






sickness-like syndrome presentations did not report unsafe
adverse effects.26 27 Three publications described drug eruption
series, with one conducting DPTs to co-trimoxazole among five
(14%) participants without reporting systemic responses.28 The
remaining studies which assessed non-immediate suspected
serious reactions reported likely culprit agents including antibio-
tics, without reference to their investigation.25 29–33

Some studies investigated potential risk factors for immediate
antibiotic allergy, however none of these were strong enough to
obviate the need for investigation. Three studies highlighted that
anaphylaxis, urticaria and angio-oedema index responses were
associated with a higher likelihood of positive DPTor ID responses
when compared with non-specific rashes, however did not pre-
clude investigation.24 34–36 One study suggested that food allergy
was a risk factor for � -lactam allergy among 161 Portuguese chil-
dren (p=0.047).37 Kidon and See38 found that having asthma pre-
disposed towards failing drug DPTs, however was unable to
correct for their increased medication requirement.

Overall, it is prudent to take a cautious approach among chil-
dren describing multiple signs which are consistent with an aller-
gic reaction to antibiotics. If the first dose of an antibiotic course
induced immediate anaphylaxis with breathing difficulty or
airway signs, or patients fulfil criteria for non-immediate serious
syndromes, DPTs may be contraindicated (figures 1 and 4).

Question 4: How long does antibiotic allergy last in children
and when should follow-up assessments be planned after
diagnosis?
No single study has followed the natural history of DPT-proven
antibiotic allergy with subsequent investigation.

Indeed most interest has focused on finding out whether nega-
tive investigation results remain consistently negative. One Israeli
study repeated ID testing and DPTs among 98 children up to
5 months after their first investigations were negative. One
subject demonstrated a positive response to penicillin ID testing
the second time around, and another developed a maculopapular
rash 30 min after the single dose DPT, resulting in two further
diagnoses (2%).39 The second American study conducted ID
testing 1 month after initial skin and DPT investigations were
negative, reporting that 26 (14%) then tested ID positive.40

Neither study assessed whether their postinvestigation prevalence
was higher than those among healthy control children.

DISCUSSION
We have performed the first systematic review to appraise evi-
dence for the diagnosis and management of antibiotic allergy in
children.

Younger children present more commonly with ADRs, with
43–61% of episodes originating in 0–4-year-olds.15 16 The likely
prevalence of positive skin testing and DPTs to antibiotics among
general paediatric outpatients is around 0.21%,17 whereas
DPT-proven reproducibility among children with suspected anti-
biotic allergy ranges between 6.3% and 24%.21 23 24 The
conduct of DPTs among children with non-serious reactions was
safe. Indeed the majority produced delayed cutaneous reactions
which are of questionable clinical significance and need not pre-
clude antibiotic usage in a medical emergency. We recommend
that suspected non-serious antibiotic allergy should be primarily
investigated using DPT-based clinical protocols.

Despite DPT-based diagnosis becoming increasingly common
throughout the UK, our literature review finds only four (6%)
papers that performed DPTs to subjects’ index antibiotic across
all participants with mild reaction histories. No rigorous evi-
dence supports skin and in vitro diagnostic testing; two studies
compared ID testing with DPT data across participants. These
demonstrated a sensitivity of 66.7% and 75%, with positive pre-
dictive values of 36% and 33% for ID testing to � -lactam and
clarithromycin, respectively.23 24 These data raise the question
of whether skin testing should be undertaken to investigate anti-
biotic allergy among children at all.

We ensured that a wide range of literature was retrieved using
broad search terms and not limiting according to language.
Nonetheless, not all publications were retrievable, even after
attempting contact with study authors.

Heterogeneity in study design and investigation protocols pre-
vented meta-analysis and assessment of publication bias. The
majority of hospital-based case series were vulnerable to selection
bias, although better quality publications highlighted prospective
introduction of protocols to reduce this (see online supplemen-
tary table S2). Nonetheless, since the first publication in 1964, an

Figure 4 Evidence-led approach to
the diagnosis and management of
antibiotic allergy in children.
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increased variety of antibiotics has become available and labora-
tory techniques for detecting sensitisation have changed enor-
mously.41 This may explain considerable changes in prevalence
data detected over time.41 42 Where outlined, some DPT proto-
cols did not require ongoing course completion to ascertain
delayed reactions. We were unable to construct a receiver operat-
ing characteristic curve analysis to compare investigations, as too
few study designs would have been eligible for inclusion therein.

Context of findings
Early consensus guidelines for investigating antibiotic allergy
proposed that positive SPT and ID results fulfilled diagnostic cri-
teria for antibiotic allergy, based on two early case series which
sporadically used DPT.43–45 It has since become clear that skin
testing is of limited accuracy with 8.4–13.7% of ID negative
adults demonstrating symptoms on DPT.46

Additionally, in clinical practice, we determine the patient’s
status towards the suspected antibiotic and towards suitable alter-
natives. Therefore, the majority of ID testing panels include a
range of reagents at varying concentrations.47 This is unaccept-
able to a large proportion of paediatric patients, particularly
since their discomfort can prevent adequate investigation. There
appears to be little reason to continue to use ID testing to antibio-
tics among children.

We recommend that suspected non-serious antibiotic allergy
should be primarily investigated using DPT-based clinical proto-
cols, as has become routine among large centres in the UK and
abroad (figure 4). Incremental DPTs should be undertaken with
expert clinical supervision for the first cumulative dose, to
ensure appropriate surveillance of symptoms and signs, and
excellent management of allergic reactions (figure 5).19 The
index antibiotic preparation should be used where possible, to
best support positive diagnosis of an allergic syndrome.19–21

Intravenous DPT may be undertaken only where paediatric
intensive care facilities are available. A 3 day course of the sus-
pected antibiotic should be continued after negative DPTs, to
allow elicitation of non-immediate responses and reduce con-
comitant bacterial resistance.24 Delayed cutaneous reactions that
are mild and last for less than 24 h may not be clinically con-
cerning (with the exception of erythema multiforme and the

suspected serious syndromes listed in figure 1) and may not pre-
clude administration of the same antibiotic should there be suffi-
cient clinical indication.

Although DPTs are the clinical gold standard and are safe
among well children, they still have some limitations. For
example, DPT results may still have the capacity to produce
false-negative results.34 39 Unlike common food allergens, anti-
biotic molecules are typically low molecular weight and hapteni-
sation may be required to facilitate immune activation. There
may be many cofactors that facilitate this process; for example,
studies investigating food challenges have highlighted that inter-
current illnesses, poor control of comorbid atopic disease and
exposure to other drugs may reduce the threshold at which
patients demonstrate allergic responses.48 Necessarily, the major-
ity of children who experience ADRs to antibiotics are unwell
when they develop suspected allergic responses. There is cur-
rently no evidence investigating what proportion of children
passing their DPT may later experience an allergic recurrence at
the time of future illness. These factors should not be recreated
when preparing for a DPT to test reproducibility as this may
compromise safety.49

DPT-based protocols also require that only one antibiotic is
investigated for several days at a time, increasing the time taken
for each investigation. Positive DPT responses will typically
require that a second DPT be undertaken during another visit
to identify a suitable alternative antibiotic, with consequences
for resource allocation.

As we move towards adopting DPT-based diagnosis for chil-
dren with suspected antibiotic allergy, it is imperative for us to
collate high quality data regarding children undergoing DPTs,
their conduct and safety. There is also a need to design carefully
controlled multicentre follow-up studies to ascertain their long-
term validity. Cost-benefit analyses associated with DPT-based
challenge regimens are also indicated, given the prevalence of
suspected antibiotic allergy and the scarce resources available
for allergy services. The safety of DPT-based protocols require
robust investigation before it would become appropriate to con-
sider advocating this practice more widely, with the aim to
improve accessibility to the appropriate investigation of anti-
biotic allergy in children.

Figure 5 Benefits and drawbacks of
investigating allergy to antibiotics
using drug provocation testing.
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In the interim, we recommend that suspected non-serious anti-
biotic allergy should be primarily investigated using DPT-based
clinical protocols in tertiary drug allergy centres.
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