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ABSTRACT

Objective: Nonsteroidal anti-inflammatory drugs (NSAIDs) are commonly used in children for their antipyretic and analgesic effects, but 
they are frequently associated with hypersensitivity reactions. The aim of this study is to describe the clinical features, diagnostic process, 
and risk factors associated with NSAID hypersensitivity (NSAID-H) in children and to highlight the challenges in its classification and 
management.

Materials and Methods: Between 2017 and 2023, children referred to our clinic with a history of reaction to any NSAIDs were 
retrospectively evaluated. Reactions were classified according to the European Academy of Allergy and Clinical Immunology position 
paper on NSAID hypersensitivity.

Results: Of the 93 patients evaluated for NSAID-H, the median age of symptom onset was 6 years (ranging from 6 months to 17 years 
and 5 months). Eighty-six patients underwent a drug provocation test, of whom 18 (24%) had positive reactions, while 7 diagnoses were 
based on clinician-documented anaphylaxis. NSAID-H was confirmed in 25 children (27%). Ibuprofen was the most frequent culprit, 
followed by paracetamol. Importantly, off-label NSAID use was reported in 11% of the patients. Paracetamol and nimesulide were 
tolerated in 95% and 63% of alternative challenges, respectively. Four children were classified as selective reactors to paracetamol, and 
four were classified as cross-intolerants while the remaining patients could not be classified. Risk of NSAID-H increased with age > 10 
years, multiple previous reactions, reaction onset < 1 h, angioedema/anaphylaxis, co-existing allergy, and a family history of drug allergy. 

Conclusion: Drug provocation testing for diagnosing NSAID-H and should be performed in all cases, unless there is a contraindication. 
However, in the pediatric population, parental concerns regarding drug provocation testing, frequent off-label use of NSAIDs, and the 
presence of patients whose reactions do not fully fit the NSAID-H classification create challenges in diagnosis and management.
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INTRODUCTION

Nonsteroidal anti-inflammatory drugs (NSAIDs) are 
commonly preferred in children due to their antipyretic 
and analgesic effects. NSAIDs are notably the most com-
monly encountered drug hypersensitivity in children, and 
their management varies among clinicians and across 
countries (1-3).

Based on the onset time of the reaction, NSAID hyper-
sensitivity can be classified into immediate-type and de-
layed-type reactions (4). The first is immediate reactions 
mediated by specific IgE antibodies, such as urticaria, an-
gioedema, and/or anaphylaxis caused by a single NSAID 
(SNIUAA). Cross-intolerance reactions account for other 
immediate-type reactions. These reactions are elicited by 
multiple NSAID subclasses, with pharmacological mecha-
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nisms contributing to their pathogenesis. There are three 
phenotypes of cross-reactive hypersensitivity reactions to 
NSAIDs. NSAID-exacerbated respiratory disease (NERD) 
manifests with symptoms such as dyspnea and/or nasal 
congestion/rhinorrhea primarily in patients with underly-
ing asthma, rhinitis, or nasal polyps. NSAID-exacerbated 
cutaneous disease (NECD) presents with urticaria and/or 
angioedema symptoms in patients with a history of chron-
ic urticaria (CU). NSAID-induced urticaria/angioedema/
anaphylaxis (NIUAA) is classified as a group where symp-
toms of urticaria, angioedema, and anaphylaxis are ob-
served in healthy children. 

The second group consists of delayed-type hypersen-
sitivity reactions, likely mediated by T cells, caused by a 
single NSAID (SNIDR). In this group, the reaction occurs 
within 24-48 hours after drug intake, but the duration may 
be shorter. 

The diagnostic classification of NSAID hypersensitiv-
ity (NSAID-H) in children remains challenging due to 
the presence of concomitant viral infections, the lack of 
reliable in vivo and in vitro diagnostic methods, and the 
inconsistency of clinical manifestations and underlying 
conditions with current classifications.4 The aim of this 
study is to determine the characteristics and risk factors of 
NSAID-H and to highlight the challenges in classification 
and management among children with suspected reac-
tions to NSAIDs. 

MATERIALS and METHODS
Participants 

Between 2017 and 2023, patients (n = 93) under 18 
years old with a history of reactions to NSAIDs, referred 
to the Pediatric Immunology and Allergy Clinic at the 
University Of Health Sciences, Prof. Cemil Tascioglu City 
Hospital, were retrospectively evaluated. The demograph-
ic data of patients and drug reactions were recorded ac-
cording to the ENDA questionnaire (5).

Diagnostic Tests
Skin tests

Initially, a skin prick test (SPT) was performed, and 
if the result was negative an intradermal test (IDT) was 
administered. Commercially available preparations of the 
suspected NSAIDs, paracetamol (Perfalgan®, 10 mg/mL, 
Bristol-Myers Squibb, UK) and metamizole sodium (No-

valgine®, 1 g/2 mL, Sanofi, France), were used. For both 
drugs, SPT was performed with the undiluted preparation, 
and IDT was conducted on the volar forearm at concen-
trations of 0.001 mg/mL, 0.01 mg/mL, and 0.1 mg/mL, di-
luted in normal saline. A positive reaction was determined 
when the wheal diameter exceeded 3 mm in comparison to 
the negative control, after 20 minutes of application. IDT 
was reevaluated at the 72nd hour for delayed reactions. 

Drug Provocation Tests

The informed consent of the patients was obtained be-
fore the tests. The test was conducted in accordance with 
ENDA recommendations using the open challenge proce-
dure (6).

The cumulative doses of paracetamol and ibuprofen 
were 15-20 mg/kg and 10-20 mg/kg, respectively. The first 
administration was usually 1/8 of the cumulative dose. 
The cumulative dose was administered in 3 or 4 steps, with 
30-minute intervals between each. 

The test was concluded and considered positive when 
objective findings were identified. After the drug provoca-
tion test (DPT), patients were observed for a minimum of 
two hours. If no reaction occurred following the DPT, it 
was advised to continue the medication at home for an ad-
ditional two days. Due to ethical reasons, DPTs were not 
performed in patients with a confirmed history of anaphy-
laxis in their medical records. 

DPTs were not performed with any NSAIDs used off-
label beyond the recommended age group. Since the use 
of dexketoprofen is not approved for children in the cur-
rent NSAID package inserts, and naproxen is only recom-
mended for those aged 16 and above, DPTs were not per-
formed with the culprit drug due to legal reasons. Instead, 
ibuprofen, which belongs to the same chemical group 
(arylpropionic acids), was used. If NSAID-H was con-
firmed, a DPT with alternative NSAIDs was performed. 
Patients who were cross-reactive or unclassified and had 
no prior history of reactions to these NSAIDs underwent 
DPT with the weak cyclooxygenase-1 (COX-1) inhibitor 
paracetamol and the partially selective COXf-2 inhibitors 
nimesulide and meloxicam. As nimesulide is approved for 
use in individuals aged ≥12 years and meloxicam for those 
aged ≥16 years in Turkey, these drugs were not adminis-
tered to younger age groups.
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Skin Prick Test and Intradermal Test Results

In total, 30 children with suspected reactions to par-
acetamol underwent SPT. One child had a positive SPT re-
sult and therefore did not proceed to IDT. The remaining 
29 children with negative SPT results underwent IDT, of 
whom 3 had positive results, yielding a total of 4 patients 
with positive skin tests (SPT positive: n=1; IDT positive: 
n=3) and 26 with negative results. Among the negatives, 
all 26 underwent DPT; 25 tolerated the challenge, while 
1 reacted. Of the 4 positives, the child with a positive SPT 
result underwent DPT and reacted; one child with IDT 
positivity at 1/1000 dilution had a negative DPT result, 

Ethical Statement

Ethics Committee of the University of Health Sciences, 
Prof. Cemil Tascioglu City Hospital approved the study 
protocol (No: 2023/267). Our study was conducted in ac-
cordance with the principles of good clinical practice based 
on the Helsinki Declaration. Ethics approval confirms that 
research studies are conducted in compliance with ethical 
standards and human rights, and that the rights of partici-
pants are protected.

Statistic Analysis 

Statistical analysis was conducted using the SPSS 15.0 
for Windows program. Descriptive statistics included 
counts and percentages for categorical variables, as well 
as mean, standard deviation, minimum, maximum, and 
median for numerical variables. The comparison of pro-
portions in independent groups was performed using the 
chi-squared analysis. Since the comparisons of numerical 
variables did not satisfy the normal distribution assump-
tion, the comparison between independent two groups 
was carried out using the Mann-Whitney U test. Logistic 
regression analysis was conducted to assess the risk effects 
of the variables. A statistical alpha level of p < 0.05 was 
considered as the threshold for significance, indicating 
statistical significance. 

RESULTS

93 pediatric patients with suspected NSAID-related 
reactions were evaluated, with a total of 147 reactions re-
corded. The median onset age of symptoms among the pa-
tients was 6 years (ranging from 6 months to 17 years and 
5 months). 55% of the patients (n = 51) had concomitant 
allergic diseases. Detailed information on patient charac-
teristics and reported reactions is presented in Table I.

Suspected NSAIDs

Seventy patients (75%) reported reaction to a single 
NSAID, whereas twenty-three reported reactions to two or 
more different NSAIDs. The most suspected drugs causing 
the reactions were ibuprofen, paracetamol, and the com-
bination of ibuprofen and paracetamol, with frequencies 
of 46%, 21%, and 18%, respectively. The other suspected 
NSAIDs were dexketoprofen (n=4), naproxen (n=3), flur-
biprofen (n=2), metamizole (n=2), diclofenac (n=2), and 
tenoxicam (n=1). Ten patients had used NSAIDs off label, 
including naproxen, dexketoprofen, diclofenac, flurbipro-
fen, and tenoxicam.

Table I: Patient Characteristics and Clinical Presentation

n (%)
Gender

Male 45 (48)
Female 48 (52)

Concomitant allergic disease
No 42 (45)
Allergic rhinitis 21 (23)
Asthma 12 (13)
Allergic rhinitis + Asthma 8 (9)
Chronic urticaria 4 (4)
Atopic dermatitis 2 (2)
Allergic rhinitis + Chronic urticaria 2 (2)
Asthma + Chronic urticaria 1 (1)
Food allergy 1 (1)

Family history of drug allergy
No 79 (85)
Yes 14 (15)

Number of previous reactions
1 57 (61)
2 ≤ 36 (39)

Timing of the reaction
Within first hour 73 (79)
1-24 hours 17 (18)
After 24 hours 3 (3)

Clinical presentation 
Maculopapular exanthem 9 (10)
Urticaria 34 (36)
Angioedema 25 (27)
Urticaria + angioedema 11 (12)
Anaphylaxis 14 (15)
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15% of the patients (n = 14) described the presence of 
at least two systems (skin and mucosal findings, respira-
tory symptoms, and syncope). Among these patients 21% 
(n = 3) had their diagnosis confirmed by DPTs, while 28% 
(n = 4) were not considered to have NSAID-H following 
DPT. In most cases (11/18) of DPTs, reactions were ob-
served within the first hour, while in other patients, the 
reaction time ranged from 1 to 5 hours. Among patients 
diagnosed with NSAID-H, the tolerance rate for paraceta-
mol was 95% (n=19/20), whereas for nimesulide, it was 
63% (n=5/8) (Table II). 

NSAID hypersensitivity and classification

NSAID-H was identified in 25 patients (23%); 18 were 
diagnosed through DPT, while 7 had a confirmed history 
of anaphylaxis. The most frequent NSAID-H was observed 
with ibuprofen (n= 13; 52%), followed by paracetamol (n= 
4; 16%). 

Among patients, 4 were classified as CI, and 4 as SRs 
while the remaining patients could not be classified. All 
SRs were classified as SNIUAA to paracetamol. In CIs 
cases, two patients with CU were classified NECD. One 
patient with CU, AR and asthma, who developed angi-
oedema during the DPT with ibuprofen and rhinocon-
junctivitis with the nimesulide, was considered as NECD/
NERD. According to the current classification, the patient 

and two children with IDT positivity at 1/1000 dilution 
did not undergo DPT because of a documented history of 
anaphylaxis. In patients with selective paracetamol hyper-
sensitivity, 75% (n= 3) had skin tests (SPT and IDT) with 
paracetamol. In addition, SPT and IDT with metamizole 
were performed in two patients; both had negative skin 
test results and tolerated DPT without any reaction. All 
delayed readings at 72 hours were negative.

Drug Provocation Tests

Of the 86 patients who underwent DPT, 68 had nega-
tive results, while 18 (24%) tested positive. In 13 of these 
18 patients, NSAID-H was confirmed through DPT with 
the culprit drug (ibuprofen in 11 cases and paracetamol 
in 2 cases). In four patients, due to the off-label status of 
the culprit drug for their age, DPT was performed with 
ibuprofen from the same chemical group as naproxen/
dexketoprofen, yielding positive results. One patient with 
a history of recurrent angioedema declined DPT with the 
culprit drug (ibuprofen) and was diagnosed following a 
positive DPT with the alternative drug, nimesulide (Fig-
ure 1).

During the DPTs, urticaria and/or angioedema devel-
oped in 13 patients. Additionally, one patient experienced 
anaphylaxis with paracetamol, while anaphylaxis devel-
oped in three patients with ibuprofen. 

Figure 1: Diagnostic flow for suspected NSAID hypersensitivity
* Ibuprofen was selected for DPT as an age-appropriate alternative within the arylpropionic acid class, due to off-label restrictions of the 
suspected drugs. 
† Patient had refused testing with the suspected NSAIDs (ibuprofen, diclofenac) but reacted with angioedema during DPT with the 
alternative drug nimesulide.
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NSAID-H (aOR 4.505; 95% CI 1.230-16.501; p=0.023). 
Similarly, angioedema as the clinical presentation was 
identified as an independent risk factor (aOR 4.756; 95% 
CI 1.028-22.001; p=0.046). Family history of drug allergy 
and the presence of allergic disease were not independent-
ly associated (p=0.795 and p=0.274, respectively).

DISCUSSION

The frequent occurrence of NSAID-H reactions in 
children, characterized by distinct phenotypes compared 
to those found in adults, underscores the importance of 
understanding these reactions. In our study, we evaluated 
clinical characteristics and risk factors and highlighted 
the diagnostic challenges of NSAID-H in children. Com-
parative analysis revealed that multiple reactions, reaction 
onset within 1 hour of drug intake, angioedema, presence 
of allergic disease, and a positive family history of drug 
allergy were more frequently observed in patients with 
NSAID-H compared to tolerant subjects. Moreover, mul-
tivariable analysis identified age above 10 years and angi-
oedema as independent risk factors for NSAID-H. In con-
trast, gender, total IgE levels, eosinophil ratio, eosinophil 
count, basophil ratio, and basophil count showed no sig-
nificant differences between hypersensitive and tolerant 
groups. Another important finding of our study was the 
frequent off-label use of NSAIDs in children. Therefore, 
our results suggest that ibuprofen, given its wide approval 
across pediatric age groups and potent COX-1 inhibition, 
may serve as a practical option for DPT in clinical practice. 
In addition, our study demonstrated that even in patients 
presenting with involvement of two organ systems or with 
a history of 2-4 reactions, DPT results were negative. This 
finding emphasizes the pivotal role of DPT in the accurate 
diagnosis of NSAID-H. 

The frequency of suspected drug reactions varies across 
countries depending on differences in patterns of medica-
tion use (3,7). In our study, the most frequently suspected 
and diagnosed drug in cases of hypersensitivity was found 
to be ibuprofen, consistent with other study data from our 
country (7-9). Like our study, the positivity rates of DPTs 
with culprit drugs in studies by Topal et al. and Cousin 
et al. were reported to be 16.3% and 16.9%, respectively 
(8,10). However, in a multicenter study conducted by Mori 
et al. this rate was found to be 19.6% (3). When patients 
diagnosed based on their histories were included, 29% of 
those presenting with suspected reactions to NSAIDs re-
ceived a diagnosis of NSAID-H in the study (11,12). In the 

could not be classified into a single group. A patient with 
asthma and allergic rhinitis developed angioedema and 
was classified as NIUAA. A detailed description of the 
clinical characteristics is presented in Table II.

Risk Factors of NSAID-H

Comparative analysis between the NSAID-H and tol-
erant groups was performed. No significant associations 
were found with gender, total IgE levels, eosinophil ratio, 
eosinophil count, basophil ratio, or basophil count (p = 
0.373, p = 0.289, p = 0.380, p = 0.887, p = 0.996, and p = 
0.809, respectively). No cases of NSAID-H were identified 
in patients under 2 years of age. The likelihood of NSAID-
H is low in individuals under the age of two, while it is 
higher in those over the age of ten (p = 0.009). NSAID-
H was found to be higher in individuals with a history of 
multiple reactions compared to the patients with a single 
reaction (p = 0.002). When compared based on the time 
interval between drug intake and the onset of the reaction 
(<1 hour, 1-24 hours, >24 hours), children with a reaction 
onset of less than one hour had a higher risk of NSAID-H 
(p = 0.004). The rate of NSAID-H was statistically signifi-
cantly higher in patients with anaphylaxis and angioedema 
(p = 0.004). The likelihood of NSAID-H was significantly 
higher in patients with a history of allergic disease com-
pared with those without such history (p = 0.044). The rate 
of having a family history of drug allergy was higher com-
pared to those without such history (p = 0.044). 

In univariate logistic regression analysis, being over 
10 years old, having an allergic disease, a family history of 
drug allergy, having multiple reactions, and the presence 
of angioedema significantly increase the risk of NSAID-H 
(Table III). 

In the multivariable logistic regression analysis, being 
older than 10 years was independently associated with 

Table III: Risk Factors for NSAID-H

Univariate logistic regression analysis 95% CI
Risk Factor p-value OR Min Max
Age over 10 years 0.006 3.818 1.459 9.989
Presence of allergic disease 0.048 2.727 1.009 7.370
Family history of drug allergy 0.033 3.588 1.105 11.648
Number of reactions greater 
than one 0.003 4.267 1.619 11.244

Presence of angioedema 0.016 5.000 1.343 18.620
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er in patients who develop symptoms within the first 60 
minutes after drug intake (7,12,20). They also noted an 
increased risk in those who reacted to two or more chemi-
cally unrelated NSAIDs based on history (18,20).

In the studies by Arıkoğlu et al. and Şimşek et al., a 
family history of NSAID-H was not identified as a risk fac-
tor (7,12). However, in the study by Yılmaz et al., similar 
to our findings, a family history of drug allergy was found 
to be significantly more frequent in the NSAID-H group 
(18). In contrast, while they did not identify the presence 
of allergic disease as a risk factor, our study demonstrated 
it to be a significant predictor (18).

Yılmaz et al. highlighted in their study that multiple re-
actions may be a poor predictor whereas Blanca et al. and 
Şimşek et al. reported that the number of reaction episodes 
is an important predictor (12,18,20). In some publications, 
patients with recurrent reactions are considered NSAID-H 
without undergoing DPT (9,17,21-24). In our study, even 
patients describing two to four reactions to NSAIDs had 
negative results in the provocation test. Although multiple 
reactions may appear to be a risk factor, these results un-
derscore the necessity of DPT.

Yılmaz et al. also reported tolerability rates of 60% for 
paracetamol and 88.8% for nimesulide (18). In our study, 
paracetamol was tolerated in 95% of patients (n=19/20), 
while the tolerability rate for nimesulide was lower, at 63% 
(n=5/8). Additionally, two DPTs with meloxicam yielded 
negative results. However, in our study, a greater number 
of DPTs with alternative drugs were conducted compared 
to this study (18).

It is reported that the frequency of cross-reaction is 
more common in children (7,19). In our study, 4 patients 
were classified as CI, while 4 patients were classified as 
SR. However, since aspirin provocation testing was not 
performed in patients, the actual CI/SR proportion could 
not be fully evaluated. It is known that classification can 
be challenging in the presence of mixed reactions and ac-
companying allergic diseases in children (10,11). In our 
study, a patient (patient No. 5, Table II) diagnosed with 
CU, AR and asthma developed angioedema with ibupro-
fen and rhinoconjunctivitis with nimesulide during DPTs. 
According to the latest EAACI guidelines, when both sys-
tems are affected simultaneously, this could be evaluated 
as anaphylaxis and classified as NIUAA (4). However, we 
observed two different types of reactions developing at dif-
ferent times. According to the current classification, the 

literature, the rate of NSAID-H in patients presenting with 
suspected drug reactions to NSAIDs ranges from 9.8% to 
68% (11,12). In our study, 27% of the patients were diag-
nosed with NSAID-H.

Few studies have been conducted on the diagnostic 
value of skin tests in patients with selective hypersensitiv-
ity to paracetamol, and the existing studies have involved 
few cases (13-15). In a study by Paramo et al., two out of 
four patients with selective paracetamol hypersensitivity 
had positive skin test results with paracetamol (13). Con-
versely, in a study by Sipahi et al., none of the three pa-
tients indicated positive skin test results with paracetamol 
(16). Interestingly, in our study, in patients with selective 
paracetamol hypersensitivity, 75% (n=3) had skin tests 
(SPT and IDT) with paracetamol. Among patients, only 
one case showed a false-positive result. However, due to 
the limited number of confirmed cases with DPT, we did 
not calculate sensitivity and specificity values to avoid 
overinterpretation.

According to the literature, the most common reasons 
for referral in cases of suspected NSAID-H are skin symp-
toms such as urticaria and angioedema (3). In our study, 
there were no cases in which patients presented with iso-
lated respiratory symptoms; however, 15% of the patients 
(n=14) described the presence of at least two systems (skin 
and mucosal findings, respiratory symptoms, and synco-
pe). Among these patients 21% (n=3) had their diagnosis 
confirmed by DPTs, while 28% (n=4) were not considered 
to have NSAID-H following DPT. The outcomes of our 
study indicate the need to conduct DPTs when anaphy-
laxis is suspected.

In the literature, there are different results regarding 
risk factors for NSAID-H (3,8,17-19). In our study, pre-
senting with angioedema and anaphylaxis was identified 
as a risk factor. Similar to the findings of Topal et al., in our 
study, the presence of angioedema and age over 10 years 
were identified as independent risk factors for NSAID-H 
(8). In the literature, age above 10 years has been associ-
ated with an increased risk of NSAID-H (3,10). Further-
more, there were no cases of NSAID-H in children under 
2 years of age in our study. This situation can be explained 
by the fact that viral infections, which are common in 
young children, can mimic drug allergies, suggesting that 
the risk of NSAID-H may be lower in this age group.

Consistent with our findings, previous studies have 
reported that the risk of NSAID-H is significantly high-
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