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Article history: Background: Sesame can cause severe allergic reactions and is a priority allergen in Canada.
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Objective: To assess clinical characteristics and management of pediatric sesame-induced anaphylaxis and iden-
tify factors associated with epinephrine treatment.
Methods: Between 2011 and 2021, children with sesame-induced anaphylaxis presenting to 7 emergency

departments (ED) in 4 Canadian provinces and 1 regional emergency medical service were enrolled in the Cross-
Canada Anaphylaxis Registry. Standardized recruitment forms provided data on symptoms, severity, triggers,
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and management. Multivariate logistic regression evaluated associations with epinephrine treatment pre-ED and

multiple epinephrine dosages.

Results: Of all food-induced anaphylactic reactions (n = 3279 children), sesame accounted for 4.0% (n = 130 chil-
dren), of which 61.5% were boys, and the average (SD) age was 5.0 (4.9) years. Hummus containing sesame paste
triggered 58.8% of reactions. In the pre-ED setting, 32.3% received epinephrine, and it was more likely to be used
in boys (adjusted odds ratio [aOR], 1.27; 95% confidence interval [CI], 1.08-1.50) and those with a known food
allergy (aOR, 1.36; 95% CI, 1.11-1.68]). In the ED, 47.7% of cases received epinephrine, with older children more
likely to receive multiple epinephrine doses (aOR, 1.00; 95% CI, 1.00-1.02).

Conclusion: In Canada, hummus is the major trigger of sesame-induced anaphylaxis. Knowledge translation
focused on prompt epinephrine use and product-labeling policies are required to limit sesame reactions in

communities.

© 2022 American College of Allergy, Asthma & Immunology. All rights reserved.

Introduction

Sesame allergy affects 0.2% of children in North America and is a
major cause of anaphylaxis in the Middle East.!* Sesame (Sesamum
indicum L.) is found in various food items and dishes in the form of
ground sesame, sesame seeds, sesame oil, or sesame paste (eg,
tahini).> Common items containing this priority food allergen include
hummus (chickpea spread containing sesame paste), bagels, bread,
crackers, chips, and baked goods. Notably, sesame seeds contain
numerous food allergen protein groups associated with sesame sensi-
tization and immunoglobulin E-mediated allergic reactions.® Such
sesame seed allergens include proteins from different protein
groups,” of which the seed storage proteins are associated with
severe allergic reactions.

The rise in sesame allergy is largely attributed to food globaliza-
tion, given that sesame is often found in Middle Eastern and Asian
dishes.* However, there are little data on the clinical presentation
and management of sesame-induced anaphylaxis in North America.
To address this knowledge gap, we assessed the clinical characteris-
tics and management of children with sesame-induced anaphylaxis
presenting to Canadian emergency departments (ED) as part of the
Cross-Canada Anaphylaxis Registry (C-CARE). We also identify factors
associated with epinephrine treatment before the ED and factors
associated with multiple doses of epinephrine (2 or more) in the ED.

Methods
Study Design

This cross-sectional study included nationwide pediatric sesame-
induced anaphylaxis data collected through C-CARE from April 27,
2011 to January 31, 2021. Pediatric patients with food allergy were
enrolled in 7 Canadian EDs in 4 provinces (British Columbia, Ontario,
Quebec, and Newfoundland and Labrador) and 1 emergency medical
services (EMS) in Quebec’s Outaouais region. Patient data were
obtained prospectively and retrospectively.” Prospective data were
collected during the ED or EMS patient visit. Physicians identified
anaphylaxis in children, and trained research members acquired con-
sent from the patients and their families. Standardized recruitment
forms were completed on the symptoms, severity, triggers, and ana-
phylaxis management. Retrospective data were collected for missed
cases after ED and EMS visits through a structured chart review on
the basis of the International Classification of Diseases 10th Edition
codes related to anaphylaxis.® Cases were excluded if they did not
align with the definition of anaphylaxis: involvement of at least 2
organ systems or hypotension in response to an allergen, as reviewed
independently by 2 members of the research team.>’

Setting

In Quebec, 4 EDs were involved in the C-CARE: the Montreal
Children’s Hospital, the Montreal General Hospital, Hopital Sainte-
Justine, and Hopital du Sacré-Coeur de Montreal. Children managed

by the Quebec’s Outaouais region EMS were also recruited for the
study. In addition, data from children presenting with anaphylaxis to
the London Health Sciences Centre in Ontario, the British Columbia
Children’s Hospital in British Columbia, and the Janeway Children’s
Health and Rehabilitation Centre in Newfoundland and Labrador
were included in the C-CARE data set.

Participants

Children younger than 18 years of age with sesame-induced ana-
phylaxis presenting to any C-CARE recruiting EDs or EMS were eligi-
ble to participate in the study.

Outcomes and Independent Variables

Outcomes of interest included anaphylaxis severity, epinephrine
treatment pre-ED, and the use of multiple epinephrine dosages in the
ED. In the pre-ED setting, epinephrine administration was analyzed
for associations with age, sex, reaction severity, reaction location, and
known food allergy. Independent variables included patient charac-
teristics, sesame triggers, and pre-ED treatments. In the ED, multiple
dosages of epinephrine were analyzed for associations with age, sex,
and pre-ED treatment with antihistamines and epinephrine. The
severity of anaphylaxis was classified as mild, moderate, or severe
using a modified grading system.® Mild anaphylaxis included nasal
congestion and sneezing, rhinorrhea, throat tightness, mild wheez-
ing, generalized pruritis, flushing, urticaria, angioedema, mild
abdominal pain, nausea and vomiting, tachycardia, and anxiety.’
Moderate anaphylaxis included harsh cough, moderate wheezing,
dysphagia, shortness of breath, crampy abdominal pain, repeated
vomiting, diarrhea, and light-headedness.® Severe anaphylaxis
included cyanosis, respiratory arrest, hypotension, circulatory col-
lapse, dysrhythmia, bowel incontinence, cardiac arrest or serious bra-
dycardia, confusion, and unconsciousness.’

Statistical Analysis

Analyses were completed using R version 4.0.3. (R Core Team
[2020]; R: A language and environment for statistical computing; R
Foundation for Statistical Computing, Vienna, Austria). Clinical char-
acteristics and demographics were reported as means (SD) for con-
tinuous data and as percentages for categorical data. Each variable
was dichotomized for statistical purposes, except for age. Factors
associated with epinephrine treatment pre-ED and multiple epineph-
rine dosages in the ED were evaluated using multivariate logistic
regression. The significance level was set at .05.

Ethics Approval

All participating hospitals’ ethics committees approved the study.
Informed consent was obtained for all the participants recruited pro-
spectively.
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Results
Demographics and Clinical Characteristics

Over a 10-year study period (April 2011 to January 2021), 3739
food-triggered cases were logged as part of the C-CARE initiative, of
which 3279 (88.0%) were pediatric cases. Among the pediatric food-
induced anaphylaxis reactions, sesame accounted for 4.0% (n = 130/
3279) of all cases. The 130 pediatric patients were recruited predomi-
nantly from Quebec (n = 109/119; 91.6%). The mean age was 5.0 years
(SD 4.9 years), and most (n = 80/130; 61.5%) were boys. Participating
children also had various other allergic conditions, including eczema
(n = 31/130; 23.8%) and other food allergies (n = 88/130; 67.7%), of
which peanuts (n = 35/130; 26.9%) and nuts (n = 20/130; 15.4%) were
the most common. Only 37.7% (n = 49/130) had a known sesame
allergy, and thus 62.3% (n = 81/130) had sesame-induced anaphylaxis
as the presenting symptom of their sesame allergy. Interestingly, no
asthma comorbidity was reported (Table 1).

Most reactions were classified as moderate (n = 79/130; 60.8%),
whereas 44 cases (33.8%) were considered mild and 7 cases (5.4%)
severe. Common symptoms included angioedema (n = 86/130;
66.2%), urticaria (n = 83/130; 63.9%), pruritus (n = 59/130; 45.4%), gas-
trointestinal symptoms (n = 48/130; 36.9%), and breathing difficulties
(n =35/130; 26.9%). The most common sesame trigger was hummus
(spread containing sesame paste—tahini), causing anaphylaxis in

Table 1
Demographics and Clinical Characteristics of Pediatric Patients With Sesame-Induced
Anaphylaxis Presenting to EDs

Variable (N = 130)

Pediatric patients (n, %)

Province: (N=119)

Quebec 109 (91.6%)
Ontario 9(7.6%)
Newfoundland and Labrador 1(0.8%)
British Columbia 0(0.0%)
Age at reaction (mean, SD) 5.0 (4.9)
Sex - male 80(61.5%)
Sex - female 50 (38.5%)
Other condition:
Known food allergy 88 (67.7%)
Known eczema 31(23.8%)
Known asthma 0(0.0%)
Specific known food allergy: 49 (37.7%)
Sesame 35 (26.9%)
Peanut 20(15.4%)
Nut® 15 (11.5%)
Tree nut 16 (12.3%)
Egg 14 (10.8%)
Milk 10(7.7%)
Fish 3(2.3%)
Shellfish
Anaphylaxis severity:
Mild 44 (33.8%)
Moderate 79 (60.8%)
Severe 7 (5.4%)
Symptoms:
Angioedema 86 (66.2%)
Urticaria 83(63.9%)
Pruritus 59 (45.4%)
Gastrointestinal 48 (36.9%)
Breathing difficulties 35(26.9%)
Flushing 30(23.1%)
Throat tightness 28 (21.5%)

Sesame trigger: (N = 114)

Hummus (tahini) 67 (58.8%)
Bagel sesame grains 5(4.4%)
Bread 4(3.5%)
Cookie 4(3.5%)
0il 3(2.6%)
Crackers 2(1.8%)

(continued)

58.8% of cases (n = 67/114), followed by bagel sesame grains causing
4.4% of cases (n = 5/114), and bread and cookies, each causing 3.5% of
cases (n = 4/114). Almost half (n = 58/130; 48.3%) of the sesame reac-
tions occurred within 5 minutes, whereas 46.7% (n = 56/130)
occurred between 5 minutes and 2 hours after exposure (Table 1).
Note that 3.3% of reactions (n = 4/130) occurred between 2 hours and
8 hours and may be related to late recognition, recall base or rare
cases of delayed anaphylaxis.'°

Pre-Emergency Department and Emergency Department
Management

In the pre-ED setting, 32.3% (n = 42/130) of patients received epi-
nephrine, 50.8% (n = 66/130) received antihistamines, 4.6% (n = 6/
130) received inhaled [3 agonists, 0.1% (n = 1/130) received cortico-
steroids, and 30.0% (n = 39/130) received no treatment. In the ED,
47.7% (n = 62/130) received epinephrine, 40.8% (n = 53/130) received
antihistamines, 3.8% (n = 5/130) received (3 agonists, 29.2% (n = 38/
130) received corticosteroids, and 15.4% (n = 20/130) received no
treatment. One in every 5 children presenting with sesame-induced
anaphylaxis did not receive epinephrine treatment either in the pre-
ED or ED. Four pediatric patients received multiple doses of epineph-
rine in the ED and no patients were admitted to the hospital (Table 1).

Reactions occurred mainly at home (60.0%; n = 72/120), whereas
12.5% (n = 15/120) occurred at a school/daycare, 12.5% (n = 15/120)
in a public location, and 11.7% (n = 14/120) in a restaurant. After ED
visits, epinephrine autoinjectors (EAI) were prescribed in 67.7%
(n = 88) of all sesame anaphylaxis cases. Roughly half (n = 66/130;

Table 1 (Continued)

Variable (N = 130)

Pork 2(1.8%)

Sesame stick 2(1.8%)

Other (eachN=1/114) 25 (21.9%)
Time until reaction after exposure: (N = 120)

Pediatric patients (n, %)

<5 min 58 (48.3%)
S5minto<2h 56 (46.7%)
2hto<8h" 4(3.3%)
Treatment in the pre-ED setting:
Epinephrine 42 (32.3%)
Antihistamines 66 (50.8%)
Beta agonists 6 (4.6%)
Corticosteroids 1(0.1%)
No treatment 39(30.0%)
Treatment in the ED:
Epinephrine 62 (47.7%)
Antihistamines 53 (40.8%)
Beta agonists 5(3.8%)
Corticosteroids 38(29.2%)
No treatment 20 (15.4%)
No epinephrine treatment pre-ED or in ED 26 (20.0%)
2+ Epinephrine treatment in ED 4(3.1%)
Hospital admission 0(0.0%)
Location of reaction: (N = 120)
Home 72 (60.0%)
School or daycare 15 (12.5%)
Public location 15 (12.5%)
Restaurant 14 (11.7%)
Family or friend’s house 4 (3.3%)
Epinephrine autoinjectors:
Prescribed epinephrine autoinjector 88 (67.7%)
Already has epinephrine autoinjector 31(24.0%)
Not prescribed an epinephrine autoinjector 35(26.9%)
Referred to an allergist for evaluation 66 (50.8%)

Abbreviation: ED, emergency department.

“The term nut was used when parents did not specify if the nut allergy was to peanut
or tree nut.

PThe 4 reactions occurring from 2 hours to less than 8 hours may be related to late rec-
ognition/recall base or rare cases of delayed anaphylaxis.
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Table 2
Factors Associated With Epinephrine Treatment in the Pre-ED

Variable Univariate (OR, 95% CI) Multivariate (OR, 95% CI)
Age at reaction 1.01 (0.99-1.02) 1.00 (0.98-1.02)

Sex (male) 1.22(1.04-1.44)° 1.27 (1.08-1.50)*

Severe anaphylaxis 0.96 (0.67-1.38) 1.08 (0.77-1.50)

Known food allergy 1.22 (1.03-1.44)° 1.36(1.11-1.68)"
Known sesame allergy 1.04 (0.88-1.23) 0.89 (0.72-1.09)
Reaction at home 0.83 (0.71-0.99)* 0.92(0.76-1.11)
Reaction at school 1.29 (1.01-1.66)° 1.23(0.93-1.62)

Abbreviations: CI, confidence interval; ED, emergency department; OR, odds ratio.
“Statistically significant (P < .05).

Table 3
Factors Associated With Multiple (2+) Epinephrine Treatment in the ED

Variable Univariate (OR, 95% CI) Multivariate (OR, 95% CI)
Age at reaction 1.01 (1.00-1.02)* 1.00 (1.00-1.02)*

Sex (male) 1.04 (0.89-1.22) 1.06 (0.91-1.25)
Epinephrine pre-ED 0.93 (0.74-1.17) 0.87 (0.69-1.11)
Antihistamines pre-ED 1.08 (0.92-1.25) 1.07 (0.91-1.26)

Abbreviations: CI, confidence interval; ED, emergency department; OR, odds ratio.
3Statistically significant (P < .05).

50.8%) of the children were referred to an allergist for evaluation
(Table 1).

Factors Associated With Epinephrine Use

In the pre-ED setting, epinephrine was more likely used in boys
and patients with a known food allergy after adjusting for age, reac-
tion severity, history of sesame allergy, and reaction location
(adjusted odds ratio [aOR], 1.27 [95% confidence interval (CI), 1.08-
1.50] and aOR, 1.36 [95% CI, 1.11-1.68], respectively) (Table 2).

In the ED, the likelihood of receiving multiple epinephrine doses
increases with age (aOR, 1.00 [95% CI, 1.00-1.02]) when adjusting for
sex and pre-ED setting treatments with epinephrine and antihist-
amines (Table 3).

Discussion

In this decade-long cross-Canada study of anaphylaxis, we identi-
fied that sesame-induced anaphylaxis in children is mainly triggered
by hummus. Both in the pre-ED setting and ED, epinephrine remains
underused. Boys and those with a known food allergy are more likely
to receive epinephrine pre-ED, whereas older children are more
likely to receive more than 1 epinephrine treatment in the ED. This
reinforces the concern that epinephrine is underutilized and not
administered promptly enough.

The finding that most reactions follow exposure to hummus may
account for the severity of presentation.'! A major ingredient in hum-
mus is tahini, which is made of ground hulled sesame. Tahini often
presents as an unknown sesame-containing food to the community,
thereby causing many severe sesame allergic reactions.'? Unlike ses-
ame grains that can move through the gastrointestinal tract unab-
sorbed, crushed sesame protein in tahini allows for increased
absorption.'* Oleosin, a seed storage protein of sesame, is found in 2
forms within sesame extracts (Ses i 4 and Ses i 5) and acts as a lipid
droplet stabilizer.'® The oleosin protein family has hydrophobic bind-
ing sites for lipid ligands, promoting lipid binding.'* This protects the
sesame allergen from gastrointestinal degradation and aids in intesti-
nal cell uptake.'* The binding of immunomodulatory lipids causes
enhancement of T Helper Cell Type 2 (Ty2) actions and contributes to
protein allergenicity.'* These lipophilic allergenic oleosins contribute
to severe allergic reactions as there is increasing evidence that such
lipophilic proteins can trigger immune reactions.'”

Table 4
Comparison Between Prospective and Retrospective Patient Data Collection of Pediat-
ric Cases of Sesame-Induced Anaphylaxis

Variable Prospective Retrospective

Number of cases 74 (56.9%) 56 (43.1%)

Age at reaction (mean, SD) 5.7 (4.8) 4.1(5.0)

Sex — male 41(55.4%) 39 (69.6%)
Sex —female 33 (44.6%) 17 (30.4%)

Reaction severity — moderate 54 (73.0%) 25 (44.6%)
Reaction severity — severe 2(2.7%) 5(8.9%)

Epinephrine (pre-ED) 22(29.7%) 20(35.7%)
Epinephrine (ED) 33 (44.6%) 29 (51.8%)

Abbreviation: ED, emergency department.

Our findings indicate a substantial underutilization of epinephrine
in sesame-induced anaphylaxis, both in the pre-ED and ED setting.
Contributing factors to epinephrine underutilization in pediatric
patients include no previous allergy diagnosis, epinephrine inaccessi-
bility at the time of reaction, and inability to correctly recognize the
child’s symptoms.'®!” As caregivers often administer EAls to pediat-
ric patients, this can act as a barrier to the EAl administration pro-
cess.'® In a study by Chad et al,'® more than half of the parent
participants (55.6%) were fearful of using an EAl on account of hurting
the child, incorrect EAI use, or adverse outcomes. To counteract bar-
riers to underutilization, allergists must continue to educate families
on the safety and efficacy of EAls and the indications for use. In addi-
tion, physicians should help empower parents to use EAls promptly
when indicated, which may be facilitated by addressing parental con-
cerns related to EAI use and encouraging parents to practice the
proper technique using a trainer during clinical visits.

Furthermore, a delay between sesame ingestion and reaction can
also contribute to the underuse of EAIs. In our study, nearly half of
the sesame-induced anaphylaxis cases (46.7%) occurred between 5
minutes and under 2 hours after ingestion. Thus, parents and guardi-
ans may not attribute delayed symptoms to an allergic reaction, espe-
cially during a first-time reaction. In addition, it has been reported
that only approximately half of patients regularly carry an unexpired
EAL'® As 40% of sesame-induced anaphylaxis reactions reported
herein did not occur at home, patients and parents may not have had
an EAI available at the time of reaction. Consistent epinephrine car-
riage as well as prompt and proper administration must continue to
be promoted by physicians to families to manage pediatric sesame
anaphylaxis.

Our study reveals that epinephrine was more likely to be used in
boys and patients with a known food allergy in the pre-ED setting.
Children with known sesame anaphylaxis already have an EAI pre-
scription, which increases the likelihood of epinephrine use on reac-
tion. However, the difference in sex-based epinephrine use is not
clear. The sex disparity could be accounted for by various factors,
including disproportionately more boys in our study (61.5% boys to
38.5% girls) or a higher EAI prescription rate in boys during child-
hood.'® Moreover, a greater prevalence of needle fear was found in
female pediatric patients than in their male counterparts, with fear of
needles decreasing with increased age in both sexes.'® Therefore, our
findings align with previous research that male pediatric patients
exhibit higher trends of epinephrine use in the pre-ED setting.

Our findings reveal that the likelihood of receiving multiple epi-
nephrine doses in the ED increases with age. A second dose of epi-
nephrine is often administered after 5 to 15 minutes in patients with
severe anaphylaxis or if there is an inadequate response to the first
dose.?® Epinephrine dosage relates to a patient’s body weight, with a
recommended dosage of 0.01 mg/kg body weight.?! Accordingly,
older children at higher weights tend to need a higher dosage or 2
dosages of epinephrine because they may be underdosed if using the
0.15 mg autoinjector.”! In addition, the average volume of sesame-
product eaten in older children is likely higher than in younger
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children. Thus, a greater serving-for-age portion of allergen could
contribute to a more severe reaction in older patients. A limitation of
the study is that data on patients’ height, weight, epinephrine dosage,
and sesame quantity eaten were not available.

In our study, it was observed that the most common sesame coal-
lergy was peanut (26.9%), followed by nut (15.4%) and tree nut
(11.5%). These foods are reported to have high rates of coallergies.>
Pediatric patients with peanut or tree nut allergies are at a greater
risk for developing less common food allergies, including sesame.?*
Interestingly, sesame seed storage proteins are also found in peanuts
and tree nuts, such as walnuts and Brazil nuts.? Given the high rate of
codiagnosis of peanut and sesame allergies, it may be prudent to
evaluate peanut tolerance in patients who have experienced a reac-
tion to sesame.?’

Our study includes several limitations. First, despite being a cross-
Canada study consisting of recruitment in 8 Canadian centers
(ED + EMS), most patients (91.6%) were recruited from Quebec. Nev-
ertheless, as the sample size is relatively large and patients were
recruited from multiple provinces, we believe that our results are still
valid. In addition, not all patients with anaphylaxis attend the ED, and
data on household income, race, and ethnicity were not collected in
this study. Moreover, almost half of the cases were recruited retro-
spectively (43.1%). However, retrospective and prospective cases
were similar regarding demographics, comorbidities, and manage-
ment (Table 4). Finally, given that challenge tests (skin, oral) were
not conducted at all sites, it was assumed that the pediatric sesame
allergies led to anaphylaxis with sesame as the trigger.

In conclusion, our findings reveal that sesame-induced anaphy-
laxis in children often occurs as the first manifestation of sesame
allergy and is mainly attributed to hummus ingestion. There is still
substantial EAI underutilization, emphasizing the importance of pro-
grams to educate patients and families on prompt, safe EAI use.
Moreover, physicians and ED staff must promote prehospital EAI use.
Thus, as cases of sesame-induced anaphylaxis heighten in Canada, so
does the need for ongoing management and awareness in the com-
munity.
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