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ABSTRACT

Background: Although data on anaphylaxis in the general population exist for different allergens, there is still lack of
detailed etiologic data on drug-induced anaphylaxis (DIA), particularly in children.

Objective: To define the etiology of DIA, to determine the accuracy of drug-related anaphylaxis histories, along with the
severity and culprit drug associations among individuals �18 years old.

Methods: Patients with a history of drug hypersensitivity reaction (DHR) referred to our center between January 2012 and
February 2016 were included. After the collection of European Network for Drug Allergy questionnaire results, initial skin
tests and/or provocation tests were performed for the offending drug.

Results: Among 561 children and adolescents referred due to a suspected DHR, 113 (19%) (median age [interquartile
range], 9.6 years [5.4–13.8 years]; 55% boys) had anaphylaxis in their history. At the end of diagnostic evaluation of the
patients, 84 (74% of the patients with a history of DIA) were actually hypersensitive to the offending drug. Major drugs that
resulted in DIA were antibiotics (33%), nonsteroidal anti-inflammatory drugs (25%), and chemotherapeutics (19%). The
majority of patients reported grade 2 (moderate) (45%) and grade 3 (severe) (33%) anaphylactic reactions. A history of systemic
illness (41.7 versus 7.1%; p � 0.001), concomitant intake of other drugs regularly (36.9 versus 10.3%; p � 0.007), and the
use of chemotherapeutics as the culprit drug (19 versus 0%; p � 0.011) were more frequent, whereas the use of antibiotics was
less frequent (34.5 versus 75.9%; p � 0.001) among patients with actual DIA compared to drug tolerant patients.

Conclusion: Three-fourths of the children and adolescents referred due to a suspected history of DIA were found to actually
be drug hypersensitive. Prediagnosed systemic illness and different types of drugs would have an impact on the risk of DIA;
however, atopic disease or a family history of drug hypersensitivity did not have an impact on actual DIA.

(Allergy Asthma Proc 38:e56–e63, 2017; doi: 10.2500/aap.2017.38.4064)

Drug hypersensitivity reactions (DHR) occur as a
consequence of an unpredictable and unex-

pected response to a drug, and DHRs constitute 15%
of all adverse drug reactions.1 An accurate diagnosis
of DHRs is required to prevent suboptimal treat-
ment of the individual.2 During the past few years,
analysis of the cumulative epidemiologic data on the
definitive diagnosis of drug hypersensitivity for chil-
dren and adolescents indicates that children display
similar rates of actual drug hypersensitivity com-
pared with adults when suspected hypersensitivity
reactions were evaluated through objective diagnos-
tic tests.3,4 As an example, in a study by Rubio et al.,5

15.7% of adults with a history of nonsteroidal anti-
inflammatory drug (NSAID) induced hypersensitiv-

ity reactions were diagnosed as actually hypersensi-
tive, whereas 18.5% of children with a history of
NSAID-induced hypersensitivity reactions were di-
agnosed as actually hypersensitive.5

Anaphylaxis is a series of life-threatening systemic
hypersensitivity reactions on exposure to various types
of allergens as well as drugs.6 The European Anaphy-
laxis Registry reported that the rate of drug-induced
anaphylaxis (DIA) increased during the first 10 years of
life and remained stable after the age of 10 years. Drugs
were the third most frequent elicitors of anaphylaxis
after foods and insect venoms in the pediatric age
group.4 Despite the availability of some etiologic data
on anaphylaxis in the general population,4,7,8 etiologic
studies that focused on DIA in the pediatric age range
are still insufficient. As an example, the study by the
Allergy Vigilance Network evaluated a large group of
patients with severe anaphylaxis through predomi-
nantly diagnostic tests; however, children and adoles-
cents constituted only a minor fraction as 10% of the
study participants.9 There also was a lack of specific
information on the incidence of anaphylaxis with the
culprit drug associations. Therefore, in this study, we
aimed to define the etiology of DIA, the accuracy of
drug-related anaphylaxis histories, and the severity of
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DIA, along with the culprit drug associations among
individuals �18 years old.

METHODS

Patients
Between January 2012 and February 2016, all chil-

dren and adolescents who were referred to the Depart-
ment of Pediatric Allergy, Hacettepe University Ihsan
Dogramaci Childrens’ Hospital, due to a suspected
DIA history were included in this study. Demographic
features and a medical history of the patients were
recorded, and a European Network for Drug Allergy
questionnaire, including details of DHR was filled out
for each participant.10 Suspected DIA, determined ac-
cording to the guidelines of the World Allergy Orga-
nization,11 was defined as the occurrence of at least two
of the following clinical conditions immediately after
exposure to a drug: (1) skin or mucosal signs and
symptoms (urticaria, angioedema, itch and/or flush),
(2) respiratory signs and symptoms (cough, hoarse-
ness, dyspnea, wheezing, rhinitis, stridor, hypoxemia),
(3) reduced blood pressure or symptoms of end-organ
dysfunction (hypotonia, loss of consciousness, col-
lapse, hypoxemia), or (4) gastrointestinal signs and
symptoms (nausea and/or vomiting, cramping ab-
dominal pain).

The severity of DIA was ascertained according to the
European Academy of Allergy and Clinical Immunol-
ogy guidelines12 on management of anaphylaxis in
childhood as grade 1 (mild), grade 2 (moderate), and
grade 3 (severe) anaphylactic reactions. None of the
patients had a previously described trigger of anaphy-
laxis in their medical history. The patients were sub-
jected to further diagnostic testing (skin tests [ST]
and/or provocation tests) to prove actual DIA. The
patients who had been using more than one drug at the
time of anaphylactic reaction had been assessed thor-
oughly for the possible association between the drug
intake and the reaction onset for each drug. Because
anaphylaxis is an immediate reaction, the diagnostic
tests were performed for the most relevant drug that
was taken at most 2 hours before the reaction. Some of
these patients had already been using the drugs other
than the culprit drug for a long period of time for their
systemic illness. They neither reported any DHRs be-
fore the anaphylactic episode or after with these drugs.

Furthermore, patients with and without actual diag-
nosis of DIA who were determined according to the
results of diagnostic tests were compared according to
their demographic and clinical features, timing of the
reaction, and route of the culprit drug administration.
In addition, the patients with actual diagnoses of DIA
were classified according to the culprit drugs (e.g.,
antibiotics, NSAIDs, and chemotherapeutics) and age
groups (0–6 years, 6–12 years, and �12 years). These

groups were compared according to the above-men-
tioned criteria. The patients were grouped according to
concurrent atopic diseases that included the ones pre-
viously diagnosed with allergic rhinoconjunctivitis
and/or asthma. Allergic rhinoconjunctivitis and
asthma were diagnosed according to the ARIA (Aller-
gic Rhinitis and its Impact on Asthma) and GINA-
(Global Initiative for Asthma) guidelines.13,14 This
study was approved by the ethics committee of Hac-
ettepe University Medical Faculty, which is concordant
with the Helsinki Declaration, and written informed
consents were obtained from the patients and their
parents.

Measurements of the Study: Diagnostic Tests on
Actual DIA

Study participants underwent skin-prick tests (SPT)
and intradermal tests (IDT) (in case of a negative SPT
result) with the culprit drug by using a validated and
previously published ST protocol that was available for
the respective drug.15–23 In all cases of anaphylaxis, the
minimum ST concentration was 1/100th or 1/1000th of
validated concentrations in accordance with the cur-
rent guidelines.15 Serial dilutions, of 0.02 mL, of the
commercial injectable solution of the respective culprit
drug were used for IDT. Details of the nonirritating
concentrations used during SPT and IDT are given in
Supplemental Table 1. Results of the SPT or IDT were
considered positive if the mean wheal diameter was at
�3 mm than that of negative control (0.9% saline so-
lution) 15 and 20 minutes after the application, respec-
tively, in the presence of a positive response with his-
tamine (10 mg/mL; Stallergenes; Anthony, France).

Patients with mild (grade 1) or moderate (grade 2)
anaphylaxis in their histories further underwent prov-
ocation tests if the initial SPT and IDT results were
negative or they were directly proked with the culprit
drug when there was no injectable form of the culprit
drug appropriate for ST, as in the case of NSAIDs (e.g.,
ibuprofen, aspirin, naproxen, dextro-ketoprofen, pro-
pyphenazone) and of antibiotics (e.g., cefixime and ce-
faclor). Provocation tests were done with the previ-
ously used form of the drug, and the doses were
determined according to the validated and previously
published protocols.24–27 The total dose used during a
DPT corresponded to a maximum single dose that was
suitable for patient use according to the prescription
and was determined according to the weight of each
participant. The DPTs started with a low dose (1/10000
to 1/100 of the total dose) and continued
in an incremental order divided into four or five
doses.24–26 All the diagnostic tests were performed un-
der strict medical surveillance, and the patients were
observed for an additional 4 hour at the hospital in case
of a negative drug provocation result. A positive DPT
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result was defined as the occurrence of any objective
physical finding in relation to a hypersensitivity reac-
tion, including cutaneous, respiratory, gastrointestinal,
and cardiovascular system symptoms.25

The patients with grade 3, severe anaphylaxis, who
had either negative ST results or those who could not
have an ST due to the lack of an injectable form of the
drug appropriate for ST did not undergo provocation
due to the severity of the reactions, which were con-
firmed with medical records, and this approach was in
accordance with the guidelines and previous publica-
tions.2,25,28 These patients and the ones with a positive ST
or provocation test result with the culprit drug were
defined as having actual DIA. It is important to note that
all of the patients with concurrent asthma were under
control at the time of diagnostic tests. The patients with a
history of DHR due to drugs used during anesthesia
were also evaluated for latex sensitization by their his-
tory, specific IgE levels, and/or provocation when
needed to rule out latex-induced anaphylaxis. Additional
data about other measurements, including aeroallergen
sensitization, total IgE and eosinophil levels are given in
the Supplemental Material.

Statistical Analysis
Statistical analyses were performed by using the

SPSS 21 software program (SPSS, Inc., Chicago, IL).
Quantitative variables were non-normally distributed
and are expressed as median (interquartile range
[IQR]). Comparisons of quantitative variables were
performed by using the Kruskal-Wallis test. As a post
hoc analysis, pairwise comparisons were performed to
find out the adjusted significance in between each
paired variable by using the independent samples test
when triple comparisons were found to be significant.
Comparisons of qualitative variables were done by
means of the �2 test. A p value of �0.05 was considered
statistically significant.

RESULTS
Five hundred and sixty-one children and adolescents

were referred to our center due to DHRs (Fig. 1). One-
hundred and thirteen (19%) (55% boys; median [IQR]
age, 9.6 years [5.4–13.8 years]) had anaphylaxis in their
history. In total, 90 patients (79.6%) initially had an ST
with the culprit drugs, and 17 patients (15%) had a

Figure 1. Flowchart of the study and the diagnostic approach of patients with actual DIA. DIA � Drug-induced anaphylaxis; DPT � drug
provocation test; ST � skin test (skin-prick test and/or intradermal test with the culprit drug). *These patients were directly proked with the
culprit drug (aspirin, ibuprofen, naproxen, dextroketoprofen, cefixime, cefaclor) due to the lack of an injectable form of the drug appropriate
for skin testing. †These patients had severe DIA with ibuprofen, aspirin, and factor 9.
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DPT as an initial diagnostic evaluation (Fig. 1). Addi-
tional 44 DPTs were performed in patients who had an
initial negative ST result. At the end of the diagnostic
evaluation of the participants, 84 (74%) with a history
of suspected DIA were defined as actually hypersensi-
tive to the offending drug (15% of all the patients) (Fig.
1). The culprit drugs responsible for an actual DIA
were �-lactam antibiotics (penicillin, amoxicillin-clavu-
lanic acid, ceftriaxone, cefixime, cefaclor, piperacillin-
tazobactam) (n � 28 [33%]), NSAIDs (n � 21 [25%]),
chemotherapeutics (asparaginase, oxaliplatin, etopo-
side, docetaxel) (n � 16 [19%]), biologic agents and
enzymes (n � 10 [12%]) ([rituximab, eculizumab], en-
zymes [n � 6], [galsulfase, idursulfase] [n � 4]), anes-
thetic and neuromuscular blocking agents (propofol,
midazolam, rocuronium) (n � 4 [5%]), and others (n �
5 [6.0%]), (ranitidine, triptorelin, cyclopentolate, iopro-
mide, factor 9). The distribution of the culprit drugs
according to the severity of anaphylaxis is given in
Table 1. None of the patients with a history of DHR
due to drugs used during anesthesia were found to be
hypersensitive to latex.

Thirty-seven participants had previous systemic ill-
ness and were diagnosed with malignancy (n � 16),
storage disease (n � 4), cardiovascular disease (n � 3),
seizure disorder (n � 3), renal disease (n � 3), coagu-
lation abnormality (n � 3), rheumatologic disease (n �
2), respiratory disease (n � 1), primary immune defi-
ciency (n � 1), and endocrinologic disease (n � 1).
None of the patients used �-blockers or angiotensin
receptor blockers as part of their treatment of their
systemic illnesses. A history of systemic illness (41.7
versus 7.1%; p � 0.001), and concomitant regular intake
of drugs other than the culprit drug (36.9 versus 10.3%;
p � 0.007) were more frequent in patients with actual
DIA versus participants who were drug tolerant (Table
2). Atopic disease, aeroallergen sensitization, family
history of atopic disease, or drug hypersensitivity did
not have an impact on actual DIA. Regarding the type
of culprit drug, the use of chemotherapeutics (19 ver-
sus 0%; p � 0.011) were more frequent, whereas the use
of antibiotics was less frequent (34.5 versus 75.9%; p �
0.001) (Table 2) in patients with an actual DIA com-
pared with patients in the drug tolerant group. It is
important to note that there was a longer delay in the
evaluation of the patients in the drug tolerant group
versus the patients who were hypersensitive (median
[IQR], 6 months [3–7 months] versus 3 months [1.5–5
months]; p � 0.003).

Eighteen of the patients with an actual DIA (22%)
reported grade 1 (mild anaphylaxis), whereas the ma-
jority reported grade 2 (moderate) (45%) and grade 3
(severe) (33%) anaphylactic reactions (Table 1). How-
ever, the degree of severity of anaphylaxis did not
differ among the patients who used these major groups
of culprit drugs (Table 3). It is important to note that T
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the majority of patients who used antibiotics and che-
motherapeutics had anaphylaxis while they were using
the parenteral form of the drug. However, all of the
patients who used NSAIDs had anaphylaxis with
the oral form of the drug (67.9% and 93.8% versus 0 for
the frequency of the parenteral form use, for the pa-
tients using antibiotics, chemotherapeutics and
NSAIDs respectively; p � 0.001) (Table 3). As a result
of pairwise comparisons, in relation to the route of
drug administration, the patients who used NSAIDs
were found to be significantly different from patients
who used either chemotherapeutics or antibiotics (p �
0.001 for both comparisons).

Among the patients with an actual DIA when the
three major group of drugs were used, the patients
with chemotherapeutics as the culprit drug were
younger (median [IQR], 6 years [3–12.5 years]) at the
time of the actual DIA compared with the patients who
used NSAIDs and antibiotics (Supplemental Fig. 1)
(median [IQR], 12.2 years [9–14.5 years] and 7.5 years
[5–13.4 years], respectively; p � 0.045) (Table 3). Pair-
wise comparisons as a post hoc analysis revealed that
the difference between the patients who used chemo-
therapeutics and NSAIDs was significant (p � 0.044,
adjusted significance). The frequencies of cutaneous,

respiratory, gastrointestinal, or cardiovascular system
involvement during the DIA according to the history in
these three groups of patients were similar. The me-
dian (IQR) time of onset of the symptoms was the
earliest for the patients with antibiotics as the culprit
drug (5 minutes [1.25–30 minutes]) compared with
patients who took chemotherapeutics and NSAIDs (10
minutes [2.75–60 minutes] and 30 minutes [10–120
minutes], respectively; p � 0.022) (Supplemental Fig.
2). Pairwise comparisons showed that the difference
between the patients who used antibiotics and NSAIDs
was significant (p � 0.019, adjusted significance).

The patients were classified according to their ages
when the actual DIA appeared, and, when they were
compared in relation to the demographic and clinical
features, it was realized that boys in the �12 years age
group (33.3%) were less frequent than the 0–6 and
6–12 years age groups (67.7 versus 65.4%) (p � 0.016)
(data not shown). There was a significant difference
between 0–6 years age group and the �12 years age
group (adjusted p � 0.009). During DIA, use of oral
form of the culprit drug was significantly more fre-
quent in the �12 years age group compared with the
0–6 years age group, p � 0.009 and p � 0.01, respec-
tively. However, atopy, atopic diseases, or a family

Table 2 Demographic and clinical characteristics of the patients with a history of drug-induced anaphylaxis

Drug Hypersensitivity
(n � 84)

Drug Tolerant
(n � 29)

p

Boys, no. (%) 47 (56.0) 15 (51.7) NS
Age at drug-induced anaphylaxis, median

(IQR), y
8.8 (4.6–13) 10.6 (6.5–14.4) NS

Previously known systemic illness, no. (%) 35 (41.7) 2 (7.1) 0.001
Chronic use of drugs, no. (%) 31 (36.9) 3 (10.3) 0.007
Asthma, no. (%) 12 (14.6) 3 (10.3) NS
Allergic rhinoconjunctivitis, no. (%) 7 (9.6) 5 (20.0) NS
Aeroallergen sensitization, no. (%) 11 (14.7) 7 (25.0) NS
Family history of allergic disease, no. (%) 17 (20.7) 5 (20.0) NS
Family history of drug hypersensitivity, no. (%) 14 (17.1) 7 (24.1) NS
Culprit drugs, no. (%)

Antibiotics 29 (34.5) 22 (75.9) �0.001
NSAIDs 20 (23.8) 4 (13.8) NS
Chemotherapeutics 16 (19.0) — 0.011
Anesthetic agents 4 (4.8) 2 (6.9) NS
Biologic agents and enzyme therapy 10 (11.9) — NS

Route of drug administration, no. (%) NS
Oral 32 (14.6) 10 (34.5)
Parenteral 52 (85.4) 19 (65.5)

Period between the reaction and diagnostic
workup, median (IQR), mo

3 (1.5–5) 6 (3–7) 0.003

Total IgE level, median (IQR) 56.1 (23.2–143.5) 115 (23.4–218.5) NS
Eosinophils, median (IQR), % 1.9 (0.8–3.1) 1.4 (0.7–4.1) NS

NS � Nonsignificant; IQR � interquartile range; NSAID � nonsteroidal anti-inflammatory drug; IgE � immunoglobulin E.
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history of atopic disease, and the types of reactions in
relation to system involvements that could be seen
during DIA did not differ between the different age
groups.

DISCUSSION
In this study, the patients referred due to a presumed

history of DIA were thoroughly evaluated with diag-
nostic tests, and nearly three-fourths of them actually
showed drug hypersensitivity. In addition, the features
of the patients with an actual DIA, the reaction types,
and the features of drug administration during actual
anaphylactic DHRs in relation to different types of
culprit drugs were thoroughly investigated. In this
study, the culprit drug types had a broad range and
were different from the ones reported in other studies.
In the study by Aun et al.,29 all of the participants were
�18 years old, and none of them experienced a DIA
when on chemotherapeutics. Faria et al.30 reported that
there was only one child who had a DIA induced by a
cytostatic drug, whereas this group of drugs was found
to be the third most frequently administered drug after

antibiotics and NSAIDs. In our study, besides these
drugs, biologic agents and enzyme therapies were also
included. The hospital where this study was per-
formed was a tertiary care referral center for the coun-
try, with numerous subspecialist departments that deal
with complex illnesses.

Our study showed that antibiotics were the most
frequently encountered group of drugs that caused
anaphylaxis, but, interestingly, the use of antibiotics
was less frequent in the patients with an actual DIA
compared with the drug-tolerant group. This was be-
cause antibiotics are frequently used and labeled as
“allergic,” but the actual antibiotic hypersensitivity is
far less frequently confirmed in the pediatric age.5,31,32

However, all of the patients who used chemotherapeu-
tics were noted as actually having had drug hypersen-
sitive according to the results of the present study,
which further indicated that there may be differences
in the capability of certain groups of drugs to elicit
anaphylaxis.

One of the interesting findings of this study was the
variation in the period of onset of the symptoms after

Table 3 Comparison of patients who experienced an actual DIA according to the culprit drugs

Antibiotics
(n � 28)

NSAIDs
(n � 21)

Chemotherapeutics
(n � 16)

p

Boys, no. (%) 15 (53.6) 12 (57.1) 7 (43.8) NS
Age at DIA, median (IQR), y 7.5 (5–13.4) 12.2 (9–14.5) 6 (3–12.5) 0.045
Previously known systemic illness, no. (%)* 3 (10.7) 2 (9.5) 16 (100) �0.001
Chronic use of drugs other than the culprit

drug, no. (%)*
3 (10.7) 1 (4.8) 16 (100) �0.001

Concurrent atopic disease, no. (%)# 13 (44.8) 5 (25) 1 (6.3) 0.015
Family history of atopic disease, no. (%) 5 (17.9) 5 (23.8) 3 (20) NS
Family history of drug hypersensitivity, no. (%) 4 (14.3) 1 (4.8) — NS
Anaphylaxis severity, no. (%)

Mild (grade 1) 5 (17.9) 3 (14.3) 7 (43.8) NS
Moderate (grade 2) 13 (46.4) 12 (57.1) 6 (37.5)
Severe (grade 3) 10 (35.7) 6 (28.6) 3 (18.8)

Delay between the reaction and the drug
intake, median (IQR), min

5 (1.25–30) 30 (10–120) 10 (2.75–60) 0.022

Route of drug administration, no. (%)
Oral 9 (32.1) 21 (100) 1 (6.3) �0.001
Parenteral 19 (67.9) — 15 (93.8)

Period between the reaction and diagnostic
workup, median (IQR), mo§

5 (3–6) 4 (3–6.5) 1 (1–2.75) �0.001

DIA � Drug-induced anaphylaxis; NSAID � nonsteroidal anti-inflammatory drug; NS � nonsignificant; IQR � interquar-
tile range.
*Pairwise comparisons revealed that the difference was significant between both chemotherapeutics and NSAIDs groups, and
the chemotherapeutics and antibiotics groups (adjusted p � 0.001).
#Pairwise comparisons showed that the difference between the chemotherapeutics and antibiotics groups was significant
(adjusted p � 0.018).
§Pairwise comparisons showed that the period between the reaction and diagnostic workup was significantly lower for the
patients who used NSAIDs compared with the patients who used either antibiotics or chemotherapeutics (p � 0.001 for both).
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the culprit drug intake among different drug groups,
which revealed that the major difference was between
NSAIDs and antibiotics. All the patients with actual
NSAID hypersensitivity had taken the drug orally, and
there were participants who were NSAID hypersensi-
tive who experienced the DIA 2 hours after the drug
administration. However, there might be other factors
that influenced the time of onset of the symptoms other
than the route of administration of the drug because,
although the majority of the patients who underwent
chemotherapeutics received the drug parenterally, the
time of onset of symptoms was later than that of the
patients who took antibiotics orally. The predominant
reason for this difference was the slower administra-
tion of chemotherapeutic infusions compared with an-
tibiotic infusions. There seemed to be a threshold dose
of the culprit drug for the onset of symptoms in ana-
phylactic reactions, therefore, for slower infusions,
more time is needed until the cumulative threshold
dose is reached.33

The influence of atopy and allergic diseases, includ-
ing asthma, on DHRs has frequently been studied, and
even severe reactions were not reported to be associ-
ated with these conditions.34,35 In the present study,
asthma and other allergic conditions were also not
shown to have an impact on the patients with an actual
DIA when compared with the patients without an
actual DIA. Indeed, the prevalence of asthma was sim-
ilar between the drug-tolerant and drug-hypersensitive
groups, which resembled the actual rate established in
an International Study of Asthma and Allergies in
Childhood study conducted in Turkey.36 In addition,
in another study in which all the children and adoles-
cents referred due to anaphylaxis were investigated, it
was shown that atopic diseases were common in pa-
tients with food-induced anaphylaxis but not in pa-
tients with hymenoptera sting anaphylaxis.7 Therefore,
the ethnicity and different triggers of anaphylaxis
seemed to have an effect on this issue, and more stud-
ies are needed to compare various types of allergens.

One of the strengths of this study was the thorough
evaluation of the participants with further diagnostic
tests, which may not be the primary issue of concern in
other studies. In the study by Faria et al.,30 a diagnosis
of DIA was based on the medical history of the partic-
ipants. Although some of the patients had recurrence
of anaphylaxis to the same drug, which strengthened
the diagnosis of DHR based on the history, this situa-
tion was valid only for a minority of the patients. It is
important to note that all of the participants would not
have had actual drug hypersensitivity if further diag-
nostic tests were performed.30 In other studies that
reported provocation tests, although STs were per-
formed with the culprit drug, provocation tests were
often conducted to find a safe alternative.9,34

In our study, the majority of the patients were tested
with STs and/or provocation tests with the culprit
drug, only participants with a history of severe ana-
phylaxis were not tested further. At the end of the
diagnostic evaluation of all the patients, 29 (25.7%)
were found to be drug tolerant. Therefore, we believed
that our method increased the accuracy of our findings
on anaphylactic drug reactions. However, when a se-
vere anaphylactic reaction, such as anaphylactic shock,
suffocating laryngeal angioedema, or severe broncho-
spasm, is induced by a certain drug in the history of the
patients, the benefit-to-risk ratio of diagnostic testing
should be carefully appraised for each individual. Such
patients would not need to be challenged with the
culprit drug as in the case of another study,9 and severe
anaphylaxis is labeled as a contraindication according
to the guidelines.19 One may think that there would be
referral bias that might influence the results of our
study, which may be considered as a limitation; how-
ever, Hacettepe University is a tertiary referral center
located in central Anatolia and receives patients not
only from the local environment but also from various
parts of Turkey. Therefore we believe that the results of
our study reflected the situation in Turkey.

CONCLUSION
Three-fourths of the children and adolescents with a

history of presumed DIA referred to our medical center
were found to actually be drug hypersensitive. Prediag-
nosed known systemic illness and different types of
drugs would have an impact on the risk of DIA; however,
atopic disease or a family history of drug hypersensitivity
did not have an impact on actual DIA. In addition, there
may be age- and time-related differences for the onset of
anaphylactic reactions in comparison with various
groups of culprit drugs. As survival and continual use of
drugs increase in chronic diseases during childhood, pe-
diatricians will frequently face severe DHRs; therefore,
pediatricians should improve their knowledge about
DIA, concerning risk factors, and different presenta-
tions.
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