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Abstract

Background: |buprofen, a non-steroidal anti-inflammatory
drug (NSAID), is the most frequent medication to be in-
volved in hypersensitivity drug reactions (HDRs). Other
analgesic/anti-inflammatory drugs in the arylpropionic
group are also relevant, albeit to a lesser extent. Ibuprofen is
widely consumed by people of all ages, both on medical
prescription and over the counter; moreover, it is an organic
contaminant of surface waters and foods. While numerous
drugs cause HDR, ibuprofen’s underlying mechanisms are
more intricate and involve both specific immunological and
non-immunological mediated reactions. Summary: we
concentrate on immediate responses, including urticaria
with or without angioedema, anaphylaxis, and angioedema,
classifying reactions according to whether they are caused
by single or multiple NSAIDs and based on the mechanisms
at play. Both groups may experience anaphylaxis, defined as
an immediate, severe systemic reaction involving at least
two organs, though the frequency and severity can vary.

Following this classification, more clinical manifestations can
be identified. Diagnosis is partly based on a detailed clinical
history, including information about ibuprofen and/or other
arylpropionic derivatives involved, the interval between
drug intake and symptoms onset, clinical manifestations,
number of episodes, and the patient’s tolerance or response
to other medications - mainly non-chemically related
NSAID - both before and after reactions to ibuprofen and/or
other arylpropionic drugs. A drug provocation test is fre-
quently necessary to make a diagnosis. Key Message: Be-
cause ibuprofen is the most widely prescribed NSAID, it is
reasonable to assume its role as the leading cause of HDR
will only become more important.

© 2024 S. Karger AG, Basel

Introduction

Ibuprofen, a medication belonging to the group of
non-steroidal anti-inflammatory drugs (NSAID), is
among the most frequently prescribed and accessible

drugs in the world [1]. It came onto the market over
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50 years ago and rapidly became available over the
counter (OTC) [2, 3]. It is indicated for people of all ages,
from early childhood to old age, and it is the only NSAID
approved for use in infants younger than 3 months of age
[4]. In fact, an estimated 98.2% of parents have purchased
at least one OT'C medicine for their child in the previous
year [2]. However, evidence on ibuprofen’s unique safety
profile among NSAID and new indications for its use
continues to emerge [5].

Ibuprofen belongs to the arylpropionic (AP) group of
NSAID, as do naproxen, flurbiprofen, fenoprofen, ke-
toprofen, dexketoprofen, and oxaprozin. Ketoprofen and
dexketoprofen are also available OTC [5]. These drugs are
anti-inflammatory, analgesic, and antipyretic. In many
countries, ibuprofen is the most commonly prescribed
NSAID in pediatric populations, followed by paracetamol
[6]. Moreover, the aging of the population is correlated
with an increase in the prevalence of painful degenerative
and inflammatory rheumatic conditions, which are also
frequently treated with ibuprofen [7].

In addition, ibuprofen is present in ecosystems due to
human pharmaceutical use and other sources [8]. Con-
centrations of 12.7 ug/L have been found in surface waters
[9], and it can also be found in aquatic organisms, in-
cluding seafood [10, 11]. The detection of ibuprofen and
other pharmaceuticals sharply increased during the
COVID-19 pandemic [12], and although efforts have
been made to eliminate these organic residues using
different technologies [10, 11], in many countries ibu-
profen’s release into the environment is an unattended
problem [13].

In this context, it is unsurprising that ibuprofen is now
one of the most common formulations involved in hy-
persensitivity drug reactions (HDRs) [14-16]. Reactions
appearing immediately after drug intake, that is, within
one to several hours, are of particular interest. This
relatively wide window for defining immediate reactions
is related to the mechanisms described below. This review
includes research published from 2010 to November
2023, although some references, particularly those related
to drug metabolism and the genetic response, date back
further. To better understand and contextualize this
update, readers are advised to consult earlier reviews
[14-17).

Types of Reactions

In the 1960s and 1970s, most reported HDRs were due
to acetylsalicylic acid (ASA), and the so-called Samter
triad (asthma, nasal polyposis, and ASA intolerance) was
the syndrome receiving most of the attention, even if the
response produced by other non-chemically related
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NSAIDs predominated over those caused by ASA. Most
studies focused on ASA intolerance and ASA idiosyn-
crasy, concentrating on the involvement of the respira-
tory system as a reference model. Cases with respiratory
and skin involvement were considered blended reactions
in the literature from the USA, and those involving skin
and other organs, including the airways, were referred to

as anaphylactoid reactions in European studies [14,

18-20]. Thereafter, new evidence was taken into con-

sideration for the two position papers published by the

European Network of Drug Allergy (ENDA) and the drug

hypersensitivity interest group in the European Academy

of Allergy and Clinical Immunology (EAACI) [18, 19],

which contributed significantly to this field by proposing

a classification that is still widely used today [21, 22, 23,

24, 25, 26, 27, 28].

Ibuprofen and other APs induce a wide spectrum of
HDR, with various onset intervals, organ manifestations,
and severity, involving either immunological (allergic) or
non-immunological mechanisms [19]. Table 1 shows a
revised classification of the ENDA/EAACI position pa-
per, showing two major groups of responders (cross-
intolerant and selective responders), subdivided into six
categories according to the pattern of clinical manifes-
tations. Of note, some manifestations, such as urticaria,
can be present in any of five different categories. In the
cross-intolerant group, NSAID-induced HDR can
manifest differently, but a common denominator, and
therefore a precondition for inclusion in this group, is the
positive response to strong COX-1 inhibitors including
ASA. The subcategories are as follows:

1. NSAID-exacerbated respiratory disease: primarily
bronchial obstruction, dyspnea, and nasal congestion/
rhinorrhea, occurring in patients with an underlying
chronic airway respiratory disease (asthma/rhinosi-
nusitis/nasal polyps).

2. NSAID-exacerbated cutaneous disease: wheals and/or
angioedema occurring in patients with a history of
chronic spontaneous urticaria.

3. NSAID-induced urticaria, angioedema (NIUA):
wheals and/or angioedema occurring in otherwise
healthy people (without history of chronic sponta-
neous urticaria). Symptoms are induced by at least two
NSAIDs with different chemical structures.

Selective allergic responders are divided as follows:
4. Single NSAID-induced urticaria, angioedema, ana-

phylaxis (SNIUAA): HDR to one or more NSAIDs

belonging to the same chemical group, manifesting as
urticaria, angioedema, and/or anaphylaxis. ASA tol-
erance is required.
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Table 1. Updated ENDA classification of hypersensitivity reactions to ibuprofen and other NSAIDs

Category Clinical entities

Chronology

Proposed mechanism

Cross-intolerant

NERD Asthma, rhinosinusitis, nasal polyposis
NECD Urticaria/angioedema
NIUAA Urticaria/angioedema, anaphylaxis

Selective responders

SNIUAA Urticaria/angioedema, anaphylaxis
MUSNIUA  Urticaria/angioedema, anaphylaxis/asthma
SNIDR FDE, SJS, TEN, DRESS, urticaria, organ-specific

reactions

From minutes to hours after
exposure

From minutes to hours

From minutes to <1 h
From minutes to <1 h

>24 h to days, according to
entity

COX-1 inhibition

COX-1 inhibition
Suggested COX-1
inhibition

Suspected IgE
Suspected IgE
T-cell response

NERD, NSAID-exacerbated respiratory disease; NECD, NSAID-exacerbated cutaneous disease; FDE, fixed drug eruption; SJS,
Stevens-Johnson syndrome; drug reaction with eosinophilia and systemic symptoms.

5. Multiple selective NSAID-induced urticaria, angioe-
dema, anaphylaxis (MUSNIUA): HDR to more than
one NSAID belonging to a different chemical group,
manifesting as urticaria, angioedema, and/or ana-
phylaxis. ASA tolerance is required.

6. Single NSAID-induced delayed hypersensitivity re-
actions (SNIDRs): HDR to a single NSAID, usually
appearing within 24-48 h after drug intake, and
manifesting through either cutaneous symptoms
(exanthema, fixed drug eruption [FDE], other organ-
specific symptoms [e.g., renal, pulmonary], or severe
cutaneous adverse reactions) [19]. This category en-
compasses one type of reaction to one drug, for ex-
ample, an FDE, and another reaction to a different
drug, for example, exanthema.

The initial ENDA/EAACI classification, with its five
categories, has helped clarify clinical descriptions, in-
cluding in children [24-26]; however, subsequent studies
identified some gaps and imprecisions in some of the
statements applied to all NSAID-induced HDR, including
those induced by ibuprofen and other APs. For example,
in cases of NIUA, anaphylaxis should also be included, in
addition to urticaria and angioedema, following the
definition of anaphylaxis; thus, we use the term NSAID-
induced urticaria, angioedema, and anaphylaxis
(NIUAA). The term SNIUA included anaphylaxis in the
ENDA position paper, and we identify it as SNIUAA (see
Table 1) [19]. Within NIUAA, the concept of two or more
immediate reactions to two different NSAIDs is insuf-
ficient and must be accompanied by a positive response to
ASA, as either recorded in the clinical history or verified
by drug provocation test (DPT). Anaphylaxis and/or
urticaria have been reported as reactions to two or

Immediate Hypersensitivity Reactions to
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more different NSAIDs with good tolerance to ASA [27].
We denominate this new category MUSNIUA. In ad-
dition, selective asthma with good tolerance to ASA has
been reported [28]. Though other modifications have
been proposed in children [25, 26, 29], the ENDA/EAACI
classification is widely used, except in cases that fall
outside of these criteria. Thus, a more comprehensive
revision incorporating new clinical manifestations that do
not fit in the classification is needed.

This review focuses on ibuprofen-induced reactions in
the context of NSAID hypersensitivity and is considered
immediate according to the modified ENDA/EAACI
classification, as detailed in Table 1. Regarding reactions
with a specific immunological response, although it is
clear that T cells are involved in SNIDR, an IgE-mediated
response in SNIUAA and MUSNIUA has been dem-
onstrated for the pyrazolone group [14, 30]. As described
in the literature, SNIDR usually occurs after 24-48 h or
longer, depending on the clinical entity [19, 31]. But the
onset of immediate reactions may vary, with a time in-
terval of less than 1 h in SNTUAA and MUSNIUA, which
may extend to more than that in NIUAA, as discussed
below. Since only a few MUSNIUA cases have been
reported, we will concentrate on NIUAA and SNIUAA.

Ibuprofen and Related Drugs in Immediate Reactions

to NSAID

Although there have been numerous case reports and
series of immediate reactions to NSAID in children and
adults over the years [8, 15, 16], a large study from 2011
by Dona et al. highlighted the importance of ibuprofen
relative to other NSAIDs [32]. Since then, other studies
have corroborated these findings, signaling ibuprofen and
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other APs as the main culprits of HDR, surpassing an-
tibiotics as the most important trigger [33, 34].

The past decade has seen an increasing number of
HDR studies in children [15, 16, 23, 25, 26]. Several show
that ibuprofen is involved in 55% and 75% of hyper-
sensitivity reactions [35-37]. Another conducted from
2000 to 2016 estimated that spontaneous reports of HDR
to NSAID in children aged 0-17 years rose from 5.6% to
22% (p < 0.001), and the dominant culprit was ibuprofen,
which was more common in boys than in girls (21% vs.
9%; p < 0.05) [38].

AP Drugs in SNIUAA and NIUAA

With regard to immediate reactions, one study in
adults showed that pyrazolone and ibuprofen were the
primary culprits in SNIUAA, whereas ibuprofen and
other APs were most commonly implicated in NIUAA
[32]. In a different study, 54% of the total 42 cases could
be categorized as SNIUAA based on the challenge [39].
Considering only APs as culprit drugs, and including only
reactions that manifest within an hour of drug intake, 42
of the 245 patients (17%) with a confirmed history of
HDR to AP were classified as SNIUAA [40].

In another study performed in a pediatric population,
58% were classified as cross-intolerant. Although ibu-
profen was involved in over half the cases, the number of
selective responders was not reported [41]. For their part,
Guvenir et al. [25] classified 75% as selective responders,
with ibuprofen standing out as the most frequent drug.
ASA accounted for just 7.2% of the cases. In the 30 cases
reported by Cavkaytar et al. [42], 46% were selective
responders and 52% cross-intolerant. As discussed below,
the main challenge with such research in children is that
the characteristics of this population mean that many
studies are incomplete, making it difficult to classify them
as NIUAA, SNIUAA, or some new entity.

Immunological Cross-Reactivity versus Selectivity

with AP

Most information reported in this section comes from
cases of SNIDR mediated by effector T cells. There are
cases where the immunological response is very selective,
and this pattern can be extended to the different clinical
entities classified as SNIDR (Table 1). One study reported
hypersensitivity to naproxen with good tolerance to
ibuprofen and ketoprofen but cross-reactivity with na-
bumetone [43], and another described an FDE to nap-
roxen and good tolerance to ibuprofen and dexketo-
profen [44]. One case of serum sickness to naproxen with
good tolerance to ibuprofen has been reported; although
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the immunological mechanism is unknown [45], one
possibility may be a T-cell response.

A further example is a case of severe angioedema to
ibuprofen and naproxen and a positive DPT to 100 mg
ibuprofen, with good tolerance to ASA and diclofenac
[46]. We can deduce from these and other examples that
people may experience an allergic reaction to one AP
drug but have a high tolerance to others. This was
clarified by Blanca-Lopez et al. [47] in a large case series,
where 38% of those with confirmed immediate reactions
to AP were selective responders to either naproxen or
dexketoprofen and had a good tolerance to ibuprofen.
However, it was unclear how many patients responding
to ibuprofen tolerated the other APs, as this was beyond
the scope of the study, which aimed only to establish the
existence of patients who developed reactions to nap-
roxen or dexketoprofen but could tolerate ibuprofen [40].

Ibuprofen and Other AP Metabolites

AP metabolites include ibuprofen, ketoprofen, dex-
ketoprofen, naproxen, fenoprofen, flurbiprofen, and
oxazocine. Numerous studies have proposed hypotheses
around whether the metabolites or the parent drug is
responsible for selective immunological reactions [48,
49]. Drugs with a high degree of phase I metabolism are
more likely to be involved in these reactions because the
metabolites are more reactive than phase II metabolites.
The metabolic profiles of AP NSAID differ significantly in
this regard. Ibuprofen is almost completely metabolized
by phase I enzymes, particularly cytochrome P450 en-
zymes [50] (mainly CYP2C8 and CYP2C8) [51], to form
hydroxy and carboxy metabolites that can be further
metabolized by glucuronidation [52]. Naproxen is also
extensively metabolized by phase I enzymes, to form
desmethylnaproxen that is further glucuronized. Flur-
biprofen is converted to 4-hydroxy metabolite and 3-4-
dihydroxy metabolite, which is further converted into 3-
hydroxy-4-methoxy-flurbiprofen. Fenoprofen is mostly
excreted in the glucuronide form, although 4-hydroxy
fenoprofen and its glucuronide are also detected. None of
the above-mentioned metabolites have been so far un-
ambiguously associated with hypersensitivity reactions
after the administration of their parent drugs, although
evidence suggests that the metabolism of these drugs
through phase I enzymes may facilitate the development
of such reactions [7, 43, 53, 54].

Immunological Mechanism Involved in SNIUAA

As stated above, most available data about immuno-
logical responses to NSAID are related to T-cell-mediated
reactions, with much less information about IgE-
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mediated ones [18, 19, 26]. A recent study has shown that
patients with naproxen-induced liver injury display T-cell
memory responses toward an oxidative (S)-O-desmethyl
naproxen metabolite, but not to acyl glucuronide [55].
The most crucial question in relation to SNIUAA is
whether it is an IgE-mediated reaction. Many studies
assume that IgE antibodies mediate SNIUAA induced by
ibuprofen and other APs [14, 34, 56, 57]. However, only
one case of skin testing has yielded positive results [58].

In terms of immediate reactions, many authors cate-
gorize cases that react to two or more distinct chemical
NSAIDs as NIUAA. Despite being intended as a cross-
reactive group in many cases, these patients are actually
cross-intolerant, but this can be confusing, since the
cross-reactive  label is reserved for immune
responses [31].

Risk Factors and Genetic Response

The same risk factors reported for the NSAID group
for both NIUAA and SNIUAA can theoretically be ap-
plied when HDRs are produced by ibuprofen and other
APs. Atopy has been significantly associated with an
immediate reaction to AP in adults and children [32,
59-61], as well as to a history of allergic diseases in their
parents [42]. Older age and male sex were identified as
independent risk factors for immediate-type ibuprofen
allergy [26]. Although there is a general consensus that
atopy, defined as skin tests positive to inhalant and/or
food allergens, is more commonly found in immediate
reactions to NSAID, one study did not find differences
between cross-reactive and selective responders [62].

Regarding genetic factors as biomarkers of NSAID
hypersensitivity, most data published so far are related to
non-immunological mechanisms, such as those related to
the arachidonic acid pathway [63, 64]. Immediate reac-
tions to NSAID have a different pathophysiology that
involves the ability of the drug or their metabolites to
trigger the reaction, and then the signaling cascade that
finally causes the symptoms. Several studies have ex-
amined the possible impact of polymorphic drug meta-
bolism on the generation of reactive metabolites. The
hypothesis is that people who have a high genetic pro-
pensity to produce phase I metabolites may be more
susceptible to selective hypersensitivity. Macias et al. [65]
analyzed the potential effect of common CYP2C poly-
morphisms in the risk of developing cross-intolerance to
NSAID. Their findings showed no genetic association,
albeit no patients with selective hypersensitivity were
included. Moreover, studies analyzing the effect of ge-
netically determined polymorphic drug metabolism in
patients with selective response to NSAID have not yet

Immediate Hypersensitivity Reactions to
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been carried out. As for the signaling pathways, studies
focusing on genetic variability in IgE receptors and
histamine biodisposition revealed no major increased risk
in a cohort of 314 patients with selective hypersensitivity
to NSAID, including 94 patients with hypersensitivity to
ibuprofen and 16 with selective hypersensitivity to other
AP derivatives [66]. However, the risk of developing
NSAID hypersensitivity is strongly correlated with the
presence of diamine oxidase SNP rs2052129, which in
turn is closely associated with impaired histamine bio-
disposition in vivo [67-69].

Another study involving 313 patients with selective
hypersensitivity to NSAID revealed a strong statistical
association between FCER1 rs36233990 SNP, located in a
regulatory region where multiple transcription factor
binding sites exist, and IgE-mediated reactions [70]. In
summary, we concur with Trinh et al. [71] that more
work needs to be done to examine these genetic variables
in sizable, difficult-to-gather datasets in order to fully
understand the genetic association in selective hyper-
sensitivity to NSAID.

Clinical Entities

The most common clinical manifestations in imme-
diate reactions to NSAID induced by ibuprofen and other
APs are urticaria (with or without angioedema), ana-
phylaxis, and isolated angioedema [39]. Though there are
some differences in the frequency and severity of reac-
tions, time interval, and dose needed to elicit a positive
response in DPT, the clinical entities in SNIUAA are
essentially the same as those in NIUAA. In a study by
Blanca-Lopez et al. [47], urticaria/angioedema was ob-
served in 54% of cases with SNIUAA. These findings are
consistent with earlier research [33, 40].

The term “anaphylaxis” refers to a serious allergic
reaction that affects more than one organ system, such as
the skin, respiratory system, or gastrointestinal tract. It
can start out quickly and produce serious or even fatal
symptoms. Accordingly, a reaction involving two or more
organs within a brief period of time following intake or
exposure has to be classified as anaphylaxis. According to
this definition, blended reactions are in fact anaphylaxis.
Urticaria and angioedema are the most common entities,
but cases of SNIUAA are at a higher risk of anaphylaxis
[14]. In an earlier study by our group, anaphylaxis was
observed in 28.5% of cases [40], and in another, it oc-
curred in 42% of SNIUAA compared to 7% of NIUAA.
The role played by metamizole in SNIUAA helps explain
this discrepancy in one study [32] and possibly in others
[72, 73]. Anaphylaxis, particularly severe, is thought to
occur more frequently in selective responders to
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ibuprofen and other APs in countries where pyrazolone is
not commonly used [39, 72]. However, it is challenging to
analyze the studies that have been published thus far in a
way that reliably validates these claims. For example, in
one study that included adults and children, APs were
implicated in 32% of cases of anaphylaxis [73].

NSAID was found to be the most frequently implicated
drug in anaphylaxis in a study conducted in a population
of children, with ibuprofen accounting for 24% of the
cases, and all APs for 27% [6]. Other studies have also
indicated that ibuprofen is the most significant medi-
cation involved in immediate reactions to NSAID, ac-
counting for 51-89% of cases. Some of these involve other
APs like ketoprofen [74, 75]. One study suggested that
biphasic anaphylaxis may occur in HDR to AP, but more
evidence is required to confirm this [76].

The other condition that may occur in the absence of
urticaria is angioedema, which ranks first in some studies
involving children. According to our group’s research,
compared to urticaria or anaphylaxis, angioedema
manifested in 16.7% of cases within SNIUAA [30]. In a
study by Cavkaytar et al. [42], 81% of cases of angioedema
were classified as NIUAA versus 46% as SNIUAA.

Asthma that develops immediately after ibuprofen
intake with good tolerance to ASA verified by DPT is a
new entity that can be classified among selective re-
sponders. For now, we include this type of reaction in the
MUSNIUA category. Though extremely rare, it has been
also reported with paracetamol in people who also tol-
erate ASA [27, 77].

Periorbital edema without itching and/or erythema
typically appears over the course of an hour and fre-
quently during ibuprofen treatment rather than after a
single dose in children with an atopic background,
particularly those sensitized to house dust mites. No
proof of an IgE mechanism has been found, despite the
fact that this has been reported with different APs in the
same patient [46].

Regarding natural evolution, patients with NIUAA
may eventually become tolerant to NSAID; this process
could be related to the type of clinical reaction and atopic
status [78]. The natural evolution of SNIUAA is un-
known, but if we assume an IgE mechanism is at play,
sensitization can be expected to subside over a long
period of time.

Diagnostic Approaches

Diagnosis relies on a thorough clinical history that
includes the number of episodes, all other drugs and/or
food allergens taken simultaneously with ibuprofen, the
years when past reactions occurred, the drugs tolerated
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between and after episodes, the interval between drug
intake and the onset of symptoms, and the clinical fea-
tures [18, 19]. The provision of all this information often
precludes the need for further investigation prior to di-
agnosis [18, 19].

Repeated episodes with various non-chemically related
NSAIDs - including weak COX-1 inhibitors — may occur,
especially in adults. In such cases, the clinical description
alone is sufficient to make a diagnosis. According to one
study, the ASA challenge was positive in 92% of cases
with an unambiguous clinical history, reactions occurring
within an hour, and the involvement of more than two
different NSAIDs [79]. Nevertheless, many studies, es-
pecially those relying on epidemiological surveys, only
classify reactions based on clinical history. This causes
overdiagnosis, especially in children, as antibiotics, foods,
and other factors, often acting simultaneously, can cause
the same symptoms [26, 80, 81].

Skin Testing

Skin testing is not appropriate for diagnosing imme-
diate reactions to ibuprofen or other APs [9, 18, 19]. It has
been used in several studies, but to date without pro-
ducing any compelling results [35, 37, 61, 82]. To our
knowledge, there has only been one reported case of an
intradermal injection at a concentration of 0.03 mg/mL
producing a strong positive reaction [58].

DPT

As mentioned above, DPT is required to confirm the
diagnosis of an immediate reaction and define it as
NIUAA or SNIUAA, unless a consistent history is given.
Thus, the diagnostic method across all population ages is
the administration of ASA, unless contraindicated [32,
40]. The order in which the study is conducted is crucial,
despite the initial recommendation to use DPT with a
culprit or alternative drug, depending on the type of
reaction [18, 19, 26]. Several studies have demonstrated
that two or more NSAID can cause an immediate re-
action, even though the DPT shows good tolerance to
ASA [28, 83-85]. These cases are incorrectly diagnosed as
NIUAA rather than SNIUAA in the absence of an ASA
challenge, so it is likely that the number of SNIUAA or
MUSNIUA cases is underdiagnosed [31].

Numerous reviews and primary studies describe the
procedures in both adults and children [19, 26, 32]. In one
study, the dose of ibuprofen was increased in three steps,
with a minimum 90-min interval, until reaching a cu-
mulative dose of 600 mg in NIUAA. Another study was
recommended two steps: in the first, %0 to }1 of the dose was
administered followed by 60 min of observation, and in
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the second, the remainder dose was administered fol-
lowed by a period of 120 min of observation [86].
However, this protocol was not valid for differentiating
cross-intolerant from selective responders since ASA was
not administered in all cases.

When dealing with SNIUAA, the escalation process
began with a lower dose and was divided into five in-
tervals until the therapeutic doses were reached [32].
Based on clinical data and DPT results, the risk of
anaphylaxis is higher in SNIUAA than in NIUAA, and
the interval for the response in the DPT can be less than 1
h. Indeed, it is usually less than 30 min, so when escalating
the dose, an initial dose of ¥/ ;, or lower, at intervals of
30 min, is advised. These recommendations are sup-
ported by DPT results and clinical data, although each
center adapts these recommendations to their needs and
organization [26, 31].

Because of Reye’s syndrome, pediatric allergists dis-
agree about whether or not to administer ASA to children
[26], but in our experience, a single dose, tailored to the
child’s age and weight, has never produced this com-
plication. Nevertheless, the use of ASA for diagnostic
purposes does not imply that this medication is advised
for treatment in children [85, 87, 88].

According to a recent large study in six European
centers, 80% of patients under 10 years old had a history
of HDR with a single NSAID, and 20% had used multiple
NSAIDs. Of those over the age of 10 years, 84% were
prescribed one NSAID and 26% multiple NSAIDs [85].
Since most children were treated with ibuprofen, in-
cluding those with repetitive episodes, ASA is the best
option for determining whether the diagnosis is defined
as SNIUAA or NIUAA [87].

Unanswered Questions

In many countries, NSAIDs are the most common
medications involved in HDR, and within these, ibu-
profen and to a lesser extent other APs. However, it is
evident that differences in the clinical entities are related
to the intake pattern, atopic status, and other variables
that need to be better identified [31].

According to one study, the percentage of children and
adolescents who took NSAID, mostly ibuprofen, in-
creased from 6.5% to 36% when they were divided into 5-
year age brackets ranging from less than 2 years old to
18 years old [88]. It is unknown to what extent people will
eventually develop SNIUAA or NIUAA in the future,
including at an adult age. Dexketoprofen appears to play a
more significant role in inducing SNIUAA when cor-
rected for drug exposure. Whether different metabolites
are involved is unclear [40, 62]. In addition, NIUAA
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seems to be more common than SNIUAA in early life,
which suggests that atopic status and other potential
factors have an influence [26].

Reactions falling under the NIUAA category may
happen over a period of time longer than an hour [80];
some studies even include time intervals that extend to 6
or even 24 h [62]. In this sense, a T-cell-mediated re-
sponse should be considered in cases with longer time
intervals if good tolerance to ASA is verified. These
observations have been better studied in urticarial re-
actions to beta-lactams, supporting the involvement of a
T-cell-dependent reaction that will fall within the SNIDR
category in the case of ibuprofen and other APs [89].

Another scenario is delayed angioedema, which can
occur hours or days after taking ibuprofen and in some
cases may coincide with good tolerance to ASA [90].
These cases do not fall under the NIUAA or SNIUAA
categories, and there is currently no proof of the in-
volvement of bradykinin or other vasoactive
mediators [91].

Reactions following initial exposure to ibuprofen have
been documented, even though in cases involving
SNIUAA, prior sensitizing exposure is necessary for the
development of a specific IgE-mediated reaction [72].
Indeed, in one study in children, 43% of the cases de-
veloped a reaction after the first exposure [4]. Given that
ibuprofen is a common organic compound found in
surface waters and some foods, it is necessary to assess
possible sensitization from environmental exposure (8,
10, 13].

The presence of IgE reactions also needs to be es-
tablished, despite the existence of cases of SNIUAA to
some AP with good tolerance to others [40]. There is a
chance of co-sensitization to metabolites that do not
cross-react based on the metabolic pathways [31, 92]. In
this case, we should use the term MUSNIUA, as shown in
Table 1.

Future Studies

The ENDA/EAACI position papers brought together
all of the evidence available at the time [18, 19, 26],
constituting a good foundation for new proposals based
on emerging evidence (29,31,5960). In order to reach a
consensus on the assessment of HDR to NSAID, it is now
necessary to update previous position documents in both
adults and children.

Examining whether patients with immediate reactions
to APs have reactive metabolites in their serum that are
recognized by IgE antibodies is crucial. However, de-
tecting these metabolites at the incredibly low concen-
trations reached during the drug challenge poses a
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significant obstacle. Indirect evidence supports the theory
that drug metabolites contribute to hypersensitivity. For
example, phase I metabolites of metamizole can be in-
cluded in the basophil activation test to identify cases with
selective immediate reactions that do not react to the
parent drug [48]. This shows that even in the absence of
the parent drug, phase I metabolites can still produce
clinical symptoms. However, our literature review did not
identify studies analyzing the effect of oxidative metab-
olites of AP derivatives in the basophil activation test. In
this line, the impact of AP derivatives and oxidative
metabolites on the basophil activation test should be
studied in depth.

Lastly, the simultaneous use of transcriptomics and
metabolomic analysis, together with the monitoring of
the acute response in peripheral blood, skin, and urine,
will open up new lines of research to elucidate the un-
derlying mechanisms [47]. This will enhance the diag-
nosis and treatment of patients with NSAID-related
hypersensitivity, currently the most frequent cause of
medication hypersensitivity.

Conclusions

Ibuprofen, an NSAID, is one of the most frequent
medications involved in HDRs. The most common
clinical entities within immediate hypersensitivity reac-
tions include urticaria and/or angioedema and anaphy-
laxis. Subjects can be cross-intolerant reacting to strong
COX-1 inhibitor or selective responders to ibuprofen and
other chemically related arylpropionic or to a single drug
within this group. Diagnosis is based on a clinical history
and a DPT. The administration of ASA must be con-
sidered in order to assess cross-intolerance.
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