for whole sesame In@@&® result in under-representation of
the sesame major allergens or under-recognitiorthef epitopes altered by the coupling
procedure? Oleosins have been identified as allergens insespeanut (Ara h 10 and Ara h 11)
and hazelnut (Cor a 12 and Cor a 13). Sesame ne@Ses i 4 and Ses i 5) induce reactions in
patients with negative screening tests. Leduc ptedented the results of 32 OFC-proven sesame
allergic patients in a French study, including hildren (age range: 3-18 years). Negative SPT
and undetectable sesame-siIgE levels were repate®P® and 18% children, however, all had
positive immunoblot toward sesame oleogthsMore recently, Barbarroja-Escuedo et al

described 10 Spanish sesame-allergic adults wiP6cl@egative sesame extract SPTs, 80%
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undetectable sesame-sigE, and 10% negative sessadeskin prick-prick testing. All these
patients had positive immunoblot toward sesame sie8’ Anaphylactic reactions were
observed in both studies, in 31% of the pediatrtigmt$® and in 80% of the adulfs.
Teodorowicz et al identified oleosins (Ses i 4 an@es i 5) as the major allergen in 5 Dutch
patients with sesame anaphyla¥is.

Patients sensitized but tolerant to sesame repges€i@% of our population. In a study by
Maruyama et al, nearly all the patients were semesitto the other seed storage proteins 7S
globulins (vicillin, Ses i 3) and 11S globulinsdienins, Ses i 6 and Ses i 7) irrespective of their
sesame allergy status. These proteins have a loigiolbgy with peanut and tree nut proteins;
vicillins: peanut Ara h 1, cashew Ana o 1, walnhug J 6, and legumins: peanut Ara h 3, cashew
Ana o 2 or walnut Jug r*4 These results could explain high (62%) rate ebensitization to
peanut and/or tree nuts in our patient populats@e (supplemental Table E1). These results also
suggest that sesame allergy tends to be over-dsagndue to cross-sensitization with peanut
and/or tree nuts. Sub-optimal specificity of therently available diagnostic tests leads to
unnecessary sesame avoidance and a negative effeguality of life. It is also possible that
avoidance of sesame in the diet could lead to dpweént of symptomatic sesame allergy due to
exposure via non-ingestion routes, especially indm with atopic dermatitis, as has been
observed for peantitand egd”

Our study has several limitations. It is a retraspe review of sesame OFCs performed
in a single pediatric academic institution. The O®w@s generally offered to those patients
considered to be at a lower risk of sesame alldigrefore creating a selection bias. While no
cut-off age, sIgE value, or SPT wheal size predudeallenge, typically the patients who were
offered an OFC did not have a history of recenedidye allergic symptoms upon ingestion of

sesame, and the likelihood of a positive reacti@s thought to be less than 50% based on the
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provider’s clinical experience. Overall, 75% of tpatients who underwent sesame-OFC had a
sesame-sigE level <5.0 kL. Some families declined the OFC because of tecerns for
anaphylaxis and/or lack of perceived benéfitfhus, the relatively high rate of negative sesame
OFCs could be explained by the selection bias.patients underwent open OFCs rather than
double-blind, placebo-controlled food challengeBATFCS), thereby increasing the risk of bias
being introduced by patient or clinician expectasiaegarding the likely outcome. The OFC
were assessed as positive if patients presentedlgagtive or subjective symptoms. However,
after excluding 7 patients with subjective OFC stonms from the analyses, no differences were
observed. In addition, open challenges have beeviqusly validated in pediatric populations.,
and are more commonly utilized than DBPCFCs inicdihpractic®. We exclusively used
commercial agueous sesame extract for skin pristingg Skin prick testing with sesame seeds,
oil, or tahini has been reported in previous cdasdacrease the sensitivity of skin prick tests, as
these sources still contain sesame lipophilic antsg unlike commercial extract, as discussed
abové’. However, using a standardized commercial exteaabled us to have a homogenous
comparable testing method for all the patientsalynwe had only a small number of patients
for whom a Ses i 1-slgE result was available, pod#y leading insufficient power to detect a
significant difference between the three tests.

CONCLUSIONS

Sesame OFCs can be performed safely in childrensaodld be especially offered to those
children with peanut and tree nut allergy who havielence of sesame sensitization without prior
reactions. Commercially available sesame SPT ex#nadt sesame-sIgE have limited diagnostic
accuracy. In our study, sesame SPTs with a comaiexiract had a better diagnostic accuracy
than sesame-sigE. We suggest that a sesame-SPT<wvBeen threshold could be utilized as a

clinical decision point for offering sesame-OFC practice. Skin testing with fresh form of
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sesame (e.g., sesame paste) could be consideret K@FC, especially if skin testing with
commercial extract is negative. Our results alsggseat that Ses i 1-sIgE has a better diagnostic
capacity compared to whole sesame-IgE and shouldvhkiated further in large cohorts of
patients. Better characterization and standardizadi the commercial sesame extracts for skin

testing andn vitro testing reagents is needed to improve diagnostiaracy.
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L egends of figures
Fig 1. Receiver operating characteristic curvesfor sesame SPT wheal size and sIgE levels
along with their AUC.

AUC: Area Under the Curve

Fig 2. Estimated probability curvesfor failing sesame OFC at given SPT wheal size (A) and
sesame sIgE leve (B).

Probability curves derived from logistic regress{oed lines); dashed lines indicated 95%
prediction limits. Crosses represent the failed @R@ open circles, the negatives OFC (multiple

crosses and circles are overlapping).

Fig 3. Receiver operating characteristic curvesfor sesame Sesi 1 levels, slgE levelsand SPT
wheal size among the subset of patientswith available Sesi 1-slgE along with their AUCs.

AUC: Area Under the Curve



Tablel. Clinical and immunological characteristics of gubjects according to the OFC outcome

Overall Positive OFC | Negative OFC P_values Adjusted OR P_values
(n=341) (n=106) (n=235) (95%Cl)
Age at avoidance onset (y), mean + SD 1.2+25 25+ 1.1+24 0.15" 1.05 (0.92-1.18) 0.47
Age at first OFC (y), mean + SD 7.7+4.3 7.2@4. 7944 0.20" 0.94 (0.87-1.01) 0.11
Duration of sesame avoidance (y), mean =|SD 6.4 +4.1 58+3.9 6.7+4.2 0.06' * *
Sex (male) 234 (69%) 71 (67%) 163 (69%) 0.66°
Atopic comorbidity 309 (91%) 97 (92%) 212 (90%) 0.70°
Atopic dermatitis 243 (71%) 82 (77%) 161 (69%) 0.11° 1.16 (0.62-2.20) 0.81
Asthma 157 (46%) 42 (40%) 115 (49%) 0.11° 0.93 (0.52-1.68) 0.64
Allergic rhinitis 204 (60%) 59 (55%) 145 (62%) 0.32°
Other food allergy 332 (97%) 102 (96%) 230 (98%) 0.38°
Prior reaction to sesame 84 (25%) 42 (40%) 42 (18%) < .001* | 2.60(1.35-5.09) <.01
History of anaphylactic reaction to sesame 12 (4%) 9 (8%) 3 (1%) < .01® * *
SPT (mm), median (interquartile range) 4 (1-6) 6 (4-7) 3 (0-5) < .001" | 1.47 (1.33-1.66) <.01
sIgE (kUn/L), median (interquartile range) 2.07 (0.93-4.80).88 (0.94-4.67) 2.15 (0.92-4.96) 0.927

P-value for comparison between positive and negad@F€;": Two Sample t-test: Pearson’s Chi-Square tetFisher’'s Exact-test;
* In case of correlated variables, we includedriust clinically relevant variable in the model.




Tablell. Diagnostic capacity of sesame SPT at various tptants (n=339)

Sesame SPT : Patients failing o e P.OS.'“VE N_eg_atlve
: Patients (n) Sensitivity (%) Specificity (%) | predictive value| predictive value

wheal size (mm challenge (n) (%) (%)
>3 239 94 88.7 37.8 39.3 88.0
>4 187 85 80.2 56.2 45.5 86.2
>5 127 68 64.2 74.7 53.5 82.1
>6 87 57 53.8 87.1 65.9 80.6
>7 48 34 32.1 94.0 70.8 75.3
>8 28 23 21.7 97.9 82.1 73.3
>9 17 14 13.2 98.7 82.4 71.4
>10 12 10 9.4 99.1 83.3 70.6
>11 8 7 6.6 99.6 85.5 70.1
>12 5 5 4.7 100 100 69.8




Tablelll. Diagnostic capacity of sesame-sIgE at variousftptonts (n=332)

: - e i Positive Negative
Se(i%T;T_)SIQE Patients (n) Pﬁg{g rslg;‘sll(lg)g Sergf/(l)t)lwty Spe(fj/:)f)'c'ty predlczg%;a value predlc('f)%)e value

>0.35 292 92 86.8 11.5 315 65.0
>1 238 77 72.6 28.7 32.4 69.1
>2 172 51 48.1 46.5 29.7 65.6
>3 123 42 39.6 64.2 34.1 69.4
>3.29 112 40 37.7 68.1 35.7 70.0
>5 82 25 23.6 74.8 30.5 67.6
>7 52 18 17.0 85.0 34.6 68.6
>10 28 11 104 92.5 39.3 68.8
>23.5 6 4 3.8 99.1 66.7 68.7
>50 3 2 0.9 99.6 66.7 68.4
>99 1 1 0.9 100 100 68.3




TablelV. Performance characteristics of Ses i 1-sIgE, sesdgE and sesame-SPT among the subset of patightavailable Ses i
1-slgE

Overall Positive OFC Negative OFC

(n=30) (n=12) (n=18) AUC (IC 95%)
Ses i 1 (ISU) 0.15 (0.15-1.79) 1.34 (0.15-4.33) | 0.15(0.15-0.15) | 0.715 (0.541-0.890)
Sesame sIgE(kUa/L) 3.88 (2.09-9.60) 4.41 (2.27-7.79) | 3.40 (2.09-9.60) | 0.505 (0.275-0.734)
Sesame SPT(mm) 4.00 (1.25-5.75) 4.75 (3.00-6.00) | 4.00 (0.25-5.00) | 0.641 (0.430-0.853)

I Median (interquartile range)
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Table E1l.

Allergic co-sensitizations of the subjects acaogdio sesame-OFC outcome
Overall Positive Negative
(n=341) sesame-OFC| sesame-OFC
(n=106) (n=235)
Peanut allergy 136 (40%)| 44 (42%) 92 (39%)
Tree nut allergy 124 (36%) 38 (36%) 86 (37%)
Cashew 42 (12%) 14 (13%) 28 (12%)
Pistachio 14 (4%) 2 (2%) 12 (5%)
Walnut 39 (11%) 14 (13%) 25 (11%)
Pecan 13 (4%) 3 (3%) 10 (4%)
Almond 23 (7%) 5 (5%) 18 (8%)
Macadamia nut 5 (1%) 0 5 (2%)
Brazil nut 1 (0.3%) 0 1 (0.4%)
Pine nut 7 (2%) 1 (1%) 6 (3%)
zl‘fjrg‘;f and/ortree Ut 513 520 | 66 (6206) | 147 (63%)
Seed allergy 35 (10%) 10 (9%) 25 (11%)
Mustard 18 (5%) 6 (6%) 12 (5%)
Sunflower 9 (3%) 4 (4%) 5 (2%)
Flaxseed 9 (3%) 0 9 (4%)
Chia 2 (1%) 0 2 (1%)
Poppy 0 0 0




1 TableE2. Clinical characteristics of patients with an andpbtic reaction during the sesame
2 OFC

Cumulative
Age Sesame eliciting
Prior g Sesamel SPT | Symptoms Medications
. - at . dose of .
Patient| Sex | clinical OFC slgE wheal during sesame given
reaction (kUa/L) | diameter| OFC : during OFC
v) protein
(mm)
(mg)
Patients with a history of reaction to sesame
Er, TP, N,
#1 male Er 7.0 2.84 5 TS 240 Ce,E, P
Cw, D, CW, Em,
#2 male Er. S 7.1 7.37 7 U 191 Ce, Dp, E
#3 male Em 8.1| 43.80 6 AP’RCW’ 1803 Ce, Dp, E
#4 male Em,S| 84 4.24 7 Em,R, TP 250 Ce, Dp, E
#5 | femalel Em, UR| 3.0 | 1.10 13 CwérEm’ 250 Dp
#6 | femalel Em, Er | 10.4| 1.30 5 C’TCI;WL’JR’ 500 Ce, E, Ra
Em, S,
#7 female C 12.7 3.88 0 TP, TS 125 Ce, Dp, E
C, DBP,
#8 female| Er 16.8| 0.88 9 Em, R, S, 1125 Dp, E x2
TP, U
Patients avoiding sesame due to positive testing
C,Em, S,
#9 male - 1.7] <0.35 4 U 250 Dp, E
#10 male * 2.2 3.63 5 CW,R, U 250 Ce, Dp,
#11 male - 3.1 4.76 4 Em, S, U 515 Dp, E,
#12 male - 3.1 8.61 0 AP, U 6000 Ce, Dp,
#13 male - 3.3 6.32 4 AP’UCW’ 1500 Ce, E
#14 male - 3.8 1.11 8 CWl’JTP’ 1803 Dp, E
#15 male - 4.3 1.12 0 CWL,JEm, 750 Dp, E
AP, CW, A, Ce, Dp,
#16 male - 4.4 27.5 6 N, TP, U DM P




~NOo olbhWw

AP, CW,

#17 male - 5.1 3.33 7 U 250 Ce,E, P
#18 | male i 66| 755 7 AP, U 3 Ce, E
AP, CW, A, Ce, Dp,
#19 | male i 74| 529 7 TR 1773 E Ra
Em, TP,
#20 male - 10.4 1.13 6 TS, U 500 Ce, Dp, E
#21 | male _ | 149 162 6 | CWEM | 5000 | €& DPE
U x2, P
#22 male - 15.6 3.12 17 AP, CW, DM Ce, Dp, E
TP, U
#23 | female * |17.0| 17.7 6 ATPF’, ELT’ 500 Dp, E, Ra

A, albuterol;AP, abdominal painC, conjunctivitis;Ce, cetirizine;CW, cough and wheezin@,
diarrhea,DBP, decreased blood pressub#, data missingDp, diphenhydramineg,
epinephrineEm, emesisEr, ErythemaN, nausea;P, prednisoloneR, rhinitis; Ra, ranitidine;
S swelling; TP, throat pruritusTS throat swelling sensatiok}, urticaria;UR, unresponsive

* No reaction during an accidental exposure.
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Table E3. Clinical characteristics of patients with positsesame OFC and negative SPT wheal

size (Omm)
Cumulative
prior | Age | Duration | ®58M Reaction eliciting Medications
. . at sigE . dose of .
Patient| Gender| clinical OFC of sesame level during sesame given
i avoidance i
reaction V) " (KU/L) OFC protein during OFC
(mg)
Patients with a history of reaction to sesame
#1 female S 3.1 2.3 <0.35 DM DM DM
#2 female| TP, U 7.4 0.7 3.36 U 1500 Ce
. Em, S,
#3 female C 12. 9.2 3.88 TP. TS 125 Ce, Dp, E
#4 female TP 13.3 1.2 6.93 AP_]l;-P’ 32 Ce
Patients avoiding sesame due to positive testing
#5 male - 2.4 2.4 1.95 R,S,U 250 Ce, Dy
#6 male - 3.1 3.1 8.61 AP, U 6000 Ce, E
#7 male - 3.2 3.2 0.21 R, U 1500 Ce
Cw,

#8 male - 4.3 4.3 1.12 Em. U 750 Dp, E
#9 | male - | 61 31 1.70 AP’ErEm’ 125 Ce
#10 male - 8.1 8.1 1.72 U 773 Ce
#11 | female - 2.0 2.0 5.43 U DM Dp
#12 | female - 7.9 7.9 10.70 U 963 Dp

AP, abdominal painCe, cetirizine;CW, cough and wheezin@M, data missingDp,
diphenhydraminek, epinephrineEm, emesisEr, ErythemajR, rhinitis; S swelling; TP, throat
pruritus; TS throat swelling sensatioh}, urticaria.



14  TableE4. Clinical characteristics of patients with positsesame OFC and negative sesame

15

16
17

sIgE level
Cumulative
Age | Duration Sesame eliciting
Prior g SPT | Reaction Medications
. . at | of sesame . dose of .
Patient| Gender| clinical . wheal | during given
. OFC | avoidance : sesame .
reaction size OFC . during OFC
v) v) protein
(mm)
(mg)
Patients with a history of reaction to sesame

#1 male Er 1.6 0.5 5 U 750 Dp

#2 male S 2.8 1.9 6 U DM Dp

#3 | male E;“L'J‘ 34| 25 7 TP, U 500 Ce

#4 male U 3.6 2.7 7 U 125 Dp

#5 male C, TP| 82 8.2 8 R, S, TP 129 Ce

#6 male U 14.8 12.8 5 TP, U 1015 Dp

#7 female U 14 0.8 5 U 65 Dp

#8 female S 3.1 2.3 0 DM DM DM

#9 female U 3.5 3.5 4 TP, U 500 Ce

#10 | female U 4.8 2.8 6 U DM Dp

#11 female U 6.1 DM 8 U 258 Dp

Patients avoiding sesame due to positive testing

#12 | male i 17 17 4 Cé ELT’ 241 Dp, E

#13 male - 3.2 3.2 2 R, U 1445 Ce

#14 male - 3.4 3.4 7 U 1926 Ce
C, conjunctivitis;Ce, cetirizine;DM, data missingDp, diphenhydraminek, epinephrineEm,

emesisEr, Erythemal, lethargy;R, rhinitis; S swelling; TP, throat prurituspJ, urticaria.




Table ES. Clinical characteristics of the subset of patiemth available Ses i 1-sIgE according

to the OFC outcome

Overall Positive OFC Negative OFC P_value

(n=30) (n=12) (n=18)
Age at avoidance onset (y), mean = SD 1.1+21 +P% 09+1.7 0.43"
Age at first OFC (y), mean £ SD 9.5+3.9 10+4.8 9.2+34 0.60"
Duration of sesame avoidance (y), mean = $D 8.2+4 85+£55 8.5+3.0 0.99"
Sex (male) 21 (70%) 7 (58%) 14 (78%) 0.42°
Atopic comorbidity 29 (97%) 12 (100%) 17 (94%) 1*
Atopic dermatitis 23 (77%) 10 (83%) 13 (72%) 0.67
Asthma 22 (73%) 8 (67%) 14 (78%) 0.68"
Allergic rhinitis 26 (87%) 11 (92%) 15 (83%) 0.63"
Other food allergy 29 (97%) 11 (92%) 18 (100%) 0.40°
Prior reaction to sesame 8 (27%) 5 (42%) 3 (17%) 0.21°
History of anaphylactic reaction to sesame 1 (3%) 1 (8%) 0 0.40°

18 P value for comparison between positive and negddV€ ; ': t-test;”: Chi- test;": Fisher-test
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Table E6. Diagnostic capacity of Ses i 1-sIgE at variousffugoints

. Patients " .
Sesil- , . I e Positive Negative
slgE Pa(trlsnts 0;2“22 o Ser(l(?/lt)lwty Sp(i((;f)lcny predictive | predictive
(USI) . 9 0 0 value (%) | value (%)
>0.3 10 7 58.3 83.3 70.0 75.0
>1 9 6 50 83.3 66.7 71.4
>3 6 5 41.7 94.4 83.3 70.8
>5 3 2 16.7 94.4 66.7 63.0
> 6 2 1 8.3 94.4 50.0 60.7
> 30 1 1 8.3 100 100 62.1




