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Introduction and Background 

Food allergies are adverse immune reactions that happen in response to dietary antigens 
and can lead to a variety of symptoms.1 For both affected individuals and caregivers, allergies are 
a particular area of anxiety and can impair health-related quality of life (HRQL).2 This is a 
multidimensional construct that evaluates the physical, psychological, and social components 
impacted by a medical condition from the patient or parent perspective.3 Food allergy-specific 
anxiety (FAA) has affective, cognitive, behavioral, and somatic domains.3 Components of the 
affective dimension include fear, hypervigilance, and associated distress.3 Cognitive dimensions 
include worry related to the uncertainty regarding potential allergen exposure and its outcomes, 
symptom management during cases of emergencies, general health and development, and 
medical assessment and treatment.3 FAA-related behaviors include allergen avoidance, 
withdrawal from social situations, and the carrying of rescue medications at all times.3 Of note, 
two of these behaviours, namely allergen avoidance and rescue medication carriage, are 
beneficial as they reduce the risk of allergic reactions.  

 
Many food allergens are common and, some, like eggs and milk, are ubiquitous in the 

western diet, often leaving affected individuals having to make major adjustments to their 
everyday meals.4 Dietary avoidance can affect typical social patterns, such as eating meals with 
others, and in turn lead to strain in relationships and contribute to feelings of social isolation.4 
Fatal reactions can happen from accidental ingestion. Anaphylaxis is the most severe type of 
allergic reaction, and is defined as the involvement of two or more organ systems after exposure 
to a potential allergen, or hypotension after exposure to a known allergen.5 Individuals with 
allergies who are at risk of severe reactions like anaphylaxis are recommended to carry an 
epinephrine auto-injector (EAI). Having an EAI readily available is important, as the early 
administration of the medication allows symptoms to be reversed before irreparable damage is 
caused.6 Recent studies suggest a negative impact of food allergy on HRQL for both individuals 
experiencing food allergy and their families.7,8  

 
An estimated 8% of all children and adolescents live with food allergy, with growing 

evidence that the prevalence, despite stabilizing in recent years, is at an all-time high.9 
Considerable effort has been devoted to research on the clinical, epidemiological, and 
management aspects of food allergies.9–17 Moreover, the economic impact of food allergy on  
affected families can be substantial.12,13 Prior to the COVID-19 pandemic, Golding et. al reported 
that Manitoba households with children who have specialist-diagnosed food allergies have, on 
average, higher direct costs related to food, travel to medical appointments and medications, 
totalling $2376.76 Canadian (CAD) compared to households not managing food allergy.13 The 
COVID-19 pandemic has contributed further to this economic burden, as families with food-
allergic children report higher spending than before on the cost of food as well as on indirect costs 
such as food preparation.12 Excess costs may contribute to altered food purchasing habits, which 
may further contribute to the risk of allergic reactions. 

 
Allergic reactions include a spectrum of presentations, with anaphylaxis being the most 

severe manifestation. Typically, most cases involve the skin with generalized erythema-urticaria 
and either cardiovascular or respiratory compromise.18 Nonetheless, anaphylaxis is widely 
variable in presentation due to different reaction patterns, making it a diagnostic challenge for 
affected individuals and caregivers alike.19 Anaphylaxis may be triggered by a variety of agents 
including medications, insect venom, or food, of which the latter is the most common trigger.20 
The foods most often implicated in anaphylaxis-induced hospitalizations in pediatric patients are 
peanuts, tree nuts, cow’s milk, and eggs.21 Epidemiologically, food allergy accounts for 
approximately half of anaphylaxis cases presenting to emergency departments (EDs).22 Annually, 
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anaphylaxis affects up to 1.6% of the North American population, and is associated with 
substantial morbidity rates and mortality rates if left untreated.23  

 
In individuals with allergies, death due to anaphylaxis can occur as rapidly as minutes 

after ingesting an allergen.24 The mainstay of anaphylaxis treatment is epinephrine, a medication 
that can halt the progression of anaphylaxis regardless of the reaction severity.6 While other 
medications, such as antihistamines and corticosteroids, are commonly used by patients in 
attempts to relieve the symptoms of anaphylaxis, they are unable to halt the progression of the 
reaction and are thus not recommended as first-line treatment.25–28. However, only 40% of 
children that were hospitalized by anaphylaxis and had a known or suspected allergy had a prior 
prescription for an EAI, with an even smaller percentage carrying the EAI and using it at the time 
of the anaphylactic reaction.29,30 EAI self-administration is difficult in pediatric patients, and 
although rates of self-use increase with age, caregivers often are the ones administering EAIs.31 
It is crucial to explore why rates of epinephrine administration are so low despite the high utility of 
the medication in treating anaphylaxis.  

 
One of the challenges that hinders early anaphylaxis diagnosis and management is its 

similarity to asthma, which is a chronic inflammatory disease of the airways that is characterized 
by changes in the airway smooth muscle and functionally results in respiratory distress during 
exacerbations.32 Asthma disease onset is variable and dependent on the sex and age of the 
individual. Generally, the incidence and prevalence of asthma are greater among boys than 
among girls until puberty, and then a female predominance is seen from puberty onward.33 
Another factor that can influence the development of asthma is eczema. Several studies have 
shown that children that have atopic eczema in the first years of life have a greater risk of 
developing asthma and other allergic airway disease at a later time in life, a phenomenon known 
as the “atopic march”.34,35  

 
Asthma and anaphylaxis are similar in that they are heterogenous with respect to 

immunopathology, clinical presentation, response to therapies, and natural history.35 Both share 
similar risk factors such as atopic eczema and family history of allergy.35 Likewise, both conditions 
can result in respiratory symptoms, including stridor, dyspnea, and moderate wheezing, which 
are indicated as symptoms of anaphylaxis reactions classified as moderate based on a modified 
grading system described by Muraro et al. and which is summarized in Box 1.36   

 
Box 1. Anaphylaxis severity as described 

 
In a study of 164 fatal anaphylactic reactions, epinephrine was given before cardiac arrest in only 
14% of cases, and it appeared that diagnostic confusion with comorbid asthma delayed treatment 
with epinephrine in patients with a predominantly respiratory pattern.37 Asthma and anaphylaxis 

Mild reactions: Generalized pruritis, flushing, urticaria, angioedema, mild lip swelling, nausea 
or emesis, mild abdominal pain, nasal congestion and/or sneezing, rhinorrhea, throat tightness, 
mild wheezing, tachycardia.  

Moderate reactions: Crampy abdominal pain, diarrhea, recurrent vomiting, hoarseness, barky 
cough, difficulty swallowing, stridor, dyspnea, moderate wheezing.  

Severe reactions: Bowel control, cyanosis, respiratory arrest, hypotension and/or circulatory 
collapse, dysrhythmia, severe bradycardia and/or cardiac arrest, confusion, loss of 
consciousness. 
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are both Type I hypersensitivity reactions that require proper diagnosis and management 
practices to prevent severe outcomes.10 Akin to how EAIs are widely prescribed to those with 
known allergies, patients with asthma are often prescribed a long-term medication such as  
inhaled corticosteroids to control for chronic symptoms, as well as a short-acting “rescue” 
medication such as salbutamol or albuterol to treat exacerbations.41,42 While asthma and 
anaphylaxis frequently coexist and mimic each other, the exact influence of the two conditions on 
each other has yet to be fully explained. It is known that the conditions can even exacerbate one 
another, as individuals with uncontrolled, comorbid asthma are reported to be especially 
susceptible to worse outcomes from anaphylaxis.43 
 

Despite the increasing prevalence of anaphylaxis and the substantial burden associated 
with the condition, there are limited data on the management of anaphylaxis in the pre-hospital 
setting. To address these knowledge gaps, Dr. Moshe Ben-Shoshan, pediatric allergist and 
associate professor, McGill University, developed the Cross-Canada Anaphylaxis Registry (C-
CARE). The flagship site of C-CARE is at Montreal Children’s Hospital. Over the last 11 years, 
C-CARE has expanded into emergency departments (EDs) in Quebec, British Columbia (BC), 
Ontario, Alberta, and Newfoundland and Labrador. In January 2020, C-CARE was launched in 
Manitoba, and specifically the Children’s Hospital at the Health Sciences Centre. This 
comprehensive anaphylaxis patient registry has transformed the understanding of anaphylaxis 
rates and triggers, and management pitfall, both in the pre-hospital environment as well as in 
emergency departments, in part by connecting researchers across the country.44–49  

 
While C-CARE has been influential in characterizing anaphylaxis management, little 

attention has been given to whether asthma, with its similar risk profile and clinical characteristics, 

factors into the management of anaphylaxis. Moreover, the limited data that do currently exist on 

comorbid asthma focuses on epinephrine administration in patients in the ED.50–53. A systematic 

evaluation of data from this substantial patient registry will provide the solid evidence upon which 

to base more effective management practices, policies, and programs intended to address the 

gaps in patient care. C-CARE provides an opportunity to explore associations between comorbid 

asthma and EAI use, amongst those with anaphylaxis. To this end, we aimed to examine if 

comorbid asthma is associated with pre-hospital epinephrine in the treatment of anaphylaxis prior 

to presentation to Canadian EDs involved in C-CARE. 

 

Materials and Methods 

Study Design 
 

This study makes use of cross-sectional data from both the prospective and retrospective 
arms and is nested within the overarching C-CARE study.  
 
Prospectively recruited participants 

 

Prospective recruitment was conducted in eleven EDs in five Canadian provinces and in 

one EMS in the Outaouais region of Quebec from April 2011 to May 2022 as part of C-CARE. 

The process for prospective enrolment of participants is standardized and was used across sites 

of C-CARE. Children presenting to an ED for suspected anaphylaxis were identified at the time 

of presentation by ED staff on duty. After participants were stabilized, approval was given by the 

treating physician, and the family had agreed to speak with the research team, a trained research 

member approached the family and invited them to participate in the registry. Families were given 
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an information letter about the study and had the opportunity to ask questions. If they verbally 

agreed to learn more about the study, the caregivers were provided an information letter and 

consent form. No data were collected until written, informed consent was provided freely by the 

caregivers. With the help of the research team, the caregivers of participants with anaphylaxis 

completed a standardized data entry form documenting reported symptoms, triggers, and 

management of anaphylaxis. The department heads of all EDs where the registry is present are 

aware of the study.  

 

Retrospectively recruited participants 
 
Data on missed cases that were not identified at time of presentation to C-CARE sites 

were reviewed retrospectively using a structured chart review to the start date of the study. All 
cases were identified by filtering using International Classification of Diseases, Tenth Revision, 
(ICD-10) codes related to anaphylaxis based on a previously validated algorithm of ICD-10 codes 
(Box 2).15,17,54  

 
Box 2. International Classification of Diseases, Tenth Revision, (ICD-10) codes related to 
anaphylaxis 

J45.90  Asthma, unspecified without stated, status asthmaticus (0400 CIM10) 

T78.4  Allergy/Allergic reaction (2100 CIM10) 

T78.2  Anaphylactic shock - Anaphylaxis (2100 CIM10) 

J45.91  Asthma, unspecified with stated, status asthmaticus (0400 CIM10) 

T88.7  Adverse effect / reaction of drug / medication (2100 CIM10) 

 
The ED charts of all potential cases were analyzed by the study principal investigator and co-
investigator, and only those meeting the definition of anaphylaxis were included in the analysis. 
For the inclusion criteria, anaphylaxis was defined as the involvement of 2 or more organ systems 
after exposure to a potential allergen, or hypotension after exposure to a known allergen.5  
 

Setting 

 
The participating centers included in this analysis are the various C-CARE sites across 

the country. The flagship site of C-CARE is the Montreal Children’s Hospital. The registry has 
expanded into Hôpital Sainte-Justine, Hôpital du Sacré-Coeur, Montreal General Hospital, and 
the Royal Victoria Hospital in Quebec, London Health Sciences Centre, St. Joseph’s Healthcare 
Hamilton, and the Hospital for Sick Children in Ontario, the British Columbia Children’s Hospital 
in British Columbia, the Janeway Children’s Health and Rehabilitation Centre in Newfoundland 
and Labrador, and Foothills Medical Center in Alberta. In late July 2022, Shared Health 
conditionally approved C-CARE for the Children’s Hospital at the Health Sciences Centre in 
Manitoba. In total, C-CARE has expanded into 12 hospitals in 6 provinces, including Manitoba, 
for which data are not yet collected. For the present study, data collected from the Quebec, 
Ontario, British Columbia, Newfoundland and Labrador, and Alberta sites were sent to the 
Manitoba site as per a data transfer agreement between McGill University and the University of 
Manitoba before being included in the analysis. 
 
Study population 
 
 Participants included in this analysis are pediatric patients with or without comorbid 
asthma that have presented to C-CARE sites for suspected anaphylaxis. Pediatric patients were 
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defined as individuals under age 19 years. Participants were included if they had reported either 
yes or no to having comorbid asthma (i.e. no missing data) on the standardized data entry form 
used during participant enrolment.  
 
Primary outcomes and independent variables 
 
 The primary outcomes of the present analysis were (i) overall epinephrine treatment 
(either in the pre-hospital setting or in the ED), and (ii) pre-hospital epinephrine treatment (in any 
setting [e.g. home, school, restaurant], including by EMS). In this study, ED epinephrine use is 
defined as epinephrine received in the emergency department through any modality, most 
commonly intramuscular or intravenous. As overall epinephrine use is derived and is not itself a 
primary observation, it is not included in the treatment reported by patients. The research aim of 
the current study is focused on pre-hospital epinephrine use, and as such, analyses into ED 
epinephrine use were not performed. Independent variables analyzed for associations with the 
primary outcomes of this study include presence of comorbid asthma, sex (binary: male vs. 
female), age at reaction (continuous), anaphylaxis trigger (food, drug, venom, other), history of 
known allergy, eczema, and anaphylaxis reaction severity (mild, moderate, severe). Children who 
had symptoms from multiple categories were classified as based on their most severe symptom. 
 
Statistical Analysis  

 
Clinical characteristics and demographics were reported as n/N and percentages for 

categorical data, and median [interquartile range (IQR)] for continuous data. All variables were 
reported as categorical data with the exception of age which was handled as continuous data. 
Descriptive analyses (n/N, %) were performed between comorbid asthma status (no/yes) and 
presentation to the ED for suspected anaphylaxis.  

 
Univariable and multivariable logistic regression analyses with binary outcomes (e.g., 

epinephrine no vs. yes) were performed between those with asthma compared to those without 
asthma, with respect to province and sex. Multivariable regression consisted of analysis in which 
there was partial adjustment for age and sex (Model 1), partial adjustment for age, sex, and history 
of known allergy (Model 2), and adjustment for age, sex, history of known allergy, reaction 
severity, anaphylaxis trigger, and eczema (Model 3). Adjustment models were created using 
confounding variables identified through directed acyclic graphs (DAGs).55 This was done in an 
attempt to avoid overadjustment, as guided by subject matter knowledge through discussions with 
the primary supervisor, who is also the Manitoba lead for C-CARE. Age and sex are two general 
patient characteristics that influence the development of asthma, and rates of epinephrine use 
are generally dependent on the patient population. History of known allergy is an important 
confounder, as EAI administration is reasonably expected to be higher in patients with a 
diagnosed allergy and subsequent EAI prescription. Anaphylaxis reaction severity, trigger, and 
eczema are other variables that can affect the allergic background of a patient and can also affect 
epinephrine use.  

 
While data were collected from all the C-CARE sites and was included in the overall 

sample size, analyses into associations between recruiting province and epinephrine use were 
performed for data from Quebec and British Columbia only. Statistical analysis for the provinces 
Ontario, Alberta, and Newfoundland and Labrador subgroups could not be completed due to small 
sample sizes. Moreover, data from Manitoba were not received at the date of submission of this 
report and were not included in the analysis, though will be included in the forthcoming manuscript 
planned for late 2022. Sensitivity analyses were performed to determine the weight of food 
triggers alone compared to all anaphylactic triggers with respect to its effect on both pre-hospital 
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and overall epinephrine use. Results from regression analysis were reported as odds ratios (OR) 
with corresponding 95 percent confidence intervals (95%CI). All statistical analyses were 
performed using Stata® software (Version 17.0, StataCorp, College Station, Texas). The 
statistical significance level was set at p≤0.05. 
 
Ethical Considerations 

 
This study was approved by the respective research ethics board of all participating C-

CARE sites. Specific to the Manitoba site, this study was approved by the University of Manitoba 
Health Research Ethics Board HS24287 (H2020:419). No data were collected until written, 
informed consent was provided by the parents and legal guardians of all prospectively recruited 
participants. As written consent could not be obtained by retrospectively analyzed participants, 
institutional research ethics boards approved structured chart reviews.  
 

Results  

Demographics, Prevalence, and Clinical Characteristics of the study population 

Over the course of the recruitment period (April 2011 – May 2022), there were 5296 cases 
of participants presenting to C-CARE sites for anaphylaxis. Of these cases, 4284 (80.9%) were 
in pediatric participants, with the median age of these participants being 5.7 years [interquartile 
range (IQR), 2.1-11.7 years] and 59.8% (2563/4284) of these cases being in participants of male 
sex. The participants were recruited primarily from the Quebec EDs (3262/4284, 76.1%). In total, 
60.7% (2602/4284) of these pediatric cases were evaluated retrospectively. The triggers most 
often implicated in anaphylactic reactions were food items (3665/4284, 85.6%), of which peanuts 
(776/3045, 25.5%) and tree nuts (540/3045, 17.7%) were the most common culprits overall. Most 
participants had reported that the reaction was to a previously known allergy, with 58.1% of 
participants (2491/4284) reporting a known food allergy. Other known allergic conditions reported 
by participants include comorbid asthma (644/4284, 15.0%) and eczema (637/4284, 14.9%) 
(Table 1). Notably, comorbid asthma was nearly twice as prevalent in males vs. females (Table 
2). 

The majority of the anaphylactic reactions documented were moderate (3185/4271, 
74.6%) in severity, followed by mild (850/4271, 19.9%) and severe (236/4271, 5.5%). Common 
symptoms self-reported by participants included urticaria (2715/4284, 63.4%), angioedema 
(2254/4284, 52.6%), pruritis (1940/4284, 45.3%), breathing difficulties (1553/4284, 36.3%), and 
gastrointestinal symptoms (1538/4284, 35.9%). Symptom onset after exposure to allergens was 
variable; 53.5% (1971/3684) of the reactions occurred between 5 minutes to 2 hours, and 40.0% 
(1474/3684) occurred within 5 minutes (Table 1). Reactions most often occurred at home 
(2369/3987, 59.4%), whereas 12.6% (502/3987) occurred at a school/child care, 4.3% (173/3987) 
occurred in a restaurant, and 14.7% (588/3987) occurred in another location. 

Management of Anaphylaxis  

In pre-hospital settings, 39.9% (1709/4284) of participants received epinephrine, 45.1% 
(1930/4284) received antihistamines, 6.9% (294/4284) received beta-agonists, and 1.4% 
(61/4284) received corticosteroids. Amongst those who received epinephrine, dosage was 
variable, with 84.7% (1390/1642) receiving 1 dose, 12.1% (198/1642) receiving 2 doses, 2.3% 
(37/1642) receiving 3 doses, and 1.0% (17/1642) receiving 4 or more doses. Overall, 27.7% 
(1186/4284) did not receive treatment in the pre-hospital setting.  
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In the ED, 48.1% of participants (2059/4284) received epinephrine, 45.1% (1932/4284) 
received antihistamines, 29.0% (1244/4284) received corticosteroids, 8.8% (376/4284) received 
beta agonists, 8.7% (373/4284) received H2-receptor antagonists, and 13.2% (566/4284) 
received no treatment. After visit to the ED, EAIs were prescribed in 73.2% (3100/4236) of cases, 
while 18.6% (790/4236) already had a prior prescription, and 7.2% (306/4236) were not 
prescribed an EAI at all. Approximately half (2022/4002, 50.5%) of the participants were referred 
to an allergist for further evaluation. Few (74/4172, 1.8%) participants were admitted to the 
hospital wards for further monitoring and treatment (Table 1). 

Associations between comorbid asthma and epinephrine use overall and in the pre-

hospital setting 

With consideration to epinephrine use overall, participants with comorbid asthma were 
significantly less likely to receive epinephrine after adjusting for confounders as seen in Models 2 
(adjusted Odds Ratio (aOR) 0.73 [95 CI, 0.56-0.73]) and 3 (aOR 0.67 [95% CI, 0.50-0.90)]. This 
association was also seen in the univariate analysis of the participants recruited from Quebec 
(OR 1.30 [95% CI, 1.02-1.66]) but was not statistically significant in the adjusted models. Similarly, 
no association was seen in the cohort of participants recruited from BC. When stratifying the 
analysis by sex, there was a statistically significant association seen in Model 3 of the female 
cohort (aOR 0.60 [95% CI, 0.38-0.96]) but not in the male cohort (Table 3). The results of the 
sensitivity analysis reflected that of the entire study population, albeit the association seen in the 
univariate analysis of Quebec participants was no longer significant (Table 4). 

With consideration to pre-hospital epinephrine use, participants with comorbid asthma 
were significantly more likely to receive epinephrine compared to those without asthma in the 
unadjusted model (OR 1.42 [95% CI, 1.20-1.68) and in Model 1 (aOR 1.25 [95% CI, 1.05-1.48]), 
but this was attenuated in Model 2 (aOR 1.02 [95% CI, 0.84-1.25]) and the fully adjusted model 
(aOR 1.02 [95% CI, 0.83-1.27]; Table 5). The analyses of the Quebec and BC subgroups reflected 
the findings of the overall analysis, albeit the association reported in Model 1 of the BC group was 
no longer significant (Table 5). When stratifying the analysis by sex, there was a significant 
association reported in Model 1 of the female cohort (aOR 1.39 [95% CI, 1.04-1.85]) that was not 
seen in the male cohort (Table 5). The sensitivity analysis yielded the same overall observations, 
although the association reported in the female cohort was no longer significant (Table 6). 

 
Discussion 

In the present analysis nested within the overarching C-CARE study, we identified that  

comorbid asthma was not associated with pre-hospital epinephrine use, amongst children with 

anaphylaxis. Furthermore, comorbid asthma was associated with a lower likelihood of receiving 

epinephrine in any setting. Ultimately, pre-hospital epinephrine was found to be underutilized for 

the treatment of anaphylaxis.  

 We observed that the association between comorbid asthma and pre-hospital epinephrine 
use was not significant in fully adjusted models, which was driven by a history of known allergy. 
This is unsurprising, given that EAI prescription and carriage are only reasonably expected if an 
individual has a diagnosed allergy. Our results are consistent with the extent literature, which 
supports no consistent association between comorbid asthma and pre-hospital epinephrine use 
for the management of anaphylaxis.56–63 In a study of anaphylaxis amongst a pediatric population, 
Tiyyagura et al. reported that while patients with comorbid asthma appeared to receive pre-
hospital epinephrine more often than patients without comorbid asthma, this was no longer 
significant when sex and allergic history were taken into account through logistic regression.60 
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Similarly, Campbell et al. reported that comorbid asthma was more prevalent among patients 
receiving higher doses of pre-hospital epinephrine than those receiving a single dose, though this 
no longer significant when adjusting for a history of anaphylaxis, the presence of flushing or 
diaphoresis, and the presence of dyspnea.61  

Interestingly, in our study we observed that participants with comorbid asthma were less 

likely to receive epinephrine overall in any setting. The similar clinical presentation between 

asthma and anaphylaxis may account for this finding. It is plausible that the respiratory symptoms 

of anaphylaxis may have been misinterpreted by participants and caregivers as an asthma 

exacerbation, and thus resulted in the use of salbutamol rather than epinephrine. Salbutamol 

must not be used in place of epinephrine for the treatment of anaphylaxis, as it cannot halt the 

progression of the reaction and may distract from early use of epinephrine.64 Likewise, Simons et 

al. had reported that in their population of anaphylaxis survivors surveyed, participants that 

received epinephrine were more likely to have received one or more asthma medications on the 

day of the anaphylactic episode compared to those that did not receive epinephrine.57 

Nonetheless, they had reported that comorbid asthma was more common amongst those who 

received epinephrine than those who did not57. The standardized data entry form used for 

participant enrolment across all C-CARE sites in the current study did not query the use of asthma 

controller medications. Therefore, this association could not be examined, though is an interesting 

avenue of future research. 

The results of this study support the underuse of pre-hospital epinephrine for the treatment 

of anaphylaxis in pediatric patients. Despite the majority of our participants reporting a history of 

known food allergy, a considerably smaller proportion had a prior prescription for an EAI. Similarly, 

the proportion of participants that had received pre-hospital epinephrine for the treatment of 

anaphylaxis was suboptimal, a finding that is well supported in the surrounding literature.56–63 

Multiple factors can contribute to this underuse in the pre-hospital setting, such as patients having 

no prior allergy diagnosis, epinephrine being inaccessible at the time of reaction, fears related to 

using an EAI, issues with physically operating an EAI, and confusion as to whether epinephrine 

is necessary at the time of reaction.23,11,57 In a study by Simons et al, a considerable number of 

participants were unsure if EAI administration was necessary or not.57  

To our knowledge, we present the first study on the association between comorbid asthma 

and pre-hospital epinephrine for the treatment of anaphylaxis as the primary research outcome. 

One of the major strengths of the current study is the C-CARE database. This is the largest 

anaphylaxis registry in Canada and has aided in the development of guidelines and treatment 

standards for anaphylaxis nationally. C-CARE’s data is well established and gathered with a 

detailed and standardized enrolment process, resulting in high quality data for both retrospective 

and prospective studies. Previous studies using the C-CARE database, led by Canadian leaders 

in allergy, have been published in impacted journals and have been well received.58,62,65–67 

This study has several limitations. First, while C-CARE involves participant recruitment 

across 12 sites in 6 provinces, most participants in this study were recruited primarily from the 

Quebec EDs. C-CARE has expanded into the Alberta and Ontario sites more recently in 

comparison to the Quebec sites, with the latter being integral to C-CARE since the registry’s 

inception. As such, less data is available from these provinces, though we expect this discrepancy 

to be buffered in the years to follow. Second, the Manitoba data were not received at the time of 
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submission of this report and were not included in the analysis, owing to delays with data 

processing related to COVID-19.  

To provide a more accurate characterization of anaphylaxis management across Canada, 

it is important that the current analysis is repeated with more comprehensive data from all 

provinces. As asthma and anaphylaxis are conditions that can have similar clinical presentations, 

further analysis on the use of asthma controller medications can help shed light on if asthma can 

mask anaphylaxis and affect its early treatment. Lastly, there is a substantial underutilization of 

EAIs, highlighting the importance of prescribing them to individuals with allergies and educating 

these patients and relevant caregivers on indications for its use. Given that the prevalence of food 

allergy is at an all time high, the need for proper allergy awareness and control cannot be 

emphasized enough.9 

 
Conclusions  

In this study of the Cross-Canada Anaphylaxis registry, we identified that the presence of 

comorbid asthma was not associated with the use of pre-hospital epinephrine in the treatment of 

anaphylaxis and is associated with a decreased likelihood of receiving epinephrine overall. Given 

this finding, and the current substantial underutilization of EAIs, it is more important than ever to 

improve EAI prescribing practices and educate patients with allergies and relevant caregivers on 

prompt and safe EAI use.  

 

Acknowledgements  

Many thanks to the funding support from the sponsors affiliated with the BSc (Med) 
program. I’d like to also thank the members of the C-CARE team for their help on this project. 
Thank you to Dr. Moshe Ben-Shoshan for providing the data that was used in this analysis, and 
Greg Shand for preparing this data. I’d like to also thank Mike Golding and Kaitlyn Merrill for their 
assistance on the scoping review associated with this research question, which informed much 
of the background of the current project. Finally, thank you to Dr. Jennifer Protudjer for her 
expertise, valuable insight, and help on this project.  
 
  



 Billy Hong 10 
 

References 

1.  Wang J, Sampson HA. Food allergy. J Clin Invest. 2011;121(3).  

2.  Dunn Galvin A, Hourihane JO. Health-related quality of life in food allergy. 
Bundesgesundheitsblatt - Gesundheitsforsch - Gesundheitsschutz [Internet]. 
2016;59(7):841–8. Available from: https://doi.org/10.1007/s00103-016-2368-x 

3.  Morou Z, Tatsioni A, … IDJIA, 2014  undefined. Health-related quality of life in children 
with food allergy and their parents: a systematic review of the literature. researchgate.net 
[Internet]. 2014 [cited 2022 Aug 3]; Available from: 
https://www.researchgate.net/profile/Ioannis-Dimoliatis/publication/272192200_Health-
Related_Quality_of_Life_in_Children_With_Food_Allergy_and_Their_Parents_A_System
atic_Review_of_the_Literature/links/553e47510cf210c0bda931ee/Health-Related-
Quality-of-Life-in-Children-With-Food-Allergy-and-Their-Parents-A-Systematic-Review-of-
the-Literature.pdf 

4.  Shaker MS, Schwartz J, Ferguson M. An update on the impact of food allergy on anxiety 
and quality of life. Curr Opin Pediatr [Internet]. 2017 Aug 1 [cited 2022 Aug 2];29(4):497–
502. Available from: https://journals.lww.com/co-
pediatrics/Fulltext/2017/08000/An_update_on_the_impact_of_food_allergy_on_anxiety.1
8.aspx 

5.  Sampson HA, Munoz-Furlong A, Schmitt C, Scherrer D, Campbell RL, Adkinson Jr. NF, 
et al. Second symposium on the definition and management of anaphylaxis: Summary 
report - Second National Institute of Allergy and Infectious Disease/Food Allergy and 
Anaphylaxis Network Symposium. Ann Emerg Med [Internet]. 2006;47(4):373–80. 
Available from: 
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed9&NEWS=N&AN=4
3402753 

6.  Gold MS, Sainsbury R. First aid anaphylaxis management in children who were 
prescribed an epinephrine autoinjector device (EpiPen). J Allergy Clin Immunol. 
2000;106(1 I):171–6.  

7.  Thörnqvist V, Middelveld R, Wai HM, Ballardini N, Nilsson E, Strömquist J, et al. Health-
related quality of life worsens by school age amongst children with food allergy. Clin 
Transl Allergy [Internet]. 2019 Jan 1 [cited 2022 Aug 3];9(1):10. Available from: 
https://onlinelibrary-wiley-com.uml.idm.oclc.org/doi/full/10.1186/s13601-019-0244-0 

8.  J Flokstra-de Blok BM, J Dubois AE, Vlieg-Boerstra BJ, G Oude Elberink JN, Raat H, 
DunnGalvin A, et al. Health‐related quality of life of food allergic patients: comparison with 
the general population and other diseases. Wiley Online Libr [Internet]. 2010 Feb [cited 
2022 Aug 3];65(2):238–44. Available from: 
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1398-9995.2009.02121.x 

9.  Clarke AE, Elliott SJ, St. Pierre Y, Soller L, La Vieille S, Ben-Shoshan M. Temporal 
trends in prevalence of food allergy in Canada. J allergy Clin Immunol Pract [Internet]. 
2020 Apr 1 [cited 2022 Aug 2];8(4):1428-1430.e5. Available from: 
https://pubmed.ncbi.nlm.nih.gov/31706046/ 

10.  Polloni L, Muraro A. Anxiety and food allergy: A review of the last two decades. Clin Exp 
Allergy. 2020 Apr 1;50(4):420–41.  

11.  Glassberg B, Nowak-Wegrzyn A, Wang J. Factors contributing to underuse of 



 Billy Hong 11 
 

epinephrine autoinjectors in pediatric patients with food allergy. Ann Allergy, Asthma 
Immunol. 2021 Feb 1;126(2):175-179.e3.  

12.  Golding MA, Lemoine-Courcelles C, Abrams EM, Ben-Shoshan M, Bégin P, Chan ES, et 
al. Changes in food-related costs during the COVID-19 pandemic among families 
managing food allergy. Front Allergy [Internet]. 2022 Jul 15 [cited 2022 Aug 1];3. 
Available from: https://www.frontiersin.org/articles/10.3389/falgy.2022.915014/full 

13.  Golding MA, Simons E, Abrams EM, Gerdts J, Protudjer JLP. The excess costs of 
childhood food allergy on Canadian families: a cross-sectional study. Allergy, Asthma Clin 
Immunol [Internet]. 2021 Dec 1 [cited 2022 Jul 31];17(1):1–11. Available from: 
https://aacijournal.biomedcentral.com/articles/10.1186/s13223-021-00530-9 

14.  Sicherer SH, Sampson HA. Food allergy: Epidemiology, pathogenesis, diagnosis, and 
treatment. J Allergy Clin Immunol. 2014 Feb 1;133(2):291-307.e5.  

15.  Ben-Shoshan M, Harrington DW, Soller L, Fragapane J, Joseph L, St Pierre Y, et al. A 
population-based study on peanut, tree nut, fish, shellfish, and sesame allergy 
prevalence in Canada. J Allergy Clin Immunol. 2010;125:1327–62.  

16.  Vetander M, Protudjer JLP, Bergstrom A, Wickman M, Lilja G, Kull I, et al. Anaphylaxis to 
foods in a population of adolescents: incidence, characteristics and associated risks. Clin 
Exp Allergy [Internet]. 2016;46(12):1575–87. Available from: 
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1365-2222 

17.  Balekian DS, Banerji A, Blumenthal KG, Camargo CA, Long AA. Increasing visits for 
anaphylaxis and the benefits of early epinephrine administration: A 4-year study at a 
pediatric emergency department in Montreal, Canada. J Allergy Clin Immunol [Internet]. 
2016 [cited 2022 Jun 14];372(5):1–55. Available from: 
http://dx.doi.org/10.1016/j.jaci.2016.03.021 

18.  Sampson HA, Muñoz-Furlong A, Campbell RL, Adkinson NF, Allan Bock S, Branum A, et 
al. Second symposium on the definition and management of anaphylaxis: Summary 
report - Second National Institute of Allergy and Infectious Disease/Food Allergy and 
Anaphylaxis Network Symposium. Ann Emerg Med [Internet]. 2006 Apr [cited 2022 Apr 
1];47(4):373–80. Available from: https://profiles.wustl.edu/en/publications/second-
symposium-on-the-definition-and-management-of-anaphylaxis--2 

19.  Cotterell C, Stone SF, Burrows SA, Fatovich DM, Brown SGA, Holdgate A, et al. 
Anaphylaxis: Clinical patterns, mediator release, and severity. J Allergy Clin Immunol 
[Internet]. 2013;132(5):1141. Available from: 
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed14&NEWS=N&AN=
52706933 

20.  Misirlioglu ED, Vezir E, Toyran M, Capanoglu M, Guvenir H, Civelek E, et al. Clinical 
diagnosis and management of anaphylaxis in infancy. Allergy Asthma Proc [Internet]. 
2017;38(1):38–43. Available from: 
http://www.ingentaconnect.com/search/download?pub=infobike%3A%2F%2Focean%2Fa
ap%2F2017%2F00000038%2F00000001%2Fart00009&mimetype=application%2Fpdf&e
xitTargetId=1483600983503 

21.  Jacobs TS, Greenhawt MJ, Hauswirth D, Mitchell L, Green TD. A survey study of index 
food-related allergic reactions and anaphylaxis management. Pediatr Allergy Immunol. 
2012;23(6):582–9.  



 Billy Hong 12 
 

22.  Xu YS, Kastner M, Harada L, Xu A, Salter J, Waserman S. Anaphylaxis-related deaths in 
Ontario: A retrospective review of cases from 1986 to 2011 [Internet]. Vol. 10, Allergy, 
Asthma and Clinical Immunology. 2014 [cited 2020 Nov 30]. Available from: 
http://www.aacijournal.com/content/10/1/38 

23.  Wood RA, Camargo CA, Lieberman P, Sampson HA, Schwartz LB, Zitt M, et al. 
Anaphylaxis in America: The prevalence and characteristics of anaphylaxis in the United 
States. J Allergy Clin Immunol [Internet]. 2014;133(2):461–7. Available from: 
http://dx.doi.org/10.1016/j.jaci.2013.08.016 

24.  Gabrielli S, Ben-Shoshan M, Clarke A, Morris J, Eisman H, Gravel J, et al. Evaluation of 
Prehospital Management in a Canadian Emergency Department Anaphylaxis Cohort. J 
Allergy Clin Immunol Pract [Internet]. 2019;7(7):2232. Available from: 
http://www.elsevier.com/journals/the-journal-of-allergy-and-clinical-immunology-in-
practice/2213-2198 

25.  Sampson HA, Munoz-Furlong A, Schmitt C, Scherrer D, Campbell RL, Adkinson Jr. NF, 
et al. Second symposium on the definition and management of anaphylaxis: Summary 
report - Second National Institute of Allergy and Infectious Disease/Food Allergy and 
Anaphylaxis Network symposium. J Allergy Clin Immunol [Internet]. 2006;117(2):373–80. 
Available from: 
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed9&NEWS=N&AN=4
3190153 

26.  Lieberman P, Jr CCA, Bohlke K, Jick H, RL M, Sheikh A, et al. Epidemiology of 
anaphylaxis: findings of the American College of Allergy, Asthma and Immunology 
Epidemiology of Anaphylaxis Working Group. Ann Allergy, Asthma Immunol [Internet]. 
2006 Nov;97(5):596–602. Available from: 
http://uml.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&db
=c8h&AN=106005630&site=ehost-live 

27.  Simons FER, Ardusso LRF, Bil MB, El-Gamal YM, Ledford DK, Ring J, et al. World 
Allergy Organization anaphylaxis guidelines: Summary. J Allergy Clin Immunol [Internet]. 
2011;127(3):587. Available from: 
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed12&NEWS=N&AN=
361381448 

28.  Sampson HA, Mendelson L, Rosen JP. Fatal and near-fatal anaphylactic reactions to 
food in children and adolescents. N Engl J Med [Internet]. 1992;327(6):380–4. Available 
from: 
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med3&NEWS=N&AN=12
94076 

29.  Xu YS, Kastner M, Harada L, Xu A, Salter J, Waserman S. Anaphylaxis-related deaths in 
Ontario: A retrospective review of cases from 1986 to 2011. Allergy, Asthma Clin 
Immunol [Internet]. 2014;10(1):38. Available from: 
http://www.aacijournal.com/content/10/1/38 

30.  Pumphrey RSH, Gowland MH. Further fatal allergic reactions to food in the United 
Kingdom, 1999-2006. Vol. 119, Journal of Allergy and Clinical Immunology. 2007. p. 
1018–9.  

31.  Chad L, Ben-Shoshan M, Alizadehfar R, Asai Y, Cherkaoui S, St-Pierre Y, et al. A 
majority of parents of children with peanut allergy fear using the epinephrine auto-injector. 



 Billy Hong 13 
 

Allergy Eur J Allergy Clin Immunol [Internet]. 2013;68(12):1605–9. Available from: 
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed14&NEWS=N&AN=
370414363 

32.  Holgate ST. Pathogenesis of Asthma. Clin Exp Allergy [Internet]. 2008 Jun 1 [cited 2022 
Jul 30];38(6):872–97. Available from: https://onlinelibrary-wiley-
com.uml.idm.oclc.org/doi/full/10.1111/j.1365-2222.2008.02971.x 

33.  Subbarao P, Mandhane PJ, Sears MR. Asthma: epidemiology, etiology and risk factors. 
CMAJ [Internet]. 2009 Oct 27 [cited 2022 Jul 31];181(9):E181–90. Available from: 
https://www-cmaj-ca.uml.idm.oclc.org/content/181/9/E181 

34.  Zheng T, Yu J, Oh MH, Zhu Z. The Atopic March: Progression from Atopic Dermatitis to 
Allergic Rhinitis and Asthma. Allergy Asthma Immunol Res [Internet]. 2011 Feb 14 [cited 
2022 Aug 1];3(2):67–73. Available from: https://synapse.koreamed.org/articles/1052242 

35.  Alduraywish SA, Standl M, Lodge CJ, Abramson MJ, Allen KJ, Erbas B, et al. Is there a 
march from early food sensitization to later childhood allergic airway disease? Results 
from two prospective birth cohort studies. Wiley Online Libr [Internet]. 2017 Feb 1 [cited 
2022 Jul 12];28(1):30–7. Available from: 
https://onlinelibrary.wiley.com/doi/abs/10.1111/pai.12651 

36.  Muraro A, Roberts G, Clark A, Eigenmann PA, Halken S, Lack G, et al. The management 
of anaphylaxis in childhood: Position paper of the European academy of allergology and 
clinical immunology. Allergy Eur J Allergy Clin Immunol. 2007;62(8):857–71.  

37.  Pumphrey RSH. Lessons for management of anaphylaxis from a study of fatal reactions.  

38.  Lieberman P. Epidemiology of anaphylaxis. Curr Opin Allergy Clin Immunol [Internet]. 
2008 Aug [cited 2022 Jul 12];8(4):316–20. Available from: https://journals.lww.com/co-
allergy/Fulltext/2008/08000/Epidemiology_of_anaphylaxis.8.aspx 

39.  Lieberman P, Nicklas RA, Oppenheimer J, Kemp SF, Lang DM, Bernstein DI, et al. The 
diagnosis and management of anaphylaxis practice parameter: 2010 Update. J Allergy 
Clin Immunol [Internet]. 2010 [cited 2022 Jul 12];126(3):477-480+e1-e42. Available from: 
https://www.scholars.northwestern.edu/en/publications/the-diagnosis-and-management-
of-anaphylaxis-practice-parameter-20 

40.  Vianello A, Caminati M, Crivellaro M, El Mazloum R, Snenghi R, Schiappoli M, et al. Fatal 
asthma; is it still an epidemic? World Allergy Organ J. 2016 Jan 1;9(1):42.  

41.  Barnes PJ. Efficacy of inhaled corticosteroids in asthma. J Allergy Clin Immunol. 1998 
Oct 1;102(4):531–8.  

42.  Salpeter SR, Buckley NS, Ormiston TM, Salpeter EE. Meta-analysis: Effect of long-acting 
β-agonists on severe asthma exacerbations and asthma-related deaths. Ann Intern Med 
[Internet]. 2006 Jun 20 [cited 2022 Jul 30];144(12):904–12. Available from: 
https://annals.org 

43.  Colver AF, Nevantaus H, Macdougall CF, Cant AJ. Severe food-allergic reactions in 
children across the UK and Ireland, 1998-2000. Acta Paediatr Int J Paediatr [Internet]. 
2005;94(6):689–95. Available from: 
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed9&NEWS=N&AN=4
0839796 

44.  Balekian DS, Banerji A, Blumenthal KG, Camargo CA, Long AA. Allergen 



 Billy Hong 14 
 

immunotherapy: No evidence of infectious risk. J Allergy Clin Immunol [Internet]. 2016 
[cited 2020 Nov 30];137(6):1887–8. Available from: 
http://dx.doi.org/10.1016/j.jaci.2016.03.021 

45.  Ben-Shoshan M, Knoll M, Soller L, Harrington D, Fragapane J, Joseph L, et al. 
Prevalence of Common Food Allergies in Canada: Targeting Specific Demographic 
Groups across Canada. Vol. 129, Journal of Allergy and Clinical Immunology. 2012.  

46.  Soller L, Ben-Shoshan M, Harrington DW, Fragapane J, Joseph L, Pierre YS, et al. 
Overall prevalence of self-reported food allergy in Canada. J Allergy Clin Immunol 
[Internet]. 2012 Oct 1 [cited 2020 Nov 30];130(4):986–8. Available from: 
http://dx.doi.org/10.1016/j.jaci.2012.06.029 

47.  Pumphrey RSH. Fatal anaphylaxis in the UK, 1992-2001. In: Novartis Foundation 
Symposium [Internet]. John Wiley & Sons, Ltd; 2004 [cited 2020 Nov 30]. p. 116–28. 
Available from: http://doi.wiley.com/10.1002/0470861193.ch10 

48.  Ben-Shoshan M, Clarke AE. Anaphylaxis: Past, present and future. Allergy Eur J Allergy 
Clin Immunol [Internet]. 2011 Jan 1 [cited 2020 Nov 30];66(1):1–14. Available from: 
http://doi.wiley.com/10.1111/j.1398-9995.2010.02422.x 

49.  Greenberger PA, Rotskoff BD, Lifschultz B. Fatal anaphylaxis: Postmortem findings and 
associated comorbid diseases. Vol. 98, Annals of Allergy, Asthma and Immunology. 
2007.  

50.  Frois AT, Cardoso T. Anaphylactic reactions in the emergency department of a 
portuguese tertiary hospital: Clinical characterization and disease notification. Acta Med 
Port [Internet]. 2019;32(2):91–100. Available from: 
https://www.actamedicaportuguesa.com/revista/index.php/amp/article/download/10820/5
608 

51.  De Vera MJ, Tagaro IC. Anaphylaxis diagnosis and management in the Emergency 
Department of a tertiary hospital in the Philippines. Asia Pac Allergy. 2020;10(1):1–13.  

52.  Banerji A, Long AA, Rudders S, Clark S, Wei W, Camargo CA. Retrospective study of 
drug-induced anaphylaxis treated in the emergency department or hospital: Patient 
characteristics, management, and 1-year follow-up. J Allergy Clin Immunol Pract 
[Internet]. 2014;2(1):46–51. Available from: 
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed15&NEWS=N&AN=
372048279 

53.  Ameiro B, Morales C, Zambrano G, Rodriguez A, Guzman M, Alvarez-Perea A, et al. 
Anaphylaxis in the Pediatric Emergency Department: Analysis of 133 Cases After an 
Allergy Workup. J Allergy Clin Immunol Pract [Internet]. 2017;5(5 Supplement):1256–63. 
Available from: http://www.elsevier.com/journals/the-journal-of-allergy-and-clinical-
immunology-in-practice/2213-2198 

54.  Vetander M, Protudjer JLP, Lilja G, Kull I, Hedlin G, van Hage M, et al. Anaphylaxis to 
foods in a population of adolescents: incidence, characteristics and associated risks. Clin 
Exp Allergy. 2016;46(12):1575–87.  

55.  D’Onofrio BM, Sjodielander A, Lahey BB, Lichtenstein P, Odieberg AS. Accounting for 
Confounding in Observational Studies. https://doi.org/101146/annurev-clinpsy-032816-
045030 [Internet]. 2016 Mar 30 [cited 2022 Aug 2];16:25–48. Available from: 
https://www.annualreviews.org/doi/abs/10.1146/annurev-clinpsy-032816-045030 



 Billy Hong 15 
 

56.  Gaspar A, Santos N, Faria E, Carrapatoso I, Pereira AM, Gomes E, et al. Anaphylaxis in 
children and adolescents: The Portuguese Anaphylaxis Registry. Pediatr Allergy Immunol 
[Internet]. 2021; Available from: 
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1399-3038 

57.  Simons FER, Clark S, Camargo Jr. CA. Anaphylaxis in the community: Learning from the 
survivors. J Allergy Clin Immunol [Internet]. 2009;124(2):301–6. Available from: 
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed11&NEWS=N&AN=
50553540 

58.  Le M, Gabrielli S, Clarke A, Eisman H, Morris J, Gravel J, et al. Emergency Management 
of Anaphylaxis Due to an Unknown Trigger: An 8-Year Follow-Up Study in Canada. J 
allergy Clin Immunol Pract [Internet]. 2019;7(4):1166-1173.e1. Available from: 
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med16&NEWS=N&AN=3
0476682 

59.  Manivannan V, RL C, MF B, LG S, JT L, WW D, et al. Factors associated with repeated 
use of epinephrine for the treatment of anaphylaxis. Ann Allergy, Asthma Immunol 
[Internet]. 2009 Nov;103(5):395–400. Available from: 
http://uml.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&db
=c8h&AN=105250619&site=ehost-live 

60.  Tiyyagura GK, Arnold L, Cone DC, Langhan M. Pediatric Anaphylaxis Management in the 
Prehospital Setting. Prehospital Emerg Care [Internet]. 2014 Jan;18(1):46–51. Available 
from: 
http://uml.idm.oclc.org/login?url=https://search.ebscohost.com/login.aspx?direct=true&db
=c8h&AN=104127393&site=ehost-live 

61.  Campbell RL, Bashore CJ, Lee S, Bellamkonda VR, Li JTC, Hagan JB, et al. Predictors 
of Repeat Epinephrine Administration for Emergency Department Patients with 
Anaphylaxis. J allergy Clin Immunol Pract [Internet]. 2015;3(4):576–84. Available from: 
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med12&NEWS=N&AN=2
6032476 

62.  Gabrielli S, Ben-Shoshan M, Clarke A, Morris J, Eisman H, Gravel J, et al. Teenagers 
and those with severe reactions are more likely to use their epinephrine autoinjector in 
cases of anaphylaxis in Canada. J Allergy Clin Immunol Pract [Internet]. 2019;7(3):1073. 
Available from: http://www.elsevier.com/journals/the-journal-of-allergy-and-clinical-
immunology-in-practice/2213-2198 

63.  Jarvinen KM, Sicherer SH, Sampson HA, Nowak-Wegrzyn A. Use of multiple doses of 
epinephrine in food-induced anaphylaxis in children. J Allergy Clin Immunol [Internet]. 
2008;122(1):133–8. Available from: 
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed10&NEWS=N&AN=
50172162 

64.  Whyte AF, Soar J, Dodd A, Hughes A, Sargant N, Turner PJ. Emergency treatment of 
anaphylaxis: concise clinical guidance. Clin Med [Internet]. 2022 Jul 26 [cited 2022 Aug 
2];22(4):332–9. Available from: https://pubmed.ncbi.nlm.nih.gov/35882481/ 

65.  Ben-Shoshan M, La Vieille S, Eisman H, Alizadehfar R, Mill C, Perkins E, et al. 
Anaphylaxis treated in a Canadian pediatric hospital: Incidence, clinical characteristics, 
triggers, and management. J Allergy Clin Immunol [Internet]. 2013;132(3):739-741.e3. 
Available from: http://dx.doi.org/10.1016/j.jaci.2013.06.016 



 Billy Hong 16 
 

66.  Ramsey NB, Guffey D, Anagnostou K, Coleman NE, Davis CM. Epidemiology of 
Anaphylaxis in Critically Ill Children in the United States and Canada. J Allergy Clin 
Immunol Pract. 2019 Sep 1;7(7):2241–9.  

67.  Miles LM, Gabrielli S, Ben-Shoshan M, Clarke AE, Morris J, Eisman H, et al. When and 
how pediatric anaphylaxis cases reach the emergency department: Findings from the 
Cross-Canada Anaphylaxis Registry. J Allergy Clin Immunol Pract [Internet]. 
2020;8(4):1406. Available from: http://www.elsevier.com/journals/the-journal-of-allergy-
and-clinical-immunology-in-practice/2213-2198 

  



 Billy Hong 17 
 

Tables 

 



 Billy Hong 18 
 

 



 Billy Hong 19 
 

  



 Billy Hong 20 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 



 Billy Hong 21 
 

 
 

 
 

 



 Billy Hong 22 
 

 

 




