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Hypersensitivity to cyclooxygenase inhibitory
drugs in children: a study of 164 cases

Hypersensitivity to cyclooxygenase (COX) inhibitors is rare in children.
We studied 164 children reporting 213 reactions to paracetamol, ibupro-
fen and/or acetylsalicylic acid (ASA). Most reactions were cutaneous,
either isolated or associated with respiratory symptoms and/or anaphy-
laxis. Based on a convincing clinical history or positive responses in
challenges with the drug(s), hypersensitivity to one or several drug(s)
was diagnosed in 49.4% of the children (60, 76.5 and 23.2% of the
children reporting reactions to ASA, ibuprofen and paracetamol respec-
tively). Cross-reactivity between nonsteroidal anti-inflammatory drugs
(NSAIDs) was frequent (69.1%), but only 10.6% of the NSAID-
sensitive children reacted to paracetamol. In contrast, all paracetamol-
sensitive children reacted to NSAIDs. Anaphylaxis, immediate and
accelerated reactions, atopy, older age and chronic/recurrent urticaria
were risk factors for hypersensitivity and/or cross-reactivity between
ASA, ibuprofen and paracetamol. In conclusion, hypersensitivity to
COX inhibitors was frequent, especially in children reporting severe
and/or immediate and accelerated reactions, and in older and atopic
children. Cross-reactivity was frequent, suggesting that most reactions
resulted from a non allergic hypersensitivity linked to the pharmacologi-
cal properties of the drugs. However, in a few children, the reactions may
result from allergic hypersensitivity to selective (families of) drugs, with
tolerance to other drugs.

Key words: acetylsalicylic acid, children, cyclooxygenase inhibitors,
drug hypersensitivity, ibuprofen, non steroidal anti-inflammatory drugs,
paracetamol

suspected hypersensitivity (HS) to drugs and bio-

logical substances [1, 2]. The most frequently sus-
pected drugs are anti-infectious drugs (40-70%) and cy-
clooxygenase (COX) inhibitors (non-opioid analgesics,
antipyretics and nonsteroidal anti-inflammatory drugs)
(=20%) [1, 3]. According to the revised nomenclature for
allergy [4], these reactions should be called hypersensitiv-
ity reactions, either allergic when they involve specific
antibodies and/or T cells, or non allergic when specific
immunological mechanisms are not involved or cannot be
proven.
Although COX inhibitors are widely used in clinical prac-
tice, the prevalence of suspected HS to these drugs is low
(0.3-1%) in the general population [5, 6]. Patients with
chronic urticaria or asthma and atopic patients [5-8] are at
higher risk for non allergic HS to COX inhibitors than other
patients. Hypersensitivity to these drugs is probably less
frequent in children than in adults. In the randomized
prospective study of Lesko er al. [9], in 27,000 children
younger than two years old, all the children tolerated pro-
longed treatments with paracetamol (acetaminophen) and
ibuprofen. In the study of Martin-Munoz et al. [10], only

T hree to 15% of hospitalized and outpatients report

EJD, vol. 18, n°5, September-October 2008

10% of the children with suspected drug HS reported reac-
tions to COX inhibitors. In another study, HS to COX
inhibitors was suspected in only 2% of 754 adverse reac-
tions to drugs occurring in hospitalized children [11].

The most frequently reported reactions are cutaneous, espe-
cially urticaria and/or angioedema, rhinitis and/or asthma.
Anaphylaxis and potentially severe toxicodermas are rare. In
260 children and adults with suspected HS to COX inhibi-
tors, 61.5% of the patients reported urticaria and/or an-
gioedema, and 24.2% rhinitis and/or asthma. Unidentified
skin reactions were reported by 10.8% of the patients, and
anaphylaxis accounted for only 3.5% of the reactions [12].
Thirty-five per cent of 17 children with suspected HS to
COX inhibitors reported urticaria and/or angioedema (facial
oedema especially), 35.3% pruritus and/or unidentified skin
reactions, 23.5% asthma, and 5.9% anaphylaxis [11]. Fi-
nally, in another study, all the children with proven non
allergic HS to COX inhibitors reported facial oedema, 38%
generalized urticaria, and 42% respiratory symptoms [13].
In studies based on skin tests, in vitro tests and challenge
tests, 13 to 50% of the patients with suspected HS to COX
inhibitors were diagnosed as hypersensitive to these drugs
[10, 12, 14, 15]. Hypersensitivity to COX inhibitors was
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diagnosed more frequently in patients with anaphylactic
and/or immediate reactions than in the other patients [15].
In a few patients, the reactions may result from immediate
or non immediate allergic HS, with positive responses in in
vivo and/or in vitro tests to a specific family and tolerance to
other families of COX inhibitors [16-21]. However, most
reactions result from a non-allergic HS, as suggested by a
high degree (25-100%) of cross-reactivity between the
various structurally unrelated families of NSAIDs, and
2-83% of cross-reactivity with drugs with a low COX-1
inhibitory activity, such as paracetamol, nimesulide and
coxibs [13, 15, 22-25].

Only a few studies have been performed selectively in
children with suspected or proven HS to COX inhibitors
[10-13, 22-24]. We studied 164 children reporting sus-
pected HS to commonly used COX inhibitors (paraceta-
mol, ibuprofen and acetylsalicylic acid). The aims of this
study performed in the pediatric pulmonology and allergy
service of the Sick Children’s Hospital (Paris, France) were
to determine the clinical characteristics and risk factors for
HS to these drugs in children.

Patients and methods

Patients

We studied 164 children (102 M + 62 F), mean age
7.2 £4.2 years (range: 7 mths-17.3 yrs), reporting 213
reactions to COX inhibitors between 1993 and 2004. The
demographic characteristics of the children are indicated in
table 1.

The initially suspected drugs were acetylsalicylic acid
(ASA, n=106), ibuprofen (n=64), and paracetamol
(n =43). Fourty-nine (29.8%) children reported several
reactions to a single or several drugs. A previous known
exposure to the suspected drug(s) was reported in only 23
(14%) of the children. Other drugs or biological substances

(antibiotics, vaccines, etc.) were also suspected to be a
possible cause of the reaction in 79 cases.

The reactions (table 2) were classified according to their
nature, severity and chronology. The reactions occurring
less than 1h, between 1 and 48 h, and more than 48 h after
the beginning of the treatment were classified as immedi-
ate, accelerated and delayed, respectively [26]. Most chil-
dren reported immediate and accelerated reactions, and
most reactions were cutaneous, either isolated (n = 129,
61%) or associated with respiratory symptoms (n = 33,
15.6%) and shock (n =24, 11.4%). Isolated respiratory
symptoms (rhinitis, cough, asthma) and conjunctivitis were
exceedingly rare. Children reporting several reactions were
classified on the basis of their more severe and/or rapid
reaction.

Diagnosis

Diagnosis was based on a convincing clinical history (re-
current and/or anaphylactic or immediate or accelerated
reactions to isolated administrations of COX inhibitors) or
on positive response to oral challenge (OC) with the sus-
pected drug(s). OC tests were performed in the hospital
under strict supervision, during 24 h (immediate reactions)
or 48-72 h (non-immediate reactions), after informed con-
sent of the parents. Children received a first dose of 1 or
10 mg of the drug, based on the severity of the reaction. The
dose was increased gradually, with a 20 mn interval be-
tween each dose, until the appropriate cumulative dose per
day for age and weight was reached. The second and third
days, the children received half the therapeutic dose at
9 A.M. and 12, and were supervised for a possible reaction
until 17-18 h. OC were performed at least with another one
COX inhibitor in children with a convincing clinical history
of HS or a positive OC to a single drug (i.e. paracetamol in
children reacting to ibuprofen and/or ASA, or ASA and/or
ibuprofen in children reacting to paracetamol), except for
the children with a known tolerance to these drugs since

Table 1. Demographic characteristics of 164 children with suspected hypersensitivity to

COX inhibitors

Number and sex

Age

Time between the (last) reaction and work-up
Familial history of atopy

Personal atopy

Previous known exposure to the suspected drug
Suspected allergic reactions to other drugs

164 (102 M, 62 F)

Mean = 7.2 yrs (range: 7 mths-17.3 yrs)
Mean = 8 mths (range: 4-20 mths)

85 (52%)

102 (62%)

23 (14%)

60 (37%)

Table 2. Clinical characteristics of 213 suspected allergic reactions to COX inhibitors reported by 164 children

Type and chronology of the reactions Immediate Accelerated Delayed Total:
(£2h) (<48 h) (>48h) n (%)
Isolated urticaria and/or angioedema 45 69 15 129 (61%)
Cutaneous + respiratory symptoms 16 7 10 33 (15.6%)
Anaphylactic shock ( skin and/or respiratory symptoms) 18 6 0 24 (11.4%)
Isolated rash 6 7 3 16 (7.5%)
Isolated respiratory symptoms (rhinitis, cough, asthma) 0 10 0 10 (4.3%)
Isolated conjunctivitis 0 1 0 1 (0.5%)
Total 85 (40.1%) 100 (46.7%) 28 (13.2%) 213 (100%)
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their suspected allergic reaction. One hundred and thirty-
nine OC were performed (ASA: 83, ibuprofen: 44, and
paracetamol: 12). Challenges were classified as positive if
an objective adverse reaction (e.g. urticaria and/or an-
gioedema, conjunctivitis, rhinitis and/or asthma) occurred
during or within 24 to 48 hours of the end of the challenge.
Diagnosis of HS to other drugs or biological substances
was based on positive immediate, semi-late or late re-
sponses in skin tests (betalactams, vaccines) and challenge
with the suspected drugs or biological substances, as pre-
viously reported [27, 28]. Familial and personal atopy was
determined by means of anamnesis (known history of
atopic dermatitis, food allergy, allergic rhinitis/rhino-
conjunctivitis and asthma) and/or prick-tests with common
aeroallergens and/or foods, and serum specific IgE deter-
minations.

Statistical analysis

The differences for quantitative data were assessed by the
Student’s ¢ test, and the differences for qualitative data were
assessed by the Chi ? test or by the Fisher’s test when the
number of cases was low. A p value < 0.05 was considered
significant.

Results

The mean time between the (last) suspected allergic reac-
tion and the allergological work-up was 8 mths (range:
4-20 mths). Two children reporting accelerated urticaria
and/or angioedema to ASA and/or ibuprofen were initially
diagnosed tolerant to COX inhibitors based on negative
responses in a one-day OC. However, these children re-
ported relapses during subsequent treatments with the ini-
tially suspected drugs and were diagnosed intolerant to
COX inhibitors based on positive responses in a 2-day OC
performed in the hospital. Thus, HS to one or several COX
inhibitors was diagnosed in 81 children (49.4%,
55M+26F), based on a convincing clinical history
(n=36/81, 44.4%) or positive responses in OC tests
(n =45/81, 55.6%).

ASA hypersensitivity was diagnosed in 64 of the 106 (60%)
children with suspected HS to this drug, based on a con-
vincing clinical history (n = 42/64, 65.6%) or on a positive
response in OC (n =22, 34.4%). Ibuprofen HS was diag-
nosed in 49 (76.5%) of the 64 children reporting reactions
to this drug, based on clinical history (n = 40/49, 81.6%) or
OC(n =29, 18.4%). Paracetamol HS was diagnosed in 10 of
the 43 children (23.2%) with suspected HS to this drug,
based on clinical history (n=8/10, 80%) or OC (n =2,
20%). In OC, the mean reactogenic dose was 9 mg/kg
(range: 0.9-21.8) with ASA, 9.7 mg/kg (range: 1.7-18.2)
with ibuprofen, and 19.4 mg/kg (range: 3.4-37.5) with
paracetamol. The mean time between the beginning of the
OC and the reaction was 190 mn (range: 15 mn-24 h) with
ASA, 60 mn (range: 20 mn-2 h) with ibuprofen, and 35 mn
(range: 15 mn-2 h) with paracetamol.

Among the 64 children with ASA hypersensitivity, 39
(61%) cross-reacted with ibuprofen (5 based on response in
OC, and 34 on clinical history) and 8 (12.5%) with parac-
etamol (1 in OC, and 7 based on clinical history). Thirty-
nine of the 49 children with ibuprofen HS (79.6%) cross-
reacted with ASA (20 in OC, and 19 based on clinical
history) and 4 (8%) with paracetamol (1 in OC, and 3 based
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on clinical history). Thus, cross-reactivity between ASA
and ibuprofen was frequent (78/113=69.1% vs.
35/113 = 30.9% of children with selective reactions to ASA
or ibuprofen, p < 0.0001). In contrast, only 12/113 (10.6%)
of the children with ASA and/or ibuprofen hypersensitivity
were intolerant to paracetamol, but all the children with
paracetamol HS (10/10 = 100%) were intolerant to ASA
and/or ibuprofen (3 based on response in OC, and 7 on
clinical history, p < 0.001).

Potential risk factors for HS to COX inhibitors were ana-
phylaxis (83.3% vs. 40.4% for other reactions, p = 0.002)
and immediate and accelerated reactions (55.4% vs. 32.1%
for delayed reactions, p = 0.02), personal atopy (75.3% vs.
49.3% in the tolerant children, p < 0.001), and older age
(mean age = 8.2 £ 4.1 vs. 6.2 + 4.0 yrs in the tolerant chil-
dren, p = 0.003). Chronic/recurrent urticaria was reported
in 11/81 (13.6%) children intolerant to COX inhibitors,
ASA and/or ibuprofen especially, and 4/83 (4.8%) children
tolerant to these drugs. However, the difference was not
statistically significant (p = 0.061). Sex was not a risk fac-
tor. Cross-reactivity between COX inhibitors was more
frequent in children with anaphylaxis than in the other
children (50% vs. 20%, p < 002).

Finally, 12 (14.4%) of the 83 children diagnosed tolerant to
COX inhibitors were differentially diagnosed as having
allergic or non allergic HS to antibiotics (n=7), DTP
vaccine (n = 1) and miscellaneous drugs (n = 4).

Discussion

To our knowledge, we report the largest study performed in
children with suspected HS to commonly used COX inhibi-
tors. Most reactions were cutaneous (urticaria and/or an-
gioedema especially), either isolated or associated with
respiratory symptoms and/or anaphylaxis. Diagnosis was
based on a convincing clinical history or on positive re-
sponses in OC tests. Immediate-reading skin tests and in
vitro tests (specific IgE determination, histamine and leu-
kotriene release tests, basophil activation test) were not
performed because these tests are not standardized and
because their diagnostic and predictive values are contro-
versial [10, 16-18, 21, 29, 30]. Theoretically, several chil-
dren may have been misdiagnosed as having paracetamol,
ibuprofen or ASA hypersensitivity by means of clinical
history only. However, according to the international guide-
lines, challenge tests are contra-indicated in patients with a
suggestive clinical history and/or in whom the challenge
may induce a severe reaction. Alternatively, challenge with
other COX inhibitors are indicated to evaluate the tolerance
of the COX inhibitor-sensitive patients to these alternative
drugs [31, 32]. Moreover, numerous children diagnosed as
having HS to a single suspected drug, based on clinical
history, also reacted to one or several other COX inhibitors,
based on their clinical history or on challenge tests. These
results strongly suggest that the children were also sensitive
to the initially suspected drug.

In this study, HS to paracetamol, ibuprofen and ASA was
frequent (49.4%) in a selected population of children with
suspected HS to these drugs, consistent with the results of
other studies showing that 13 to 50% of patients with
suspected HS to COX inhibitors have allergic or non aller-
gic HS to these drugs [10, 12, 13, 15]. We confirm and
extend the results of Kvedariene et al. [15], showing that
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severe and/or immediate and accelerated reactions are risk
factors for HS to COX inhibitors. In their study, 9 of
13 (69.2%) patients with paracetamol HS reported imme-
diate, and 5 (38.5%) anaphylactic reactions. In our study,
atopy was also diagnosed as a significant risk factor for HS
to COX inhibitors, consistent with the results of other
studies [7, 8, 13, 24]. In the study of Sanchez-Borges et al.
[24], in 50 adults and children with HS to COX inhibitors,
41 patients (82%) had a personal history of atopy versus
7 (14.5%) of the control subjects. This relation betwen
atopy and non allergic HS to COX inhibitors may result
from a non specific hyperreactivity of preactivated baso-
phils, mast cells and eosinophils, as reported in patients
intolerant to ionic and hyperosmolar radiocontrast media
[33]. Although the difference was not statistically signifi-
cant, chronic/recurrent urticaria was also more frequent in
the children intolerant to COX inhibitors than in the chil-
dren tolerant to these drugs, consistent with the results of
previous studies performed in adult patients [5-7]. Finally,
mean age was significantly higher in the sensitive children
than in the children tolerant to COX inhibitors, in agree-
ment with the results of other studies [34].

The anti-inflammatory properties of non opioid analgesics,
antipyretics and NSAIDs are related to their inhibitory
activity on the cyclo-oxygenase enzymes COX-1 and
COX-2. Classical NSAIDs, such as ASA and ibuprofen, are
strong inhibitors of the COX-1 and weak inhibitors of the
COX-2. In contrast, paracetamol, nimesulide and coxibs
have low COX-1 and high COX-2 inhibitory activities [35,
36]. Most patients with NSAID hypersensitivity cross-react
with other COX inhibitors, including drugs with a weak
COX-1 inhibitory activity [13, 15, 22-25]. Cross-reactivity
is dependent on the COX-1 inhibitory activity and the dose
of the drugs. In patients with NSAID intolerance, drugs
with a low COX-1 inhibitory activity may be tolerated
when given at low doses, but may induce a reaction when
given at higher doses [25]. In our study, two children
tolerated the low doses of NSAIDs given in a one-day OC,
but were intolerant to a higher cumulative dose adminis-
tered in a 2-day challenge. We also showed a high degree of
cross-reactivity between ASA and ibuprofen, and a 100%
degree of cross-reactivity with NSAIDs in the children with
paracetamol HS. Finally, only 14% of the children with
suspected HS to paracetamol, ibuprofen and/or ASA had
been previously treated with the suspected drug. Thus, most
children had not been previously « sensitized », and their
reactions could not result from allergic HS. Thus, our
results strongly suggest that, in children as in adults, most
HS reactions to COX inhibitors result from a non allergic
HS linked to the COX-1 inhibitory activity of these drugs.
However, in a few children, HS reactions may result from
allergic HS to selective (families of) drugs, without cross-
reactivity with structurally unrelated COX inhibitors, as
previously reported [16-21].

Conclusion

We show that HS to commonly used COX inhibitors is
frequent in children with suspected HS to these drugs. In
most cases, the reactions are cutaneous (urticaria and/or
angioedema especially), either isolated or associated with
respiratory symptoms and/or anaphylaxis. We also show
that the risk of HS to these drugs is significantly increased
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in children reporting severe and/or immediate and acceler-
ated reactions, in children reporting reactions to NSAIDs
(ASA, ibuprofen), and in older and atopic children than in
other children. Finally, our results show a high degree of
cross-reactivity between the various families of COX in-
hibitors, and suggest that, in children as in adults, most HS
reactions to COX inhibitors result from a non allergic HS
linked to the COX-1 inhibitory activity of these drugs. In
those children, « selective » COX-2 inhibitors, such as cox-
ibs and nimesulide, could be interesting alternative drugs.
Unfortunately, at the moment, these anti-inflammatory
drugs are contra-indicated in children under the age of
12 years in most European countries. Wl
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