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ABSTRACT

Background: Anaphylaxis is a potentially life-threatening afjer reaction. The overall

prevalence of anaphylaxis appears to be risingildren, but temporal trends among infants and

toddlers are not well studied.

Objective: To characterize the trends in U.S. emergency deyeait (ED) visits and
hospitalizations among infants and toddlers witapdnylaxis from 2006-2015.

Methods: We conducted a study of temporal trends in anlagissfamong children (age <18

years) and, more specifically, infants and todd{age <3 years) presenting to the ED between

2006-2015 using a large, nationally representatatabase. For internal consistency, we defined

anaphylaxis using ICD-9-CM diagnosis codes andused visits with ICD-10-CM (late 2015).
We calculated trends in the number and proportidelvisits and hospitalizations and used
multivariable logistic regression to identify prettirs of hospitalization.

Results: Among infants and toddlers, the proportion of EEitg for anaphylaxis per year
increased from 20 per 100,000 visits to 50 perA@Dyisits (Reng<0.001). The rate of ED
visits for anaphylaxis increased from 15 to 32 E§its per 100,000 population of infants and
toddlers (Rend<0.001). Food was the most commonly identifiedger. The proportion of
hospitalization among anaphylaxis-related ED viddsreased from 19% to 6%{R<0.001).
Among ED patients, those more likely to be hosjaital were male, privately insured, from
higher income families, and presenting to urbartyopelitan teaching hospital EDs.
Conclusion: In a large, nationally representative US databfase) 2006 to 2015, ED visits by
infants and toddlers with anaphylaxis increasedlentospitalization of these patients

decreased.
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Highlights box
What is already known about thistopic? Little is known about trends in ED visits and

hospitalizations for anaphylaxis among infants toutilers in the US.

What doesthe article add to our knowledge? Emergency department visits for anaphylaxis are
rising over time, while the proportion hospitaliza declining.

How doesthis study impact current management guidelines? These results suggest that
declining hospitalizations among infants and toddigith anaphylaxis is not due to a decline in

prevalence of anaphylaxis.

Key Words: anaphylaxis, allergic reaction, children, food i@gige infants, emergency

department

Abbreviations:

EAIl: Epinephrine auto-injector

ED: Emergency department

FIA: Food-induced anaphylaxis

ICD-9-CM: International Classification of Diseas&bnth Revision, Clinical Modification

ICD-10-CM: International Classification of Diseas&snth Revision, Clinical Modification

NEDS: Nationwide Emergency Department Sample
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INTRODUCTION

Anaphylaxis is a severe and potentially fatal gliereaction. In the US, the lifetime prevalence
of anaphylaxis is approximately 5% and appearstading’ In children, the rates of
anaphylaxis also appear to be rising, but littlenewn about the nationwide trends in
emergency department (ED) visits among infantstaddlers with anaphylaxfs* Anaphylaxis
among infants and toddlers is unique due to higesraf food-induced anaphylaxis (FIA), a
variable clinical presentation, and few childrean(flies) owning an epinephrine autoinjector
(EAI) at the time of reaction® Additionally, infants and toddlers may have limiteccess to

appropriate weight-based dosing of EAI at the tohmitial reaction.

In this vulnerable population of infants and tods]@naphylaxis is an emerging risk as a
growing number of infants and toddlers are expdsgabtential food allergens (e.g., peanut)
early in life. The aim of this study is to descrtbe trends in ED visits among children,
including infants and toddlers, with overall acatkergic reactions (AAR) and anaphylaxis in the
US. We analyzed data from a large, nationally regmeative, all-payer database from 2006-
2015. Our study was conducted prior to implemeotaéind dissemination of the updated food

allergy introduction guidelines in 20%7.
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METHODS

We conducted a cohort study of the trends in US/ESiDs for acute allergic reactions and
anaphylaxis among infants and toddlers (age <3yeaud older children (age 3 to <18 years),
from 2006-2015. To maintain internal validity, weckided data from the fourth quarter of 2015
after the transition to followingnternational Classification of Diseases, Tenth Revision, Clinical

Madification (ICD-10-CM) coding.

Data Sour ces

We analyzed data from the Healthcare Cost andzdtibn Project (HCUP) Nationwide
Emergency Department Sample (NEDS), a nationafiyeseentative database of ED visits,
maintained by the Agency for Healthcare ResearchQumality (AHRQ)° NEDS is the largest
all-payer ED database in the US and provides amaty-representative sample using weighted
estimates of >143 million ED discharges per y&ae data are protected by a Data Use

Agreement. This study was approved by the locditut®nal Review Board.

Study population
We utilized the following nternational Classification of Diseases, Ninth Revision, Clinical

Maodification (ICD-9-CM) diagnosis codes to identify ED visitghvdiagnosis codes as follows:

Anaphylaxis. anaphylactic shock due to unspecified food (995 &faphylactic shock due to
specified food (995.61-995.69) and other anaphigatitock (995.00). The anaphylaxis
definition corresponds to Method 1 of the previguadlidated algorithm by Harduar-Moranb.

This anaphylaxis definition includes FIA, in additito other non-food triggers of anaphylaxis.



118 Overall acute allergy reaction (AAR): allergy unspecified (995.3), dermatitis due toestgd

119 food (693.1), anaphylactic shock due to unspeciived (995.60), anaphylactic shock due to
120 specified food (995.61-995.69) and other anaphigattock (995.00). This is the broadest
121 category of reaction. Overall AAR contains the fte anaphylaxis, FAAR and FIA as well as
122 additional codes related to allergic reactions.

123

124  Food-induced anaphylaxis (FIA): anaphylactic shock due to unspecified food (995610

125 anaphylactic shock due to specified food (995.63-89). FIA includes only the anaphylaxis
126 codes directly related to FIA.

127

128 Overall food-induced acute allergic reaction (FAAR): dermatitis due to ingested food (693.1),
129 anaphylactic shock due to unspecified food (995.&phylactic shock due to specified food
130 (995.61-995.69). Overall FAAR includes the codesHi?\ and those within AAR that are

131 associated with food-induced allergy.

132

133 These 4 categories of allergic reactions (anapig)l®AR, FIA, FAAR) are not mutually

134  exclusive but rather represent 4 grouping of ICBOM-codes based on potential reaction

135 severity and trigger. When available, trigger afateon was determined by specific ICD-9-CM
136 code (e.g. anaphylaxis due to specified food, 989%b.69).

137

138 Outcomes

139 The primary outcome was ED visit disposition (&gspitalization) for anaphylaxis among

140 infants and toddlers (age <3 years) in the US.sEw@ndary outcome included epinephrine



141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

administration in the ED determined by current pohaal terminology (CPT) code JO170

(2006-2010) and J0171 (2011-2015).

Covariates
We evaluated multiple covariates including patege, sex, expected payer, median household
income quartiles (by ZIP Code), discharge quahespital region, hospital designation (urban

vs. rural), and hospital teaching status.

Statistical Analyses

All analyses were performed using SAS 9.4 (SAStuist, Cary, NC). Data are presented as
proportions with 95% confidence intervals (95% QIs)nedians with interquartile ranges
(IQR), as appropriate. We calculated trends imilm@ber and proportion of ED visits per
100,000 visits and hospitalizations during the gtoeriod using appropriate survey weighting.
Rate of ED visits were calculated per 100,000 eflihseline US population of children for the

corresponding year from US census data.

To examine predictors of hospital admission amaoifignits and toddlers presenting to the ED
with anaphylaxis, we performed multivariable logisegression modeling. We included
multiple covariates in the model selectepriori based on clinical knowledge. All P values were

two-tailed, with P<0.05 considered statisticallgrsficant.
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RESULTS

The number and proportion of ED visits among irgaanid toddlers for anaphylaxis, overall
AAR, FIA and overall FAAR increased significantlyer the study periodl@blel, Figurel).
Among infants and toddlers, the proportion of EBitei for anaphylaxis was 20 per 100,000
visits in 2006 and increased to 50 per 100,00@svigi2015 (Rend<0.001). Similarly, the ED
visits rate for anaphylaxis among infants and teddlincreased from 15 per 100,000 US
population to 32 per 100,000 US populatiop(<0.001). ED visits for anaphylaxis rose for all
age groups of children over time in the Ussglre11). The number and proportion of ED visits
for overall AAR, FIA and overall FAAR among all ageoups of children (age < 18 years) also

increased@nline Repository Table El).

Characteristicsof ED Visitsfor Anaphylaxis Among Infantsand Toddlers
ED visits among infants and toddlers were highesireg males, privately insured, in the highest
median household income quatrtile, in the Northeatst presentation to urban and metropolitan

teaching hospitalsT@ble |1, Online Repository Table Ell).

FIA was the most commonly identified type of andpkis among infants and toddlers
throughout the study period, accounting for 75%eaictions in 2006 and 68% reactions in 2015.
Of those infants and toddlers with FIA and an ided trigger, peanut was the most common

(Figurelll).

ED Visit Disposition Among I nfants and Toddlers with Anaphylaxis
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The proportion of infants and toddlers who presgmbethe ED for anaphylaxis and were then
admitted to the hospital decreased significantiyrdythe study period from 19% in 2006 to 6%

in 2015 (Reng<0.001) FigurelV).

Predictors of Hospitalization
Demographic and hospital characteristics predidtiogpitalization include male sex, private
insurance, highest quartile of median householdrnre; and presentation to an urban or

metropolitan teaching hospitalblelll).

Epinephrine Administration in the ED
The rate of epinephrine administration in the EDbagiinfants and toddlers presenting with
anaphylaxis increased greatly during the studyogdiiom 5% in 2006 to 24% in 2015
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198 DISCUSSION

199 Using nationally representative data, we repott ttn@a number, proportion and rate of US ED
200 visits among infants and toddlers presenting withpdnylaxis, which more than doubled between
201 2006 and 2015. ED visits also rose for all ageigsoof children presenting with anaphylaxis,
202 overall AAR, FIA and overall FAAR.

203

204 Therising ED visits seen in our study suggestutigerlying prevalence of anaphylaxis is

205 increasing in all children and particularly amohg tvulnerable population of infants and

206 toddlers. These results are consistent with othblighed studies showing rising ED visits for
207 anaphylaxis among childrért?**Our study focuses on infants and toddlers aspibysilation is
208 understudied. Anaphylaxis among infants and toddieunique due to high rates of FIA without
209 a preceding diagnosis of food allergy and thusmi@ky limited access to EAI at the time of
210 reaction> '

211

212  We report that food-induced reactions, including Bhd overall FAAR, account for most

213 reactions among infants and toddlers. Importatiig, study was conducted prior to the

214  publication of the LEAP trial in 2015 and publicatiand dissemination of the 2017 NIH

215 Addendum Guidelines to Prevent Peanut AlletdyThe implementation of these guidelines
216 may lead to increased exposure to common foodyelterin early life, especially among high-
217 risk children. Our study reports rising rates ofjimylaxis and acute allergic reactions among
218 infants and toddlers even prior to this paradigift.shhe increasing prevalence of food allergy
219 s likely a key driving force in the rising ED \isifor anaphylaxi$® *° Other factors to consider

220 include increased diagnosis due to rising awareokeasaphylaxis and food allergy among
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221 children. When sufficient data are available far éna of early allergen introduction (estimated
222 late 2021) future studies will be needed to stimtyeffect of this paradigm shift.

223

224 We report the highest rates of anaphylaxis amofagis and toddlers occurred in males, with
225 private insurance, in the Northeast. The predonueari male sex has been consistently reported
226 in studies of anaphylaxis among children, thoughuthderlying reason is not cleaf®?*Our

227 findings are consistent with prior studies showtimg highest rate of ED visits and

228 hospitalizations for FIA occurred in the Northed&?* The relationship between vitamin D
229 status and food allergy may play a key role in ggiegraphic distributiof"**Considerable

230 hospital-to-hospital variation has been descriloedife rates of hospitalization among children
231 with anaphylaxi€?® This regional difference also may represent diffees in healthcare

232 utilization patterns or geographic changes in disgaevalenc&?°

233

234 Interestingly, we report a declining trend in healZation among infants and toddlers

235 presenting to the ED for anaphylaxis. There areaée reports of the trends in hospitalizations
236 for anaphylaxis among children in the literatur@hvittle published to date on infants and

237 toddlers. Our group previously reported an overaltease in the rate of hospitalizations from
238 2000-2009 in children (age <18 years) with FIAhe tJS using the HCUP Kids’ inpatient

239 database. However, among children aged 0-2 ydems was no significant increase in the rate
240 of hospitalizatiorf’ A more recent study, using data from the HCUP dvatide Inpatient

241 Sample, found a generally stable number of hospatidns of children (age <18 years) with
242 anaphylaxis from 2001-2014; however, there waspegific analysis of infants and toddlers

243 children aged <3 yearsIn another study of children presenting with Fisjng data from
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244  privately insured or Medicare Advantage enroll¢les,rates of hospitalization from 2005-2014
245 were stable, though specific trends in infants taaddlers were not report&d study in

246 Australia found rising rates of hospitalization argahildren with anaphylaxis in 2011-2012
247 compared to 1999-1999, with the highest numbeiosphalizations occurring among children
248  0-4 years of ag& Our group recently reported that anaphylaxis Halpations among infants
249 and toddlers (age < 3 years) in the US were sfatnhe 2006-2015. This study was conducted
250 using the National Inpatient Sample (NIS), mairgdibhy HCUFP*' This pattern suggests that the
251 rates of hospitalization may differ by age, witfaims and toddlers representing a unique patient
252  population.

253

254 The reasons for the declining rates of hospitabrain our study are not known. Possible

255 reasons for the decline include improved managewofemaphylaxis, low severity of

256 presentation and changes in patterns of healthtdimation. Early and appropriate use of

257 epinephrine in FIA has been shown to decreaseofikbspitalizatiorf® In our study, we report a
258 more than 4-fold rise in ED administration of egghgne over time, which may lead to

259 decreased need for hospitalization. While we asbleto capture pre-hospital administration of
260 epinephrine, this rise in appropriate therapy &ssering; though there is likely room for

261 continued improvement. As previously publishedegarers of infants and toddlers rarely carry
262 EIA at the time of initial reaction, thus ED adnstration may be required in a large proportion
263  of patients. The increase in ED visits for anaphylaxis and AARsy also lead to increasing
264 comfort with diagnosis and management of theseitiond and thus decreased need for

265 hospitalizatiorf>>° Through implementation of an evidence-based ginieebne children’s

266 hospital was able to successfully decrease hositaission for children with anaphylaxis
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without a rise in the 72 hour ED revisit rate, sesting that a reduction in hospitalization rates

may be due to adherence with guideline-based tiiéfap

Little is known about the severity of anaphylaxisang infants and toddlers. It is possible that
reactions are less severe and thus hospitalizegtioften not warranted. A study of children
presenting to the ED for FIA found that infants aoddlers were more likely to present with
skin manifestations and less likely than olderadteih to present with respiratory complaints,
suggesting that infants and toddlers to have askessre presentation of FA With early
introduction in the LEAP trial, serious allergiamtions among participants were not comrhon.
A recent study found that children < 2 years of &geled to meet criteria for anaphylaxis less
often than older children, though the differenceswat significanf® This is further supported by

the fact that few children hospitalized for FIA wég interventions during hospitalizatich.

We identified several predictors of hospitalizatinoluding male sex, private insurance, and
presentation to an urban or metropolitan teachogptial. These patterns of healthcare
utilization may relate to underlying variability cisease prevalence and resources, including
availability of ED observation units or differendesaccess to care. A prior study found
significant variability in hospitalization rates ang pediatric hospitals in the USThere are
signifiant differences in food allergy prevalenabeen urban and rural populatidi®atterns
of healthcare utlization, resources and healthisgdéehavior may all differ due to geographic
location® These factors coupled with the baseline prevalefiteod allergy, may affect rates of

hospitalization for anaphylaxis.
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This study is limited by use of administrative dathich is prone to coding error and diagnostic
misclassification. Based on prior studies, anaptiyls under diagnosed by ICD-9-CM code and
thus we expect that we may be providing an undenagt of the prevalence of anaphyla¥is.

The ability to adjudicate trigger of reaction (f@pd) is limited to diagnosis code alone;
however, our findings of high-rates of FIA are dstent with published studies of anaphylaxis
in children® ® *?|n addition, we found similar results using a lsteategory (overall AAR) and

a more specific codes focused on anaphylaxis. @ilityato capture epinephrine administration
is limited to procedure codes and thus does ndtuicagppropriate administration in the pre-
hospital setting. Due to the transition from ICOE®84 and ICD-10-CM in late 2015, we have
data only from the first 3 quarters of 2015; howetee overall trends among infants and

toddlers are present prior to 2015 and weightddhagts were used.

The strengths of this study include the use ofgelanationally representative, all-payer database
with a 10-year study period that provides the gbib study US trends over time. Our study
focuses on a specific subset of very young childigiants and toddlers), who are vulnerable

and rarely studied in anaphylaxis. Based on thereatf our data, the results of this study are

widely generalizable.

In summary, the rates of ED visits for anaphylatsong children in the US, including infants
and toddlers, are rising over time. Infants andlked are a vulnerable and understudied
population with high rates of FIA. Hospitalizatioasiong infants and toddlers are declining.
While the reasons for this are not known, we hyesitte that these trends may be attributable to

improved management of anaphylaxis, low severityeattions and changes in health care
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utilization. In the era of early allergen introdioct, anaphylaxis is an emerging risk for infants
and toddlers, and it is imperative that we contitaustudy trends in prevalence, severity and

healthcare utilization in this unique population.
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FIGURE LEGENDS

Figurel. U.S. emergency department visits among infantsashdlers for anaphylaxis and
overall acute allergic reactions, 2006-2015

Abbreviations: AAR, acute allergic reaction; FAAIRpd-induced acute allergic reaction; FIA,
food-induced anaphylaxis

Overall AAR includes codes for anaphylaxis, FIA &®&AR. Anaphylaxis include FIA and

non-food related anaphylaxis. Overall FAAR inclué& and other food-related codes.

Figurell. U.S. emergency department visits for anaphylaxierag all children (age <18 years),

2006-2015

Figurelll. Identified food trigger among infants and toddlerssenting to US emergency

departments with food-induced anaphylaxis 2006-2015

FigurelV. Proportion of US emergency department visits argpltalizations among infants
and toddlers with anaphylaxis, 2006-2015

Abbreviations: ED- emergency department
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TableEl. US emergency department visits for anaphylaxisalergic reactions among children (age <18 ye2&)6-2015

ED Visit 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Ptrend
Diagnosis*
Weighted Visits per 100,000 Visits
Anaphylaxis
0 to <z 20 20 20 20 30 30 40 40 50 50 < 0.00:
(20,20) (20, 20) (20,30) (20,30) (20,30) (30,40) (30,40) (30,50) (50, 60) (50, 60)
3 to <¢ 28 24 34 35 40 49 55 62 78 80 < 0.00:
(22,34) (20,28) (28,40) (29,42) (31,48) (39,58) (47,63) (52, 73) (65, 91) (67, 93)
6 to <1: 28 26 30 30 40 48 61 71 88 87 < 0.00:
(22,34) (22,30) (25,35) (25,35) (32,47) (40,56) (53,69) (61,81) (75,100) (73, 100)
12 to <1t 33 34 39 38 46 54 67 74 98 115 < 0.00:
(26,40) (29,39) (34,45) (33,43) (39,53) (47,61) (59,75) (65,83) (86,111) (103, 128)
Overall AAR
0 to <z 404 415 472 517 559 601 627 645 659 737 < 0.00:
(379,428) (387,444) (442,502) (486,548) (523,594) (563,639) (584,671) (588,703) (618, 701) (690, 785)
3 to <¢ 575 56€ 631 67t 77¢ 828 855 87¢ 941 94z < 0.00:
(542,608) (529,602) (592,671) (636,714) (731,825) (775,882) (800,910) (810,946) (885,998) (886,998)
6 to <1: 553 562 637 642 762 805 889 910 974 963 <0.001]
(524,582) (527,597) (601,674) (607,678) (718,808) (752,858) (838,940) (842,977) (921,1027) (915,1010)
12 to <1t 457 466 50C 542 617 673 726 765 823 843 < 0.00:

(435,479) (441,492) (476,525) (515,569) (586,648) (639,707) (693,759) (722,808) (783, 862) (810, 876)

FIA




Oto <: 16 15 20 18 20 25 28 30 37 38 < 0.00:
(12, 19) (12, 18) (16, 23) (14, 22) (16, 24) (20, 30) (24, 33) (25, 35) (32, 43) (30, 46)
3to <¢ 21 17 25 26 30 34 39 41 50 47 < 0.00:
(16, 26) (14, 20) (20, 30) (21, 32) (24, 36) (27, 41) (32, 45) (33, 48) (41, 59) (39, 55)
6 to <1: 17 15 19 20 26 30 40 44 51 49 < 0.00:
(13, 21) (12, 18) (15, 22) (16, 23) (21, 32) (24, 36) (34, 45) (36, 52) (44, 59) (40, 58)
12 to <1¢ 17 19 22 21 26 29 39 41 55 61 < 0.00:
(13, 22) (16, 23) (18, 25) (18, 25) (21, 30) (25, 34) (34, 45) (34, 47) (47, 63) (54, 69)
Overall FAAR
O to <: 102 104 116 111 121 128 131 137 145 148 < 0.00:
(93, 112) (96, 112) (107,126) (103,119) (111,131) (117,138) (121,142) (125,148) (133, 158) (132, 164)
3to <¢ 86 85 105 98 11F 11¢€ 12& 121 135 131 < 0.00:
(76, 95) (77,93) (94,115) (89,108) (105,125) (107,129) (113,138) (109,132) (121,148) (116, 146)
6 to <1: 72 71 83 77 96 101 117 124 135 127 < 0.00:
(65, 80) (64, 78) (75, 91) (70,84) (87,105) (91,112) (106,128) (113,135) (123, 147) (113, 142)
12 to <1¢ 68 68 75 75 86 91 106 109 131 137 < 0.00:
(61, 75) (63, 74) (68, 82) (68, 81) (79, 93) (84,99) (96, 116) (99, 120) (118, 143) (124, 149)

Abbreviations: AAR, acute allergic reaction; FIAod-induced anaphylaxis; FAAR, food-induced acliergic reaction.

*Overall AAR includes codes for anaphylaxis, FIAARAAR. Anaphylaxis include FIA and non-food rethnaphylaxis. Overall FAAR includes

FIA and other food-related codes.



4
Table Ell. Patient and hospital characteristics of US emmerg@epartment visits by infants and toddlers @ggears) for anaphylaxis, 2006-2015

Characteristics 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 ena P
Weighted Visits per 100,000 Visits
Overall 20 20 20 20 30 30 40 40 50 50 <0.001
(20,20) (20,20) (20,30) (20,30) (20,30) (30,40) (30,40) (30,50) (50,60) (50, 60)
Sex
Male 20 20 30 30 30 40 40 50 60 70  <0.001
(20,30) (20, 30) (20,30)  (20,30) (20,40)  (30,50) (40,50)  (40,50)  (50,70)  (60,80)
Femal 20 10 20 20 20 20 30 30 40 40 <0.001

(10,20)  (10,20)  (10,20)  (10,20)  (20,30)  (20,30)  (20,30)  (30,40)  (30,50)  (30,50)

Primary Health I nsurance

Public 9 10 10 10 10 20 20 20 30 30 <0.001
(6,10)  (8,10)  (9,10)  (9,20)  (10,20)  (10,20)  (20,20)  (20,30)  (30,40)  (30,40)

Private 40 40 50 40 60 80 90 100 130 130 <0.001
(40,50)  (30,50)  (40,60)  (30,50)  (40,70)  (60,100)  (70,100) (80, 110) (110,160) (100,160)

Selfpay 10 9 20 20 7 7 20 20 30 30 <0.001
(6,20) (3,10) (6,30)  (10,30)  (2,10) (3,10) (10,20)  (20,30)  (20,50)  (20,40)

Othel 20 20 20 10 20 30 50 50 50 60 <0.001

(5,30)  (8,30) (8,30) (5,20) (10,40) (20,50)  (30,70)  (20,70)  (30,70) (30,80)

M edian household income

guartile*

1 (lowest 10 10 10 10 10 20 20 20 30 30 <0.001
(8, 10) (8, 10) (10,20) (8, 20) (8, 20) (10, 20) (20,30)  (20,30)  (30,40)  (20,40)

2 10 10 10 20 20 20 20 30 40 40 <0.001
(9, 20) (8, 10) (10,10)  (10,20)  (10,30) (20, 30) (20,30) (20,30) (30,40)  (30,50)

3 20 30 30 30 30 40 40 40 60 60 <0.001
(20,30)  (20,30)  (20,30)  (20,30)  (20,40)  (30,50)  (40,50)  (40,50)  (50,80)  (50,80)

4 (highest 50 50 70 60 70 70 90 100 140 140 <0.001

(40,60)  (40,60)  (50,90)  (50,80)  (60,90)  (60,90)  (70,100) (80,130) (110,160) (110,180)

Discharge Quarter

First quarter (Ja- Mar) 10 10 20 20 20 20 30 30 40 40 <0.001
(10,20)  (10,20)  (10,20)  (10,20)  (10,30)  (20,30)  (30,40)  (20,40)  (30,50)  (30,50)

Seconcquarter (Apr- 20 20 20 30 30 30 40 40 60 60 <0.001

Jun) (10,30)  (20,30)  (20,30)  (20,30)  (20,40)  (30,40)  (30,50)  (30,50)  (50,70)  (50,70)

Third quarter (Ju- Sep 30 20 30 30 30 40 40 50 60 70 <0.001
(20,40)  (20,30)  (20,40)  (20,30)  (20,30)  (30,50)  (40,50)  (40,60)  (50,70)  (50,80)

Fourth quarter (Oc¢- Dec) 20 20 30 20 30 40 30 40 50 -
(20,30)  (10,20)  (20,30)  (20,30)  (20,30)  (30,40)  (20,40)  (30,50)  (40,60)

Hospital Region
Northeas 30 30 40 30 40 40 60 50 100 110 <0.001

(20,50)  (20,40)  (30,50)  20,40)  (30,60)  (30,50) (40, 70) (40,60) (70,120) (70, 140)




Midwest 20 20 20 20 30 40 40 40 50 50 <0.001
(10,30)  (10,20)  (20,30)  (10,30)  (20,40)  (20,50)  (30,50)  (30,50)  (40,60)  (30,70)
Soutt 20 10 20 20 20 30 30 40 40 50 <0.001
(10,20) (10,20)  (10,30)  (10,30)  (10,30)  (20,40)  (20,40)  (30,40)  (30,50)  (30,60)
Wes 20 20 20 20 20 30 40 40 40 40 <0.001
(10,20)  (10,30)  (10,30)  (10,40)  (10,20)  (20,30)  (20,50)  (20,60)  (30,50)  (30,50)
Hospital Designation
Urbar 20 20 30 20 30 30 40 40 60 60 <0.001
(20,30)  (20,20)  (20,30)  (20,30)  (20,30)  (30,40)  (30,40)  (30,50)  (50,60)  (50,70)
Rura 20 10 9 9 20 10 20 10 20 20 0.74
(10,30) (4, 20) (3, 10) (2, 20) (8, 20) (2, 20) (8, 20) (5,20)  (10,30) (6, 30)
Hospital Status
Metropolitan, No- 20 20 20 20 20 20 30 40 30 40 <0.001
teaching (10,20) (10,20) (10,30) (10,30) (10,30) (20, 30) (20, 40) (30,40) (20,40) (30,40)
Metropolitan Teachir 30 30 30 30 40 50 50 50 70 70 <0.001
(20,30)  (20,30)  (30,40)  (20,40)  (30,50)  (40,60)  (40,60)  (40,60)  (60,80)  (50,80)
Non-Metropolitar 10 10 10 9 10 10 20 20 20 20 <0.001
(7, 20) (6, 10) (5, 10) (5, 10) (7, 20) (6, 10) (10, 20) (10, 20) (10,20)  (20,30)
Epinepherine administered 5 4 8 10 11 11 14 12 19 24 <0.001
in ED (Weighted percent) (2,8) (1,5) (4,12) (5,14) (7,16) (5,16) (10,19) (8,16) (13,24)  (17,30)

*Median Household Income Quartile 1) 0%2percentile 2) 28-50" percentile 3) 5%75" percentile 4) 78-100" percentile



TABLES

Tablel. US emergency department visits for alergic reactions among infants and toddlers (age <3 years), 2006-2015

ED Visit Diagnosis* 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Pirend

Weighted Visits per 100,000 Visits

Anaphylaxis 20 20 20 20 30 30 40 40 50 50 <0.001
(20, 20) (20,20) (20,30) (20, 30) (20, 30) (30, 40) (30, 40) (30, 50) (50, 60) (50, 60)
Overall AAR 404 415 472 517 559 601 627 645 659 737 < 0.001
(379,428) (387,444) (442,502) (486,548) (523,594) (563,639) (584,671) (588,703) (618,701) (690, 785)
FIA 16 15 20 18 20 25 28 30 37 38 < 0.001
(12, 19) (12, 18) (16, 23) (14, 22) (16, 24) (20, 30) (24,33 (25, 35) (32,43 (30, 46)
Overall FAAR 102 104 116 111 121 128 131 137 145 148 < 0.001

(93,112)  (96,112) (107,126) (103,119) (111,131) (117,138) (121,142) (125 148) (133,158) (132, 164)

Abbreviations: AAR, acute alergic reaction; FIA, food-induced anaphylaxis, FAAR, food-induced acute allergic reaction.

*Overall AAR includes codes for anaphylaxis, FIA and FAAR. Anaphylaxisinclude FIA and non-food related anaphylaxis. Overall FAAR includes
FIA and other food-related codes.



Tablell. Patient and hospital characteristics of US emergency department visits by infants and toddlers (age <3 years) for anaphylaxis, 2006-2015

Characteristics 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Pirend
Weighted Visits per 100,000 Visits
Overall 20 20 20 20 30 30 40 40 50 50 <0.001
Sex
Mae 20 20 30 30 30 40 40 50 60 70 <0.001
Female 20 10 20 20 20 20 30 30 40 40 <0.001
Primary Health I nsurance
Public 9 10 10 10 10 20 20 20 30 30 <0.001
Private 40 40 50 40 60 80 90 100 130 130 <0.001
Self-pay 10 9 20 20 7 7 20 20 30 30 < 0.001
Other 20 20 20 10 20 30 50 50 50 60 <0.001
M edian household income
quartile*
1 (lowest) 10 10 10 10 10 20 20 20 30 30 <0.001
2 10 10 10 20 20 20 20 30 40 40 <0.001
3 20 30 30 30 30 40 40 40 60 60 <0.001
4 (highest) 50 50 70 60 70 70 90 100 140 140 <0.001
Discharge Quarter
First quarter (Jan - Mar) 10 10 20 20 20 20 30 30 40 40 <0.001
Second quarter (Apr - 20 20 20 30 30 30 40 40 60 60 <0.001
"Igl;]?r)d quarter (Jul - Sep) 30 20 30 30 30 40 40 50 60 70 <0.001
Fourth quarter (Oct - Dec) 20 20 30 20 30 40 30 40 50 - -
Hospital Region
Northeast 30 30 40 30 40 40 60 50 100 110 <0.001
Midwest 20 20 20 20 30 40 40 40 50 50 <0.001
South 20 10 20 20 20 30 30 40 40 50 <0.001
West 20 20 20 20 20 30 40 40 40 40 <0.001
Hospital Designation
Urban 20 20 30 20 30 30 40 40 60 60 <0.001

Rural 20 10 9 9 20 10 20 10 20 20 0.74




Hospital Status

Metropolitan, Non- 20 20 20 20 20 20 30 40 30 40 <0.001

teaching

Metropolitan Teaching 30 30 30 30 40 50 50 50 70 70 <0.001

Non-Metropolitan 10 10 10 9 10 10 20 20 20 20 <0.001
Epinephrine administered 5 4 8 10 11 11 14 12 19 24 <0.001
in ED

(Weighted Percent of Visits)

*Median Household Income Quartile 1) 0-25™ percentile 2) 26™-50™ percentile 3) 51%-75™ percentile 4) 76™-100" percentile

For 95% confidence interval s please see Online Repository Table El.



Tablelll. Predictors of hospitalization after presentation to US emergency department for anaphylaxis among

infants and toddlers, 2006-2015

Predictor Adjusted Odds Ratio Ptrend
(95% ConfidencelInterval)
Sex
Male 1.00 (reference) -
Female 0.92 (0.92,0.93) <0.001
Payer
Public 1.00 (reference) -
Private 1.12 (1.06,1.19) <0.001
Self-pay 0.40 (0.37,0.44) <0.001
Other 1.02 (0.90, 1.14) 0.80
Median Household Income
Quartile*
First (lowest) 1.00 (reference) -
Second 1.06 (1.00, 1.13) 0.05
Third 1.12 (1.05, 1.20) 0.001
Fourth (highest) 1.28 (1.18, 1.40) <0.001
Discharge Quarter
First quarter (Jan - Mar) 1.00 (reference) -
Second quarter (Apr - Jun) 0.79 (0.78. 0.81) <0.001
Third quarter (Jul - Sep) 0.77 (0.75, 0.78) <0.001
Fourth quarter (Oct - Dec) 0.84 (0.83, 0.86) <0.001
Hospital Region
Northeast 1.00 (reference) -
Midwest 0.84 (0.70, 1.02) 0.08
South 1.03 (0.88, 1.21) 0.72
West 1.11 (0.92, 1.33) 0.28

Hospital Designation

Urban

1.00 (reference)




Rural 0.71 (0.62, 0.81) <0.001

Hospital Status

Metropolitan, Non-teaching 1.00 (reference) -
Metropolitan, Teaching 2.65 (2.28, 3.08) <0.001
Non-metropolitan 0.97 (0.82, 1.14) 0.67

*Median Household Income Quartile 1) 0-25™ percentile 2) 26™-50™ percentile 3) 51%-75™ percentile 4) 76™-
100" percentile



Figurel. U.S. emergency department visits among infants and toddlers for anaphylaxis and overal acute
alergic reactions, 2006-2015
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Figurell. U.S. emergency department visits for anaphylaxis among all children (age <18 years), 2006-2015
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Figurelll. Identified food trigger among infants and toddlers presenting to US emergency departments with
food-induced anaphylaxis 2006-2015
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1
FigurelV. Proportion of US emergency department visits and hospitalizations among infants and toddlers with
anaphylaxis, 2006-2015
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