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The objective of the review is to present recent updates on anaphylaxis in paediatric population worldwide.
The article summarizes the results of epidemiological studies, diagnostic methods and treatments. We present a new
WAOQ definition of anaphylaxis (2019), which broader criteria excluding dermal symptoms should facilitate faster life-
saving adrenaline use. Adrenaline remains the best treatment to manage severe symptoms and to prevent biphasic
reactions. There is ongoing effort to increase adrenaline use, such as modified autoinjectors, individual training,
and diversified dosing. There are five independent risk factors of lethal anaphylaxis in children, including history of
asthma, almost immediate onset of symptoms, unwell appearance, tachycardia and hypotension. We also report
improvements in diagnostics, like component-resolved diagnostics, and novel therapies stimulating immunotoler-
ance. We signal the development of ICD-11 with updated coding of anaphylaxis, which corresponds better to clinical

observations.
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Introduction

The goal of our work is to present a traditional review
of recent publications on anaphylaxis in children, with
a particular emphasis on changes in the newest recom-
mendations on its diagnosis, novel diagnostic methods,
verification of adrenaline-based standard treatment,
and upcoming advances in prevention approaches.
The reviewed and summarized information is to provide
an update of practical guidelines for the medical person-
nel to improve the care of paediatric patients.

Definition and diagnosis

Anaphylaxis is the most severe form of an allergic
reaction. Its diagnosis is purely clinical. The characteristic
symptoms, which affect dermal, respiratory, cardiovas-
cular or gastrointestinal systems, develop from minutes
to a few hours after exposure to a known or potential
trigger. There were several published anaphylaxis defini-
tions [1-5], which share a common denominator of ana-
phylaxis life-threatening potential. The clinical criteria
of anaphylaxis were first proposed at the second NIAID/
FAAN Symposium in 2005 [1] (Table 1). Subsequently they
were adopted by WAO [5] and EAACI [6] and have been
used since then. They identify anaphylaxis with 95% sen-
sitivity (95% Cl: 85-99), but only 71% specificity (95% Cl:

61-79), the positive predictive value equals 64% (95% Cl:
53-73), while the negative predictive value equals 96%
(95% Cl: 89-99) [7]. Usefulness of the above criteria
was the topic of a decade-long debate regarding their
role in correct diagnosis and proper use of adrenaline.
Therefore, the WAO Anaphylaxis Committee proposed
a revised definition and clinical criteria of anaphylaxis
in 2019 [8]. Accordingly, anaphylaxis is recognized as
a serious systemic hypersensitivity reaction with usu-
ally rapid onset and potentially life-threatening com-
promise of breathing and/or the circulation, which may
occur without typical skin features. New clinical criteria
without previously obligatory dermal symptoms appear
to facilitate the diagnosis of anaphylaxis and expedite
introduction of adequate intervention. Currently there
are two scenarios of anaphylaxis, which may present as
1) typical dermal features AND other significant symp-
toms from at least one other system OR 2) disorders of
the respiratory system and/or cardiovascular system fol-
lowing exposure to a known or potential allergen (Table 1).
The revised definition of anaphylaxis is included in an
updated version (ICD-11) of the International Statistical
Classification of Diseases and Related Health problems
(ICD) of the World Health Organization (WHO) [9], which
will become effective starting 1 January 2022 as indicated
at the WHO webpage (http://www.who.int/classifica-
tions/icd/en/, retrieved 27 December 2020).
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Table 1. Clinical criteria for the diagnosis of anaphylaxis NIAID/FAAN of 2005 and WAO of 2019

Second National Institute of Allergy and Infectious Diseases/Food
Allergy and Anaphylaxis Network (NIAID/FAAN) symposium, 2005
[Sampson JACI, 2006; 391-7]

WAO Anaphylaxis Committee, 2019
[Turner PJ, WAOQ, 2019 :100066.]

One of the three following criteria is fulfilled:

One of the two following 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 hives, itching or flushing,
swollen lips-tongue-uvula)

AND AT LEAST ONE OF THE FOLLOWING

a. Respiratory disorder (e.g. dyspnoea, wheeze, bronchospasm,
stridor, decreased PEF value, hypoxemia)

b. Reduced blood pressure or symptoms of end-organ dysfunction
(hypotonia [collapse], syncope, urinary incontinence)

1. Acute onset of an illness (minutes to several hours)
with involvement of the skin, mucosal tissue or both
(e.g. generalized hives, itching or flushing, swollen
lips-tongue- uvula)

AND AT LEAST ONE OF THE FOLLOWING

a. Respiratory disorder (e.g. dyspnoea, wheeze,
bronchospasm, stridor, decreased PEF value, hypoxemia)

b. Reduced blood pressure or symptoms of end-organ
dysfunction (hypotonia [collapse], syncope, urinary
incontinence)

N

. Two or more of the following situations that occur suddenly
after exposure to a likely allergen for that patient (minutes to
several hours):

I

hives, itching or flushing, swollen lips-tongue-uvula)
b. Respiratory disorder (e.g. dyspnoea, wheeze, bronchospasm,
stridor, decreased PEF value, hypoxemia)
. Reduced blood pressure or symptoms of end-organ dysfunction
(hypotonia [collapse], syncope, urinary incontinence)
d. Persistent gastrointestinal symptoms (e.g. crampy abdominal

pain, vomiting

0

. Involvement of the skin, mucosal tissue or both (e.g. generalized

c. Severe gastrointestinal symptoms (e.g. acute crampy
abdominal pain, recurrent vomiting), especially after
exposure to the allergen other than food)

w

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

Q

2. Acute onset of hypotension! or bronchospasm or laryngeal
edema? right after exposure to a known or a highly probable
allergen® for that patient (minutes to several hours*), even
with absence of typical involvement of the skin

1. Low systolic blood pressure — a decrease in systolic blood pressure greater than 30% from that person’s baseline or in infants and children under age of 10:
systolic BP less than (70 mm Hg + [2 x age in years] or in older children or adults — systolic blood pressure less than 90 mm Hg.

2. Laryngeal symptoms comprise: stridor, voice change, odynophagia.

3. Allergen is a substance (usually protein) capable of triggering immunological response, which may lead to an allergic reaction. Most allergens act by route
which IgE is the mediator for, but some non-allergen triggers may act independently of IgE (for instance by a direct mast cell activation).
4. Most allergic reactions occur within 1-2 h from exposure, usually much faster. Reactions can be delayed in case of some food allergens (e.g. alpha-gal) or in

the context of immunotherapy, up to 10 h following exposure.

Epidemiology

The true global extent of anaphylaxis is hard to esti-
mate [10]. In the European population, data have been
mainly based on the European Anaphylaxis Registry
(EAR) since 2014 [11]. The Registry currently contains
14706 cases, including 4256 of children and adolescents
(The Anaphylaxis Registry ANAPHYLAXIE.net, https://
www.anaphylaxie.net/en/#tabs-quote-1552943354-58-1,
retrieved 22 December 2020).

The previous data analyses originating from the EAR
included a study of risk factors of biphasic anaphylaxis
and epinephrine administration [12], phenotype and risk
factors of venom-induced anaphylaxis (VIA) [13], anaphy-
laxis in children and adolescents [14], in the elderly [15],
and a summary of preventive measures to avoid anaphy-
laxis [16]. A systematic review of the literature on the
epidemiology of anaphylaxis in Europe shows the inci-
dence rate between 1.5 and 7.9 in 100,000 person-years,
and the lifetime prevalence of 0.3% (95% Cl: 0.1-0.5) [3].
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The American College of Allergy, Asthma and Immunol-
ogy estimates the general incidence of anaphylaxis in the
USA from 30-60 cases to 950 cases in 100,000 person-
years with lifetime prevalence of 0.05-2.0% [4]. Anaphy-
laxis accounts for up to 0.26% of all hospital admissions
[17]. The death rate remains constant at 0.5% to 1%.
This is in contrast to Australia [18], where the number
of fatal anaphylaxis cases due to all causes rose annually
by 6.2% from 1997 to 2013, mainly because of adverse
food reactions [18]. The latest published data on preva-
lence of anaphylaxis in Poland are based on the National
Health Fund’s records for 2008-2015 and a 2015 ques-
tionnaire-based survey collected from 305 allergists [19].
In 2015, 3144 people received treatment for anaphylactic
shock with an estimated prevalence rate of anaphylaxis
equal to 8.2 per 100,000 with the highest prevalence rate
in women aged 50-54 years (14.5 per 100,000). The most
common causes of anaphylaxis included insect venom
(41.4%), food (29.8%) and drugs (17.4%) [19].
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Epidemiology in children

In children, the combined data from 29 studies indi-
cated the anaphylaxis incidence rate between 1 and 761
per 100,000 person-years. The incidence rates varied in
different continents: 2.3-761 per 100,000 person-years in
Europe, 0.8=70 per 100,000 person-years in North Amer-
ica. Globally, prevalence estimates for anaphylaxis in the
paediatric population ranged from 0.04% to 1.8% [20].

In childhood until the age of 10, anaphylaxis occurs
more often in boys than girls [21], probably because of
the higher incidence of food allergy in the former [22].
In the prepubescent age, the rates of both severity [23]
and fatality [24] are comparable in both genders. Over
13 years of age, there is a gradual increase in the inci-
dence of severe anaphylaxis in males, in particular in
venom [25] or drug-induced anaphylaxis [26].

The majority of the new cases is diagnosed in chil-
dren under the age of 4 [3]. Overall, the highest inci-
dence rate is for the food-induced anaphylaxis (1.4-76.7
per 100,000 person-years with the prevalence estimates
between 0.3 and 1.2% [20]. The hospitalization rate due
to anaphylaxis among infants and toddlers was constant
between 2006 and 2015 in the United States. However,
it increased significantly in the older children (age > 3
< 18 years) [27]. The incidence rate of anaphylaxis induced
by a specific food allergen (peanuts, nuts, fruit, milk,
seafood, eggs) in children was between 0.1 and 9.7 per
100,000 person-years, which was higher than the one for
venom, anaesthesia or serum triggers [20].

Even though the highest rate of food-induced ana-
phylaxis was observed in the youngest age group, the
latest epidemiological data from the United States [28],
[taly [29], and Australia [30] showed an increased number
of hospitalized older children due to food-induced ana-
phylaxis, especially among the 13-17-year-olds. It is es-
pecially worrisome since the estimated risk of morbidity
and mortality due to food-induced anaphylaxis is greater
in the adolescents compared to other age groups [21].

Triggers

Worldwide, the most common triggers of anaphylaxis
are food, drugs and venom, though geographic differenc-
es exist due to nutritional habits typical in the particular
region [31]. In the European paediatric population foods
(66%) predominate, then venoms (19%) and drugs (5%)
as demonstrated by the EAR between 2007 and 2015 [14].

The type of triggers changes with age. Foods are the
most common allergens in children under 6 years, with
milk and hen egg white prevailing in the infants younger
than 2 years. Anaphylactic reactions to hazelnuts and ca-
shews are typical for the pre-school group, while peanuts
trigger anaphylaxis in populations of any age. According to
EAR, venoms (wasps more often than bees) are the lead-
ing cause of anaphylaxis in school-age children and teen-
agers, whereas medications (analgesics and antibiotics)
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result in anaphylaxis mostly in the latter age group [14].
The most common factors that necessitate hospital re-
admissions due to anaphylaxis include food allergens,
such as seeds and tree nuts, age groups of 6-12 and 13-17,
and weekend days [32].

The fatal anaphylaxis in children is most often caused
by drugs, foods and venoms [21, 22, 30]. The common
food triggers include peanuts and tree nuts, which pre-
dominate in the general paediatric population [25], and
cow milk typical for the youngest children [22]. Some
food triggers inducing fatal anaphylaxis are region spe-
cific, such as seafood in Australia [30].

Another difficult issue is idiopathic anaphylaxis (IA)
for which a trigger cannot be identified. It is less com-
mon in children compared to the adult population. The
Network for Online Registration of Anaphylaxis (NORA)
in Europe reports a surprisingly low number of IA cases
(6.5%), but the data collection might have been some-
how affected by the particular profile of that network
highly specialized in allergy diagnosis [11]. Contrary to
NORA results, in the review of 40 paediatric anaphylac-
tic cases treated in an emergency department (ED) in
the United States in the year 2014, 17.5% of cases were
classified as IA [33]. Evaluation of the potential triggers
in idiopathic anaphylaxis has improved due to introduc-
tion of a component-resolved diagnostics of hidden al-
lergens found in food ingredients such as meal flavours
(e.g. celery, mustard, herbs, spices, fenugreek in particu-
lar, legumes — especially lupin), food additives (natural
food colourings such as carmine, or preservative sodium
metabisulphite, which is present in white and rose wine
or light coloured fruit juices), foods eaten for health rea-
sons (quinoa, buckwheat, millet, amaranth) or alpha-gal
substances (delayed reactions after consumption of red
meat) [34]. CRD allows to determine causative agents in
anaphylaxis cases which previously were considered id-
iopathic even in 1/5 of them [35].

Phenotypes

The symptoms of anaphylaxis may vary in different
patients, and even in subsequent episodes in the same
person. Phenotypes of anaphylaxis, similarly to pheno-
types of asthma, may alter according to its trigger. Typi-
cally, food allergy is associated with vomiting, nausea
and gastrointestinal symptoms [36], while allergy to
drugs and insect venom results in hypotension regard-
less of age [13, 37].

A report based on the Beijing Pharmacovigilance
Database (2004-2014) showed that children of 0-5 years
were more likely to develop cyanosis than children of
13-17 years (OR = 5.14, 95% Cl: 1.74-15.20), children of
13-17 years were more likely to develop hypotension than
children of 6-12 years (OR = 11.79, 95% Cl: 2.28-60.87),
and to manifest both neurological symptoms (OR = 3.56,
95% Cl: 1.26-10.08) and severe anaphylaxis com-
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pared to the children of 0-5 years (OR = 15.46, 95% Cl:
1.85-129.33) [38]. The EAR case control study of the VIA
(n = 3,612, including 20% of patients younger than
22 years) and non-VIA (n = 3,605) patients matched for
age and gender demonstrated that hypotension was
a predominant manifestation in any age VIA group when
compared to either other non-VIA triggers or symptoms
of different body systems [13]. There were episodic inci-
dents of drug-induced perioperative anaphylaxis reported
in children, which compromised a total of 29 cases from
the UK, USA and France (average age: 11 years) during
a 10-year period [39]. The severe symptoms occurred in
86% of the group, and 14% developed circulatory failure.
The first symptom was hypotension (59%), then tachy-
cardia and bronchospasm [39].

Another study based on the data from the Paediatric
Research Consortium reported 54 cases of drug-triggered
reactions (incidence 1: 4219) out of 227,833 allergic cas-
es [40]. There were 6 cases consistent with anaphylaxis
diagnosis (incidence 1:37972). The following sedative
and/or analgesic medications showed a significant as-
sociation with development of allergic reactions: mid-
azolam (OR = 2.2; 95% Cl: 1.2-3.9), ketamine (OR = 3.8;
95% Cl: 2.1-7.1), methohexital (OR = 48.8, 95% Cl: 14.9—-
159.9), and morphine (OR = 4.4; 95% Cl: 1.04-18.2) [40].
There were no mortalities. The most recently described
troubling phenomenon is a potential transfer of atopy
and an associated risk of anaphylaxis during transplant
surgeries [41].

Risk factors

There is a number of recent reports on the risk factors
of severe anaphylaxis. A Spanish study defined severe
anaphylaxis as a clinical condition that fulfilled one or
more of the following criteria: administration of two or
more doses of epinephrine, clinically important biphasic
reaction, endotracheal intubation, intensive care unit ad-
mission, and/or death. Out of 453 episodes of anaphy-
laxis, 61 were classified as severe anaphylaxis (13.5%,
95% Cl: 10.6-16.9): 53 patients (11.7%) required more
than one dose of epinephrine, 14 (3.1%) developed clini-
cally important biphasic reactions, there were 2 (0.4%)
intubations in the ED, and 6 (1.3%) admissions to the
intensive care unit, with no fatalities reported. The identi-
fied independent risk factors for severe anaphylaxis in-
cluded history of asthma (OR = 2.70, 95% Cl: 1.43-5.11),
rapid onset of symptoms less than 5 min after the al-
lergen exposure (OR = 2.62, 95% Cl: 1.41-4.87), unwell
appearance (OR = 2.97, 95% Cl: 1.38-6.40), tachycardia
(OR =2.34, 95% Cl: 1.19-4.96), and hypotension (OR =
3.72,95% Cl: 1.09-12.76) [42]. Yet another study did not
confirm the role of asthma in severity of anaphylaxis [43],
defined by a specific clinical presentation or need for
therapy of respiratory failure. The presented multivariate
analyses showed that children with a history of asthma
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were not more likely to have severe anaphylactic reac-
tions (OR = 0.97; 95% Cl: 0.67-1.39) [43].

Biomarkers

Anaphylaxis remains a clinical diagnosis, and bio-
markers have no role in acute management. However, they
are crucial in the specialist allergy evaluation to confirm
the diagnosis and support differential diagnosis. Tryptase
is the most useful one, also in the post-mortem evaluation
[44, 45]. Even though an elevated tryptase level has a high
(93%) positive predictive value, its negative predictive
value is only 17% [46]. It is best to collect a blood sample
1-2 h from the onset of symptoms, and freeze obtained se-
rum until later for further studies [47]. Analysis of tryptase
concentration during anaphylaxis compared to its baseline
level (> 24 h since resolution of the symptoms) is currently
the most recommended and widely available marker of
anaphylaxis. The increased concentration of tryptase that
remains within the reference range (0-11.4 pg/l), but ex-
ceeds the value calculated with the formula (1.2 x baseline
serum tryptase concentration + 2), confirms activation of
the mastocytes during the hypersensitivity reaction [48].

Treatment and prevention

Adrenaline remains the principal and the first-line
treatment recommended intervention in anaphylaxis
[12]. Its rapid and timely administration is critical to ad-
equately manage severe symptoms and to avoid a bi-
phasic reaction [49]. When applied within 30 min from
the onset of the first symptoms, it decreases the risk of
biphasic reaction by 23% [50]. Undiluted solution 1: 1000
(1 mg/ml) of adrenaline is administered intramuscularly
at a dose of 0.01 mg/kg (maximum dose 0.5 mg in adults,
and 0.3 mg in children) in the anterolateral side of the
thigh [1]. Regardless of the site [51], it is recommended
to deliver adrenaline intramuscularly instead of subcu-
taneously since the former resulted in a higher plasma
concentration peak (2136 +351 vs. 1802 +214 pg/ml)
and faster onset of action (8 +2 vs. 34 +14 min) [52].
When needed, adrenaline injections are repeated ev-
ery 51to 15 min usually within initial 2 h following the
first dose [5]. Therefore a 4-hour long observation is
optimal for monitoring children with anaphylaxis [53].
In the medical settings, the first adrenaline dose is fol-
lowed by fast infusion of the intravenous fluids such as
0.9% sodium chloride at 10-20 ml/kg over 10 min in case
of hypotension unresponsive to intramuscular adrena-
line, oxygen supplementation, comfort position of the
child with the lower extremities elevated for effective
cardiac output. The upright position during anaphylaxis
is associated with a greater fatality risk resulting from
the empty right ventricle syndrome [54]. Antihistamines
and glucocorticosteroids (GCS) may be considered in
anaphylaxis management only as the second-line medi-
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cations [55]. The previous studies failed to demonstrate
their ability to prevent biphasic reactions. In fact, the
latest data indicated that systemic GCS in anaphylaxis
might even increase the risk of biphasic reaction in chil-
dren [49]. The antihistamines are justified only as medi-
cations against bothersome symptoms of urticaria and
pruritus. It is crucial that use of either antihistamines or
GCS does not delay adrenaline administration in anaphy-
laxis. In the latest European systematic literature review
of 50 studies that included a total of 18,449 participants,
adrenaline was verified to be the only disease-modifying
intervention in anaphylaxis [56]. Unfortunately, both
medical personnel and parents hesitate to use adrena-
line as the primary intervention in anaphylaxis in children
despite their prior training and data showing a reduced
risk of hospitalization, including the risk of stay in the ICU
after pre-hospital adrenaline injection [57, 58]. Introduc-
tion of new modified autoinjectors might improve the
above statistics because they can facilitate appropriate
adrenaline administration. Similarly, face—to-face train-
ing regardless of its duration may improve knowledge
about management in anaphylaxis. There is also some
beneficial effect of electronic learning modules [59] and
multidisciplinary education programs [60]. Autoinjec-
tors, currently available in Europe include 3 adrenaline
doses: 0.15 mg (EpiPen Junior, Emerade, Altellus, Anapen
Junior), 0.3 mg (EpiPen Senior, Emerade, Altellus, Anapen
Senior) and 0.5 mg (Emerade). In Poland, the following
are available: EpiPen 0.15 and 0.30 mg and a pre-filled
syringe with adrenaline WZF 0.15 mg (registered, but not
yet available in the market) and 0.3 mg. In the USA, in
addition to EpiPen autoinjectors, there are also Adrena-
click and Auvi-Q. In 2020, Auvi-Q was the first one in the
world to introduce a nominal dose of 0.1 mg dedicated
for children with a body weight of 7.5-15 kg [61]. Accord-
ing to EMA and EAACI guidelines, all the patients with
a risk of anaphylaxis are recommended to always have
two packs of adrenaline, especially during the COVID-19
pandemic [62, 63].

The secondary prevention, in addition to prevention
of exposure to the anaphylaxis trigger, includes allergen
immunotherapy (Hymenoptera venom), and desensitiza-
tion to certain medications (acetylsalicylic acid, chemo-
therapeutic agents, monoclonal antibodies, antibiotics,
hormones) according to predefined protocols when indi-
cated for essential therapy [13, 38].

The options of prevention to food-induced anaphy-
laxis were further expanded in January 2020 when the
FDA approved Aimmune’s Palforzia, a peanut allergen in
powder form for oral immunotherapy (OIT). The medica-
tion is indicated for the patients aged 7-14 years with
a clinically confirmed allergy to peanuts. There is a pend-
ing FDA decision regarding Viaskin Peanut for epicutane-
ous immunotherapy for the same indications as above.
The results of phase IlI clinical trials of that medication
are very encouraging [64].
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The way to promote immunotolerance to various
food allergens is their use in thermally processed form,
such as cooking or baking for milk, baking or pasteuri-
zation for eggs [65]. Desensitization in allergy to wheat
flour is carried out with a ready-made commercial formu-
lation [66, 67], while treatment in red meat allergy should
start with 1% diluted boiled beef extract and eventually
cooked beef [68]. There are numerous algorithms to help
with a gradual dose increase of the above products.
Low-dose OIT is to promote tolerance to the amount
that may occur due to accidental food contamination.
It corresponds to 1/32 of hen’s egg, 3 ml of cow’s milk,
50-75 mg of wheat protein and 125-300 mg of peanut
protein, which is safe and useful in the management of
children with food-induced anaphylaxis. The good age to
start OIT would be approximately 5 years [69].

Conclusions

The current epidemiological data, despite apparent
differences in incidence and prevalence, indicate an in-
crease in anaphylaxis cases especially in the developed
countries. The upcoming ICD-11 classification will enable
more accurate reporting of cases and probably improve
the quality of population data. At the same time, sim-
plifying anaphylaxis criteria should facilitate its diagno-
sis in daily practice, hence enable faster administration
of adrenaline, the first-line intervention in anaphylaxis.
Unfortunately, adrenaline is still not used in children as
often as needed by both medical personnel and parents.
Identification of the potential causative factor is now
possible thanks to the modern component-resolved di-
agnostics, which starts to play a major role in the second-
ary prophylaxis. Such prophylaxis is based not only on
the prevention of contacts with the noxious allergen, but
also development of broadly-defined specific immunotol-
erance, which should significantly improve quality of life
of the patient who had recovered from the anaphylactic
shock in the past.
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