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Abstract

Introduction: Food-induced anaphylaxis among infants
shows an increasing prevalence; however, the prescription
of epinephrine auto-injectors (EAIs) for children weighing
<15 kg is associated with issues of the needle length and the
epinephrine dose. Several studies have shown age-related
differences in food-induced anaphylaxis, although little is
known about the weight-related differences in food-in-
duced anaphylaxis. This study aimed to reveal the incidence,
clinical characteristics, and management of food-induced
anaphylaxis in children weighing <15 kg. Methods: This
chart review included children who visited the pediatric
emergency department (ED) of the National Center for Child
Health and Development (Tokyo, Japan) from January 2014
to December 2016 and were diagnosed with food-induced
anaphylaxis. The severity of anaphylaxis was evaluated using
the Sampson Grading Scale. Results: Of 89,232 ED visits, 444
visits included patients with food-induced anaphylaxis, after
excluding cases of food-induced anaphylaxis related to oral
desensitization therapy. The incidence was 4.98 per 1,000

visits. More than half of the children (n = 247/444, 55.6%)
weighed <15 kg. The proportion of grade 3 and higher sever-
ity anaphylactic symptoms was 74.5% (184/247) in children
weighing <15 kg and 79.2% (156/197) in children weighing
15 kg or more. The recurrence rate of food-induced anaphy-
laxis was 22.3% (55/247) in children weighing <15 kg and
48.7% (96/197) in children weighing 15 kg or more. Among
the children weighing <15 kg, the proportion of those with
recurrent food-induced anaphylaxis was 4 times higher in
children weighing 10-15 kg than in those weighing <10 kg
(32.2% [47/146] vs. 7.9% [8/101]). The proportion of patients
who were prescribed EAls before each visit was 25.5% (14/55)
in children weighing <15 kg with a history of food-induced
anaphylaxis. Conclusion: Food-induced anaphylaxis among
children weighing <15 kg occurred as frequently and was as
severe as thatamong children weighing 15 kg or more. How-
ever, the proportion of patients prescribed EAls was very low
in children weighing <15 kg with food-induced anaphylaxis.
The potential need for EAls is suggested among children
weighing <15 kg, especially among children weighing 10 kg
or more but <15 kg ©2021 S. Karger AG, Basel
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Introduction

Food allergies are the commonest trigger for pediatric
anaphylaxis and the prevalence of food-induced anaphy-
laxis is increasing, and especially in infants, the increment
in emergency room visits is drawing attention after the
publication of early introduction guidelines [1-4]. Epi-
nephrine, administered intramuscularly, is the first-line
treatment for anaphylaxis, and a weight-based dose (0.01
mg/kg) is recommended for children [4-9]. Epinephrine
auto-injectors (EAIs) are the standard method for admin-
istering epinephrine as prehospital emergency medica-
tion in patients who are at risk of anaphylaxis [4]. Inter-
national guidelines and the position statement from the
American Academy of Pediatrics recommend the pre-
scription of 0.15 mg EAIs to at-risk children weighing
10-15 kg (210 and <15 kg) in the absence of suitable de-
vices [5-9]. However, there are distinct issues with the
needle length and epinephrine dose delivered by EAIs in
children who weigh <15 kg [1]. Dreborg et al. [10-13] re-
ported concerns about subcutaneous and intraosseous/
periosteal epinephrine injections by high-pressure EAIs
(HPEALISs) in children in a study that used ultrasound to
measure the distance from the skin to the muscle and
bone. A study by Kim et al. [14] showed that children with
food allergies who weigh <15 kg, especially <10 kg, have
shorter skin-to-bone distances, and are at high risk of in-
traosseous/periosteal injections when using HPEAIs,
such as EpiPen® Jr or Allerject® (0.15 mg), which are
widely prescribed for pediatric patients with anaphylaxis.
The amount of epinephrine administered by these EAIs
is higher than the recommended weight-based epineph-
rine dose for children who weigh <15 kg and is 1.5 times
higher for children who weigh approximately 10 kg.

Due to the issues associated with EAI use, clinical
judgment is often required for applying the recommen-
dation for prescribing EAIs to individual patients who
have a history of food-induced anaphylaxis and weigh
<15 kg [1, 7, 13, 15, 16]. In principle, the use of EAIs in
children who weigh <15 kg is contraindicated in the EAI
package insert in Japan. A 0.1-mg formulation (Auvi-Q
0.1-mg®) is approved for use and is available for children
who weigh 7.5-15 kg in the USA; however, this product
is not yet generally available worldwide. Thus, weight-
related characteristics of food-induced anaphylaxis may
facilitate the decision of whether to prescribe EAIs to at-
risk patients who weigh <15 kg. Several studies have
shown the age-related characteristics of pediatric food-
induced anaphylaxis in the emergency department (ED)
[17-20]; however, there is limited information about the
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weight-related characteristics of pediatric food-induced
anaphylaxis. This study aimed to reveal the incidence,
clinical characteristics, and management of food-induced
anaphylaxis in children weighing <15 kg. Because it is the
weight under which EAI dose and needle length have
been pointed out as problematic, we chose 15 kg as the
cut-off weight value. Therefore, the primary objective of
this study was to provide information on the demograph-
ics, clinical features, causes, and management of food-
induced anaphylaxis in children who weigh <15 kg. The
second objective was to determine similarities and differ-
ences in food-induced anaphylaxis in children who weigh
<or>15kg.

Materials and Methods

Study Design and Setting

This retrospective cross-sectional study enrolled patients who
visited the pediatric ED over a 3-year period from January 1, 2014
to December 31, 2016. The study setting was the pediatric ED of
the National Center for Child Health and Development (NCCHD)
in Tokyo, Japan. The NCCHD is an urban, tertiary-care pediatric
hospital and the ED receives approximately 30,000 visits per year.
We reviewed the medical records of all patients aged 0-18 years
who visited the ED with an acute reaction to food or anaphylaxis,
regardless of the underlying cause.

Identification of Cases

To identify patients with anaphylaxis, we reviewed the medical
records of patients who visited the ED and received a definitive or
suspected diagnosis of anaphylaxis. All medical records were re-
viewed in detail by a trained pediatrician (K.T.) based on the cri-
teria for anaphylaxis that were presented in the World Allergy
Organization Anaphylaxis Guidelines [8]. Anaphylaxis was de-
fined as an acute onset of allergic reaction involving 2 or more of
the following organ or organ systems: the skin and the respiratory,
gastrointestinal, circulatory, and nervous systems after exposure
to a likely allergen; or as an acute allergic reaction involving hy-
potension alone after exposure to a known allergen in that patient.
The severity of anaphylaxis was evaluated using the Sampson
Grading Scale [21, 22], which is based on the grading of symptoms
in the skin, the respiratory organs, the digestive organs, the circu-
latory system, and the neurological system. The symptom grade
was determined according to the organ symptoms of the highest
grade. If the patient had only multiple grade-1 symptoms, ana-
phylaxis was not considered in the differential diagnosis. Tachy-
cardia was defined as an increase of 15 or more beats/min from
the upper limit of the normal range at each age [23]. We have de-
fined anaphylaxis caused by the same foods as “recurrent anaphy-
laxis.” An episode is defined as the first episode of anaphylaxis if
the causative food is different from the causative food trigger in
previous anaphylactic episodes. The history of anaphylaxis per-
tained to episodes that occurred before or during the study period.
The history of anaphylaxis, the causative food, and whether EAI
was prescribed were based on information elicited from the pa-
tient’s family.
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Suspected anaphylaxis

971 visits

v

Diagnosed as anaphylaxis

512 visits

3/ No record about body weight: 12 visits

4 visits induced by contrast medium

4 visits induced by antibiotics

2 visits induced by dog antigens

1 visit induced by tipepidine hibenzate

1 visit induced by NSAIDs (non-steroidal anti-
inflammatory drugs)

1 visit induced by vaccine of influenza

1 visit induced by oral mite

1 visit induced by platelet preparation

Y

41 visits induced by oral desensitization
therapy

Y

Y

Anaphylaxis induced by food allergy

444 visits

v

v

247 visits

Fig. 1. Flow chart of 971 patients with sus-

Weighing <15 kg

Weighing 15 kg and more
197 visits

pected anaphylaxis. NSAIDs, non-steroi-

dal anti-inflammatory drugs.

Data Collection

All of the described symptoms, signs, and treatments were en-
tered into a database. Details, such as the patient’s sex, age, body
weight, history of food allergy, probable current eliciting foods,
clinical symptoms, and pharmacotherapy (at home, in the ambu-
lance, and at the hospital), were extracted from the medical re-
cords. Body weight measured within the last 3 months was record-
ed; however, if weight was not measured, the body weight reported
by the patient’s family was recorded. The eliciting agent was re-
corded as “mixed foods,” if no single food could be identified be-
cause multiple foods were ingested simultaneously.

Statistical Analysis

We analyzed the visits of patients with anaphylaxis in 2 groups
that were stratified by weight: children who weighed 15 kg or more
and <15 kg. In addition, we assigned children who weighed <15 kg
to 2 subgroups as those weighing: <10 kg or 10-15 kg. The Fisher
exact test and the Mann-Whitney U test were used to determine
associations between 2 categorical variables. For all analyses, a p
value of <0.05 was considered statistically significant. In order to
assess the weight-related characteristics of food-induced anaphy-
laxis, we excluded visits from the analysis if there was no record of
the patient’s weight, or if the cause of anaphylaxis was a non-food
trigger. Furthermore, to avoid oversampling the symptoms for
certain foods, we excluded cases of anaphylaxis related to oral de-

Food-Induced Anaphylaxis among
Children <15 kg

sensitization therapy. The prevalence rates of eliciting foods,
symptoms, and treatment are presented as proportions. The com-
position ratio was investigated in 4 age categories: infants (<2
years), preschool-aged (2-5 years), school-aged (6-11 years), and
adolescents (12-18 years) [17, 18].

Results

Study Population

The total number of ED visits during the study was
89,232 visits, of which 971 visits were identified in pa-
tients who were diagnosed with or suspected of having a
food allergy and/or anaphylaxis. All ED records of these
971 visits were reviewed. A flow chart of the visit inclu-
sion is shown in Figure 1. In 512 visits, the patients were
diagnosed with anaphylaxis, irrespective of the cause. The
incidence of anaphylaxis from any cause in all ED visits
was 5.74/1,000 visits. Twelve visits were excluded because
the patients’ body weights were not recorded, and 15 vis-
its were excluded because of non-food-based causative

Int Arch Allergy Immunol 3
DOI: 10.1159/000520646

Downloaded by: C. Alessandri - 87218
84.220.49.192 - 12/21/2021 8:36:04 AM



‘sixe|Aydeue

awin-1siy pue sixejAydeue Juaiindal s3|gelieA [ed10631ed 7 US3MIS] SUOIIRIDOSSE SUIWISISP 01 Pasn sem 1531 N ASUNYM-UURIA 3Y1 ‘100 > d g5 B3 G 1> Buiybiam uaipjiyd pue ‘6 g1 > pue by
01 buybram uaipiyd :sdnoib g usamiaq ss|gelien [ed110631ed sy) a1edwod 03 pasn sem 1531 N ASUNYM-UUBIA 3Y1 'L 00 > d g '6Y S 1> Buiybiam uaip|iyd pue 6% g1 buiybiom usipjiyd :sdnolb
T UaM13q s3|qelieA [ed10ba1ed 3yl aiedwod 03 Pasn sem 131 ) ABUNYAM-UUBIA Y3 L0°0 > d ¢ "sixejAydeue awi-1sily pue sixejAydeue juaiindal :sajgeliea [ed1o0haled oMl Usamiaq suoleros
-S SUIULIDIDP 01 PASN SBM 1531 10X J3Ysl4 dy1 ‘100 > d ,, "B §1> buiybiam uaip|iys pue ‘63 1> pue 6% 0L buiybiam uaip|iyd :sdnotb z usamiaq sa|qelten [ed1obaied syl aiedwod 01 pasn
SeM 1591 10BX3 13Ysi4 8yl ‘100 > d 1, "S0°0 > d i "B G 1> Buiybram uaipjiyd pue 6y g buiybiam uaip|iyd :sdnolb z usamiaq ss|qelten [ed1iob31ed a1 a1edwod 01 Pasn sem 1531 10exa Jaysld 3y}
10'0>d,°50°0 > d 4 "|endsoy je 4o ‘Hodsuely eduenguie Guunp ‘uoIssiWpPe 310424 dwoy je udAlb sulydauids ; “Juswiiedsp A>usbiswa ‘3 tendsnwesul ‘| 1033(ul-oine sunydaulda ‘3

(%) U 's3seD JUSINd3I

- (009) ¥1/L ¢ (0°0) 8/0 (009 ¥L/L (009) ¥1/L (9'89)8S/¥€  (6'99) TL/Ly  urddueApe ul [y3 paqudsaid ai1am oym syuaned Huowe sasn u ‘v
(9%) U ‘s9sed JuD4INd.
- (ssO L 11 (0°0) 8/0 (8'60)LY/¥L (§'52) SS/pL (¥'09) 96/85  (L'L¥) LSL/TL ul sixe|Aydeue Jus1indal 210494 |3 PaqusaId U ‘UdIpIyD
- (€70) sS u(en8 (Tze) Ly (€T0) sS (£'8%) 96 (0%€) 151 (%) u 'usbia|je umouy| Yy 1oy sixe|kydeue JuaLNddY
(Czy) 18 (z8e) 1T 1 (L60) 0 (e6¥) 2L [€1p) oL (8'7S) 801 (€Lp)ole (%) u ' duniydauids jo uondaful sendsnuwe.iul
i (26D) LS (0001) §§ neee (8'%5) 08 [esy)ziL (5°69) LEL (199) 6¥C (%) u ‘ABia]|e poOy uMOUS| A|snoIAdId
sss(8FL-TS 0L (SPL-8)SLL (06T 06  (8FL-0L)0TL  s@8FL-TSO00L  (P£-0SL)8ET  (L-TS)OPL B> ‘(96ues) ueipaw yBrIM
- - - - J0)o (rea) o (roL) o (%) U 's1eak 8L~ | ‘s3uLdS3|OPY
- - - - [0)o (8'05) 001 (§'zg) ool (%) U ‘s1eak | | -9 ‘pabe-jooyds
16'5€) 69 (1'69) 8€ (699 (T69) L0L Jrev) Lol (6'50) 1S (9°5€) 851 (%) u ‘s1eak G- ‘pabe-jooydsald
wi(L'p9) €TL (6'0€) L1 u(L'v6) 56 (8'0¢) St H(2°95) oL (0o (sLE) ovL (%) u ‘s1eak 7> yueyu|
(L9-7) 8L (99-8) 6C re-0) 1L (£9-6) 8C (£9-7) 0T (SLz-£2) vOL (S1z-7) 6€ syjuow ‘(abuel) ueipaw a6y
(€'95) 801 (0°09) €€ ('5S) 95 (z'8s) S8 #(1°£8) Lyl (0'69) 9€1 (r'29) LL2 (%) u "xas ‘sje
%L LL %ETT %LTT %6'CE
‘(z6L = U) (S5=u) ‘br¥/10L=U)  ‘(Fb¥/9FL =U)
sixe|Aydeue  sixejAydeue 63 g1 pue
EIVHBIIITE JuUS.4INd3. By 0oL> 0l u9amiaq %99S WY vy
“(Lyz=u) ‘(L61L=U) (v = u)
B> G1> B> GL> alow puebyg| ‘leyo)

63 G 1> ualp|iyd pue b3 G| Z buiybiam uaip|iyd usamiaq saposids sixejAydeue padnpul-pooy Jo sasia1deIRYD 9Y) JO uosliedw o) *| 3jqeL

WV ¥0:9€'8 T202/T2/2T - 261'6¥'02C V8

8T¢.8 - Upue:

Tabata/Fukuie/Narita/Inagaki/Ohnishi/

Tsuji/Kubota/Ishiguro/Ohya

Int Arch Allergy Immunol
DOI: 10.1159/000520646

v "0 :Aq papeojumoq




kK
— M 15 kg and more
100 4 ] @ Between 10 and 15 kg
o O <10 kg
80 —
kk ]
i
60 **
R [ —
*
40 4 [ k3%
—
II al
0 1 T T T T 1
r.;{-\(\ @é )\o(‘\\ &"" -\c'z’\ ,bﬁ\b. o
N & & O O
o0 FE & & O
3 §° & & L
(/’bk > © ,b(\'b
<
&
a &
k
50 1 %,
R *
) m
8 40+
L
g *k
B 30 T
3 *% M
‘5 20 r
S
=] *
5 10+ r
e
o
%q@ @\* 2 Q\;\" 'z?& sz (,)o* Q\%Q \q\\é‘\ \@A \&'S‘(@«\'b e'b& o‘é\
& @ N4 & @ TN
<& S & N
c o

<15 kg

@ First-time anaphylaxis
100 7 [ Recurrent anaphylaxis
80
< 60
40 Kk
—
20 N H
0 - S T & T S T < T N N 1
& & PO R &b o
> 37 2 o A
Q& O o 2’ X
& @.)\O Q})k G,bb’bé(t\
Cb é ,bo
\(\z‘
O
b <
50 Kok <15 kg
, M
< -
B 40 A
Lo
(%
=
= 30
5
S
5 20
C
.9
5 10+
[oN
<
o
o N X, S X () BN S X @ N
Q,qq ® \(\’b Q&' 'b(\o Q"O %Oﬁ <<\"7 *_\Q\ \(\e’b Q’b{\ O$
$ & ¢ \k_$ P &
N (& \)(‘
d o~

Fig. 2. Proportions of anaphylactic symptoms, by organ and caus-
ative food. a Differences by organ between the 3 groups: children
weighing >15 kg; children weighing >10 kg and <15 kg; and chil-
dren weighing <10 kg. b Differences by organ between the first and
recurrent anaphylaxis episodes among children who weighed <15

factors. We analyzed 444 ED visits for food-induced ana-
phylaxis, after excluding 41 visits related to oral desensi-
tization therapy. The incidence of food-induced anaphy-
laxis, except those related to oral desensitization therapy,
in all ED visits was 4.98 per 1,000 visits.

Demographics

Table 1 presents a comparison of the demographics,
type of symptom, and treatment history between children
who weighed <15 kg and those who weighed 15 kg or
more. Of the 444 visits, 247 (55.6%) included children

Food-Induced Anaphylaxis among
Children <15 kg

kg *p < 0.05; **p < 0.01. c Differences by causative food between 3
groups: children weighing >15 kg; children weighing >10 kg and
<15 kg; and children weighing <10 kg. d Differences by causative
food between the first and recurrent anaphylaxis among children
who weighed <15 kg *p < 0.05; **p < 0.01.

who weighed <15 kg; patients who weighed <10 kg ac-
counted for 22.7% (101/444) of the total visits, and most
of them (n = 91/101, 90.1%) weighing 7.5 kg or more. A
history of food allergies at the time of each visit was noted
in a lower proportion of patients who weighed <15 kg
(n=112/247,45.3%) than in those who weighing 15 kg or
more (n = 137/444, 69.5%) (p < 0.01). The proportion of
patients who weighed 15 kg or more who received an in-
tramuscular injection of epinephrine was higher than that
of children who weighed <15 kg (p < 0.01) but did not
differ from that of children who weighed between 10 and
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<15 kg (p = 0.33). The proportion of patients with recur-
rent anaphylaxis was lower in children who weighed <15
kg than in children who weighed 15 kg or more (22.3%
[55/247] vs. 48.7% [96/197], p < 0.01). Among patients
who weighed <15 kg, the proportion of those with recur-
rent anaphylaxis was 4 times higher in children in the 10
to <15 kg weigh group (n = 47/146, 32.2%) than in those
who weighed <10 kg (n = 8/101, 7.9%) (p < 0.01). A lower
proportion of patients were prescribed EAIs before each
visit in children who weighed <15 kg (n = 14/55, 25.5%)
than in those who weighed 15 kg or more (n = 58/96,
60.4%) (p < 0.01). The number of children who had been
prescribed EAIs before their first anaphylaxis episode was
6, and 2 of them were administered epinephrine by EAIs.
Nine children who weighed <15 kg who were adminis-
tered the 0.15-mg EAI (Epipen Jr) dose had no obvious
complications and showed effective therapeutic respon-
siveness after administration of EAI

Type of Anaphylactic Symptoms

Dermatological, cardiovascular, and neurological
symptoms were more common in children who weighed
less than 15 kg than in those who weighed 15 kg or more
(p < 0.01; Fig. 2a). Respiratory symptoms were less com-
mon in children who weighed <15 kg than in those who
weighed 15 kg or more (52.2% [129/444] vs. 68.5%
[135/444]). The proportion of children with grade 3 or
higher severity anaphylaxis did not differ significantly be-
tween the groups of children who weighed <15 kg and
those who weighed 15 kg or more (74.5% [184/247] vs.
79.2% [156/197]), although the severity tended to be
higher when the age at the time of the emergency visit was
older (data not shown). There were no clinical records of
children who suffered a cardiac arrest, a fatal course, or
adverse events following the administration of epineph-
rine during the study period.

Eliciting Foods

Egg and milk were the commonest triggers in all the
groups (Fig. 2¢). Only in the group of children who weighed
10 kg or more and <15 kg were tree nuts (n = 18/146, 12.3%)
and peanuts (1 = 12/146 8.2%) more common triggers than
wheat (n=11/146,7.5%). In 14.6% (64/444) of the total vis-
its, no specific food trigger could be identified because the
ingested meal contained several food items.

Comparison between the First and Recurrent

Anaphylaxis among Children Who Weighed <15 kg

Fig. 2b, d shows a comparison of the clinical features
of children who weighed <15 kg with the first and recur-
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rent anaphylactic episodes. The majority (n = 38/55,
69.1%) of recurrent cases among children who weighed
<15 kg included preschool-aged (2-5 years) participants.
There was no difference in the proportion of children
who received an intramuscular injection of epinephrine
between the recurrent and first anaphylaxis groups (38.2%
[21/55] vs. 42.2% [81/192], Table 1). Dermatological
symptoms were the commonest presenting symptom in
both groups. Neurological symptoms were seen less fre-
quently in the recurrent anaphylaxis group than in the
first anaphylaxis group (10.9% [6/55] vs. 28.1% [54/192],
P <0.01); however, the severity of anaphylaxis did not dif-
fer between the 2 groups (Fig. 2b). Milk was the most
common causative food for recurrent anaphylaxis, and
3-quarters of cases of recurrent anaphylaxis were induced
by milk or eggs. No recurrence due to roe, soy, fish, kiwi,
buckwheat, or banana was observed (Fig. 2d).

Discussion

It is valuable to describe the weight-related character-
istics of pediatric food-induced anaphylaxis to facilitate
optimal treatment. We identified 3 novel findings in
terms of the weight-related characteristics of pediatric
food-induced anaphylaxis. First, the proportion of chil-
dren with food-induced anaphylaxis who weighed <15 kg
and presented to the pediatric ED was similar to the pro-
portion of those who weighed 15 kg or more. Second, the
symptoms of food-induced anaphylaxis were as severe in
children who weighed 15 kg or more as they were in those
who weighed <15 kg, with several patterns in the symp-
toms of food-induced anaphylaxis depending on the
weight of the children. Third, among children who
weighed <15 kg, the proportion of children with recur-
rent food-induced anaphylaxis was approximately 20%,
of which children who weighed 10 kg or more and <15 kg
had a particularly higher recurrence rate than children
who weighed <10 kg.

Our study showed that children with food-induced
anaphylaxis who weighed <15 kg in the pediatric ED pre-
sented as frequently as those who weighed 15 kg or more.
Data on the epidemiology of food-induced anaphylaxis in
the pediatric ED are sparse because of the influence of
study design and study period. The proportion of chil-
dren with food-induced anaphylaxis in the pediatric ED
was reported to be 2.41 per 1,000 visits in a single-center
study conducted in Canada from 2011 to 2015 [24]. Choi
et al. [25] reported that the proportion of children with
food-induced anaphylaxis in the pediatric ED was
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1.52/1,000 visits (121/79,676 visits) in a single-center
study in South Korea from 2012 to 2016. In our study, this
proportion was 4.98 per 1,000 visits, which is higher than
the previously reported proportion. The proportion of
children who weighed <15 kg among patients with food-
induced anaphylaxis has not been investigated, although
the age composition of this group was investigated in a
population-based study of pediatric EDs in 2007 in Stock-
holm [19]. In their study, Vetander et al. [19] reported
that 40.6% (52/128) of children aged 0-17 years who had
food-induced anaphylaxis were 3 years old or younger. In
another study that investigated children with food-in-
duced anaphylaxis in a single-center pediatric ED be-
tween 2008 and 2012 in the USA, Dyer et al. [26] reported
that 44.4% (840/1,894) of those children were 4 years old
or younger. According to population-based surveys in
Sweden and the USA [27, 28], the average weight of both
boys and girls exceeds 15 kg by age 3 or 4. Aggregating the
evidence from these studies and surveys, it is estimated
that children who weigh <15 kg account for approximate-
ly 40% of children with food-induced anaphylaxis in the
pediatric ED. Our study group had a slightly higher pro-
portion of children who weighed <15 kg than the above-
mentioned estimate, and this may be because Japanese
children usually weigh less than Swedish and American
children. Moreover, children with multiple food allergies
or milk allergies experience an impact on growth [29, 30],
which may be one of the causes of this gap. Although age
and weight physiologically increase in parallel, the inci-
dence of food-induced anaphylaxis among children who
weigh <15 kg, as incurred solely from the age composi-
tion, may also be potentially underestimated. In turn, this
may lead to an underestimation of the demand for appro-
priate EAls in children weighing <15 kg. Even of the same
age, in populations with a small body frame like in Japan,
there may be more patients with food-induced anaphy-
laxis who weigh <15 kg than in populations with a larger
body frame such as in Sweden and the USA [27, 28].
The second finding is that the symptoms of food-in-
duced anaphylaxis were equally severe in children who
weighed 15 kg or more and those who weighed <15 kg,
with several patterns in the symptoms of food-induced
anaphylaxis depending on the weight of the children.
There are challenges in identifying the symptoms of an
allergic emergency in infants because they cannot de-
scribe the symptoms [1]. In infants, allergic symptoms
overlap with certain normal behaviors or non-allergic
symptoms such as viral infection, reflux, and constipation
[1, 31]. A recent expert panel consensus [1] emphasized
that the context is crucial to distinguish between allergic

Food-Induced Anaphylaxis among
Children <15 kg

symptoms and normal behavior in infants. The symp-
toms are more likely to suggest anaphylaxis in combina-
tion with other potential symptoms or within close tem-
poral proximity to a potential allergen ingestion exposure
[1, 32]. In our study, 1 trained pediatrician reviewed all
medical records and confirmed that anaphylaxis was the
most suspected diagnosis in all visits. In addition, by di-
agnosing anaphylaxis in patients with multiple grade 2 or
higher symptoms, we attempted to eliminate as much
normal behavior and symptoms induced by non-allergic
etiology. Few studies have investigated the severity of
anaphylaxis in infants. In a study that investigated age-
related differences in anaphylaxis in a pediatric ED be-
tween 2007 and 2011, Topal et al. [33] categorized 104
children with anaphylaxis of various causes into 3 sever-
ity groups according to a position paper of the European
Academy of Allergology and Clinical Immunology on the
management of anaphylaxis in childhood [34]. The study
included children aged 3 months to 17 years and found
no significant difference between the proportion of pa-
tients with moderate or severe anaphylaxis in infants aged
1 year or less and patients who were older than 1 year
(52.2% [12/23] vs. 70.4% [57/81]) [33]. Severe anaphy-
laxis is common in younger children, which is consistent
with our findings.

The present study showed that dermatological, cardio-
vascular, and neurological symptoms were seen more fre-
quently, and respiratory symptoms were less common in
children with food-induced anaphylaxis weighed <15 kg
than in those who weighed 15 kg or more. In a study of 2
large North American EDs, Rudders et al. [17] reported
that respiratory symptoms were observed less frequently
in infants aged <2 years than in preschool children aged
2-5 years, which is similar to our findings. Furthermore,
the author noted that cardiovascular symptoms were
rarely reported in infants aged <2 years, but the interpre-
tation was complicated due to less frequent measurement
of blood pressure [17]. Goh et al. [18] reported that 21%
(4/19) of anaphylactic children aged <2 years had cardio-
vascular symptoms but also noted that blood pressure
measurements were infrequent. Similarly, in our study,
blood pressure was not measured in almost all infants;
therefore, the interpretation of the frequency of cardio-
vascular symptoms needs to be prudent. We judged that
tachycardia above the upper limit of normal heart rate
according to age by 15 bpm or more was a cardiovascular
symptom, although this carries the risk of overestima-
tion. Tachycardia and behavioral changes may suggest
compensated shock in certain contexts [1, 35]; however,
in infants, these are often normal reactions and can lead
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to misdiagnosis of anaphylaxis. Caution is needed to
avoid misinterpretation of simple tachycardia and behav-
ioral changes as more concerning than warranted. In
practice, accurate blood pressure measurements for in-
fants are sometimes difficult because proper cuff size is
essential, and automated machines have difficulty obtain-
ing valid readings for fussy infants [1]. As with all allergy
assessments, the timing of onset and the presence of oth-
er organ symptoms are important to assess the reaction
of tachycardia as anaphylaxis.

Third, we showed the incidence of recurrent food-in-
duced anaphylaxis in children who weighed <15 kg. Since
age and weight increase in parallel physiologically, it is
not surprising that the lower the weight, the shorter the
duration of the disease and the lower the recurrence rate,
but it is noteworthy that the recurrence rate differed
about 4 fold between children under 10 kg and those be-
tween 10 and 15 kg. The likelihood of recurrence in chil-
dren who weighed <15 kg is important information in
prescribing EAIs for those with a history of food-induced
anaphylaxis; however, little is known about the recur-
rence of food-induced anaphylaxis in infants. In a pro-
spective multicenter study from Canada by O’Keefe et al.
[36], the annual recurrence rate of anaphylaxis was 17.6%
in children younger than 18 years. In this study, food was
the commonest cause of recurrent anaphylaxis, account-
ing for 84.6% (39/47) of cases. The population in the
study was not stratified by age or weight and did not de-
scribe the recurrence rate of food-induced anaphylaxis in
infants. In the study by Andrew et al. [36], milk and tree
nuts were the commonest causative foods of recurrent
food-induced anaphylaxis, accounting for 15.4% (6/39)
of all visits. Eggs and wheat accounted for 4.6% (2/39) and
1.5% (1/39) of allergies, respectively [36]. The proportion
of milk and eggs was higher in our study than in the study
by O’Keefe et al. [36]. This seems to reflect differences in
age and food culture among the surveyed population.
Combining the findings of the frequency of recurrent
food-induced anaphylaxis and the proportion of caus-
ative foods in our study, the potential need for EAIs may
be high, especially in children weighing 10 kg or more and
>15 kg with anaphylaxis induced by milk and eggs.

Our study also showed that the prevalence of EAI
among children with recurrent food-induced anaphylax-
is weighing 10 kg or more and <15 kg was only 25%
(14/55). Kilger et al. [37] reported that the prevalence of
EAIs among children with a history of anaphylaxis was
23% (14/61) in a questionnaire-based study conducted in
2011 and pointed out the clinical discrepancy with the
recommendation on the management of anaphylaxis in
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childhood [34]. Although this study was conducted in a
different setting than our study, the prevalence of EAIs
among children with a history of food-induced anaphy-
laxis was similarly low. Diwakar et al. [38] reported that
the prescriptions of EAls are increasing, especially for
children aged 1 year or less in the UK between 2000 and
2012, but the potential demand may still be high. Al-
though the fatalities due to food-induced anaphylaxis are
rare in infants and preschool children, a recent expert
panel consensus recommended they should be prescribed
EAIs because delay in treatment is widely presumed to be
associated with severe reaction and death [1]. Some cost-
effectiveness analyses of EIAs in children with food al-
lergy suggested that the use of EIAs is cost effective in
patients with anaphylaxis unless it is highly expensive
[39]. However, the analysis has not sufficiently focused
on the infancy period, and more detailed examination is
warranted in the future. Underlying the clinical gap be-
tween the recommendation of prescribing the 0.15 mg
EAISs for children who weigh <15 kg and the real-world
prescriptions of EAIs for those patients, the proviso of
contraindications or cautions regarding the use of EAIs
and the potential issues of the needle length of EAIs and
the amount of epinephrine persist. Our findings indicate
the potential demand for appropriate EAIs for children
weighing <15 kg. In our study, 9 patients weighing <15 kg
who were administered the 0.15-mg EAI (Epipen Jr) had
no obvious complications and showed effective therapeu-
tic responsiveness. However, as stated in the study by
Dreborg et al. [12], clinicians should be aware that cur-
rently available EAIs are not appropriate for all patients.
Auvi-Q 0.1-mg® HPEAI is intended for use in small chil-
dren, weighing 7.5-15 kg, to avoid periosteal or intraos-
seous injection of epinephrine. However, there is a high
risk of subcutaneous injection, as indicated in a study us-
ing ultrasound for measuring the distance from the skin
to the muscle and bone [12]. Dreborg et al. [10] proposed
that the only proper solution is to perform ultrasound
determination of skin-to-bone distance and skin-to-mus-
cle distance every time an EAI is prescribed.

Our study has some limitations. First, our study was
conducted in a single tertiary-care pediatric hospital in
Japan. There may be a sampling bias wherein patients
with severe anaphylaxis were sampled. In addition, the
proportion of causative foods for food-induced anaphy-
laxis may be influenced by the Japanese food culture. Sec-
ond, the information relies entirely on the accuracy of
clinical records. In addition, although specific IgE tests or
skin prick tests are usually required for the diagnosis of
food allergy, we were not able to present such data since
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this was a retrospective study of children who visited our
ED. Third, the analysis was limited to patients with food-
induced anaphylaxis to maintain population uniformity.
Anaphylaxis caused by non-food causes has not yet been
analyzed. In the future, we will prospectively collect clin-
ical information on children with anaphylaxis weighing
<15 kg and 15 kg or more. This may provide more accu-
rate clinical information for children weighing <15 kg,
which may contribute to the development of more appro-
priate EAI and the dissemination of 0.1 mg EAIs.

Conclusions

We determined the incidence, recurrence, and clinical
characteristics of food-induced anaphylaxis in children
weighing <15 kg in a pediatric ED setting. We also found
that children weighing <15 kg with food-induced ana-
phylaxis had similar severity and had a low proportion of
EALI prescriptions compared to those weighing 15 kg or
more. Taken together, our results suggest a potential need
for the development of EAIs that are suitable for children
who weigh <15 kg, especially children weighing between
10 kg and 15 kg, i.e., an EAI delivered with a 0.1-mg dose
and an appropriate needle length. Additionally, further
studies are warranted to characterize and to validate the
diagnosis and treatment of anaphylaxis in children weigh-
ing <15 kg.
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