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Abstract

Background: Despite an increasing number of publications from individual countries

and regions, there is still no systematic review of the global epidemiology of ana-

phylaxis in the general paediatric population.

Methods: We conducted a systematic review, using a protocol registered and pub-

lished with the international prospective register of systematic reviews (PROSPERO).

Results were reported following PRISMA guidelines. The search strategy was designed

in Medline (ovid) and modified for Embase (ovid) and PubMed. Papers were screened

by two independent reviewers following selection and exclusion criteria. Data extrac-

tion and risk of bias assessment were completed by the same two reviewers. Studies

in adults only or those that did not report data in children separately were excluded.

Results: A final total of 59 articles were included. Of these, 5 reported cumulative

incidence, 39 reported incidence rate and 17 reported prevalence data. The inci-

dence of anaphylaxis in children worldwide varied widely, ranging from 1 to 761 per

100 000 person‐years for total anaphylaxis and 1 to 77 per 100 000 person‐years
for food‐induced anaphylaxis. The definition of anaphylaxis from NIAID/FAAN was

the most commonly used. Gender and ethnicity were demographic risk factors asso-

ciated with anaphylaxis in children. Increasing total or food‐induced anaphylaxis inci-

dence over time was reported by 19 studies.

Conclusion: The reported incidence of anaphylaxis in children varied widely. Studies

in developing countries are underrepresented. To accurately compare anaphylaxis

incidence between countries and investigate the time trends, further studies using a

standardized definition across different countries are required.
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1 | INTRODUCTION

Anaphylaxis is a serious and rapid‐onset allergic reaction with the

involvement of multiple body systems that can lead to death.1 In

2015, Tejedor‐Alonso reported an increase in both the number and

quality of studies on the epidemiology of anaphylaxis over the past

10 years.2 An increase in hospital presentation rates for anaphylaxis

has been reported in Western countries such as Canada,3 Finland,

Sweden,4 Australia,5 the United Kingdom6,7 and the United States8

using data from hospital administrative and national healthcare data-

bases. Emerging studies from Asian regions also show a rising

Abbreviations: ASCIA, Australasian Society of Clinical Immunology and Allergy; ED,

emergency department; FIA, food-induced anaphylaxis; NIAID/FAAN, National Institute of

Allergy and Infectious Disease/Food Allergy and Anaphylaxis Network.
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anaphylaxis incidence in South Korea9 and Hong Kong10 using

national insurance claims data and hospital admission databases,

respectively.

A previous systematic review in 2013 by Panesar et al11 summa-

rized the epidemiology of anaphylaxis in Europe, but there has been

no systematic review of anaphylaxis outside of Europe, and several

additional studies published since late 2012 were not included in this

review. Another systematic review in 2015 by Umasunthar et al12

reported the risk of food‐induced anaphylaxis in patients with food

allergy, but not in a general population and not including other non‐
food triggers of anaphylaxis. By only reporting anaphylaxis among

patients with a previous diagnosis of food allergy, patients who pre-

sented with anaphylaxis as their first food reaction might have been

missed. A detailed description of the epidemiology of anaphylaxis

worldwide using the latest data could help us better understand and

compare the overall disease burden caused by anaphylaxis in differ-

ent regions. Additionally, some countries are challenged by the fact

that it is expensive and time‐consuming to estimate food allergy

prevalence using the gold standard method of oral food challenge.

As previous studies have shown that food was the most frequent

trigger of anaphylaxis in children,6,13 food‐related anaphylaxis in chil-

dren could be a good proxy for food allergy in those countries with-

out convincing food allergy information although it may

underestimate food allergy prevalence.10 Finally, by comparing the

risk of anaphylaxis in children by subgroups, we could obtain better

insights into the aetiology and risk factors of anaphylaxis.

Despite an increasing number of publications from individual

countries and regions, there is still no systematic review on the glo-

bal epidemiology of anaphylaxis at any age. The absence of a sys-

tematic review in the paediatric population is problematic because

this is where there is a dramatic rise in hospital admission rates for

food‐induced anaphylaxis.14 Although incidence is the most adequate

and frequently used measurement of anaphylaxis in the general pop-

ulation, prevalence is also reported in studies and can be used as a

complementary method.2 Hence, we aimed to describe the current

epidemiology of anaphylaxis including incidence, prevalence and elic-

iting triggers among children in the general population worldwide,

and to investigate whether there was evidence of changing time

trends of anaphylaxis and whether this differed by region.

2 | METHODS

The protocol of this systematic review has been registered and pub-

lished with the international prospective register of systematic

reviews (http://www.crd.york.ac.uk/PROSPERO/display_record.asp?

ID=CRD42016042080). We followed the PRISMA guidelines to

report our results.15

2.1 | Search strategy

The search strategy was formed following terms and methods from

previous studies,12,16 designed in Ovid MEDLINE and modified for

Embase and PubMed. Although Medline and PubMed are essentially

the same databases, we included both in our search strategy as

PubMed includes e‐publications and additional journals that were

not included in Medline. Our search strategy was developed in con-

junction with a librarian from the Royal Children's Hospital, Mel-

bourne. The exact search strategies for Ovid MEDLINE, Embase and

PubMed are outlined in Table S1. The search was conducted in the

above databases on 19 September 2018. The reference lists of iden-

tified papers were reviewed for additional studies. We included only

published literature that has undergone peer review in our system-

atic review; however, we also reviewed conference abstracts during

the screening process to retrieve in‐progress publications. Other

sources of literature were not considered in our study.

2.2 | Study selection

Identified articles were independently screened via titles and

abstracts according to the selection and exclusion criteria by two

reviewers (YW and NS). Screening results from the two reviewers

were compared. Discrepancies were resolved by reading of the full‐
text and discussions between the two reviewers. Reference lists of

identified studies were reviewed for additional studies. Finally, full‐
text review was undertaken by the same reviewers for all identified

articles. Discrepancies were resolved by discussions between the

two reviewers, if necessary, a third reviewer (JK) arbitrated.

The screening process was developed and piloted by YW. To

pilot the title and abstract screen, the first 50 manuscripts were

screened by title and abstract using EndNote X7; then, the full

text was retrieved to ensure that the initial screen had not missed

any potentially relevant articles. The full‐text screening process

was tested on 10 manuscripts. These manuscripts were labelled

by YW after reading the full text and were checked again to

make sure the articles had been assigned to the correct label.

Then, the results were discussed with NS to ensure all relevant

articles had been included. Both YW and NS followed the same

screening process.

Inclusion criteria were as follows:

• Original observational studies, including cross-sectional studies,

cohort studies, registries (prospective/retrospective/historical

cohort design) and hospital databases;

• Studies reporting the incidence and/or prevalence of anaphy-

laxis in a general population or studies reporting hospital and/

or emergency department (ED) admission rate by using the

total population in the catchment area as the denominator;

• Studies were conducted in children. Studies conducted in the

whole population (adults and children) were included if they pro-

vided a breakdown by age groups, with results for children

reported separately.

Exclusion criteria were as follows:

• Systematic and non-systematic reviews, non-research letters, case

reports, randomized controlled trials, comments and editorials;
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• Studies reporting anaphylaxis rates in patients with specific dis-

eases (including allergic disorders) or under specific condition (eg,

anaesthesia, immunization);

• Studies that did not state age group of participants or did not

provide incidence or prevalence data in children separately or

studies reporting hospital and/or ED admission rate by using the

number of patients admitted as the denominator;

• Studies reporting food-dependent exercise-induced anaphylaxis

only.

2.3 | Risk of bias assessment

Risk of bias of included studies was assessed independently by two

reviewers (YW and VM) using 10 questions assessing both external

validity and internal validity modified from the risk of bias tool

established by Hoy et al.17

2.4 | Data extraction

Data from included articles were extracted by two reviewers (YW

and VM) using the same extraction form. Any discrepancy was

resolved by checking original articles and discussion. We also con-

tacted authors of original studies to request original incidence data

in children if these were not provided. Of 7 authors contacted, 2

authors18,19 replied with the requested information and these data

were included in our review. We summarized the reference details,

such as study design, study population, data sources, extracted data

type, denominator, data collection years, country, age of target pop-

ulation, definition of anaphylaxis and outcome confirmation, reported

type of anaphylaxis, risk of bias, numerator of incidence and

response rate of included studies. Incidence (including cumulative

incidence, incidence rate and admission rate) and prevalence esti-

mates with 95% confidence intervals (CI) of anaphylaxis for each

year and/or time period were extracted. In our review, studies that

reported hospital and/or ED admission rate of anaphylaxis per

100 000 person‐years were considered as a measure of incidence if

they used the total population in the catchment area as the denomi-

nator. The number of cases and person‐time at risk or size of sample

population were also extracted if the incidence or prevalence was

not provided. Incidence rate ratios were calculated based on

extracted data to assess the association between demographic fac-

tors (eg, sex and ethnicity) and anaphylaxis where possible. Other

risk ratio results (eg, odds ratio) reported by the studies were

extracted directly if there was not enough original data to calculate

incidence rate ratios.

2.5 | Outcomes

In our systematic review, the main outcomes of interest were the

incidence and/or prevalence of anaphylaxis in children in the gen-

eral population. Incidence included incidence rate and cumulative

incidence. Incidence is defined as the number of new cases of

anaphylaxis that occur during a given time period in a defined

population.11 Most studies of hospital admissions data claimed

to report anaphylaxis incidence, but did not state whether they

only included new cases/first onset of anaphylaxis. For this review,

we included these studies under the heading of incidence. Inci-

dence is reported as incidence rate (IR) and cumulative incidence

(CI):

Incidence rateðIRÞ
¼ Number of people who developed anaphylaxis

Number of person� years when people were at risk of developing anaphylaxis

Cumulative incidenceðCIÞ
¼ Number of people who developed anaphylaxis in a specified period

Number of people at risk of developing anaphylaxis at the start of the period

Prevalence estimates what proportion of a population has a his-

tory of anaphylaxis at a specific point in time20 and is calculated as

follows:

Prevalence

¼Numberofpeoplewithahistoryofanaphylaxis atagivenpoint in time
Totalnumberofpeople in thepopulation

2.6 | Data synthesis and analysis

Incidence rate, cumulative incidence or prevalence estimates were

extracted where available, or calculated from available data if these

estimates were not provided in the paper. A random‐effects model

using the method of Der Simonian and Laird was applied for the

meta‐analysis. The heterogeneity was estimated by the Mantel‐
Haenszel model. We use I2 statistic to examine and quantify

between‐study heterogeneity. Very high heterogeneity was found in

all analyses. The I2 statistic was above 95% for all primary and sub-

group analyses. According to the Cochrane handbook, if substantial

heterogeneity (I2 > 50%) is found, pooling data using meta‐analysis
is not recommended.21 Hence, we have not pooled the results.

All anaphylaxis definitions were eligible for including studies. We

performed sensitivity analyses to examine the effect of using differ-

ent definitions of total anaphylaxis and food‐induced anaphylaxis on

our results.

To assess gender differences, we calculated incidence rate ratios

(IRR) and 95% confidence intervals (CI) using Poisson regression

models. Statistical analyses were undertaken using STATA 15 (Stata-

Corp, College Station, TX).

3 | RESULTS

3.1 | Study selection

Figure 1 outlines the search results and results of the article

screening. We identified 3997 original references from 3 databases

after removing duplicates, and additional articles from the reference

lists of identified papers. Title and abstract review excluded 3813

articles as they did not meet the inclusion criteria. The remaining

184 articles underwent full‐text screening. A final total of 59
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articles were included in the qualitative synthesis, and 4 of them

were excluded from quantitative analysis as they only reported

anaphylaxis incidence in children in their figures. Among the

included studies, 42 reported anaphylaxis incidence, 15 reported

anaphylaxis prevalence, and 2 studies reported both anaphylaxis

incidence and prevalence.

3.2 | Study characteristics and risk of bias

The main characteristics of the studies are listed in Table 1. Of the

included studies, seventeen only measured and reported total ana-

phylaxis, nineteen studies only reported food‐induced anaphylaxis,

and nineteen studies measured total anaphylaxis and also reported

anaphylaxis separately by specific triggers. The remaining four stud-

ies measured only anaphylaxis induced by hen's egg, peanut, hazel-

nut and drugs specifically.

The risk of bias assessment results are listed in Table S2. High

risk of bias was found in 2 (3.4%) studies, moderate risk in 8 (13.6%)

and low risk of bias in 49 (83.1%) studies.

The majority of studies (42/44) reporting anaphylaxis incidence

were conducted based on registry databases, and most (34/42) were

from hospital and/or ED admission databases. Only two studies were

conducted in population‐based birth cohorts. Only a minority of

studies (12/44) stated that only first‐onset anaphylaxis episodes were

used to calculate incidence. Most of the studies (12/17) that

reported anaphylaxis prevalence were cross‐sectional studies, and

more than half (8/12) were conducted in a school environment.

Among these studies, nine had a participation rate above 70%, six

between 50% and 70%, and two below 50% or unknown.

The age of the study population varied in included studies, from

0 to 90 years of age, although only data from children were included

in this study. The data collection period of studies was also different,

from 1995 to 2016.

3.3 | Anaphylaxis in children by trigger

The incidence of anaphylaxis in children by trigger is shown in Fig-

ure 2A. Of 44 studies, 29 reported total anaphylaxis with a wider

incidence range of 1‐761 per 100 000 person‐years, 17 reported

incidence of food‐induced anaphylaxis, ranging from 1 to 77 per

100 000 person‐years, and 6 reported incidence of drug‐induced
anaphylaxis, with range between 0.3 and 10.6 per 100 000 person‐
years. The incidence of anaphylaxis triggered by other agents such

as insect, anaesthesia, venom, serum and individual foods (peanut,

nuts, fruit, milk, seafood and egg) are also depicted in the figure.

Anaphylaxis induced by individual food triggers had higher incidence
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(0.1‐9.7 per 100 000 person‐years) compared with insect, anaesthe-

sia and serum triggers.

The prevalence of anaphylaxis by trigger is listed in Figure 2B.

Prevalence estimates for total anaphylaxis ranged from 0.04% to

1.8% (four studies). The prevalence of food‐induced anaphylaxis ran-

ged from 0.3% to 1.2% (ten studies).

3.4 | Total and food‐induced anaphylaxis in children
by definition of anaphylaxis

The incidence of total and food‐induced anaphylaxis in children

stratified by definition of anaphylaxis is shown in Figure 2C,D. The

definition from NIAID/FAAN was the most widely applied definition

FOOD-INDUCED ANAPHYLAXIS
Braganza, S. C. 2006 (1998-2001)
Calvani, M. 2008 (2000-2003)
Ho, M. 2010 (1997-2007)
Moro Moro, M. 2011 (2004-2005)
Vetander, M. 2012 (2007)
Canani, R. B. 2012 (2001-2005)
Rolla, G. 2013 (2010)
Tejedor-Alonso, M. A. 2015 (1998-2011)
Parekh, D. 2015 (2001-2011)
Mullins, R. J. 2015 (1998-2011)
Dyer, A. A. 2015 (2008-2012)
Kim, S. H. 2016 (2011-2013)
Lee, S. 2017 (2001-2010)
Okubo, Y. 2018 (2006)
Okubo, Y. 2018 (2009)
Okubo, Y. 2018 (2012)
Osterlund, J. 2018 (2006-2015)
Speakman, S. 2018 (2006-2015)
Wang, Y. 2018 (2001-2015)

TOTAL ANAPHYLAXIS
Bohlke, K. 2004 (1991-1997)
Gupta, R. 2004 (2000)
Braganza, S. C. 2006 (1998-2001)
Poulos, L. M. 2007 (1993-2004)
Lin, R. Y. 2008 (1990)
Lin, R. Y. 2008 (2006)
Decker, W. W. 2008 (1990-2000)
Calvani, M. 2008 (2000-2003)
Ho, M. 2010 (1997-2007)
Gonzalez-Perez, A. 2010 (No asthma cohort) (1996-2005)
Gonzalez-Perez, A. 2010 (Nonsevere asthma cohort) (1996-2005)
Gonzalez-Perez, A. 2010 (Severe asthma cohort) (1996-2005)
Moro Moro, M. 2011 (2004-2005)
Harduar-Morano, L. 2011 (2005-2006)
Vetander, M. 2012 (2007)
Tejedor Alonso, M. A. 2012 (2004-2005)
Liew, W. K. 2013 (2005-2009)
Hoyos-Bachiloglu, R. 2014 (2001-2010)
Wright, B. L. 2015 (2004-2014)
Tejedor-Alonso, M. A. 2015 (1998-2011)
Mullins, R. J. 2015 (1998-2011)
Buka, R. J. 2015 (2012)
Ruffoni, S. 2015 (2013)
Kivisto, J. E. 2016 (Finland) (1999-2011)
Kivisto, J. E. 2016 (Sweden) (1999-2011)
Jeppesen, A. N. 2016 (1995-2012)
Lee, S. 2017 (2001-2010)
Yang, M. S. 2017 (2008-2014)
Ruiz Oropeza, A. 2017 (2013-2014)
Andrew, E. 2018 (2008-2009)
Andrew, E. 2018 (2015-2016)
Michelson, K. A. 2018 (2008)
Michelson, K. A. 2018 (2014)
Wang, Y. 2018 (2001-2015)
Vetander, M. 2016 (2010-2012)

DRUG-INDUCED ANAPHYLAXIS
Braganza, S. C. 2006 (1998-2001)
West, S. L. 2007 (2000-2002)
Tejedor-Alonso, M. A. 2015 (1998-2011)
Mullins, R. J. 2015 (1998-2011)
Lee, S. 2017 (2001-2010)
Wang, Y. 2018 (2001-2015)

OTHER ANAPHYLAXIS
Braganza, S. C. 2006 (Insect triggered) (1998-2001)
Calvani, M. 2008 (Anesthesia triggered) (2000-2003)
Calvani, M. 2008 (Serum triggered) (2000-2003)
Mulla, Z. D. 2011 (Peanut triggered) (2004-2007)
Rolla, G. 2013 (Nuts triggered) (2010)
Rolla, G. 2013 (Fresh fruits triggered) (2010)
Rolla, G. 2013 (Milk triggered) (2010)
Rolla, G. 2013 (Seafood triggered) (2010)
Rolla, G. 2013 (Egg triggered) (2010)
Tejedor-Alonso, M. A. 2015 (Unknown trigger) (1998-2011)
Xepapadaki, P. 2016 (Hen's egg triggered) (2005-2007)
Lee, S. 2017 (Venom triggered) (2001-2010)
Wang, Y. 2018 (Insect triggered) (2001-2015)

ID
Study

15.02 (10.23, 19.82)
2.52 (2.00, 3.04)
0.54 (0.17, 0.92)
76.67 (76.67, 76.67)
29.24 (25.03, 33.45)
8.44 (7.83, 9.05)
30.61 (27.25, 33.97)
1.44 (1.15, 1.74)
4.40 (4.40, 4.40)
10.33 (9.39, 11.27)
10.79 (9.77, 11.82)
1.50 (1.33, 1.67)
19.73 (15.88, 23.58)
1.15 (1.15, 1.15)
1.29 (1.29, 1.29)
1.53 (1.53, 1.53)
30.00 (24.54, 35.46)
16.20 (15.43, 16.97)
0.79 (0.66, 0.92)

10.47 (8.10, 12.84)
4.11 (3.46, 4.76)
26.76 (20.82, 32.71)
11.87 (10.09, 13.64)
1.00 (1.00, 1.00)
4.70 (4.70, 4.70)
70.00 (70.00, 70.00)
5.88 (5.09, 6.66)
1.49 (0.87, 2.11)
15.25 (15.25, 15.25)
37.70 (37.70, 37.70)
116.95 (116.95, 116.95)
90.00 (90.00, 90.00)
6.40 (5.13, 7.67)
31.92 (27.60, 36.24)
156.26 (100.38, 212.14)
2.50 (2.01, 2.99)
0.81 (0.73, 0.88)
16.30 (14.36, 18.23)
2.33 (1.96, 2.70)
13.91 (12.84, 14.97)
35.96 (30.45, 41.46)
39.09 (32.64, 45.54)
5.45 (4.19, 6.71)
9.84 (8.59, 11.10)
6.46 (6.00, 6.92)
39.70 (34.97, 44.43)
12.14 (11.91, 12.37)
26.80 (14.44, 39.16)
11.80 (11.80, 11.80)
38.70 (38.70, 38.70)
10.10 (10.10, 10.10)
24.90 (24.90, 24.90)
2.77 (2.53, 3.01)
761.00 (488.00, 1034.00)

10.59 (8.12, 13.06)
0.30 (0.17, 0.44)
0.74 (0.48, 1.01)
6.09 (3.78, 8.40)
0.89 (0.75, 1.03)

0.12 (0.00, 0.23)
0.09 (-0.01, 0.19)
0.10 (0.07, 0.14)
9.70 (7.54, 11.85)
3.19 (1.90, 4.47)
4.43 (2.93, 5.93)
3.05 (1.79, 4.30)
4.71 (3.16, 6.25)
0.57 (0.38, 0.76)
9.35 (8.06, 10.64)
8.77 (6.04, 11.50)
0.02 (0.00, 0.04)

ES (95% CI)

15.02 (10.23, 19.82)
2.52 (2.00, 3.04)
0.54 (0.17, 0.92)
76.67 (76.67, 76.67)
29.24 (25.03, 33.45)
8.44 (7.83, 9.05)
30.61 (27.25, 33.97)
1.44 (1.15, 1.74)
4.40 (4.40, 4.40)
10.33 (9.39, 11.27)
10.79 (9.77, 11.82)
1.50 (1.33, 1.67)
19.73 (15.88, 23.58)
1.15 (1.15, 1.15)
1.29 (1.29, 1.29)
1.53 (1.53, 1.53)
30.00 (24.54, 35.46)
16.20 (15.43, 16.97)
0.79 (0.66, 0.92)

10.47 (8.10, 12.84)
4.11 (3.46, 4.76)
26.76 (20.82, 32.71)
11.87 (10.09, 13.64)
1.00 (1.00, 1.00)
4.70 (4.70, 4.70)
70.00 (70.00, 70.00)
5.88 (5.09, 6.66)
1.49 (0.87, 2.11)
15.25 (15.25, 15.25)
37.70 (37.70, 37.70)
116.95 (116.95, 116.95)
90.00 (90.00, 90.00)
6.40 (5.13, 7.67)
31.92 (27.60, 36.24)
156.26 (100.38, 212.14)
2.50 (2.01, 2.99)
0.81 (0.73, 0.88)
16.30 (14.36, 18.23)
2.33 (1.96, 2.70)
13.91 (12.84, 14.97)
35.96 (30.45, 41.46)
39.09 (32.64, 45.54)
5.45 (4.19, 6.71)
9.84 (8.59, 11.10)
6.46 (6.00, 6.92)
39.70 (34.97, 44.43)
12.14 (11.91, 12.37)
26.80 (14.44, 39.16)
11.80 (11.80, 11.80)
38.70 (38.70, 38.70)
10.10 (10.10, 10.10)
24.90 (24.90, 24.90)
2.77 (2.53, 3.01)
761.00 (488.00, 1034.00)

1.41 (–0.17, 2.99)
10.59 (8.12, 13.06)
0.30 (0.17, 0.44)
0.74 (0.48, 1.01)
6.09 (3.78, 8.40)
0.89 (0.75, 1.03)

1.41 (–.17, 2.99)
0.12 (0.00, 0.23)
0.09 (-0.01, 0.19)
0.10 (0.07, 0.14)
9.70 (7.54, 11.85)
3.19 (1.90, 4.47)
4.43 (2.93, 5.93)
3.05 (1.79, 4.30)
4.71 (3.16, 6.25)
0.57 (0.38, 0.76)
9.35 (8.06, 10.64)
8.77 (6.04, 11.50)
0.02 (0.00, 0.04)

ES (95% CI)
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F IGURE 2 A, Incidence of anaphylaxis in children by trigger. B, Prevalence of anaphylaxis in children by trigger. C, Incidence of total
anaphylaxis in children by definition. D, Incidence of food‐induced anaphylaxis in children by definition. E, Incidence of total anaphylaxis in
children by region. F, Incidence of food‐induced anaphylaxis in children by region. Note: Average annual incidence rate was calculated as total
cases by person-time at risk during the study period if the average annual incidence rate was not provided. The incidence rate of a single year
was shown if the average rate could not be merged for that study
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OTHER ANAPHYLAXIS

Boros, C. A. 2000 (Insect venom triggered) (1996)

Boros, C. A. 2000 (other triggered) (1996)

Dereci, S. 2016 (Hazelnut triggered) (2013)

Chan, J. C. K. 2017 (Peanut triggered at age 1) (2007-2015)

Chan, J. C. K. 2017 (Peanut triggered at age 4) (2007-2015)

Chan, J. C. K. 2017 (Raw egg triggered at age 1) (2007-2015)

Chan, J. C. K. 2017 (Sesame triggered at age 1) (2007-2015)

TOTAL ANAPHYLAXIS

Boros, C. A. 2000 (1996)

Gaspar, A. 2015 (2011)

Kilger, M. 2015 (2011)

Ruiz Oropeza, A. 2017 (2014)

FOOD-INDUCED ANAPHYLAXIS

Boros, C. A. 2000 (1996)

Touraine, F. 2002 (2001)

Ho, M. H. 2012 (2005)

Lao-araya, M. 2012 (2010)

Gaspar-Marques, J. 2014 (2014)

Park, M. 2014 (2011)

Ontiveros, N. 2016 (2014)

Protudjer, J. L. 2016 (2010-2012)

Kim, M. 2017 (2015)

McWilliam, V. L. 2018 (2011-2014)

DRUG-INDUCED ANAPHYLAXIS

Boros, C. A. 2000 (Antibiotics) (1996)

ID

Study

0.21 (0.09, 0.34)

0.04 (0.01, 0.08)

0.11 (0.02, 0.20)

0.09 (0.01, 0.17)

0.11 (0.02, 0.20)

0.60 (0.45, 0.74)

1.80 (1.38, 2.22)

1.32 (1.03, 1.61)

0.04 (0.02, 0.06)

0.33 (0.19, 0.48)

0.53 (0.16, 0.90)

0.74 (0.64, 0.84)

0.25 (0.01, 0.49)

0.28 (0.21, 0.35)

1.20 (0.54, 1.86)

0.62 (0.43, 0.81)

0.97 (0.95, 0.99)

0.55 (0.45, 0.65)

ES (95% CI)

0.21 (0.09, 0.34)

0.05 (–0.05, 0.15)

0.04 (0.01, 0.08)

0.11 (0.02, 0.20)

0.09 (0.01, 0.17)

0.11 (0.02, 0.20)

0.04 (–.01, 0.09)

0.60 (0.45, 0.74)

1.80 (1.38, 2.22)

1.32 (1.03, 1.61)

0.04 (0.02, 0.06)

0.33 (0.19, 0.48)

0.53 (0.16, 0.90)

0.74 (0.64, 0.84)

0.40 (–.03, 0.83)

0.25 (0.01, 0.49)

0.28 (0.21, 0.35)

1.20 (0.54, 1.86)

0.62 (0.43, 0.81)

0.97 (0.95, 0.99)

0.55 (0.45, 0.65)

0.05 (–0.02, 0.11)

ES (95% CI)

  
00 .5 1 1.5 2 2.5

Prevalence (%)

Anaphylaxis prevalence in children by trigger

ICD-10
Hoyos-Bachiloglu, R. 2014 (2001-2010)
Mullins, R. J. 2015 (1998-2011)
Kivisto, J. E. 2016 (Finland) (1999-2011)
Kivisto, J. E. 2016 (Sweden) (1999-2011)
Jeppesen, A. N. 2016 (1995-2012)
Yang, M. S. 2017 (2008-2014)

Other
Bohlke, K. 2004 (1991-1997)
Wright, B. L. 2015 (2004-2014)
Michelson, K. A. 2018 (2008)
Michelson, K. A. 2018 (2014)

NIAID and FAAN
Decker, W. W. 2008 (1990-2000)
Ho, M. 2010 (1997-2007)
Moro Moro, M. 2011 (2004-2005)
Harduar-Morano, L. 2011 (2005-2006)
Vetander, M. 2012 (2007)
Tejedor Alonso, M. A. 2012 (2004-2005)
Liew, W. K. 2013 (2005-2009)
Tejedor-Alonso, M. A. 2015 (1998-2011)
Buka, R. J. 2015 (2012)
Ruffoni, S. 2015 (2013)
Lee, S. 2017 (2001-2010)
Ruiz Oropeza, A. 2017 (2013-2014)
Andrew, E. 2018 (2008-2009)
Andrew, E. 2018 (2015-2016)
Vetander, M. 2016 (2010-2012)

ICD-9
Lin, R. Y. 2008 (1990)
Lin, R. Y. 2008 (2006)
Calvani, M. 2008 (2000-2003)
Gonzalez-Perez, A. 2010 (No asthma cohort) (1996-2005)
Gonzalez-Perez, A. 2010 (Nonsevere asthma cohort) (1996-2005)
Gonzalez-Perez, A. 2010 (Severe asthma cohort) (1996-2005)
Wang, Y. 2018 (2001-2015)

ICD-9 and ICD-10
Gupta, R. 2004 (2000)
Poulos, L. M. 2007 (1993-2004)

ASCIA
Braganza, S. C. 2006 (1998-2001)

ID
Study

0.81 (0.73, 0.88)
13.91 (12.84, 14.97)
5.45 (4.19, 6.71)
9.84 (8.59, 11.10)
6.46 (6.00, 6.92)
12.14 (11.91, 12.37)

10.47 (8.10, 12.84)
16.30 (14.36, 18.23)
10.10 (10.10, 10.10)
24.90 (24.90, 24.90)

70.00 (70.00, 70.00)
1.49 (0.87, 2.11)
90.00 (90.00, 90.00)
6.40 (5.13, 7.67)
31.92 (27.60, 36.24)
156.26 (100.38, 212.14)
2.50 (2.01, 2.99)
2.33 (1.96, 2.70)
35.96 (30.45, 41.46)
39.09 (32.64, 45.54)
39.70 (34.97, 44.43)
26.80 (14.44, 39.16)
11.80 (11.80, 11.80)
38.70 (38.70, 38.70)
761.00 (488.00, 1034.00)

1.00 (1.00, 1.00)
4.70 (4.70, 4.70)
5.88 (5.09, 6.66)
15.25 (15.25, 15.25)
37.70 (37.70, 37.70)
116.95 (116.95, 116.95)
2.77 (2.53, 3.01)

4.11 (3.46, 4.76)
11.87 (10.09, 13.64)

26.76 (20.82, 32.71)

ES (95% CI)

0.81 (0.73, 0.88)
13.91 (12.84, 14.97)
5.45 (4.19, 6.71)
9.84 (8.59, 11.10)
6.46 (6.00, 6.92)
12.14 (11.91, 12.37)

10.47 (8.10, 12.84)
16.30 (14.36, 18.23)
10.10 (10.10, 10.10)
24.90 (24.90, 24.90)

70.00 (70.00, 70.00)
1.49 (0.87, 2.11)
90.00 (90.00, 90.00)
6.40 (5.13, 7.67)
31.92 (27.60, 36.24)
156.26 (100.38, 212.14)
2.50 (2.01, 2.99)
2.33 (1.96, 2.70)
35.96 (30.45, 41.46)
39.09 (32.64, 45.54)
39.70 (34.97, 44.43)
26.80 (14.44, 39.16)
11.80 (11.80, 11.80)
38.70 (38.70, 38.70)
761.00 (488.00, 1034.00)

1.00 (1.00, 1.00)
4.70 (4.70, 4.70)
5.88 (5.09, 6.66)
15.25 (15.25, 15.25)
37.70 (37.70, 37.70)
116.95 (116.95, 116.95)
2.77 (2.53, 3.01)

4.11 (3.46, 4.76)
11.87 (10.09, 13.64)

26.76 (20.82, 32.71)

ES (95% CI)

  
00103050 100 200 300 400 500 600 700 800 900

Incidence rate (per 100,000 person-years)

NIAID and FAAN includes definitions from NIAID/FAAN and its equivalent forms such as definitions from EAACI and WAO

Total anaphylaxis incidence in children by definition
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(C)

F IGURE 2 Continued
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ICD-10
Mullins, R. J. 2015 (1998-2011)
Kim, S. H. 2016 (2011-2013)
Speakman, S. 2018 (2006-2015)

NIAID and FAAN
Ho, M. 2010 (1997-2007)
Moro Moro, M. 2011 (2004-2005)
Vetander, M. 2012 (2007)
Rolla, G. 2013 (2010)
Tejedor-Alonso, M. A. 2015 (1998-2011)
Lee, S. 2017 (2001-2010)
Osterlund, J. 2018 (2006-2015)

ICD-9
Calvani, M. 2008 (2000-2003)
Canani, R. B. 2012 (2001-2005)
Parekh, D. 2015 (2001-2011)
Dyer, A. A. 2015 (2008-2012)
Okubo, Y. 2018 (2006)
Okubo, Y. 2018 (2009)
Okubo, Y. 2018 (2012)
Wang, Y. 2018 (2001-2015)

ASCIA
Braganza, S. C. 2006 (1998-2001)

ID
Study

10.33 (9.39, 11.27)
1.50 (1.33, 1.67)
16.20 (15.43, 16.97)

0.54 (0.17, 0.92)
76.67 (76.67, 76.67)
29.24 (25.03, 33.45)
30.61 (27.25, 33.97)
1.44 (1.15, 1.74)
19.73 (15.88, 23.58)
30.00 (24.54, 35.46)

2.52 (2.00, 3.04)
8.44 (7.83, 9.05)
4.40 (4.40, 4.40)
10.79 (9.77, 11.82)
1.15 (1.15, 1.15)
1.29 (1.29, 1.29)
1.53 (1.53, 1.53)
0.79 (0.66, 0.92)

15.02 (10.23, 19.82)

ES (95% CI)

10.33 (9.39, 11.27)
1.50 (1.33, 1.67)
16.20 (15.43, 16.97)

0.54 (0.17, 0.92)
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Food-induced anaphylaxis incidence in children by definition

ASIA
Ho, M. 2010 (Hong Kong, China) (1997-2007)
Liew, W. K. 2013 (Singapore) (2005-2009)
Yang, M. S. 2017 (South Korea) (2008-2014)
Wang, Y. 2018 (Insect triggered) (2001-2015)

AMERICA
Bohlke, K. 2004 (USA) (1991-1997)
Lin, R. Y. 2008 (USA) (1990)
Lin, R. Y. 2008 (USA) (2006)
Decker, W. W. 2008 (USA) (1990-2000)
Harduar-Morano, L. 2011 (USA) (2005-2006)
Hoyos-Bachiloglu, R. 2014 (Chile) (2001-2010)
Wright, B. L. 2015 (USA) (2004-2014)
Lee, S. 2017 (USA) (2001-2010)
Michelson, K. A. 2018 (USA) (2008)
Michelson, K. A. 2018 (USA) (2014)

EUROPE
Gupta, R. 2004 (UK) (2000)
Calvani, M. 2008 (Italy) (2000-2003)
Gonzalez-Perez, A. 2010 (No asthma cohort)(UK) (1996-2005)
Gonzalez-Perez, A. 2010 (Nonsevere asthma cohort)(UK) (1996-2005)
Gonzalez-Perez, A. 2010 (Severe asthma cohort)(UK) (1996-2005)
Moro Moro, M. 2011 (Spain) (2004-2005)
Vetander, M. 2012 (Sweden) (2007)
Tejedor Alonso, M. A. 2012 (Spain) (2004-2005)
Tejedor-Alonso, M. A. 2015 (Spain) (1998-2011)
Buka, R. J. 2015 (UK) (2012)
Ruffoni, S. 2015 (Italy) (2013)
Kivisto, J. E. 2016 (Finland) (1999-2011)
Kivisto, J. E. 2016 (Sweden) (1999-2011)
Jeppesen, A. N. 2016 (Denmark) (1995-2012)
Ruiz Oropeza, A. 2017 (Denmark) (2013-2014)
Vetander, M. 2016 (Sweden) (2010-2012)

OCEANIA
Braganza, S. C. 2006 (Australia) (1998-2001)
Poulos, L. M. 2007 (Australia) (1993-2004)
Mullins, R. J. 2015 (Australia) (1998-2011)
Andrew, E. 2018 (Australia) (2008-2009)
Andrew, E. 2018 (Australia) (2015-2016)

ID
Study

1.49 (0.87, 2.11)
2.50 (2.01, 2.99)
12.14 (11.91, 12.37)
2.77 (2.53, 3.01)

10.47 (8.10, 12.84)
1.00 (1.00, 1.00)
4.70 (4.70, 4.70)
70.00 (70.00, 70.00)
6.40 (5.13, 7.67)
0.81 (0.73, 0.88)
16.30 (14.36, 18.23)
39.70 (34.97, 44.43)
10.10 (10.10, 10.10)
24.90 (24.90, 24.90)

4.11 (3.46, 4.76)
5.88 (5.09, 6.66)
15.25 (15.25, 15.25)
37.70 (37.70, 37.70)
116.95 (116.95, 116.95)
90.00 (90.00, 90.00)
31.92 (27.60, 36.24)
156.26 (100.38, 212.14)
2.33 (1.96, 2.70)
35.96 (30.45, 41.46)
39.09 (32.64, 45.54)
5.45 (4.19, 6.71)
9.84 (8.59, 11.10)
6.46 (6.00, 6.92)
26.80 (14.44, 39.16)
761.00 (488.00, 1034.00)

26.76 (20.82, 32.71)
11.87 (10.09, 13.64)
13.91 (12.84, 14.97)
11.80 (11.80, 11.80)
38.70 (38.70, 38.70)

ES (95% CI)
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in included studies (n = 17) although 17 studies relied on ICD‐9/ICD‐
10 codes alone to define anaphylaxis.

3.5 | Total and food‐induced anaphylaxis in children
by region

Figure 2E,F summarize the incidence of total anaphylaxis and food‐
induced anaphylaxis by region. Most studies were from Europe

(n = 16), followed by America (n = 10) and Oceania (n = 5). Addition-

ally, 5 studies from Asia reported a lower incidence of total and

food‐induced anaphylaxis in children. The range for total anaphylaxis

incidence in studies from Europe was between 2.3 and 761 per

100 000 person‐years, and in America was between 0.8 and 70 per

100 000 person‐years. Incidence of food‐induced anaphylaxis was

higher in studies from Europe (from 1.4 to 76.7 per 100 000 person‐
years) compared with studies from other regions.

Figure 3 shows countries with available data on anaphylaxis inci-

dence or prevalence. The United States, Chile, Spain, Finland, Italy,

Singapore, New Zealand and countries from EuroPrevall study (UK,

the Netherlands, Germany, Poland, Lithuania, Spain, Italy and

Greece) reported anaphylaxis incidence in children, while Mexico,

Portugal, Turkey, Germany and Thailand reported anaphylaxis in chil-

dren using prevalence. The United Kingdom, China (Hong Kong SR),

Denmark, Sweden, South Korea and Australia have provided both

incidence and prevalence information of anaphylaxis in children.

3.6 | Demographic factors associated with
anaphylaxis (male gender and ethnicity)

Eleven studies reported incidence rate of anaphylaxis by gender as

shown in Table S4. Boys had a higher incidence rate of total anaphy-

laxis than girls based on results from studies by Wang et al and Bohlke

et al (P < 0.001, IRR = 1.31, 95% CI: 1.10‐1.55). Boys under 10 years

of age had higher anaphylaxis incidence than girls. However, as the

children grew older (≥10 years), girls tended to have a comparable or

even higher rate of anaphylaxis compared with boys.

A study published recently explored the association between

anaphylaxis and ethnicity and found South Asian children living in

the United Kingdom were more likely to have anaphylaxis compared

with white children living in the United Kingdom (OR: 2.37, 95% CI

1.83‐2.90).22 Another study in the United States reported the rates

of hospital presentation due to food‐induced anaphylaxis were high-

est in Asian children, followed by black children, white children and

then Hispanic children.23 The study in New Zealand also found pae-

diatric food–induced anaphylaxis hospital presentations were highest

in Asian children, followed by Pacific people.24

3.7 | Time trends of anaphylaxis in included studies

Increasing anaphylaxis incidence over time was reported by studies

from the United States,25,26 Spain,18 Australia,5,27,28 Denmark,29 South

ASIA
Ho, M. 2010 (Hong Kong, China) (1997-2007)
Kim, S. H. 2016 (South Korea) (2011-2013)
Wang, Y. 2018 (Hong Kong, China) (2001-2015)

AMERICA
Dyer, A. A. 2015 (USA) (2008-2012)
Lee, S. 2017 (USA) (2001-2010)
Okubo, Y. 2018 (USA) (2006)
Okubo, Y. 2018 (USA) (2009)
Okubo, Y. 2018 (USA) (2012)

EUROPE
Calvani, M. 2008 (Italy) (2000-2003)
Moro Moro, M. 2011 (Spain) (2004-2005)
Vetander, M. 2012 (Sweden) (2007)
Canani, R. B. 2012 (Italy) (2001-2005)
Rolla, G. 2013 (Italy) (2010)
Tejedor-Alonso, M. A. 2015 (Spain) (1998-2011)
Parekh, D. 2015 (Italy) (2001-2011)
Osterlund, J. 2018 (Sweden) (2006-2015)

OCEANIA
Braganza, S. C. 2006 (Australia) (1998-2001)
Mullins, R. J. 2015 (Australia) (1998-2011)
Speakman, S. 2018 (New Zealand) (2006-2015)

ID
Study

0.54 (0.17, 0.92)
1.50 (1.33, 1.67)
0.79 (0.66, 0.92)

10.79 (9.77, 11.82)
19.73 (15.88, 23.58)
1.15 (1.15, 1.15)
1.29 (1.29, 1.29)
1.53 (1.53, 1.53)

2.52 (2.00, 3.04)
76.67 (76.67, 76.67)
29.24 (25.03, 33.45)
8.44 (7.83, 9.05)
30.61 (27.25, 33.97)
1.44 (1.15, 1.74)
4.40 (4.40, 4.40)
30.00 (24.54, 35.46)

15.02 (10.23, 19.82)
10.33 (9.39, 11.27)
16.20 (15.43, 16.97)

ES (95% CI)
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Korea,9 Hong Kong,10 Finland and Sweden4 for total anaphylaxis, and

from United Kingdom,6 Spain,18 Italy,19,30,31 Australia,5,27 Hong Kong,10

New Zealand,24 Sweden32 and United States23,33,34 for food‐induced
anaphylaxis. The incidence of total anaphylaxis and the incidence of

food‐induced anaphylaxis for available years from 1990 to 2013 were

extracted from these studies and are shown in Figures S1 and S2.

Studies by Bohlke et al, Lee et al (not shown in the figure as

data was not available) and Hoyos‐Bachiloglu et al (not shown in the

figure as data were not available) reported no significant increase in

total anaphylaxis incidence during 1991‐1997 in western Washing-

ton State, USA,35 during 2001‐2010 in Olmsted County, USA,8 and

during 2001‐2010 in Chile.36

4 | DISCUSSION

This systematic review identified 59 studies measuring incidence and

prevalence of anaphylaxis from more than 20 countries located in

four continents. Seventeen studies reported incidence or prevalence

of total anaphylaxis and did not distinguish by sub‐type of anaphy-

laxis triggers. In childhood, male gender was associated with a higher

incidence of anaphylaxis. Increasing trends of total anaphylaxis or

food‐induced anaphylaxis incidence between 1990 and 2013 were

reported by 18 studies, while three studies did not find an increase

in anaphylaxis incidence over a similar time period.

Our review is the first study to investigate worldwide anaphy-

laxis data in children in the general population up to 2018 using a

robust systematic review methodology. We stratified the incidence

and prevalence of anaphylaxis in children by triggers, definitions,

regions and time trends. However, we are unable to provide a single

overall estimate of anaphylaxis for children worldwide according to

the Cochrane Handbook because the heterogeneity in our results

was high (I2 > 95%).21 It is difficult to compare between studies due

to differences in study design, anaphylaxis definitions, and the

regions and years in which the study was conducted. To explore

potential sources of the observed heterogeneity, we conducted

subgroup analyses, for example, by anaphylaxis definition, region and

study design; however, substantial heterogeneity remained (I2 > 90%

in all subgroups). Even among studies that used the same definitions

of anaphylaxis, misclassification is possible and could affect the esti-

mates. Since most of the studies reporting anaphylaxis incidence

were registry or hospital admission databases, the characteristics of

the databases will affect the estimates. Given that food allergy

prevalence and triggers vary by region, it is likely that anaphylaxis

prevalence and triggers would vary by region too.37,38 An additional

factor that could affect incidence of anaphylaxis, which was not

measured in most of the included studies, is the presence of coexist-

ing conditions such as asthma. A limitation of the publications identi-

fied by our systematic review was the use of hospital databases,

which rely on both optimal recognition by clinicians and optimal cod-

ing by database staff which may be challenging in a busy hospital

setting. When hospital presentation of anaphylaxis is used as the

proxy of anaphylaxis incidence, it would be more reliable if patient

signs and symptoms were also captured so that cases could be con-

firmed and validated using standardized objective criteria. Another

F IGURE 3 Map of countries that reported the incidence and/or prevalence of anaphylaxis in children. Note: Countries from EuroPrevall
birth cohort were not shown individually in this figure as the anaphylaxis incidences were not reported individually in those countries, those
nine countries are UK, the Netherlands, Germany, Poland, Lithuania, Spain, Italy and Greece

1078 | WANG ET AL.



limitation was that some of the studies which asserted to report inci-

dence of anaphylaxis did not state whether the cases in the numerator

were new cases or repeat admissions. Overestimation of anaphylaxis

incidence (new cases only) in these studies was possible because some

children might be counted more than once. It is important to differen-

tiate whether the reported cases were first onset or not. Including the

first onset of anaphylaxis estimates the incidence of anaphylaxis, that

is, new cases of anaphylaxis, whereas including all occurrences of ana-

phylaxis without differentiating whether the anaphylactic reaction was

first or subsequent reactions would estimate the rate. Interpreting the

rate as anaphylaxis incidence, and counting some anaphylaxis patients

more than once, may overestimate the true incidence. We conducted

a subgroup analysis including only studies that specified that they used

first‐onset anaphylaxis as the numerator; however, few studies made

this distinction (n = 9) and there was still substantial heterogeneity

between studies (I2 = 100%, P < 0.001). Additionally, among those

studies reporting hospital presentations of anaphylaxis, different

patient groups were included, such as outpatients, hospitalized

patients and/or ED patients. Furthermore, time trends of anaphylaxis

incidence in our review could only be shown in individual studies

rather than by combining results because of the limited number of

studies that provided the risk data for each year and also the high

heterogeneity of these studies.

The range of total anaphylaxis incidence in our review (from 1 to

761 per 100 000 person‐years) was wider than the range reported

(range 1.5‐32 per 100 000 person‐years) by Panesar in their system-

atic review of European studies in 2013.11 The highest incidence of

total anaphylaxis (761 per 100 000 person‐years) was reported in

Sweden by Vetander et al39 using parent‐reported questionnaire in a

population‐based birth cohort. There could be overestimation in the

study by Vetander et al due to the reliance on parent‐report,
although they defined anaphylaxis according to symptoms recorded

in the questionnaire using NIAID/FAAN criteria. Their study was not

included in any previous systematic reviews because it was only

published in 2016. Their study was also the only one among

included studies that reported anaphylaxis estimates based on par-

ent‐reported survey. We did a sensitivity analysis removing this

study to investigate the heterogeneity in the remaining subset and

still observed a high heterogeneity (I2 > 95%, P < 0.001) by using

random‐effects model.

Panesar et al11 performed a meta‐analysis of anaphylaxis preva-

lence, reporting a pooled anaphylaxis prevalence of 0.3%. However,

there was significant heterogeneity (I2 = 94.6%, P < 0.0001) in their

meta‐analysis, and it was based on only three studies. We chose not

to present a pooled estimate due to the limited number of compara-

ble studies, referring to studies undertaken applying the same defini-

tion within the same trigger from same region.

In our review, we found evidence of an association between gender

and ethnicity and risk of anaphylaxis, consistent with previous individual

studies.40 Relationships between ethnicity and risk of food allergy have

also been reported by previous studies. Children with Asian ethnicity

who were born in Australia were reported to have higher risk of

eczema, egg allergy and peanut allergy compared with children of other

ethnicities.41,42 Similar to food allergy, our systematic review also iden-

tified a higher risk of anaphylaxis in children with Asian ethnicity com-

pared with other ethnicity from 3 studies.22-24

The incidence and prevalence reported in this systematic review

provide us with improved clarity about anaphylaxis, including its fre-

quency in several specific subgroups by trigger, definition and region.

However, high heterogeneity (I2 > 90%) limits our interpretation of

an overall incidence and prevalence. Studies in developing countries

are also underrepresented. Future studies across different countries

using a consistent, accurate definition of anaphylaxis and using the

correct epidemiological method to define incidence and prevalence

would help to identify any true difference between countries, and

help to provide an overall estimate of prevalence.
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Table S1. Search strategy

Search strategy in Medline (Ovid)
Steps Searches

1 Anaphylaxis/

2 Anaphylaxis/ep [Epidemiology]

3 (anaphylaxis or anaphylactic or anaphylactoid).tw,kf.

4 (((acute or system*) adj2 allergic adj reaction*) or (severe adj allergic adj
reaction*) or (life-threatening adj allergic adj reaction*) or (fatal adj allergic adj
reaction*)).tw,kf.

5 Incidence/

6 Epidemiology/

7 Prevalence/

8 Cross-Sectional Studies/ or exp Cohort Studies/ or Epidemiologic Methods/

9 exp Morbidity/

10 Registries/

11 database*.tw,kf.

12 epidemiolog*.tw,kf,fs.

13 (morbidity or incidence or prevalence).tw,kf.

14 (newborn* or baby or babies or neonat* or infan* or toddler* or pre-schooler* or
preschooler* or kindergarten or boy or boys or girl or girls or child or children or
childhood or adolescen* or pediatric* or paediatric* or youth* or teen or teens or
teenage*).af.

15 1 or 3 or 4

16 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13

17 14 and 15 and 16

18 2 and 14

19 17 or 18

20 Limit 19 to (adaptive clinical trial or case reported or clinical trial, all or clinical
trial, phase i or clinical trial, phase ii or clinical trial, phase iii or clinical trial, phase
iv or clinical trial or comment or controlled clinical trial or editorial or randomized
controlled trial or “review”)

21 19 not 20

Search strategy in Embase
Steps Searches

1 anaphylaxis/ or exp systemic anaphylaxis/

2 Anaphylaxis/ep or exp systemic anaphylaxis/ep

3 (anaphylaxis or anaphylactic or anaphylactoid).tw,kw,dq.

4 (((acute or system*) adj2 allergic adj reaction*) or (severe adj allergic adj
reaction*) or (life-threatening adj allergic adj reaction*) or (fatal adj allergic adj
reaction*)).tw,kw,dq.

5 Incidence/

6 Epidemiology/

7 Prevalence/



8 Cross-Sectional Studies/ or Cohort analysis/ or clinical study/ or exp longitudinal
study/ or prospective study/ or retrospective study/

9 Morbidity/

10 register/

11 database*.tw,kw,dq.

12 epidemiolog*.tw,kw,dq,fs.

13 (morbidity or incidence or prevalence).tw,kw,dq.

14 (newborn* or baby or babies or neonat* or infan* or toddler* or pre-schooler* or
preschooler* or kindergarten or boy or boys or girl or girls or child or children or
childhood or adolescen* or pediatric* or paediatric* or youth* or teen or teens or
teenage*).af.

15 1 or 3 or 4

16 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13

17 14 and 15 and 16

18 2 and 14

19 17 or 18

20 Limit 19 to (conference abstract or editorial or “review”)
21 19 not 20

Search strategy in Pubmed
(anaphylaxis OR anaphylactic OR anaphylactoid OR “acute systemic allergic reaction” OR
“acute systemic allergic reactions” OR acute-allergic-reaction* OR systemic-allergic-
reaction* OR severe-allergic-reaction* OR life-threatening-allergic-reaction* OR fatal-
allergic-reaction*) AND (incidence OR prevalence OR epidemiolog* OR cross-sectional-
stud* OR cohort-analy* OR longitudinal-stud* OR prospective-stud* OR retrospective-
stud* OR cohort-stud* OR morbidit* OR registr* OR register* OR database*) AND
(newborn* OR baby OR babies OR neonat* OR infan* OR toddler* OR pre-schooler* OR
preschooler* OR kindergarten OR boy OR boys OR girl OR girls OR child OR children
OR childhood OR adolescen* OR pediatric* OR paediatric* OR youth* OR teen OR teens
OR teenage*) AND (NOTNLM OR publisher[sb] OR inprocess[sb] OR
pubmednotmedline[sb] OR indatareview[sb] OR pubstatusaheadofprint)



Table S2. Risk of bias for included studies

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Overall risk of bias
Andrew, E. 2018 X          Low
Michelson, K. A. 2018      X X    Low
Okubo, Y. 2018           Low
Osterlund, J. 2018 X          Low
Speakman, S. 2018           Low
Wang, Y. 2018           Low
Lee, S. 2017 X          Low
Liu, F. C. 2017           Low
Yang, M. S. 2017           Low
Ruiz Oropeza, A. 2017 X          Low
Xepapadaki, P. 2016 X  X   X X    Moderate
Liew, W. K. 2013 X          Low
Jeppesen, A. N. 2016           Low
Vetander, M. 2016 X    X     X Moderate
Kim, S. H. 2016          X Low
Wright, B. L. 2015 X X X   X    X High
Turner, P. J. 2015          X Low
Tejedor-Alonso, M. A. 2015          X Low
Parekh, D. 2015          X Low
Mullins, R. J. 2015          X Low
Kivisto, J. E. 2016          X Low
Dyer, A. A. 2015 X         X Low
Buka, R. J. 2015 X X        X Moderate
Hoyos-Bachiloglu, R. 2014          X Low
Rolla, G. 2013 X         X Low
Vetander, M. 2012 X          Low
Tejedor Alonso, M. A. 2012 X         X Low
Canani, R. B. 2012          X Low
Mulla, Z. D. 2011 X         X Low
Moro Moro, M. 2011 X X        X Moderate
Harduar-Morano, L. 2011 X         X Low
Iribarren, C. 2010 X          Low
Ho, M. 2010 X         X Low
Gonzalez-Perez, A. 2010 X          Low
Sheikh, A. 2008      X     Low
Lin, R. Y. 2008 X         X Low
Decker, W. W. 2008 X          Low
Calvani, M. 2008 X          Low



Poulos, L. M. 2007          X Low
Braganza, S. C. 2006 X X        X Moderate
Bohlke, K. 2004 X         X Low
Ruffoni, S. 2015 X         X Low
West, S. L. 2007 X         X Low
Gupta, R. 2004          X Low
Ontiveros, N. 2016 X          Low
Dereci, S. 2016 X     X    X Moderate
Boros, C. A. 2000 X   X      X Moderate
Gaspar, A. 2015 X X X        Low
Ho, M. H. 2012 X   X  X    X Moderate
Gaspar-Marques, J. 2014 X   X       Low
Lao-araya, M. 2012 X         X Low
Touraine, F. 2002 X X X X  X     High
Park, M. 2014 X          Low
Kilger, M. 2015 X   X       Low
Protudjer, J. L. 2016 X   X       Low
Chan, J. C. K. 2017 X          Low
Kim, M. 2017    X       Low
Jeong, K. 2018           Low
McWilliam, V. L. 2018 X   X       Low

Risk of bias assessment questions:  (low risk of bias) X (high risk of bias)

External Validity

Q1: Was the study’s target population a close representation of the national population in relation to relevant variables, e.g. age, sex, occupation?

Q2: Was the sampling frame a true or close representation of the target population?

Q3: Was some form of random selection used to select the sample, OR, was a census undertaken?

Q4: Was the likelihood of non-response bias minimal? (response rate > 75%)

Internal Validity

Q5: Were data collected directly from the subjects (as opposed to a proxy)?

Q6: Was an acceptable case definition of anaphylaxis used in the study?

Q7: Was the study instrument that measured anaphylaxis shown to have reliability and validity?



Q8: Was the same mode of data collection used for all subjects?

Q9: Was the length of the shortest prevalence/incidence period for anaphylaxis appropriate?

Q10: Were the numerator(s) and denominator(s) for the calculation of incidence of anaphylaxis appropriate?

Risk of bias:

Low risk of bias: 8 or more “” answers; Moderate risk of bias: 6 to 7 “” answers; High risk of bias: 5 or fewer “” answers.



Table S3. Clinical criteria for diagnosing anaphylaxis from different agencies and ICD codes

Agencies Criteria Sources

National Institute of
Allergy and Infectious
Diseases (NIAID) and
the Food Allergy and
Anaphylaxis Network
(FAAN)

Anaphylaxis is highly likely when any one of the following 3 criteria are fulfilled:
1. Acute onset of an illness (minutes to several hours) with involvement of the skin, mucosal tissue, or both (e.g. generalized hives, pruritus or flushing, swollen
lips-tongue-uvula)
AND AT LEAST ONE OF THE FOLLOWING

a. Respiratory compromise (e.g., dyspnea, wheeze-bronchospasm, stridor, reduced PEF, hypoxemia)
b. Reduced BP or associated symptoms of end-organ dysfunction (e.g. hypotonia [collapse], syncope, incontinence) OR

2. Two or more of the following that occur rapidly after exposure to a likely allergen for that patient (minutes to several hours):
a. Involvement of the skin-mucosal tissue (e.g. generalized hives, itch-flush, swollen lips-tongue-uvula)
b. Respiratory compromise (e.g. dyspnea, wheeze-bronchospasm, stridor, reduced PEF, hypoxemia)
c. Reduced BP or associated symptoms (e.g., hypotonia [collapse], syncope, incontinence)
d. Persistent gastrointestinal symptoms (e.g. crampy abdominal pain, vomiting)                                                                                                  OR

3. Reduced BP after exposure to known allergen for that patient (minutes to several hours):
a. Infants and children: low systolic BP (age specific) or greater than 30% decrease in systolic BP*
b. Adults: systolic BP of less than 90 mmHg or greater than 30% decrease from that person’s baseline

PEF, Peak expiratory flow; BP, blood pressure;*Low systolic blood pressure for children is defined as less than 70 mm Hg from 1 month to 1 year, less than (70
mm Hg+ [2×age]) from 1 to 10 years, and less than 90 mm Hg from 11 to 17 years.

1

World Allergy
Organization (WAO)

Anaphylaxis is highly likely when any one of the following 3 criteria is fulfilled
1. Acute onset of an illness (minutes to several hours) with involvement of the skin, mucosal tissue, or both (e.g., generalized urticarial, itching or flushing, swollen
lips-tongue-uvula)
AND AT LEAST ONE OF THE FOLLOWING:

a. Respiratory compromise (e.g., dyspnea, wheeze-bronchospasm, stridor, reduced PEF, hypoxemia)
b. Reduced blood pressure or associated symptoms of end-organ dysfunction (e.g., hypotonia [collapse], syncope, incontinence)           OR

2. Two or more of the following that occur rapidly after exposure to a likely allergena for that patient (minutes to several hours)
a. Involvement of the skin-mucosal tissue (e.g., generalized urticaria, itch-flush, swollen lips-tongue-uvula)
b. Respiratory compromise (e.g., dyspnea, wheeze-bronchospasm, stridor, reduced PEF, hypoxemia)
c. Reduced blood pressure or associated symptoms (e.g., hypotonia [collapse], syncope, incontinence)
d. Persistent gastrointestinal symptoms (e.g., crampy abdominal pain, vomiting) OR

3. Reduced blood pressure after exposure to known allergenb for that patient (minutes to several hours)
a. Infants and children: low systolic blood pressure (age-specific) or greater than 30% decrease in systolic blood pressurec

b. Adults: systolic blood pressure of less than 90 mm Hg or greater than 30% decrease from that person's baseline
PEF: peak expiratory flow.
a. Or other trigger, for example, immunologic but IgE-independent, or nonimmunologic (direct) mast cell activation.
b. For example, after an insect sting, reduced blood pressure might be the only manifestation of anaphylaxis; or, in a similar example, during allergen
immunotherapy, after injection of a known allergen for that patient, generalized urticaria (only one body organ system affected) might be the only initial
manifestation of anaphylaxis.
c. Low systolic blood pressure for children is defined as less than 70 mm Hg from 1 month to 1 year, less than (70 mm Hg +[2×age]) from 1 to 10 years, and less
than 90 mm Hg from 11 to 17 years. Normal heart rate ranges from 80–140 beats/min at age 1–2 years; from 80–120 beats/min at age 3 years; and from 70–115
beats/min after age 3 years. Infants are more likely to have respiratory compromise than hypotension or shock, and in this age group, shock is more likely to be
manifest initially by tachycardia than by hypotension.

2

European Academy of Anaphylaxis is highly likely when any one of the following 3 criteria is fulfilled 3



Allergy and Clinical
Immunology
(EAACI)

1. Acute onset of an illness (minutes to several hours) with involvement of the skin, mucosal tissue, or both (e.g., generalized hives, pruritus or flushing, swollen
lips-tongue-uvula)
AND AT LEAST ONE OF THE FOLLOWING:

a. Respiratory compromise (e.g., dyspnea, wheeze-bronchospasm, stridor, reduced PEF, hypoxemia)
b. Reduced BP or associated symptoms of end-organ dysfunction (e.g.. hypotonia [collapse], syncope, incontinence)

2. Two or more of the following that occur rapidly after exposure to a likely allergen for that patient (minutes to several hours)
a. Involvement of the skin-mucosal tissue (e.g., generalized hives, itch-flush, swollen lips-tongue-uvula)
b. Respiratory compromise (e.g., dyspnea, wheeze-bronchospasm, stridor, reduced PEF, hypoxemia)
c. Reduced blood pressure or associated symptoms (e.g., hypotonia [collapse], syncope, incontinence)
d. Persistent gastrointestinal symptoms (e.g., crampy abdominal pain, vomiting)

3. Reduced BP after exposure to known allergen for that patient (minutes to several hours)
a. Infants and children: low systolic BP (age-specific) or>30% decrease in systolic BP*
b. Adults: systolic BP of < 90 mm Hg or > 30% decrease from that person's baseline

PEF, peak expiratory flow; BP, blood pressure
*Low systolic blood pressure for children is defined as <70 mm Hg from 1 month to 1 year, less than (70 mm Hg + [2×age]) from 1 to 10 years, and < 90 mm Hg
from 11 to 17 years.

Australasian society
of clinical
immunology and
allergy(ASCIA)

Any acute onset of hypotension or bronchospasm or upper airway obstruction where anaphylaxis is considered possible, even if typical skin features are absent.
OR
Any acute onset illness with typical skin features (urticarial rash or erythema/flushing, and/or angioedema), with respiratory compromise due to bronchospasm or
significant upper tongue/throat swelling and/or cardiovascular symptoms. In those with severe allergic reactions to insect stings, the presence of severe abdominal
pain and vomiting may also indicate anaphylaxis, since their presence correlates with the presentation of hypotension in this group.
Symptoms/signs of respiratory/cardiovascular involvement include:
1. Respiratory:

a. Difficult/noisy breathing
b. Swelling of tongue
c. Swelling/tightness in throat
d. Difficulty talking and/or hoarse voice
e. Wheeze or persistent cough

2. Cardiovascular:
a. Loss of consciousness/collapse
b. Persistent dizziness
c. Pale and floppy (in young children)
d. Hypotension
e. Loss of vision

4

ICD-9 codes

Codes related to anaphylaxis
995.0 Other anaphylactic reaction
995.60 Anaphylactic reaction due to food
995.61 Anaphylactic reaction due to peanuts
995.62 Anaphylactic reaction due to crustaceans
995.63 Anaphylactic reaction due to fruits and vegetables
995.64 Anaphylactic reaction due to nuts(tree) and seeds
995.65 Anaphylactic reaction due to fish
995.66 Anaphylactic reaction due to food additives

5



995.67 Anaphylactic reaction due to milk products
995.68 Anaphylactic reaction due to eggs
995.69 Anaphylactic reaction due to other specified food
995.4 Anaphylactic shock due to anesthesia
999.4 Anaphylactic reaction due to serum
999.41 Anaphylactic reaction due to administration of blood and blood products
999.42 Anaphylactic reaction due to vaccination
989.5 Anaphylaxis after sting(s)

Miscoding potential codes
708.0 Allergic urticaria
995.1 Angioneurotic edema, not elsewhere classified
995.2 Unspecified adverse effect of drug, etc.
995.3 Allergy, unspecified, not elsewhere classified
995.7 Other adverse food reactions not elsewhere classified

ICD-10 codes

Codes related to anaphylaxis
T78.0 Anaphylactic shock due to adverse food reaction
T78.2 Anaphylactic shock, unspecified
T80.5 Anaphylactic shock due to serum
T88.6 Anaphylactic shock due to adverse effect of correct drug or medicament properly

T634F Anaphylactic shock due to venom of other arthropods
Miscoding potential codes

T78.1 Other adverse food reactions, not elsewhere classified
T78.3 Angioneurotic edema
T78.4 Allergy, unspecified

6

Note: Clinical criteria from EAACI and WAO were considered as equivalent to the criteria from NIAID/FAAN.



Table S4. Anaphylaxis incidence rate by gender

Study trigger Age group Year Male
incidence rate (per
100,000 person-
years)

Female
incidence rate (per
100,000 person-years)

Wang, Y.
2018

Total anaphylaxis 0-18 Y 2001-2015 3.22 2.26

Food-induced
anaphylaxis

0-18 Y 2001-2015 0.90 0.68

Speakman,
S, 2018

Food-induced
anaphylaxis

0-14 Y 2006-2015 19.1 (17.9, 20.4) 13.1 (12.1, 14.2)

Okubo, Y.
2018

Food-induced
anaphylaxis

0-20 Y 2006 0.66 (0.59, 0.74) 0.48 (0.41, 0.55)

2009 1.09 (1.00, 1.20) 0.70 (0.62, 0.86)

2012 1.76 (1.64, 1.89) 1.28 (1.17, 1.39)

Lee, S. 2017 Total anaphylaxis 0-9 Y 2001-2010 42.00 26.40

10-19 Y 2001-2010 55.90 34.20

Tejedor-
Alonso, M.
A. 2015

Total anaphylaxis 0-14Y 1998-2011 1.91 1.64

Dyer, A. A.
2015

Food-induced
anaphylaxis

0-19Y 2008 7.20 (6.10, 8.60) 5.40 (4.40, 6.60)

2009 9.90 (8.50, 11.50) 5.60 (4.60, 6.90)

2010 11.40 (9.90, 13.10) 6.70 (5.60, 8.10)

2011 15.20 (13.50,
17.20)

12.50 (10.80, 14.30)

2012 18.90 (17.00,
21.10)

15.50 (13.70, 17.50)

Tejedor
Alonso, M.
A. 2012

Total anaphylaxis 0-4Y 2004-2005 325.10
(210.49,479.54)

301.45 (189.01,
456.05)

5-9Y 2004-2005 114.35 (49.38,
225.19)

31.06 (3.76, 112.14)

10-14Y 2004-2005 109.79 (44.15,
226.07)

115.40 (46.41, 237.62)

15-19Y 2004-2005 93.58 (37.63,
192.72)

157.64 (78.72, 281.88)

Harduar-
Morano, L.
2011

Total anaphylaxis 0-4Y 2005-2006 8.20 (6.50, 9.90) 6.20 (4.70, 7.70)

5-14Y 2005-2006 5.90 (4.90, 6.90) 5.30 (4.40, 6.30)

Gonzalez-
Perez, A.
2010

Total anaphylaxis
(no asthma cohort)

10-19Y 1996-2005 12.50 18.00

Total anaphylaxis
(non-severe asthma
cohort)

10-19Y 1996-2005 37.20 38.20

Total anaphylaxis
(severe asthma
cohort)

10-19Y 1996-2005 89.70 144.20

Decker, W.
W. 2008

Total anaphylaxis 0-9Y 1990-2000 89.60 59.60

10-19Y 1990-2000 63.40 67.00

Bohlke, K.
2004

Total anaphylaxis 0-17Y 1991-1997 12.20 (8.70, 16.60) 8.70 (5.70, 12.60)

Note: Average annual incidence rate was calculated as total cases by person-time at risk
during the study period if the average annual incidence rate was not provided. The incidence
rate of a single year was shown if the average rate could not be merged for that study.



Figure S1. Time trends of total anaphylaxis incidence in children reported by studies

Figure S2. Time trends of food-induced anaphylaxis incidence in children reported by
studies
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