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I n Canada, up to 9% of children have at least 1 food allergy.1–4 
Anaphylaxis — an allergic reaction involving at least 2  organ 
systems or resulting in hypotension5 — is the most severe, life-

threatening manifestation of food allergy. We have reported that 
the incidence of anaphylaxis (mainly food-induced) presenting to 
the emergency department at 2 Canadian children’s hospitals 
almost doubled from 2012 to 2016.6,7 Peanuts and tree nuts are 
the main culprits in food-induced anaphylaxis.4,8,9 Furthermore, 
peanuts and tree nuts account for most fatal cases of food-
related anaphylaxis in North America.8,10

Although specific periods in the year such as holidays are 
expected to be associated with a higher risk of accidental 

reactions to peanuts and tree nuts, to our knowledge, there are 
currently no data assessing this risk. Identifying certain times 
associated with an increased risk of anaphylaxis could help to 
raise community awareness, support and vigilance. This informa-
tion would identify the best timing for public awareness cam-
paigns to prevent allergic reactions. The primary objective of the 
current study was to assess the risk of peanut- and tree-nut–
triggered anaphylaxis at Halloween, Christmas and Easter. We 
chose these holidays because they are probably the most cele-
brated holidays in Canada. The secondary objective was to deter-
mine factors that may be associated with an increased risk of such 
anaphylaxis during Diwali, Chinese New Year and Eid al-Adha.
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ABSTRACT
BACKGROUND: It is not established 
whether the risk of anaphylaxis induced 
by peanuts or tree nuts in children 
increases at specific times of the year. 
We aimed to evaluate the risk of peanut- 
and tree-nut–induced anaphylaxis dur-
ing certain cultural holidays in Canadian 
children.

METHODS: We collected data on con-
firmed pediatric cases of anaphylaxis 
presenting to emergency departments 
in 4 Canadian provinces as part of the 
Cross-Canada Anaphylaxis Registry. We 
assessed the mean number of cases per 
day and incidence rate ratio (IRR) of 
anaphylaxis induced by unknown nuts, 
peanuts and tree nuts presenting during 

each of 6 holidays (Halloween, Christ-
mas, Easter, Diwali, Chinese New Year 
and Eid al-Adha) versus the rest of the 
year. We estimated IRRs and 95% confi-
dence intervals (CIs) using Poisson 
regression.

RESULTS: Data were collected for 
1390  pediatric cases of anaphylaxis 
between 2011 and 2020. Their median 
age was 5.4 years, and 864 (62.2%) of 
the children were boys. During Hallow-
een and Easter, there were higher rates 
of anaphylaxis to unknown nuts (IRR 
1.66, 95% CI 1.13–2.43 and IRR 1.71, 
95% CI 1.21–2.42, respectively) and pea-
nuts (IRR 1.86, 95% CI 1.12–3.11 and IRR 
1.57, 95% CI 0.94–2.63, respectively) 

compared to the rest of the year. No 
increased risk of peanut- or tree-nut–
induced anaphylaxis was observed dur-
ing Christmas, Diwali, Chinese New Year 
or Eid al-Adha. Anaphylaxis induced by 
unknown nuts, peanuts and tree nuts 
was more likely in children aged 6 years 
or older than in younger children.

I N T E R P R E T A T I O N :  W e  f o u n d  a n 
increased risk of anaphylaxis induced by 
unknown nuts and peanuts during Hal-
loween and Easter among Canadian 
children. Educational tools are needed 
to increase awareness and vigilance in 
order to decrease the risk of anaphylaxis 
induced by peanuts and tree nuts in 
children during these holidays.
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Methods

In 2011, we established a large registry that recruited patients 
with anaphylaxis presenting to pediatric emergency depart-
ments in 4 Canadian provinces: Quebec, Ontario, Newfoundland 
and Labrador, and British Columbia. The goal of the registry is to 
collect data on rates, triggers and management of anaphylaxis in 
different Canadian provinces.

In the current study, we included data from Apr. 15, 2011, to 
Jan. 31, 2020. We recruited patients younger than 18  years old 
who presented with unknown-nut, peanut- or tree-nut–induced 
anaphylaxis (Figure 1). We defined anaphylaxis as the involve-
ment of at least 2  organ systems or hypotension in response to 
the culprit food.5 We collected data prospectively and retrospec-
tively through a standardized data entry form. Prospective data 
were collected at the time of patient presentation. The treating 
emergency department physician along with a trained member 
of the research team identified cases of anaphylaxis5 and, after 
obtaining consent, completed the data entry form. We identified 
cases retrospectively through chart review to capture all patients 
presenting with International Statistical Classification of Diseases 
and Related Health Problems, 10th Revision codes related to ana-
phylaxis. These cases were then evaluated by 3  independent 
reviewers (S.G., M.B.-S., G.S.) to confirm that they fulfilled the 
definition of anaphylaxis, based on a previously validated algo-
rithm.5,9,11,12 This allowed capture of all cases that had been 
missed in prospective recruitment.

Using the standardized data entry form, we collected infor-
mation on sociodemographic factors (age and sex), the date of 
presentation to the emergency department (which was the date 
of patient registration at the emergency department), the 

reported trigger food, a history of known peanut or tree nut 
allergy, the presence of comorbidities (e.g.,  asthma), clinical 
characteristics and management. We used 3  categories of 
reported trigger food for this study: unknown nut when the par-
ents and treating physician were not sure whether the culprit 
was peanuts or tree nuts, and no other potential allergen had 
been consumed; peanut when the patient or parent attributed 
the anaphylactic reaction to peanuts only; and tree nut when 
tree nuts were the only identified culprit. We included the 
“unknown nut” category as it reflects real-life events.

To grade the severity of the anaphylactic reaction, we used a 
modified grading system elaborated by Muraro and col-
leagues.13,14 Mild reactions were defined as generalized pruritis, 
flushing, urticaria, angioedema, nausea or emesis, mild abdom
inal pain, nasal congestion or sneezing or both, rhinorrhea, 
throat tightness, mild wheezing, tachycardia or anxiety. Moder-
ate reactions were defined as crampy abdominal pain, diarrhea, 
recurrent vomiting, hoarseness, “barky” cough, difficulty swal-
lowing, dyspnea, moderate wheezing or “light-headedness.” 
Severe reactions were those that manifested as a loss of bowel 
control, cyanosis, respiratory arrest, hypotension or circulatory 
collapse or both, dysrhythmia, severe bradycardia or cardiac 
arrest or both, confusion or loss of consciousness.

For the analysis, we included 3214  calendar days, from 
Apr. 15, 2011, to Jan. 31, 2020. The holiday time period was con-
sidered as the exposure in our study. Calendar days were units of 
observation and were classified into 4 multiday periods or cat
egories for the primary analysis: Halloween, Christmas, Easter 
and the rest of the year (excluding the holidays). In secondary 
analyses, we extended our analysis to 7  categories: Halloween, 
Christmas, Easter, Diwali, Chinese New Year, Eid al-Adha and the 

Anaphylaxis induced by unknown 
nuts, peanuts or tree nuts

n = 1390

Unknown-nut–induced 
anaphylaxis

n = 230
•  MCH  n = 150
•  Sainte-Justine  n  = 17     
•  Children’s London  n = 12
•  JCHRC  n = 2
•  BCCH  n = 40
•  HSC  n = 9           

•  MCH  n = 150
•  Sainte-Justine  n  = 17     
•  Children’s London  n = 12
•  JCHRC  n = 2
•  BCCH  n = 40
•  HSC  n = 9           

Peanut-induced anaphylaxis
n = 685

Tree-nut–induced anaphylaxis
n = 475

•  MCH  n = 334
•  Sainte-Justine  n = 28  
•  Children’s London  n = 14   
•  JCHRC  n = 4   
•  BCCH  n = 91
•  HSC  n = 4           

•  MCH  n = 452
•  Sainte-Justine  n = 57 
•  Children’s London  n = 31
•  JCHRC  n = 14  
•  BCCH  n = 121
•  HSC  n = 10         

•  MCH  n = 936
•  Sainte-Justine  n = 102
•  Children’s London  n = 57
•  JCHRC  n = 20
•  BCCH  n = 252
•  HSC  n = 23    

Figure 1: Patient recruitment sites. Note: BCCH = British Columbia Children’s Hospital, Children’s London = Children’s Hospital at London Health 
Sciences Centre, HSC = Hôpital Sacré-Cœur (mainly for adults), JCHRC = Janeway Children’s Health and Rehabilitation Centre, MCH = Montreal 
Children’s Hospital, Sainte-Justine = Centre hospitalier universitaire Sainte-Justine.
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rest of the year (excluding the holidays) (Box 1). We selected 
these holidays as they are some of the holidays most celebrated 
by children, and children are more likely to be exposed to pea-
nuts and tree nuts during these times, given that they may be 
celebrated with extended family members or others handing out 
candies and other treats to children.

Statistical analysis
We used a Poisson regression model, based on observation from 
Apr. 15, 2011, to Jan. 31, 2020, to assess the changes in risk of 
peanut- and tree-nut–triggered anaphylaxis. We examined the 
mean number of cases per day of anaphylaxis triggered by 
unknown nuts, peanuts and tree nuts during Halloween, Christ-
mas, Easter, Diwali, Chinese New Year and Eid al-Adha com-
pared to the mean number of daily visits to the emergency 
department for peanut- or tree-nut–induced anaphyalxis during 

Box 1: Dates of the holidays studied*

•	 Halloween: Oct. 31 of every year

•	 Christmas: Dec. 25 of every year

•	 Easter: first Sunday of Western Easter

•	 Diwali: 13th day of the seventh month in the Hindu 
calendar

•	 Chinese New Year: first day of the first month in the Chinese 
calendar

•	 Eid al-Adha: 10th day of the last month in the Islamic 
calendar

*Each holiday category was a 5-day period: the day preceding the holiday, the 
day of the celebration and the following 3 days. We expected the highest risk of 
exposure and reactions would be during this time interval, given that reactions may 
occur owing to early consumption and continuous consumption of foods associated 
with the holiday.

Table 1: Characteristics of patients who presented to the emergency department for anaphylaxis, by holiday

Characteristic

No. (%) of cases*; holiday

Halloween 
n = 33

Christmas 
n = 16

Easter 
n = 33

Rest of year 
n = 1308

Total 
n = 1390

Sex

    Male 19 (57.6) 13 (81.2) 21 (63.6) 811 (62.0) 864 (62.2)

    Female 14 (42.4) 3 (18.8) 12 (36.4) 497 (38.0) 526 (37.8)

    p value† 0.6 0.1 0.9 Reference NA

Age, median (IQR), yr 6.8 (3.6–11.0) 7.6 (3.7–14.6) 10.8 (6.5–13.6) 5.3 (2.5–10.6) 5.4 (2.5–10.9)

    p value† 0.48 0.1 0.002 Reference NA

Recruitment method

    Prospective 13 (39.4) 2 (12.5) 20 (60.6) 553 (42.3) 588 (42.3)

    Retrospective 20 (60.6) 14 (87.5) 13 (39.4) 755 (57.7) 802 (57.7)

    p value† 0.7 0.02 0.03 Reference NA

History of asthma

    Yes 6 (18.2) 4 (25) 8 (24.2) 213 (16.3) 231 (16.6)

    No 27 (81.8) 12 (75) 25 (75.8) 1088 (83.2) 1152 (82.9)

    Information missing 0 (0.0) 0 (0.0) 0 (0.0) 7 (0.5) 7 (0.5)

    p value† 0.8 0.4 0.2 Reference NA

Known peanut allergy

    Yes 14 (42.4) 5 (31.3) 12 (36.4) 498 (38.1) 529 (38.1)

    No 19 (57.6) 11 (68.7) 21 (63.6) 803 (61.4) 854 (61.4)

    Information missing 0 (0.0) 0 (0.0) 0 (0.0) 7 (0.5) 7 (0.5)

    p value† 0.6 0.6 0.8 Reference NA

Known tree nut allergy

    Yes 6 (18.2) 4 (25) 10 (30.3) 222 (17.0) 242 (17.4)

    No 27 (81.8) 12 (75) 23 (69.7) 1079 (82.5) 1141 (82.1)

    Information missing 0 (0.0) 0 (0.0) 0 (0.0) 7 (0.5) 7 (0.5)

    p value† 0.9 0.4 0.05 Reference NA

Note: IQR = interquartile range, NA = not applicable.
*Except where noted otherwise.
†Comparing each holiday to the rest of the year. We obtained p values using the χ2 test for categorical data and the F-test (analysis of variance) for 
continuous data (age).
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the rest of the year. We calculated and plotted the incidence 
rate ratio (IRR) for each holiday in comparison to the rest of the 
year. We also compared the daily number of cases between the 
week before and after each holiday. Furthermore, we performed 
a multivariable regression to evaluate the association between 
anaphylaxis on a given holiday and age, sex, and trigger food 
(peanuts or tree nuts).

We then stratified the Poisson regression by sociodemo-
graphic factors (sex, age), recruitment method (retrospective, 
prospective), presence of comorbidities (history of asthma), 
severity of reaction and hospital centre to evaluate whether 
these features modified the observed changes in risk of anaphy-
laxis induced by unknown nuts, peanuts and tree nuts during the 
holidays examined.

We analyzed all data using SAS version 9.4 (SAS Institute).

Ethics approval
The study was approved by the ethics committees of all partici-
pating hospitals: Montreal Children’s Hospital; the Centre hospit-
alier universitaire Sainte-Justine, Montréal; the Children’s Hospi-
tal at London Health Sciences Centre, London, Ont.; the Janeway 
Children’s Health and Rehabilitation Centre, St. John’s; British 
Columbia Children’s Hospital, Vancouver; and Hôpital Sacré-
Cœur, Montréal.

Results

From 2011 to 2020, 1390  cases of peanut- or tree-nut-induced 
anaphylaxis were identified. Of the 1390 children involved, 864 
(62.2%) were boys; the median age was 5.4  years (interquartile 
range [IQR] 2.5–10.9 yr) (Table 1).

For anaphylaxis triggered by unknown nuts, during Hallow-
een and Easter, there was an increase of about 70% in the 

average daily count compared to the rest of the year (IRR 1.66, 
95% CI 1.13–2.43 and IRR 1.71, 95% CI 1.21–2.42, respectively) 
(Table 2). The mean daily count was similar during Christmas, 
Diwali, Chinese New Year and Eid al-Adha compared to the rest of 
the year.

For peanut-triggered anaphylaxis, the mean daily count of 
events increased by 85% during Halloween compared to the rest 
of the year (IRR 1.86, 95% CI 1.12–3.11) (Table 2). During Easter, 
there was an increase of 60% compared to the rest of the year 
(IRR 1.57, 95% CI 0.94–2.63). No variation in the mean daily count 
of events was observed for the other holidays.

For anaphylaxis triggered by tree nuts, no variation in the 
mean daily count of events was observed for any holiday com-
pared to the rest of the year (Table 2).

When we compared the mean daily count of events between 
the week before and after each holiday, no differences were 
found for any culprit food for any holiday (Appendix 1, Supple-
mental Tables S1 and S2, available at www.cmaj.ca/lookup/
suppl/doi:10.1503/cmaj.200034/-/DC1). In the multivariable 
analysis, apart from an association between age and tree nuts for 
Easter, we did not detect a significant association, possibly 
owing to the small sample (Appendix 1, Supplemental Table S3).

Factors affecting the risk of anaphylaxis
We conducted stratified analyses for Halloween, Christmas and 
Easter (Table 3, Table 4, Table 5). Given that no holiday effect 
was observed for Diwali, Chinese New Year and Eid al-Adha in the 
crude analysis, no stratified analysis was conducted.

Higher IRRs were observed for boys and girls for unknown 
nuts, and for boys for tree nuts during Halloween than during the 
rest of the year. Higher IRRs were identified for boys for unknown 
nuts, for boys and girls for peanuts, and for girls for tree nuts dur-
ing Easter than during the rest of the year

Table 2: Crude analysis of mean number of cases of anaphylaxis per day and incidence rate ratios, based on trigger food 
and holiday

Trigger food

Holiday

Rest of year Halloween Christmas Easter Diwali
Chinese New 

Year Eid al-Adha

Unknown nuts

No. of cases per 
day (95% CI)

0.43 (0.40–0.45) 0.71 (0.49–1.04) 0.36 (0.22–0.58) 0.73 (0.52–1.03) 0.47 (0.30–0.72) 0.25 (0.13–0.46) 0.42 (0.27–0.66)

IRR (95% CI) Reference 1.66 (1.13–2.43) 0.85 (0.51–1.36) 1.71 (1.21–2.42) 1.09 (0.71–1.68) 0.58 (0.31–1.09) 0.99 (0.63–1.55)

Peanuts

No. of cases per 
day (95% CI)

0.21 (0.20–0.23) 0.39 (0.24–0.65) 0.13 (0.06–0.30) 0.33 (0.20–0.55) 0.24 (0.14–0.44) 0.13 (0.05–0.30) 0.16 (0.07–0.33)

IRR (95% CI) Reference 1.86 (1.12–3.11) 0.63 (0.28–1.41) 1.57 (0.94–2.63) 1.15 (0.64–2.10) 0.59 (0.24–1.42) 0.73 (0.35–1.55)

Tree nuts

No. of cases per 
day (95% CI)

0.15 (0.13–0.16) 0.21 (0.11–0.42) 0.16 (0.07–0.33) 0.29 (0.17–0.50) 0.16 (0.07–0.33) 0.08 (0.02–0.23) 0.18 (0.09–0.36)

IRR (95% CI) Reference 1.45 (0.72–2.92) 1.07 (0.51–2.26) 1.99 (1.15–3.46) 1.07 (0.51–2.26) 0.52 (0.17–1.61) 1.22 (0.61–2.47)

Note: CI = confidence interval, IRR = incidence rate ratio.
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For our age-stratified analysis, we used a cut-off age of 6 years 
given that, in Canada, most children are in their first year of ele-
mentary school at that age. Among children aged 6 years or older, 
we observed higher rates of anaphylaxis triggered by unknown 
nuts and peanuts during Halloween and Easter than during the 
rest of the year. Holidays did not affect the IRRs for children aged 
younger than 6 years for all 3 categories of trigger food.

Neither the presence of asthma nor the reaction severity were 
associated with the IRRs during holidays.

Children who were recruited prospectively had a higher IRR 
during Easter than during the rest of the year for anaphyalxis 

induced by unknown nuts, peanuts and tree nuts. However, for 
children recruited retrospectively, there was a higher IRR dur-
ing Halloween than during the rest of the year for unknown-
nut– and peanut-induced anaphylaxis. Patient sociodemo-
graphic and clinical characteristics did not differ between the 
2 groups (Table 6).

Our analysis stratified by hospital centre included only the 
Montreal Children’s Hospital and British Columbia Children’s 
Hospital, as they were the only sites with sufficient sample 
sizes. The IRRs for anaphylaxis induced by unknown nuts and 
peanuts were higher during Halloween than during the rest of 

Table 3: Stratified analysis of mean number of cases per day and incidence rate ratio for anaphylaxis induced by unknown 
nuts

Characteristic

Rest of year;  
no. of cases 

per day 
(95% CI)

Halloween Christmas Easter

No. of cases 
per day 
(95% CI)

IRR 
(95% CI)*

No. of cases 
per day 
(95% CI)

IRR 
(95% CI)*

No. of cases 
per day 
(95% CI)

IRR 
(95% CI)*

Sex

    Female 0.16 
(0.15–0.18)

0.31 
(0.18–0.53)

1.93 
(1.13–3.28)

0.07 
(0.02–0.21)

0.41 
(0.13–1.28)

0.27 
(0.15–0.47)

1.65 
(0.93–2.93)

    Male 0.26 
(0.25–0.28)

0.42 
(0.27–0.66)

1.60 
(1.02–2.53)

0.29 
(0.17–0.50)

1.10 
(0.63–1.90)

0.47 
(0.30–0.72)

1.77 
(1.15–2.73)

Age, yr

    < 6 0.23 
(0.21–0.25)

0.29 
(0.17–0.50)

1.26 
(0.73–2.18)

0.13 
(0.06–0.30)

0.58 
(0.26–1.30)

0.18 
(0.09–0.36)

0.78 
(0.39–1.56)

    ≥ 6 0.20 
(0.18–0.21)

0.44 
(0.29–0.69)

2.27 
(1.46–3.55)

0.22 
(0.12–0.41)

1.14 
(0.61–2.12)

0.56 
(0.38–0.82)

2.84 
(1.90–4.24)

Recruitment method

    Retrospective 0.25 
(0.23–0.26)

0.44 
(0.29–0.69)

1.81 
(1.16–2.83)

0.31 
(0.18–0.53)

1.27 
(0.75–2.15)

0.29 
(0.17–0.50)

1.18 
(0.68–2.04)

    Prospective 0.18 
(0.17–0.20)

0.29 
(0.17–0.50)

1.61 
(0.93–2.79)

0.04 
(0.01–0.18)

0.25 
(0.06–0.99)

0.44 
(0.29–0.69)

2.47 
(1.58–3.87)

History of asthma

    Yes 0.07 
(0.06–0.08)

0.13 
(0.06–0.30)

1.93 
(0.86–4.34)

0.09 
(0.03–0.24)

1.28 
(0.48–3.46)

0.18 
(0.09–0.36)

2.57 
(1.27–5.21)

    No 0.35 
(0.33–0.38)

0.60 
(0.41–0.87)

1.70 
(1.16–2.49)

0.27 
(0.15–0.47)

0.75 
(0.43–1.33)

0.55 
(0.38–0.82)

1.57 
(1.06–2.34)

Severity of reaction

    Mild 0.09 
(0.08–0.10)

0.11 
(0.05–0.27)

1.31 
(0.54–3.16)

0.11 
(0.05–0.27)

1.31 
(0.54–3.16)

0.09 
(0.03–0.24)

1.04 
(0.39–2.80)

    Moderate 0.32 
(30–0.34)

0.60 
(0.41–0.87)

1.90 
(1.29–2.78)

0.22 
(0.12–0.41)

0.70 
(0.38–1.31)

0.58 
(0.39–0.85)

1.83 
(1.24–2.70)

    Severe 0.02 
(0.02–0.03)

0.02 
(0.00–0.16)

0.96 
(0.13–6.94)

0.02 
(0.00–0.16)

0.96 
(0.13–6.94)

0.07 
(9.02–0.21)

2.89 
(0.91–9.18)

Hospital centre

    MCH 0.29 
(0.27–0.30)

0.56 
(0.38–0.82)

1.95 
(1.31–2.90)

0.31 
(0.18–0.53)

1.09 
(0.64–1.85)

0.42 
(0.27–0.66)

1.48 
(0.94–2.33)

    BCCH 0.08 
(0.07–0.09)

0.11 
(0.05–0.27)

1.44 
(0.60–3.50)

0.04 
(0.01–0.18)

0.58 
(0.14–2.32)

0.18 
(0.09–0.36)

2.31 
(1.14–4.67)

Note: BCCH = British Columbia Children’s Hospital, CI = confidence interval, IRR = incidence rate ratio, MCH = Montreal Children’s Hospital.
*Calculated with rest of year as reference category.
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the year at the Montreal Children’s Hospital but were higher 
during Easter than during the rest of the year at British Colum-
bia Children’s Hospital.

Interpretation

We found a higher risk of anaphylaxis induced by unknown nuts 
and peanuts during Halloween and Easter than during the rest 
of the year in Canadian children. No increased risk was 
observed during Christmas, Diwali, Chinese New Year or Eid al-
Adha. The difference in the anaphylaxis incidence among holi-
days may have been due to the social setting in which each holi-
day takes place. At Halloween and Easter, children often receive 

candies and other treats from people who may be unaware of 
their allergies. The absence of such an association at Christmas 
may be because Christmas is a more intimate celebration 
among family members and close friends, who are more vigilant 
regarding allergen exposure.15–17 Canadian labelling regulations 
may also contribute to our findings. Prepackaged 1-bite snacks 
and candies are commonly distributed on Halloween and 
Easter. These snacks, if sold individually, are exempt from label-
ling requirements, such as labelling of common allergens.18 We 
found that the majority of anaphylactic reactions to tree nuts 
(in contrast to peanuts) occurred in children not known to have 
a tree nut allergy. This observation highlights the need for 
vigilance regarding first exposures to tree nuts during holidays. 

Table 4: Stratified analysis of mean number of cases per day and incidence rate ratio for peanut-induced anaphylaxis

Characteristic

Rest of year; 
no. of cases 

per day 
(95% CI)

Halloween Christmas Easter

No. of cases 
per day 
(95% CI)

IRR  
(95% CI)*

No. of cases 
per day 
(95% CI)

IRR 
(95% CI)*

No. of cases 
per day 
(95% CI)

IRR 
(95% CI)*

Sex

    Female 0.08 
(0.07–0.09)

0.16 
(0.07–0.33)

1.92 
(0.91–4.08)

0.04 
(0.01–0.18)

0.55 
(0.14–2.21)

0.09 
(0.03–0.24)

1.10 
(0.41–2.95)

    Male 0.13 
(0.12–0.14)

0.24 
(0.14–0.44)

1.90 
(1.04–3.45)

0.09 
(0.03–0.24)

0.69 
(0.26–1.85)

0.24 
(0.14–0.44)

1.90  
(1.04–3.45)

Age, yr

    < 6 0.12 
(0.11–0.13)

0.18 
(0.09–0.36)

1.52 
(0.75–3.06)

0.02 
(0.00–0.16)

0.19 
(0.03–1.35)

0.09 
(0.03–0.24)

0.76  
(0.28–2.03)

    ≥ 6 0.09 
(0.08–0.10)

0.22 
(0.12–0.41)

2.40 
(1.28–4.51)

0.11 
(0.05–0.27)

1.20 
(0.50–2.91)

0.24 
(0.14–0.44)

2.64 
(1.45–4.82)

Recruitment method

    Retrospective 0.12 
(0.11–0.13)

0.27 
(0.15–0.47)

2.26 
(1.27–4.02)

0.13 
(0.06–0.30)

1.13 
(0.50–2.53)

0.09 
(0.03–0.24)

0.75 
(0.28–2.02)

    Prospective 0.09 
(0.08–0.10)

0.13 
(0.06–0.30)

1.45 
(0.65–3.26)

0.0†‡ 0.0‡ 0.24 
(0.14–0.44)

2.66 
(1.46–4.86)

History of asthma

    Yes 0.03 
(0.03–0.04)

0.09 
(0.03–0.34)

2.56 
(0.94–6.94)

0.04 
(0.01–0.18)

1.28 
(0.32–5.18)

0.09 
(0.03–0.34)

2.56 
(0.94–6.94)

    No 0.17 
(0.16–0.19)

0.31 
(0.18–0.53)

1.79 
(1.06–3.05)

0.09 
(0.03–0.24)

0.51 
(0.19–0.37)

0.24 
(0.14–0.44)

1.41 
(0.78–2.56)

Severity of reaction

    Mild 0.04 
(0.04–0.05)

0.09 
(0.03–0.24)

2.06 
(0.76–5.56)

0.02 
(0.00–0.16)

0.51 
(0.07–3.68)

0.0†‡ 0.0‡

    Moderate 0.15 
(0.14–0.17)

0.29 
(0.17–0.50)

1.87 
(1.08–3.24)

0.09 
(0.03–0.24)

0.57 
(0.21–1.54)

0.29 
(0.17–0.50)

1.87 
(1.08–3.24)

    Severe 0.01 
(0.01–0.2)

0.02 
(0.00–0.16)

1.85 
(0.25–13.48)

0.02 
(0.00–0.16)

1.85 
(0.25–13.48)

0.04 
(0.01–0.18)

3.70 
(0.89–15.35)

Hospital centre

    MCH 0.14 
(0.13–0.15)

0.33 
(0.20–0.55)

2.41
(1.44–4.04)

0.11 
(0.05–0.27)

0.80 
(0.33–1.94)

0.16 
(0.07–0.33)

1.13 
(0.53–2.38)

    BCCH 0.04 
(0.03–0.05)

0.02 
(0.00–0.16)

0.58 
(0.08–4.19)

0.02 
(0.00–0.16)

0.58 
(0.08–4.19)

0.04 
(0.01–0.18)

1.17 
(0.29–4.73)

Note: BCCH = British Columbia Children’s Hospital, CI = confidence interval, IRR = incidence rate ratio, MCH = Montreal Children’s Hospital.
*Calculated with rest of year as reference category.
†Value is 1.89 E–11.
‡Confidence interval is indeterminately large.
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In subgroup analyses, we found that the IRR was higher during 
Halloween and Easter for children aged 6 years or more than for 
younger children, most probably because of decreased parental 
supervision.19 We also found that children recruited pros
pectively had a higher IRR during Easter for all 3 allergens, 
whereas for children recruited retrospectively there was a 
higher IRR during Halloween for unknown nuts and peanuts. 
The differences in holiday effect between the 2 groups are 
unlikely related to method of recruitment; our exposure, holi-
day time period, was indicated in the chart and is an objective 
measure (i.e.,  not subject to recruitment time). The observed 

differences are likely related to variation in sample size 
between our prospective (588  patients) and retrospective 
(802 patients) cohorts. Furthermore, patient sociodemographic 
and clinical characteristics did not differ between the 2 groups. 
Finally, we observed that the IRR was higher for unknown nuts 
and peanuts during Halloween among children recruited from 
the Montreal Children’s Hospital, whereas the IRR was higher 
for unknown nuts and tree nuts during Easter for children 
recruited from British Columbia Children’s Hospital, in Vancou-
ver. This may reflect different food products and lifestyles 
between the 2 cities.20

Table 5: Stratified analysis of mean number of cases per day and incidence rate ratio for anaphylaxis induced by tree nuts

Characteristic

Rest of year; 
no. of cases 

per day 
(95% CI)

Halloween Christmas Easter

No. of cases 
per day 
(95% CI)

IRR 
(95% CI)*

No. of cases 
per day 
(95% CI)

IRR 
(95% CI)*

No. of cases 
per day 
(95% CI)

IRR 
(95% CI)*

Sex

    Female 0.05 
(0.04–0.06)

0.13 
(0.06–0.30)

2.72 
(1.20–6.15)

0.0†‡ 0.0‡ 0.13 
(0.06–0.30)

2.72 
(1.20–6.15)

    Male 0.10 
(0.09–0.11)

0.07 
(0.02–0.21)

0.70 
(0.22–2.17)

0.16 
(0.07–0.33)

1.62 
(0.77–3.44)

0.16 
(0.07–0.33)

1.62 
(0.77–3.44)

Age, yr

    < 6 0.08 
(0.07–0.09)

0.09 
(0.03–0.24)

1.13 
(0.42–3.04)

0.09 
(0.03–0.24)

1.13 
(0.42–3.04)

0.07 
(0.02–0.21)

0.85 
(0.27–2.65)

    ≥ 6 0.07 
(0.06–0.08)

0.11 
(0.05–0.27)

1.68 
(0.69–4.07)

0.07 
(0.02–0.21)

1.01 
(0.32–3.15)

0.22 
(0.12–0.41)

3.35 
(1.78–6.33)

Recruitment method

    Retrospective 0.09 
(0.08–0.10)

0.07 
(0.02–0.21)

0.77 
(0.25–2.39)

0.11 
(0.05–0.27)

1.28 
(0.53–3.09)

0.16 
(0.07–0.33)

1.79 
(0.84–3.78)

    Prospective 0.06 
(0.05–0.07)

0.13 
(0.06–0.30)

2.31 
(1.02–5.20)

0.04 
(0.01–0.18)

0.77 
(0.19–3.10)

0.13 
(0.06–0.30)

2.21 
(1.02–5.20)

History of asthma

    Yes 0.02 
(0.02–0.03)

0.02 
(0.00–0.16)

0.92 
(0.13–6.65)

0.02 
(0.00–0.16)

0.92 
(0.13–6.65)

0.09 
(0.03–0.24)

3.70 
(1.35–10.12)

    No 0.12 
(0.11–0.13)

0.18 
(0.09–0.36)

1.48 
(0.73–2.97)

0.13 
(0.6–0.30)

1.11 
(0.49–2.48)

0.20 
(0.10–0.38)

1.66 
(0.86–3.22)

Severity of reaction

    Mild 0.03 
(0.02–0.03)

0.0†‡ 0‡ 0.09 
(0.03–0.24)

3.46 
(1.27–9.46)

0.07 
(0.02–0.21)

2.60 
(0.82–8.23)

    Moderate 0.11 
(0.10–0.12)

0.20 
(0.10–0.38)

1.81 
(0.93–3.51)

0.07 
(0.02–0.21)

0.60 
(0.19–1.88)

0.20 
(0.10–0.38)

1.81 
(0.93–3.51)

    Severe –§ –§ –§ –§ –§ –§ –§

Hospital centre

    MCH 0.10 
(0.09–0.11)

0.09 
(0.03–0.24)

0.87 
(0.32–2.33)

0.16 
(0.07–0.33)

1.52 
(0.72–3.22)

0.18 
(0.09–0.36)

1.74 
(0.86–3.51)

    BCCH 0.03 
(0.02–0.03)

0.09 
(0.03–0.24)

3.34 
(1.22–9.11)

0.0†‡ 0.0‡ 0.11 
(0.05–0.27)

4.17 
(1.69–10.29)

Note: BCCH = British Columbia Children’s Hospital, CI = confidence interval, IRR = incidence rate ratio, MCH = Montreal Children’s Hospital.
*Calculated with rest of year as reference category.
†Value is 1.89 E–11.
‡Confidence interval is indeterminately large.
§Too few events — no power.
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Our findings, which suggest higher risk of anaphylaxis 
induced by unknown nuts and peanuts during Halloween and 
Easter than during the rest of the year, differ from those of 2 pre-
vious, non–peer-reviewed reports. In 2015, a report from the 
Canadian Institute for Health Information documented higher 
rates of food-induced allergic reaction presentations to emer-
gency departments in December, May, July and August than dur-
ing other months.21 A survey conducted by the pharmaceutical 
company Mylan showed higher incidence rates of anaphylaxis, 
whether food-induced or latex-induced, in winter among 300 US 
children.22 However, in contrast to our study, these reports were 
not based on data collection prospectively and retrospectively 
from the emergency department and were not based on a con-
sensus definition of anaphylaxis. Therefore, they are more prone 
to misclassification bias.

The labelling of common allergens is mandatory in Canada. 
The list of common allergens, which includes peanuts and tree 
nuts, is determined by Health Canada and encompasses aller-
gens accounting for most food allergies in Canadians.23 Despite 
this, our findings suggest that educational tools to increase vigi-
lance regarding the presence of potential allergens is required 
among children with food allergies, their families and lay people 
interacting with children who have food allergies. Newer strat
egies targeting intervals associated with high anaphylaxis risk 

are required. An example of such strategies are Food Allergy 
Canada’s Shine a Teal Light campaign and the community Teal 
Pumpkin Project.24–28 Incorporating such strategies will contrib-
ute to making holidays safer and more inclusive for children 
with peanut and tree nut allergy.

Limitations
It is possible that patients with mild anaphylactic reactions or 
known allergy were treated outside of the emergency depart-
ment and, thus, did not present to a hospital for additional 
treatment. However, a previous study by our group suggested 
that most cases meeting the criteria for anaphylaxis present 
to the emergency department.29 Another possible limitation is 
that we included only 6  academic hospitals, and community 
hospitals were not involved in this study. However, we believe 
our sample is representative of Canadian children as we 
included patients from centres throughout the country. Fur-
thermore, we collected data both prospectively and retro-
spectively, but we do not believe the method of recruitment 
affected our findings substantially, as patient sociodemo-
graphic and clinical characteristics did not differ among the 
groups, and the dates and factors assessed (age, sex, severity 
of reaction) are not likely to be misclassified even in retro-
spective documentation. When we compared the average 
daily count of events between the week before and after each 
holiday, for all 3  culprits, no significant differences were 
found for any holiday, likely owing to the small samples. 
Hence, we cannot rule out the effect of seasonality and over-
crowding of emergency departments. In addition, given the 
relatively small samples, we were not able to determine spe-
cific associations between peanut- or tree-nut–induced reac-
tions and specific sociodemographic factors or comorbidities 
through a multivariable analysis. Instead, we used a Poisson 
regression model and performed a stratified analysis. Finally, 
we were not able to evaluate the effect of culture and diet on 
IRRs, given that data were not collected for these variables.

Conclusion
We found an increased risk of anaphylaxis induced by unknown 
nuts and peanuts during Halloween and Easter among Canadian 
children. We also found that the holiday period particularly 
affected older children. Educational programs and strategies 
increasing vigilance among families of children with peanut or 
tree nut allergy and among people interacting with them are 
required in order to render holidays safer for all Canadian 
children.
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