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Abstract
Introduction: Anaphylaxis is a severe, potentially fatal sys-
temic hypersensitivity reaction with an acute onset. Etiolo-
gy, clinical presentation, risk factors, comorbidities of pedi-
atric anaphylaxis may vary depending on the age of the 
child. Objective: The aim of this study was to investigate the 
etiology, clinical features, management of anaphylaxis in in-
fants, preschoolers, school-age children, and adolescents. 
Methods: The patients presenting with anaphylaxis be-
tween January 2015 and December 2018 in a single pediatric 
tertiary hospital were evaluated retrospectively. Demo-
graphic data, the triggers, sign-symptoms, severity, and the 
management of anaphylaxis were recorded. Results: 239 pa-
tients were included in the study, 62.3% of whom were boys. 
The median age was 6.7 (IQR 2.33–12.83) years. 23.8% of the 
patients were infants, 15.5% were preschoolers, 33.5% were 

school-age children, and 27.2% were adolescents. Anaphy-
laxis mostly occurred at home. The most common causative 
agents were foods (39.3%), drugs (30.1%), and venoms 
(15.9%) of all cases. Main food allergens were cow’s milk and 
hen’s eggs in infants, cow’s milk and tree nuts in preschool-
ers, and tree nuts and legumes in school-age children. Cases 
of drug-induced anaphylaxis (DIA) were recorded mostly 
with antibiotics (40.3%), followed by NSAIDs (23.6%). The 
primary trigger of anaphylaxis was foods in infants and pre-
schoolers and drugs in school-age children and adolescents. 
There was no difference between age groups in terms of the 
system involved and severity. Severe anaphylaxis was more 
common with DIA. Adrenaline was used in 69.8% of all cases 
with no significant difference between age groups. Conclu-
sion: Etiology and symptoms of anaphylaxis may differ be-
tween age groups. Raising awareness, educating patients 
and their parents on anaphylaxis and its management is es-
sential. © 2022 S. Karger AG, Basel

Edited by: H.-U. Simon, Bern.
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Introduction

Anaphylaxis is defined as a severe, potentially fatal 
generalized or systemic hypersensitivity reaction with an 
acute onset [1]. Pediatric anaphylaxis differs from adult 
anaphylaxis with regard to etiology, clinical presentation, 
risk factors, and comorbidities. These features may also 
vary depending on the age of the child [2]. In infants, it is 
not always easy to notice the symptoms of anaphylaxis as 
they cannot express themselves verbally and some symp-
toms of anaphylaxis can overlap with certain normal in-
fant behaviors [3]. On the other hand, adolescence is a 
transition period during which the child goes through 
major physical, psychological, social, and cognitive 
changes in terms of independence [4]. Since risk-taking 
behaviors increase during this period, adolescent anaphy-
laxis should also be evaluated separately from anaphy-
laxis seen in other age groups.

Studies examining childhood anaphylaxis by age 
groups are limited. The aim of this study was to evaluate 
the etiology, signs, symptoms, severity, and management 
of pediatric anaphylaxis cases presenting to a pediatric 
tertiary hospital according to age groups.

Methods

Study Design and Data Collection
Medical records of the pediatric patients who were diagnosed 

with anaphylaxis in a single pediatric tertiary hospital between Jan-
uary 2015 and December 2018 were reviewed retrospectively. Pa-
tients with anaphylaxis who were evaluated by the pediatric aller-
gists and immunologists were included in the study.

Demographic data, the triggers of anaphylaxis, detailed infor-
mation on the signs and symptoms as well as system(s) involved, 
severity of anaphylaxis, requirement for hospitalization at the pe-
diatric intensive care unit (PICU), the management of anaphy-
laxis, laboratory data, diagnostic allergy work-up to confirm trig-
gers, and comorbidities were recorded. The institutional ethics 
committee approved the study protocol (E1-20-388).

Definition of Anaphylaxis
The diagnosis of anaphylaxis and severity classification was 

based on the criteria recommended by the European Academy of 
Allergy and Clinical Immunology Taskforce for the management 
of anaphylaxis in childhood [5].

Age Groups
The patients were divided into 4 groups according to their age 

at the time of anaphylaxis: 0–2 years (infants), 3–5 years (pre-
schoolers), 6–12 years (school-age children), and over 12 years of 
age (adolescents).

Tests Used to Confirm Triggers in Anaphylaxis
Skin prick tests (SPTs) and/or serum-specific IgE results con-

firming the trigger(s) of anaphylaxis were recorded if available. 
SPTs were considered positive when the diameter of the wheal was 
>3 mm greater than the negative control, with surrounding ery-
thema appearing within 20 min. Specific IgE levels were measured 
by UniCAP (up to April 2015) and IMMULITE (after April 2015) 
techniques. Written informed consent was obtained from parents 
prior to all procedures. When a proven causative agent could not 
be identified, the reactions were labeled as idiopathic anaphylaxis.

Statistical Analysis
Statistical analyses were performed using the SPSS Statistics for 

Windows, version 25.0 (IBM Corporation, Armonk, NY, USA). 
Categorical variables were expressed as percentages. Continuous 
variables showing a normal distribution were presented as mean 
and standard deviation, and those with a non-normal distribution 
were summarized as median and interquartile range. Differences 
among the groups were compared using the Student’s t test, Mann-
Whitney U test, or χ2 test, as appropriate. Logistic regression anal-
yses were done to determine the risk factors for severe anaphy-
laxis. Variables with a p value of <0.2 in the univariate analysis were 
included in the multivariate logistic regression models. A back-
ward elimination (likelihood ratio) modeling strategy was used. 
The odds ratios, and their associated 95% confidence intervals, 
were presented for the effect size of each of the risk factors. A p 
value of <0.05 was considered statistically significant.

Results

Between January 2015 and December 2018, 239 pa-
tients were diagnosed with anaphylaxis. The median age 
of the study population was 6.7 (IQR 2.33–12.83) years, 
of whom 62.3% were boys. 23.8% (n = 57) of anaphylaxis 
cases observed in infants. Thirty-seven (15.5%) of the pa-
tients were preschoolers, 80 (33.5%) were school-age chil-
dren, 65 (27.2%) were adolescents. Anaphylaxis occurred 
at home in 55.2% (n = 132) patients, 25.5% (n = 61) in 
hospital, 17.6% (n = 42) during outdoor activities, and 
1.7% (n = 4) at school.

The most common causative agents of anaphylaxis 
were foods (n = 94, 39.3%), drugs (n = 72, 30.1%), and 
venoms (n = 38, 15.9%). Other triggers were blood prod-
ucts (n = 10), horse hair (n = 2), vaccination, latex, and 
cold (n = 1, each). Idiopathic anaphylaxis was recorded in 
twenty (8.4%) patients.

When anaphylaxis cases which occurred in hospital 
and out of hospital were analyzed separately, foods 
(52.8%), venoms (21.3%), and drugs (12.9%) were identi-
fied as the most common causative agents for anaphy-
laxis developing out of hospital. There was no difference 
between the 2 groups in terms of median age and sex (Ta-
ble 1).
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Main food allergens were cow’s milk (CM), tree nuts, 
hen’s eggs, and legumes (39.4%, 16%, 14.9%, and 12.8%, 
respectively). Drug-induced anaphylaxis (DIA) was re-
corded mostly with antibiotics, followed by NSAIDs and 
chemotherapy drugs (40.3%, 23.6%, and 19.4%, respec-
tively). DIA occurred most commonly by intravenous ad-
ministration of drugs (n = 38, 52.8%). 68.1% of DIA oc-
curred in the hospital setting. DIA in outpatients (n = 23) 
recorded mostly with NSAIDs (65.2%) and beta-lactam 
antibiotics (21.7%).

Triggers of Anaphylaxis by Age Groups
Infants
Foods were the most common causative agents (n = 45, 

78.9%) in infants. Anaphylaxis was mostly triggered by 
CM (n = 24, 53.3%) and hen’s eggs (n = 10, 22.2%), fol-
lowed by legumes (n = 5, 11.1%) and tree nuts (n = 4, 
8.9%).

Preschoolers
Foods (n = 17, 45.9%) were also the most common 

triggers in preschoolers, followed by drugs (n = 11, 29.7%). 
The primary culprit food allergen was CM (n = 9). DIA 
was caused mostly during intravenous infusion of che-

motherapy drugs. Causative antibiotics were beta-lac-
tams.

School-Age Children
In school-age children, drugs (n = 27, 33.8%) account-

ed for the majority of anaphylaxis cases, followed by ven-
oms (n = 22, 27.5%) and foods (n = 21, 26.3%). The most 
common causative drugs were beta-lactam antibiotics (n 
= 13, 48.1%); anaphylaxis was triggered by ceftriaxone in 
7 patients and cefdinir and cefepime in 1 patient each. 
Tree nuts and legumes were the most common causative 
foods (23.8%, each).

Adolescents
Drugs (n = 26, 40%) were the most frequent triggers in 

adolescents. DIA cases were mostly caused by NSAIDs (n 
= 11, 42.3%). Thirteen patients had idiopathic anaphy-
laxis. The other causative agents were venoms (n = 13) 
and foods (n = 11).

General characteristics of the study population, trig-
gers of anaphylaxis are presented in Table 1. Detailed trig-
gers of food-induced anaphylaxis (FIA) and DIA by age 
groups are summarized in Table 2.

Table 1. General information on the study sample

All patients 
(n = 239) (%)

Anaphylaxis out of 
hospital 
(n = 178) (%)

Anaphylaxis in 
hospital 
(n = 61) (%)

p value*

Male sex 149 (62.3) 116 (65.2) 33 (54.1) 0.124
Median age at anaphylaxis, year, IQR 6.7, IQR 2.33–12.83 7.21, IQR 1.91–13 6.09, IQR 2.36–11.67 0.428

Age groups
Infants 57 (23.8) 46 (25.8) 11 (18)
Preschoolers 37 (15.5) 21 (11.8) 16 (26.2)
School-age children 80 (33.5) 59 (33.2) 21 (34.5)
Adolescents 65 (27.2) 52 (29.2) 13 (21.3)

Trigger
Food 94 (39.3) 94 (52.8) –
Drug 72 (30.1) 23 (12.9) 49 (80.3)
Venom 38 (15.9) 38 (21.3) –
Idiopathic 20 (8.4) 20 (11.2) –
Blood products 10 (4.2) – 10 (16.4)
Other 5 (2.1) 3 (1.7) 2 (3.3)

Severity of anaphylaxis
Mild 36 (15.1) 31 (17.4) 5 (8.2)

0.000Moderate 151 (63.2) 122 (68.5) 29 (47.5)
Severe 52 (21.7) 25 (14) 27 (44.3)

* Statistical analyses were performed between outpatients and inpatients.
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Table 2. Detailed triggers of anaphylaxis by age groups

All, 
n (%)

Infants, 
n (%)

Preschoolers, 
n (%)

School-age 
children, n (%)

Adolescents, 
n (%)

Food anaphylaxis n = 94 n = 45 n = 17 n = 21 n = 11
CM 37 (39.4) 24 (53.3) 9 (52.9) 4 (19) –
Hen’s eggs 14 (14.9) 10 (22.2) 1 (5.9) 2 (9.5) 1 (9.1)
Tree nuts 16 (17) 4 (8.9) 4 (23.5) 5 (23.8) 3 (27.3)

Walnut 3 2 – 1 –
Hazelnut 6 1 1 1 3
Pistachio 4 1 2 1 –
Almond 2 – 1 1 –
Cashew 1 – – 1 –

Legumes 12 (12.8) 5 (11.1) 1 (5.9) 5 (23.8) 1 (9.1)
Lentil 10 4 1 4 1
Chickpea 1 1 – – –
Haricot bean 1 – – 1 –

Fish 3 (3.2) – 1 (5.9) 2 (9.5) –
Fruit 4 (4.3) – 1 (5.9) 1 (4.8) 2 (18.2)

Peach 2 – 1 – 1
Kiwi 1 – – – 1
Banana 1 – – 1 –

Potato 3 (3.2) 2 (4.4) – – 1 (9.1)
Seeds (hashish) 1 (1.1) – – 1 (4.8) –
Sumac 1 (1.1) – – 1 (4.8) –
Red pepper 1 (1.1) – – – 1 (9.1)
Mushroom 1 (1.1) – – – 1 (9.1)
Corn 1 (1.1) – – – 1 (9.1)

Drug anaphylaxis n = 72 n = 8 n = 11 n = 27 n = 26
Antibiotics 29 (40.3) 4 (50) 3 (27.3) 14 (51.9) 8 (30.8)

Penicillins 7 – 1 4 2
Cephalosporins 16 2 2 9 3
Meropenem 1 – – – 1
TMP-SMX 2 1 – – 1
Vancomycin 1 1 – – –
Azitromycin 1 – – 1 –
Metronidazole 1 – – – 1

NSAIDs 17 (23.6) – 1 (9.1) 5 (18.5) 11 (42.3)
Ibuprofen 4 – – 3 1
Flurbiprofen 2 – – – 2
Dexketoprofen 2 – – – 2
Paracetamol 5 – 1 1 3
ASA 4 – – 1 3

Chemotherapy drugs 14 (19.4) 1 (12.5) 5 (45.5) 5 (18.5) 3 (11.5)
Asparaginase 12 1 3 5 3
Etoposide 2 – 2 – –

Enzyme repl. drugs 4 (5.6) 2 (12.5) 1 (9.1) 1 (3.7) –
Sebelipase alfa 1 1 – – –
Alglucosidase alfa 2 1 1 – –
Elsulfonase 1 – – 1 –

Octreotide 1 (1.4) 1 (12.5) – – –
Cyclosporine 1 (1.4) – 1 (9.1) – –
Steroid 1 (1.4) – – 1 (3.7) –
Monoclonal ab (rituximab) 1 (1.4) – – 1 (3.7) –
Proton pump inh 1 (1.4) – – – 1 (3.8)
H2 res antagonist 1 (1.4) – – – 1 (3.8)
Parenteral iron 1 (1.4) – – – 1 (3.8)
Local anesthetic 1 (1.4) – – – 1 (3.8)
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FIA:food induced anaphylaxis DIA: drug induced anaphylaxis

Severity of anaphylaxis in all ages 
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Severity of anaphylaxis in school-age children
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Fig. 1. a Severity of infant anaphylaxis. b Severity of anaphylaxis in preschoolers. c Severity of anaphylaxis in 
school-age children. d Severity of adolescent anaphylaxis. e Severity of anaphylaxis in all ages.
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Severity of Anaphylaxis
Of the anaphylaxis cases, 36 (15.1%) were classified as 

mild, 151 (63.1%) as moderate, and 52 (21.8%) as severe. 
There was no significant sex-related difference among the 
severity groups (p = 0.228). The severity groups were clas-
sified as mild-to-moderate and severe, and age groups 
were categorized as infants and older age groups to allow 
for better statistical analysis. The severity of FIA was not 
significantly different among infants and older age groups 
(p = 0.628), but severe DIA was significantly more preva-
lent in the infant group (p = 0.001). Anaphylaxis severity 
by age groups and triggers are shown in Figure 1.

The frequency of severe anaphylaxis was significantly 
higher in the DIA cases compared to cases triggered by 
foods (p = 0.000). Venom-induced anaphylaxis cases 
were more severe than FIA cases (p = 0.032). However, 
there was no significant difference in terms of severity 
between cases triggered by venoms and DIA (p = 0.364). 
Of the severe anaphylaxis cases, 44.3% occurred in the 
hospital, 12.1% at home, 21.4% during outdoor activity.

In univariate logistic regression analysis, younger age, 
intravenous exposure to causative agent, having allergic 
rhinitis (AR) and having a chronic disease (CD) were 
identified as significant risk factors and in multivariate 
logistic regression analysis, intravenous exposure to caus-
ative agent was the only significant risk factor for severe 
anaphylaxis (Table 3).

Seventeen patients (7.1%) required PICU monitoring. 
There was no significant difference with regard to mean 
age (p = 0.89), frequencies of asthma (p = 0.28), AR (p = 
0.14), and atopic dermatitis (p = 0.7) between the patients 
who were treated in PICU and those who were not. Co-
morbidities were significantly more prevalent among pa-
tients followed in the PICU (p = 0.02). Causative agents 
were foods (n = 3), drugs (n = 7), venoms (n = 3), blood 

products (n = 3), and vaccination in patients who were 
treated in PICU. Four near-fatal reactions occurred, no 
deaths were recorded. 2.1% (n = 5) of anaphylaxis cases 
were biphasic which was idiopathic in 3 cases and venom 
associated in 2 cases.

Signs and Symptoms
There was no difference between the age groups in 

terms of the system involved (Table 4). System involve-
ment by triggers is shown in Figure 2. Persistent vomit-
ing, sneezing, cough, wheezing, and cyanosis were sig-
nificantly more common in infants than in older age 
groups (p = 0.023, p = 0.009, p = 0.036, p = 0.013, and p = 
0.045, respectively). Irritability was recorded only in in-
fant anaphylaxis. Generalized pruritus, itchy throat, uvu-
lar edema, and dyspnea were significantly more frequent 
in adolescents compared to younger age groups (p = 
0.000, p = 0.017, p = 0.012, p = 0.007 respectively).

153 patients (64%) had 2 system involvements. The 
most common combination was cutaneous and respira-
tory system involvement which was observed in 69.9% of 
patients. Seventy patients (29.3%) had 3 system involve-
ment (systems mostly involved were cutaneous, respira-
tory, and gastrointestinal), 14 patients (5.9%) had 4 sys-
tem involvement, 2 patients had 5 system involvement.

Concomitant Allergic and CDs
Concomitant allergic and CDs are detailed in Table 5. 

Children with FIA had a significantly higher rate of asth-
ma and atopic dermatitis than children with non-FIA (p 
= 0.000). There was no difference in AR frequency be-
tween food and nonfood triggered anaphylaxis cases (p = 
0.201). 40.3% (n = 29) of patients with DIA had comor-
bidities.

Table 3. Risk factors for severe anaphylaxis in childhood

Univariate Analysis Multivariate Analysis

OR 95% CI p value OR 95% CI p value

Male sex 1.04 0.55–1.96 0.89
Young age 1.58 0.8–3.13 0.19
IV exposure 4.02 2.02–8 0.000 3.4 1.96–6.8 0.001
Having asthma 1.47 0.67–3.25 0.34
Having AR 9.36 1.24–70.4 0.03 6.64 0.87–50.7 0.69
Having AD 1.6 0.53–4.87 0.41
Having CD 3.73 1.85–7.52 0.000

AD, atopic dermatitis; AR, allergic rhinitis; CD, chronic disease; IV, intravenous.
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Laboratory Data
Allergy work-up to confirm triggers (SPT and/or spe-

cific IgE) was performed in 71.5% (n = 171) of all cases: 
96.8% of FIA, 86.8% of venom anaphylaxis, and 34.7% of 
DIA. Tryptase values measured at the time of reaction 
were available only for 56 patients. Fourteen patients had 
a tryptase value exceeding the normal range (>11.4 μL). 
Median tryptase value was 7.3 μL (IQR 3.36–11.6) (min: 
1.26 μL to max: 105 μL) (Table 5).

Treatment of Anaphylaxis
Adrenaline was given as first-line treatment in 69.8% 

(n = 157, data available for 225) of the patients and 83.6% 
of the patients who developed an anaphylactic reaction in 
the hospital received adrenaline. There was no significant 
difference between the age groups in terms of adrenaline 
administration (p = 0.504). 55.6% of patients with mild 
anaphylaxis, 66.7% of patients with moderate anaphylax-
is, and 88.2% of patients with severe anaphylaxis received 

Table 4. Signs and symptoms during anaphylaxis

All 
(n = 239) (%)

Infants 
(n = 57) (%)

Preschoolers 
(n = 37) (%)

School-age 
(n = 80) (%)

Adolescents 
(n = 65) (%)

Cutaneous
Urticaria
Angioedema
Rash
Generalized pruritus
Itching of eyes/nose/mouth
Uvular edema

218 (91.2)
160 (66.9)
115 (48.1)
86 (36)
42 (17.6)
17 (7.1)
22 (9.2)

52 (91.2)
46 (80.7)
22 (38.6)
29 (50.9)
3 (5.3)
5 (8.8)
2 (3.5)

30 (81.1)
18 (48.6)
18 (48.6)
10 (27)
3 (8.1)
1 (2.7)
4 (10.8)

74 (92.5)
57 (71.3)
40 (50)
27 (33.8)
15 (18.8)
6 (7.5)
5 (6.3)

62 (95.4)
39 (60)
35 (53.8)
20 (30.8)
21 (32.3)
5 (7.7)
11 (16.9)

Respiratory
Nasal congestion
Rhinorrhea
Sneezing
Throat pruritus
Dyspnea
Cough
Mild wheezing
Moderate wheezing
Hoarseness
Difficulty swallowing
Stridor
Respiratory arrest
Cyanosis
Laryngospasm

190 (79.5)
4 (1.7)
11 (4.6)
13 (5.4)
7 (2.9)
139 (58.2)
41 (17.2)
23 (9.6)
26 (10.9)
9 (3.8)
7 (2.9)
1 (0.4)
3 (1.3)
24 (10)
1 (0.4)

46 (80.7)
1 (1.8)
5 (8.8)
7 (12.3)
–
22 (38.6)
15 (26.3)
11 (19.3)
7 (12.3)
1 (1.8)
2 (3.5)
1 (1.8)
1 (1.8)
10 (17.5)
–

28 (75.7)
–
3 (8.1)
1 (2.7)
–
19 (51.4)
10 (27)
3 (8.1)
5 (13.5)
1 (2.7)
1 (2.7)
–
1 (2.7)
5 (13.5)
1 (2.7)

62 (77.5)
–
1 (1.3)
1 (1.3)
2 (2.6)
51 (63.8)
14 (17.5)
7 (8.8)
7 (8.8)
2 (2.5)
1 (1.3)
–
–
5 (6.3)
–

54 (83.1)
3 (4.6)
2 (3.1)
4 (6.2)
5 (7.7)
47 (72.3)
2 (3.1)
2 (3.1)
7 (10.8)
5 (7.7)
3 (4.6)
–
1 (1.5)
5 (7.7)
–

Gastrointestinal 
Nausea and vomiting
Abdominal pain 
Recurrent vomiting
Diarrhea

95 (39.7)
78 (32.6)
25 (10.5)
9 (3.8)
7 (2.9)

22 (61.4)
21 (36.8)
1 (1.8)
5 (8.8)
1 (1.8)

16 (56.8)
13 (35.1)
4 (10.8)
–
2 (5.4)

33 (58.8)
25 (31.3)
13 (16.3)
2 (2.5)
4 (5)

24 (63.1)
19 (29.2)
7 (10.8)
2 (3.1)
–

Cardiovascular 
Tachycardia
Hypotension/collapse
Dysrhythmia
Bradycardia
Cardiac arrest

38 (15.9)
14 (5.9)
27 (11.3)
1 (0.4)
5 (2.1)
3 (1.3)

10 (17.5)
5 (8.8)
5 (8.8)
–
–
1 (1.8)

5 (13.5)
2 (5.4)
3 (8.1)
1 (2.7)
1 (2.7)
2 (5.4)

12 (15)
4 (5)
10 (12.5)
–
2 (2.5)
–

11 (16.9)
3 (4.6)
9 (13.8)
–
2 (3.1)
–

Neurological
Change in activity level
Irritability
Altered consciousness
Convulsion
Dizziness
Fear of death

41 (17.2)
14 (5.9)
3 (1.3)
16 (6.7)
2 (0.8)
5 (2.1)
2 (0.8)

9 (15.8)
4 (7)
3 (5.2)
3 (5.2)
1 (1.8)
–
–

9 (24.3)
6 (16.2)
–
3 (8.1)
–
–
–

12 (15)
1 (1.3)
–
5 (6.3)
1 (1.3)
3 (3.8)
2 (2.5)

11 (16.9)
3 (4.6)
–
5 (7.7)
–
2 (3.1)
–
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Table 5. Concomitant diseases, laboratory data, and treatment of anaphylaxis by age groups

All, 
n (%)

Infant, 
n (%)

Preschoolers, 
n (%)

School-age 
children, n (%)

Adolescents, 
n (%)

Concomitant allergic diseases
Asthma/recurrent wheezing
AD
AR
Chronic urticaria

90 (37.7)
53 (22.2)
26 (10.9)
30 (12.6)
1 (4.2)

27 (47.4)
12 (27)
19 (33.3)
–
–

13 (35.1)
10 (23.8)
3 (8.1)
4 (10.8)
–

28 (35)
19 (18.5)
4 (5)
13 (16.3)
–

22 (35.5)
12 (22.2)
–
13 (20)
1 (1.5)

Concomitant CD
Hematologic-oncologic disease
Immune deficiency disease
Metabolic disease
Neurological disease
Nephrological disease 
Hypercholesterolemia
Protein losing enteropathy

43 (18)
22 (9.2)
7 (2.9)
4 (1.7)
4 (1.7)
4 (1.7)
1 (0.4)
1 (0.4)

9 (15.8)
2 (3.5)
3 (5.3)
2 (3.5)
1 (1.8)
–
–
1 (1.8)

13 (35.1)
10 (27)
1 (2.7)
1 (2.7)
1 (2.7)
–
–
–

11 (13.8)
7 (8.8)
1 (1.3)
1 (1.3)
–
1 (1.3)
1 (1.3)
–

10 (15.4)
3 (4.6)
2 (3.1)
–
2 (3.1)
3 (4.6)
–
–

Laboratory
Median eosinophil count (IQR)
Median eosinophil % (IQR)
Median IgE (IQR)
Tryptase (IQR)

200 (100–400)
1.95 (0.73–4.48)
143.5 (28.8–407.8)
7.3 μL (IQR 3.36–11.6)

350 (200–725)
3.95 (1.8–6.25)
69.1 (19.3–409.3)
7.9 μL (IQR 4.7–11.1)

200 (0–500)
3.32 (1.2–4)
305 (138.3–1,292)
4.8 μL (IQR 2.8–8.1)

200 (0–300)
1.8 (0.6–4.5)
144 (39–429.5)
7.8 μL (IQR 2.9–13.8)

100 (0–200)
1 (0.2–1.98)
119 (50.2–235.8)
10.2 μL (IQR 3.2–12.3)

Treatment (data available in 225)
Adrenaline
Steroid
H1 antihistamines
Fluid replacement therapy
β2 mimetics
Oxygen
Cardiopulmonary resuscitation

157/225 (69.8)
157/225 (69.8)
151/225 (67.1)
22/225 (9.8)
15/225 (6.7)
12/225 (5.3)
4/225 (1.7)

32/51 (62.7)
37/51 (72.5)
35/51 (68.6)
6/51 (11.8)
2/51 (3.9)
2/51 (3.9)
1/51 (1.9)

25/35 (71.4)
23/35 (65.7)
23/35 (65.7)
2/35 (5.7)
3/35 (8.6)
3/35 (8.6)
2/35 (5.7)

53/77 (68.8)
52/77 (67.5)
53/77 (68.8)
9/77 (11.7)
3/77 (3.9)
4/77 (5.2)
1/77 (1.3)

47/62 (75.8)
42/62 (67.7)
45/62 (72.6)
5/62 (8.1)
7/62 (11.3)
3/62 (4.8)
–

AD, atopic dermatitis; AR, allergic rhinitis; CD, chronic disease
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Fig. 2. System involvement by triggers.
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adrenaline as first-line treatment. Adrenaline adminis-
tration was significantly more common in the severe ana-
phylaxis group (p = 0.002). Other drugs and supportive 
measures used during anaphylactic reactions are summa-
rized in Table 5.

Discussion

In this study, we evaluated anaphylaxis cases accord-
ing to age groups in a large pediatric tertiary hospital over 
a period of 4 years. Foods were the most common cause 
of anaphylaxis in younger age groups; drugs were the 
most common offenders in older age groups. The fre-
quencies of persistent vomiting, sneezing, cough, wheez-
ing, and cyanosis were significantly higher in infants 
whereas uvular edema, itchy throat, and dyspnea were 
more prevalent in adolescents. The severity of anaphy-
laxis was not different among age groups but severe ana-
phylaxis was more common with DIA. Adrenaline was 
used in 69.8% of all anaphylaxis cases with no significant 
difference among age groups.

Vezir et al. [6] reported the frequency of anaphylactic 
triggers (in descending order) as venoms, foods, drugs in 
their study which was conducted at the same institution 
between 2010 and 2012. The most common triggers were 
foods, followed by drugs and venoms in the current study. 
However, when the triggers were analyzed according to 
age groups, foods were the most common culprit agents 
in the infants and preschool children, while drugs were 
the primary trigger in the school-age children and adoles-
cents.

Although there are studies reporting foods as the main 
trigger of anaphylaxis in all age groups [7, 8], in a Latin 
American study, foods were the main triggers until 12 
years of age and drugs were the most frequent culprit 
agents in adolescents [9]. Foods were the main triggers in 
all age groups in the European Anaphylaxis Registry, but 
it was underscored that there was a continuous shift from 
food to venom and DIA up to the age of 10 [10].

In the present study, the most common food allergens 
were CM and hen’s eggs in infants, CM and tree nuts in 
preschoolers, and tree nuts and legumes in school-age 
children. In the studies from the USA, tree nuts and pea-
nuts were reported to be the key triggers of FIA [7, 11]. In 
the European Anaphylaxis Registry, peanut was the most 
common trigger in all age groups, but it was stated that 
CM and hen’s eggs were primarily responsible for ana-
phylactic reactions in infants and tree nuts in preschool-
ers [10]. In a Turkish study, Kahveci et al. [12] reported 

that the main food allergens responsible for anaphylaxis 
were CM in infants and tree nuts among toddlers and 
preschoolers. It is noteworthy that there was no case of 
peanut anaphylaxis in our study. This may be explained 
by the nutritional habits of our country which is located 
in the Eastern Mediterranean region, where peanut con-
sumption is not as common as in western countries.

In former studies on anaphylaxis in children, the DIA 
prevalence varied widely from 5% to 33% of all cases [6, 
7, 9, 10, 13–15]. In the current study, drugs were the most 
common causative agents in school-age children and ad-
olescents and accounted for 30% of anaphylaxis cases. 
Antibiotics, especially beta-lactams, have been reported 
as the primary trigger of DIA in several pediatric studies 
[6–8, 16, 17]. On the other hand, NSAIDs were found to 
be the most frequent culprit drugs in a Latin American 
study [9], and ibuprofen was reported as the primary 
cause of DIA in a Singapore study [13]. The majority of 
DIA cases were attributed to antibiotics, most commonly 
with cephalosporins in our study but in adolescents, DIA 
occurred mostly with NSAIDs.

Presentation of infant anaphylaxis may differ from 
that observed in older children who are able to verbalize 
their symptoms and certain anaphylaxis symptoms may 
be considered as part of normal infant behavior. There-
fore, a high index of suspicion is required for the recogni-
tion of infant anaphylaxis [3]. Hoarseness, drooling, hy-
potonia, faintness, continuous crying, irritability, persis-
tent vomiting, and somnolence were reported as 
nonspecific symptoms for infant anaphylaxis in previous 
reports from our country [18, 19]. Pouessel et al. [20] re-
ported that, in addition to hives and neurologic symp-
toms, hypotension was more common in infants with FIA 
than preschoolers. In the present study, persistent vomit-
ing, sneezing, cough, wheezing, and cyanosis were sig-
nificantly common among infants and irritability was re-
ported only in infants.

In the European Anaphylaxis Registry cohort, 6% of 
patients were treated in PICU [10]. Hoffer et al. [21] re-
ported that 7.6% of hospitalized pediatric patients with 
anaphylaxis required intensive care. In our study, 7.1% of 
all patients were treated at PICU, 41.2% of whom were 
DIA cases. On the other hand, peanut was identified as 
the most common trigger of anaphylaxis among children 
who were admitted to PICU in North America and Mex-
ico [22].

Underuse of adrenaline in anaphylaxis treatment has 
been reported in several pediatric studies [6, 23–25]. Al-
though it has been reported that the use of adrenaline in 
anaphylaxis has increased gradually over the years, it is 
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