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Purpose of review

To analyze recent findings on antibiotic hypersensitivity reactions in children focusing on betalactams, with
regard to clinical entities, antibiotics involved and diagnostic methods.

Recent findings

Betalactams are the most frequent cause of antibiotic hypersensitivity, more specifically amoxicillin alone or
with clavulanic acid, with selective reactions to clavulanic acid also recently reported. Cephalosporins are
the second most frequent group involved, especially in countries with high consumption. Other antibiotics
such as sulphamides and macrolides although involved are less common. There are two types of reactions,
immediate and nonimmediate, the latter being more frequent. Diagnosis is complex and is confirmed in
less than 10% of children evaluated, twice as often in immediate than in nonimmediate reactions. Clinical
history is often unreliable. Regarding other methods, skin testing and in-vitro methods can be useful for
immediate reactions; however, most nonimmediate reactions need drug provocation tests for diagnosis.
There are different degrees of cross-reactivity between penicillin and cephalosporins, with the side-chain
being critical for determination.

Summary

Betalactams are the antibiotics most frequently involved in hypersensitivity reactions with amoxicillin being the
main culprit drug. Immediate reactions, although less frequent, are more often confirmed, with skin testing still
relevant for their diagnosis. Nonimmediate reactions are usually diagnosed by drug provocation test.
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The prevalence of drug hypersensitivity in children
is not known mainly because most studies have
dealt with adverse drug reactions rather than hyper-
sensitivity specifically [1]. In fact, adverse drug
reactions are frequently reported in hospitalized
children (10.2%) and outpatients (1.5%) [2,3]. Other
difficulties for prevalence estimation are that most
studies are performed in adults and only consider
some types of reactions.

In children, there is an overestimation of drug
hypersensitivity [4] and compared with adults, it is
1.5 times less likely to be confirmed, being particu-
larly lower in those with maculopapular exanthema
(MPE) [5]. The parental reporting of allergy is 10.2%
compared with confirmed drug allergy of 6% [6].
Even after ruling out a diagnosis of drug allergy,
parents still refuse their administration. Only 45%
of children for whom penicillin hypersensitivity was
ruled out went on to receive this drug again [7

&

].
Hypersensitivity reactions are classified as

immunologically mediated or allergic, and non-
immunologically mediated or nonallergic. The for-
mer can be immediate or nonimmediate according
iams & Wilkins. Unautho
of symptoms [8]. Immediate reactions usually
appear within 1 h of drug intake and are mediated
by specific IgE antibodies. Urticaria and anaphylaxis
are the most commonly reported entities. Nonim-
mediate reactions (NIRs) usually occur 24–48 h after
drug intake, although the time interval can be as
short as 1 or 2 h; they are usually T-cell-mediated
and the most frequent entities are MPE [9,10].
IMPLICATED DRUGS

In a recent study [11] evaluating a large population
of children with hypersensitivity reactions to drugs,
those most frequently involved were nonsteroidal
rized reproduction of this article is prohibited.
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KEY POINTS

� Betalactams are the drugs most frequently involved in
allergic reactions in children inducing both IgE and
T-cell-mediated reactions. Amoxicillin, alone or
associated with clavulanic acid, was the betalactam
most frequently involved, followed by cephalosporins.

� Immediate reactions, although less frequent, are
confirmed nearly twice as often compared with NIR.

� Skin testing is a useful approach for confirming
diagnosis for immediate reactions. DPT appears to be
the only approach for diagnosing NIR to betalactams,
especially in mild reactions.

� Non betalactam antibiotics such as sulphonamides and
macrolides are also involved in allergic reactions in
children producing mainly NIR.

� Desensitization has been shown to be useful in
children, particularly when no other alternative
treatment is available.
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anti-inflammatory drugs (NSAIDs) (44.53%), beta-
lactams (42.97%) and macrolides (1.56%). The most
common confirmed diagnosis was NIR to betalac-
tam (42.19%) followed by cross-intolerance reac-
tions to NSAIDs (34.38%). These data are similar
to those found in adults from the same population,
although in adults immediate reactions to betalac-
tams were more frequent [12].

Betalactams were the most frequent cause of IgE
and T-cell-mediated immunological reactions [11].
The high frequency of immunological reactions
compared with other antibiotics could be because
of the high capacity of betalactam molecules for
inducing hapten-protein conjugates [13] and their
high consumption in the pediatric population [14].
However, a recent study [15

&

] has shown that the
prevalence of these reactions is slightly lower in
children with cystic fibrosis than in the general
population (0.71 versus 1) in spite of their high
consumption.

Other antibiotics inducing hypersensitivity
reactions in children are macrolides and sulphona-
mides, although with much lower frequency.

BETALACTAM HYPERSENSITIVITY
Betalactams are frequently prescribed in children in
the context of an infection, despite the fact that
these are often caused by viruses. Hypersensitivity to
this class of drugs is reported by parents and doctors,
although the rate of confirmed diagnosis after
an allergological study may vary from 7 to 60%
[16–22,23

&&

]. These differences may be because of
the mechanisms involved, the type of reactions, the
betalactam involved and the diagnostic approach.
Copyright © Lippincott Williams & Wilkins. Unau
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Mechanisms
Betalactams are haptens that cannot be recognized
by the immunological system by themselves, but
when they bind spontaneously to exogenous or
endogenous proteins, they form a complex that
can later be processed and presented to T lympho-
cytes. They can induce all the reactions described by
Gell and Coombs [24], although those mediated by
specific IgE antibodies (Type I) or T cells (Type IV)
are the most frequent (Fig. 1). The type of reaction
elicited occurs in the first stages of the immunologi-
cal response, wherein dendritic cells, as antigen-
presenting cells, and naive T lymphocytes are key
players, regulating both IgE production and T-effec-
tor cell differentiation, depending on their profile of
cytokine production.

For IgE-mediated reactions, dendritic cells
present the drug to T cells within the context of a
Th2 response. These T cells will proliferate and
interact with B cells by two signals (CD40-CD40L
and the Th2 cytokines) inducing isotype IgE switch-
ing and leading to the production of drug-specific
IgE antibodies [25]. These antibodies bind to high-
affinity Fce-Receptor I on the surface of mast cells
and basophils during the sensitization phase.
During further re-exposures, the antibiotic–protein
complex cross-links with two or more IgE molecules,
leading to the release of presynthesized inflamma-
tory mediators such as histamine, tryptase, quimase
and heparins or newly synthesized as prostaglandins
and leukotriens, which are responsible for the symp-
toms of the reaction.

T-cell-mediated reactions (Type IV) have been
further sub-classified as [26]: Th1 reactions with
macrophage activation (Type IVa), eosinophil-rich
exanthems (Type IVb), bullous skin diseases
(Type IVc) as well as neutrophil-rich inflammations
like acute generalized exantematic pustulosis
(Type IVd). Different studies have shown the pres-
ence of activated T cells expressing the cutaneous
lymphocyte antigen (CLA) with an increased pro-
duction of interferon-g, tumor necrosis factor-a,
interleukin-2, the transcription factor T-bet, and
the cytotoxic markers perforin and granzyme B
[7

&

,27]. In MPE, a mononuclear infiltrate can be
found, mainly consisting of CD4þ T cells [28]. These
cells release Th1 and skin-homing chemokines and
cytokines in the affected tissue (the skin), and their
corresponding receptors are expressed in both skin
and peripheral blood.

Types of reactions
The skin is the organ most often affected. Urticaria/
angioedema and anaphylaxis are the clinical entities
most often appearing in immediate reactions,
whereas MPEs are more common in NIRs (Table 1).
thorized reproduction of this article is prohibited.
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FIGURE 1. Mechanisms involved in immediate and nonimmediate reactions to antibiotics. APC, antigen-presenting cell; DC,
dendritic cell; NK, natural killer cell.

Drug allergy
Immediate reactions, although less frequent, are
confirmed nearly twice as often compared with NIRs
(13.64 versus 7.39%) [23

&&

]. Related to this, it has
been reported that the likelihood of betalactam
hypersensitivity is significantly higher in children
reporting immediate reactions (30.9%) than in NIRs
(13.9%) [20]. Similar results have been described for
cephalosporins [18], wherein 76.7% of the children
with immediate reaction were confirmed as allergic,
but only 1% of those who had experienced NIR
were confirmed.

Considering specific types of reactions, the like-
lihood of betalactam hypersensitivity is signifi-
cantly higher in anaphylaxis, serum sickness-like
reaction and potentially harmful skin reactions
compared with urticarial or MPEs [20]. Given that
there are many potential causes of exanthema in
children receiving betalactams for an infection,
such as viruses, it is important to consider other
differential diagnoses for the exanthema [29,30].

Anaphylaxis is not a frequently confirmed diag-
nosis, varying from 11.1 to 22% [20,23

&&

]. In a survey
of severe drug-induced anaphylaxis that included
children, antibiotics (49.6%) were the most frequent
opyright © Lippincott Williams & Wilkins. Unautho
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culprits, of which the most common were betalac-
tams (86.6%), followed to a much lesser extent by
quinolones (9.1%) [31].
Betalactams involved

Penicillins and to a lesser extent cephalosporins
are the betalactams most frequently involved
[18,20–22] (Table 1). In fact, it has been shown that
amoxicillin (AX), alone or associated with clavu-
lanic acid (CLV), was the betalactam most fre-
quently involved (64.9%), followed by third-
generation cephalosporins (21.5%) [20]. In a recent
study [23

&&

], 89.65% of reactions were induced by
AX or AX-CLV, in 8.43% by cephalosporins and in
1.92% by benzylpenicilllin. When evaluating chil-
dren with MPE, AX or AX-CLV was responsible for
87.5% of the reactions and cephalosporins for rest
(12.5%) [19]. As in adults [32,33], selective reactions
to CLV may appear in children [20,23

&&

]; whether
these reactions will increase as AX-CLV is more
prescribed remains to be seen.

Regarding cephalosporins, differences have
been observed between countries. In Italian children
rized reproduction of this article is prohibited.
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Table 1. Description of type of reactions, clinical symptoms, betalactam involved as well as percentage of children finally

confirmed as allergic from recent studies published each with a large number of patients

N Immediate reaction/NIR Symptoms Drugs Confirmed

Caubet et al. JACI,
2011 [19]

88 Not clarified Urticaria (53.4%),
MPE (46.6%)

AX (48.5%),
AX-CLV (38.8%),
Cef (12.5%)

6.8%

Ponvert et al. Pediatr
Allergy Immunol,
2011 [20]

1431 Immediate reaction¼162
(11.3%), NIR¼1269
(88.7%)

Anaphylaxis (6.9%),
urticaria (70.8%),
MPE (18.4%),
severe (3.8%)

AX & AX-CLV (64.9%),
Ceph (21.5%),
others (13.6%)

15.9%

Zambonino et al.
Pediatr Allergy
Immunol, 2014 [23

&&

]

783 Immediate reaction¼66
(8.4%), NIR¼717
(91.6%)

Anaphylaxis (0.6%),
urticaria (28.6%),
exanthema (69.5%)
other (1.3%)

BP (1.9%), AX (43.4%),
AX-CLV (46.2%),
Cef (8.4%)

7.92%

Matar et al. Pediatr
Allergy Immunol,
2014 [15

&

]

19 with 23 reactions
(children with
cystic fibrosis)

Immediate reaction¼13
(56.5%), NIR¼10
(43.5%)

Anaphylaxis (39.1%),
urticaria (60.9%)

Pip-tazo (17.4%),
Cefta (34.8%),
Aztr (21.7%),
Tic/tem (8.7%),
AX (8.7%),
Oxa (4.3%),
Pip (4.3%)

47%

AX, amoxicillin; Aztr, aztreonam; BP, benzylpenicillin; Cefta, ceftazidime; Ceph, cephalosporines; CLV, clavulanic acid; MPE, maculopapular exanthema; NIR,
nonimmediate reaction; Oxa, oxacillin; Pip, piperacillin; Tazo, tazobactam; Tem, temocillin; Tic, ticarcillin.
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diagnosed with immediate reaction to cephalospor-
ins, 51.4% were induced by cefaclor and 37.1% by
ceftriaxone [18]. In Serbian children, 29.2% of them
were allergic to cefaclor, 25.8% to cephalexin, 1% to
ceftriaxone and 0.3% to cefotaxime. Both studies
showed that anaphylactic reactions to cefaclor in
children were not as rare as previously believed,
especially in countries with high consumption
[34]. In France, only 1.2% of children with immedi-
ate reaction to betalactams were allergic to cepha-
losporins [20], compared with 11% in Spain [23

&&

].
These variations in the betalactams involved in
allergic reactions are likely to be due to the changes
in their patterns of prescription and consumption
[12,35].

Children may develop hypersensitivity to beta-
lactams and to one or more chemically different
drugs. This has been deemed multiple drug hyper-
sensitivity, and can appear when drugs are admin-
istered simultaneously or sequentially. It has been
recently shown that from 292 children with a
history of multiple drug hypersensitivity only
2.5% were confirmed (28.6% simultaneously and
71.4% sequentially). Betalactams were the drugs
involved in 71.4% of the reactions [36

&

].
Diagnostic work-up

The diagnostic work-up of betalactam hypersensi-
tivity has become complex, time-consuming and
sometimes risky, requiring skilled personnel and
an appropriate setting [32]. This includes a detailed
clinical history, followed by skin testing, in some
Copyright © Lippincott Williams & Wilkins. Unau
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cases in-vitro evaluation, and a drug provocation
test (DPT) [32] (Fig. 2). However, in daily practice, it
is often based solely on the clinical history, which is
unreliable and leads to over-diagnosis [37].

Considering immediate reaction, in-vitro IgE
determination by CAP-FEIA (Thermofisher Scien-
tific, Waltham, Massachusetts, USA) is one potential
approach; however, it suffers from low sensitivity
[38] and may induce false-positive results, especially
with penicillin V [39,40]. In a recent study, 22% of
children with immediate reaction were diagnosed
by in-vitro tests and 22% by skin testing. This figure
would probably have been higher if skin testing had
also been performed on those diagnosed by in-vitro
testing [23

&&

]. Other authors found skin test posi-
tivity in 86% of those finally confirmed as immedi-
ate reaction, 4.6% by prick test and 93% by
intradermal test [20]. All these results indicate that
skin testing in immediate reactions is a useful
approach for confirming diagnosis.

Skin test in NIRs has a very low sensitivity, and
in most instances, patients are diagnosed by DPT
[19,21]. Delayed reading intradermal test positivity
may vary from 3.8 to 33.8%, according to recent
studies, although the latter study used high drug
concentrations, which may have led to a number of
false positives [20,23

&&

]. Higher values of positive
results have been reported in more severe reactions,
such as erythema multiforme and acute generalized
exanthematous pustulosis [20]. Therefore, DPT
seems the only approach for diagnosing NIR to
betalactams, especially in mild reactions. Analyzing
the time of symptom appearance after DPT, it has
thorized reproduction of this article is prohibited.

ins www.co-allergy.com 281



C

Clinical history

Immediate
reactions

Non-immediate
reactions

Mild exanthema
Moderate/severe

exanthema

Skin test

DPT
(optional)DPTDPT

Skin test

IgE in vitro test
(optional)

––

–

FIGURE 2. Allergological work-up for diagnosing immediate and nonimmediate reactions to betalactams in children. DPT,
drug provocation test.

Drug allergy
been shown that 65% of the children reacted within
6–24 h, and 10% from 24–48 h. These results
indicate that a 3-day DPT protocol (one in the
hospital and two at home) is well tolerated and
accurate for diagnosis [23

&&

].
It is interesting to analyze whether skin test

positivity can predict betalactam tolerance. In one
prospective study [19], DPT with betalactams was
performed in 88 children with delayed-onset urti-
carial or maculopapular rashes, independently of
the skin test results. They found that 11 children
had immediate intradermal test responses, although
only four of them developed a positive DPT (one
immediate reaction and three NIRs). Delayed read-
ing intradermal tests and patch testing were nega-
tive in all children. Taken together, these results
suggest that immediate reading of intradermal
skin tests should be performed only for immediate
reactions.

A second allergological work-up in patients with
negative test results is recommended in order to be
certain that they are not allergic. However, this is
particularly recommended for severe immediate
reactions and for patients with a long interval
between the reaction and the study because of the
clearance of the IgE antibody over time [41]. Taking
into account that in children most cases are NIRs, this
procedure does not seem to be useful. In fact, in a
retrospective study, it has been found that only 0.4–
2.1% of children were diagnosed in the retest [42,43].
Cross-reactivity

The degree of cross-reactivity between penicillin
and cephalosporin has been evaluated in children.
opyright © Lippincott Williams & Wilkins. Unautho
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Ponvert et al. [20] found cross-reactivity in 28.2% of
the betalactam allergic children. This was higher for
those with immediate reactions (76%) than those
with NIRs (14.7%). Atanaskovic-Markovic et al. [44]
found that cross-reactivity between cephalosporins
and penicillins varied between 0.3 and 23.9%, being
higher among penicillins and between first-gener-
ation and second-generation cephalosporins. How-
ever, as previously reported [18,20,44,45], it has
recently been shown that all penicillin allergic chil-
dren tolerated cefuroxime, a cephalosporin with a
different side chain [23

&&

]. All these studies indicate
that cross-reactivity is higher in immediate reactions
and when penicillins and cephalosporins are identi-
cal or similar in the R1 side chain, as happens with the
first and second-generation cephalosporins.

Regarding carbapenems, cross-reactivity with
penicillins in children is very low: 0.9% for mero-
penem [46] and 0.8% for imipenem [47]. These
results demonstrate that the practice of avoiding
meropenem in children with penicillin immediate
reaction should be abandoned.
NONBETALACTAM ANTIBIOTICS

The two important groups of nonbetalactam anti-
biotics in the induction of allergic reactions in chil-
dren are macrolides and sulphonamides.

Macrolides are highly prescribed for children
with upper respiratory tract infections, and hyper-
sensitivity is estimated to occur in 0.4–3% of
pediatric patients [48]. The majority of cases
reported are NIRs, such as MPE and urticarial exan-
thema. The incidence of anaphylactic reactions is
extremely low [49,50].
rized reproduction of this article is prohibited.
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The allergological evaluation is difficult because
skin tests have not been validated, especially for
those that are presented in noninjectable forms,
and in-vitro tests have shown inconsistent results
[51]. Studies [52–54] of patients with suspected
macrolide allergy indicate that only 7.5–13.7% were
finally confirmed as allergic, mainly by DPT. This
has also been confirmed recently in children. Out
of those confirmed as allergic, azithromycin was
involved in 2.3% of cases [11]. Cross-reactivity
between the different macrolides is variable and
little information is available [55,56]; however, a
case with an immediate reaction to roxithromycin
with positive prick test to erythromycin and clari-
thromycin has been reported [57].

Sulphonamides also mainly produce NIRs.
Generalized maculopapular or urticarial exanthema
is the most common manifestation [58]. In
addition, these drugs have been shown to cause
severe drug allergic reactions such as drug hyper-
sensitivity syndrome and Stevens–Johnson syn-
drome [59]. In a study [60] analyzing medications
as risk factors for Steven-Johnson syndrome/toxic
epidermal necrolysis in children, sulphonamides
and anticonvulsants were the most frequent drugs
involved. Moreover, in another study in children
diagnosed with Steven Johnson syndrome/toxic
epidermal necrolysis, anticonvulsants were the
most common (50%), followed by antibiotics
(36%) and NSAIDs (21%). From the antibiotic group,
sulphonamides were responsible for 20% and mac-
rolides 40% of reactions [61]. However, another
study [62

&

] showed that antibiotics had the third
largest adjusted odds ratio, with betalactams and
macrolides involved in 27.7% of cases. The possib-
ility of cross-reactivity between antibacterial and
nonantibacterial sulfonamides has been suggested,
but it was impossible to determine whether the
reaction to two sulfonamide derivatives was coinci-
dental or may be a multiple drug allergy syndrome
[63].
DESENSITIZATION

This procedure, although not free of risk, is particu-
larly important for children for whom the drug is
essential and there is no other alternative treatment.
This is often the case for multiresistant bacteria or
multiple antibiotic allergies. In children, there are
scarce data on desensitization, with the majority
related to antibiotics such as betalactams [64–66]
and ciprofloxacin in cystic fibrosis [67,68]. Success
has been found mainly for children with IgE-medi-
ated reactions and ranges from 50 to 100% [69],
although because of the low number of cases, these
data could be overestimated.
Copyright © Lippincott Williams & Wilkins. Unau

1528-4050 � 2014 Wolters Kluwer Health | Lippincott Williams & Wilk
This procedure must be performed after estab-
lishing a risk/benefit analysis and only in hospitals
by well trained personnel [70,71]. It is based on the
administration of increasing doses of the culprit
antibiotic until the therapeutic dose is achieved
and tolerated over a short period of time [71]. The
protocols used in children are, in general, similar to
those used for adults, but dosage is adapted to the
child’s requirements and the oral route is used when
possible, although dosage must be adapted to take
into account gastrointestinal absorption [69,70].
CONCLUSION

Out of a large number of children with a history of
hypersensitivity drug reactions, few were finally
confirmed as truly allergic. Antibiotics, in particular
betalactams, were the drugs most frequently
involved. The majority of the allergic reactions are
NIRs and a drug provocation test has been shown to
be a necessary and well tolerated tool to diagnose
these children.
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