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Abstract
Background: Around 10% of people report a drug allergy and avoid some medications because 
of fear of allergic reactions. However, only after a proper diagnostic workup can some of these 
reactions be confirmed as allergic or nonallergic hypersensitivities. Beta-lactams (BLs) are the 
most common medication suspected of being involved in drug hypersensivity reactions (DHRs) 
in children. Recently, direct oral provocation tests (DPT) with BLs gained popularity within 
pediatric populations as a tool for delabeling children with suspected BL allergies. This study 
aimed to evaluate the safety of direct provocation tests in infants with mild cutaneous non-im-
mediate reactions to BLs.
Methods: The authors retrospectively analyzed the data of 151 infants between 2015 and 
2022, referred for evaluating a suspected allergy to BLs that occurred before age 24 months.
Results: The mean age of the children, including 55% male kids, at the suspected reaction 
was 15.9 months and the mean age at the time of the DPT was 39.6 months. In most cases, 
antibiotics were prescribed to treat common upper respiratory infections, such as acute otitis 
(54.3%) and acute tonsillitis (27.2%). Amoxicillin was considered the culprit drug in 62.9% of the 
cases, and the combination of amoxicillin–clavulanic acid in the case of 33.8% of children. The 
most frequent associated cutaneous clinical manifestations were maculopapular exanthema in 
74.8% and delayed urticaria/angioedema in 25.2%. Of the 151 infants evaluated, parents of 149 
infants agreed for a direct DPT, and only three had a positive test (2%). Symptoms resulting 
from the DPT were mild and easily treatable.
Conclusions: A direct DPT without prior tests is a safe and effective procedure to delabel BL 
allergy, even in infants. The authors wish to emphasize the importance of properly validating 
BL allergy suspicions by promoting appropriate diagnostic procedures in infants as, in most 
cases, DHRs can be excluded and there is no need for further therapeutic restrictions.
© 2024 Codon Publications. Published by Codon Publications.
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patients were also excluded from investigations if DPTs 
were contraindicated.13,14

Descriptive statistics included frequency and percent-
age of qualitative variables, and median and interquartile 
range or mean and standard deviation (SD) of numerical 
variables, according to the normality of the distribution.

Clinical History

The diagnostic investigation of suspected DHRs started by 
collecting a detailed clinical history, with the used proto-
col based on the one proposed by the European Academy 
of Allergy & Clinical Immunology (EAACI) Drug Allergy 
Interest Group and the European Network on Drug Allergy 
(ENDA) after it was translated to Portuguese.15,16 In anam-
neses, particular importance was given to the age at the 
time of reaction; the drug involved; the diagnosis; clinical 
manifestations reported during the suspected DHR; and 
the temporal correlation between its appearance and the 
administration of the suspected drug.

Drug provocation test

All tested patients reported mild cutaneous non-immediate 
reactions. After obtaining informed consent from parents/
careers, the patients were administered diagnostic DPT 
with the suspected drug without previous tests. An age- 
and weight-adjusted dose of the suspected drug was admin-
istered according to the ENDA guidelines in a day hospital;13 
the calculated dose was divided in three incremental doses 
that were administered at 60-min intervals, followed by a 
vigilance period of at least 2 h prior to medical discharge. 
In patients without any reaction from the first day of DPT, 
an extended DPT was performed. The drug was continu-
ously administered at home on the following days, using 
standard doses, until the number of doses that reportedly 
triggered the reaction was achieved, that is, the days of 
drug continuation at home varied according to the timing 
of the suspected reaction (from 1 to 5 days).

Results

During the considered period, 151 children showed reported 
DHRs with mild cutaneous non-immediate reaction occur-
ring prior to the age of 24 months, with a mean age at the 
reaction being 15.9 ± 5.6 months (minimum 5 months and 
maximum 24 months). The mean age at DPT was 39.6 ± 
19.0 months, with the majority being male infants (55%). 
Regarding the reactive BL, amoxicillin reaction occurred 
in 95 (62.9%) of the cases; in 51 patients (33.8%), allergy 
was due to the combination of amoxicillin and clavulanic 
acid; and in 5 patients (3.3%), the suspected drug was cefu-
roxime. In 139 (92.0%) patients, the reaction was reported 
during the first course of antibiotic, with no previously 
known usage of the suspected drug. The drugs involved 
were prescribed for the following infections: 82 (54.3%) 
patients with acute otitis; 41 (27.2%) patients with acute 
tonsillitis; lower respiratory tract infections in 15 (9.9%) 
cases; urinary tract infections in 10 (6.6%) patients; and 

Introduction

Drug hypersensitivity reactions (DHRs) consist of reproduc-
ible adverse effects of drugs that if taken at therapeutic 
doses, clinically mimic an allergy.1–3 Around 10% of people 
report drug allergy and avoid some medication because 
of the fear of inducing allergic reactions.4 Many suspicions 
arise during the early years of life and persist into adult-
hood with a substantial impact in clinical practice because 
of prescription constraints. However, only a diagnostic 
workup confirms whether these reactions are allergic or 
nonallergic hypersensitivities.5 In children, beta-lactams 
(BLs) antibiotics are the most common medications sus-
pected of being involved in DHRs, with non-immediate 
skin eruptions being their most frequent presentations 
in the context of treating infections.4,6 Followed by BLs, 
nonsteroidal anti-inflammatory drugs (NSAIDs) and non-BL 
antibiotics are the most common medications involved to 
produce DHRs in this population.1 Despite being essential 
for evaluating a BL allergy, a detailed history cannot pre-
dict a drug allergy by itself. Not only blood allergy tests 
and skin tests (STs) have suboptimal sensitivity but they are 
also painful and difficult to perform in children. The drug 
provocation test (DPT) is considered as the most accurate 
diagnostic test because of its high positive predictive value 
and negative predictive value (PPV/NPV).7–10 In the case of 
mild reactions, after a careful clinical history and a DPT 
with the suspected drug, skipping other diagnostic tests 
has gained popularity for the delabeling of suspected BL 
allergies in pediatric populations.1,6,7

Aim

The purpose of this study was to describe the population 
of infants referred to a specialized drug allergy clinic of 
a tertiary hospital, with suspected non-severe and non-
immediate reactions, for evaluation of a BL allergy. We 
reported the results and safety of using a DPT protocol in 
this young age group.

Methods

This was a retrospective study (January 2015–July 2022) 
with collected data of 151 children who were referred for 
evaluation of a suspected BL allergy that occurred before 
the age of 24 months. The analyzed data included demo-
graphics, characteristics of the reaction, suspected drugs, 
and results of the performed investigation. Only children 
reporting non-immediate reactions were included, that 
is, the latency between drug intake or administration 
and the onset of symptoms was longer than 1 h to several 
hours.11,12 Patients who did not recall the timing of the reac-
tion were excluded from the study. Other exclusion crite-
ria were patients with suspected severe reactions, such 
as acute generalized exanthematous pustulosis (AGEP), 
Stevens–Johnson syndrome/toxic epidermal necrolysis, 
drug reactions with eosinophilia and systemic manifes-
tations, and drug-mediated, organ-specific reactions; 
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leading to diagnostic doubts. In children, such cutaneous 
manifestations are less commonly caused by BL hypersen-
sitivity than in adults.17,18 In this study, we focused specif-
ically on infants, reporting reactions before the age of 2 
years. Suspected DHRs at such a young age can lead to 
unnecessary lifelong drug avoidance if reactions are not 
investigated properly.

Similar to other pediatric studies,19,20 the majority of 
patients who were referred to our specialized drug allergy 
clinic with a suspected BL allergy reported non-immedi-
ate mild cutaneous reactions, such as MPEs and urticarial 

cutaneous infections in 3 (2%) cases. The reported cutane-
ous symptoms were maculopapular exanthema (MPE) in 113 
(74.8%) patients and delayed urticarial/angioedema in 38 
(25.2%) patients (Table 1). The mean period of appearance 
of symptoms was 4.7 ± 2.5 days of treatment (from the 1st 
day to the 10th day).

We had 151 eligible patients for direct DPT, but in case 
of two children, parents refused any additional studies. Of 
the 149 patients who completed the proposed diagnostic 
workup, we excluded the initial suspicion of BL allergy 
in 146 cases after a negative diagnostic provocation test 
(Figure 1). Hypersensitivity was documented by a positive 
DTP in three patients. Symptoms during the DPT were mild 
and similar to the initially described reactions; however, 
these appeared sooner than the initially reported reac-
tions. In two patients, only antihistamines were used to 
treat reactions, but in others, antihistamines plus oral cor-
ticoids were used due to the presence of gastrointestinal 
symptoms, simultaneously with MPE (Table 2). Considering 
the negative 146 DPT results, the mean age at presenta-
tion of reaction was 15.3 ± 5.4 years. Amoxicillin was the 
main suspicious BL involved, and in 72.8% cases, the mani-
festation was MPE. The DPT was prolonged at home in 115 
patients without reaction; however, among these, only 
three patients mentioned before showed reactions with 
the suspected BL.

Discussion

Beta-lactams are the most prescribed and widely used 
antibiotics for treating common infections, particularly in 
children. Cutaneous manifestations occurring in this setting 
are caused by the underlying infections, but DHRs to anti-
biotics can trigger similar cutaneous manifestations, thus 

Figure 1  Diagnostic flow chart.

Table 2  Characteristics of the reactions in the studied 
population.

Diagnosis (n, %)
  Acute otitis 82 (54.3%)
  Acute tonsillitis 41 (27.2%)
  Others 28 (18.5%)
Beta-lactams (n, %)
  Amoxicillin 95 (62.9%)
  Amoxicillin–clavulanic acid 51 (33.8%)
  Cefuroxime 5 (3.3%)
Cutaneous Manifestations (n, %)
Maculopapular exanthema 113 (74.8%)
Urticaria/angioedema 38 (25.2%)

Table 1  Demographic data.

Age of reaction (months)
Mean ± SD 15.9 ± 5.6
Age of DPT (months)
Mean ± SD 39.6 ± 19.0
Gender (n, %)
  Male 83 (55%)
  Female 68 (45%)

Table 3  Characteristics of infants with positive DPT.

Gender Male Male Male

Age of reaction 
(years)*

17 12 18

Reaction days 4 5 2
Manifestations MPE MPE MPE
DPT Amoxicillin Amoxicillin Amoxicillin/

clavulanic 
acid

Age of DPT (years)* 38 61 40
Day of DPT reaction 2 1 1
Manifestations MPE MPE + GI 

symptoms
MPE

*Months.
DPT: drug provocation test; GI: gastrointestinal; MPE: maculo-
papular exanthema.

In 2 parents refused
additional study

3 DPT positive

146 DPT negative

151 infants with suspicion
history of beta-lactam allergy

149 proposed for DPT
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Our results demonstrated that if we only consider 
clinical history, then drug allergy could be largely over diag-
nosed as reported by other authors,6 with a negative impact 
on both individual patients and public heath.30 The propor-
tion of positive diagnosis was only 2%, which confirmed the 
proportion reported by other studies, considering that only 
children with mild cutaneous non-immediate reactions that 
occurred prior to the age of 2 years were included. Our 
data also supported the idea that in non-immediate mild 
cutaneous reactions, a direct DPT with the suspected drug 
was a safe and time-effective method to exclude false sus-
picions of drug hypersensitivity.7,28,30 For the diagnosis of 
non-immediate drug hypersensitivity, some guidelines still 
recommend the use of delayed-reading intradermal tests 
and patch tests.31,32 Nevertheless, the negative and positive 
predictive values of these tests in such reactions remained 
unclear.33,34 Thus, direct DPT with suspected drug gained 
popularity to study such reactions in the pediatric popu-
lation in which the performance and acceptance of skin 
tests was challenging. In the three patients who had a doc-
umented DHR to BLs, symptoms during the DPT were mild 
and easily treated, though more precocious, which was 
in line with reports from other studies.35,36 In fact, some 
working groups had included direct DPTs in their recom-
mendations.1,31,37–40 The decision to prolong DPT at home 
is divergent between different studies; nevertheless, in 
our study, we accepted that extension had an important 
impact on delabeling, and was safe.

Regarding atopic background, we were not able to 
prove statistically the association between atopy and risk 
of a true drug allergy in our study. However, as recently 
described in the literature, it is important to highlight rela-
tionship between the presence of a positive personal and 
family history of atopy and an increased risk for a positive 
DPT.41

Regarding limitations of the present study, it was a ret-
rospectively conducted analysis, which implied reviewing 
past records not intended for the purpose of the present 
investigation, and thus a possible recall bias by the parents 
about the index reaction could have happened.

In the present work, we verified a delay of 23.7 months 
between the age of index reaction and the age of direct 
DPT. As evident, sensitization loss is expected with prog-
ress in time, especially in the IgE-mediated reactions. This 
could be an influencing factor in delay between index 
reaction and work-up study. In our study, the main reac-
tion was non-immediate reaction, attributed to a non-IgE-
mediated mechanism, so the influence of such delay is not 
an expected relevant factor.

Owing to a highly selected studied population, consid-
ering age and clinical manifestations of the reaction, it was 
not possible to extrapolate data to other pediatric or adult 
populations or even other more complex DHRs.

Nevertheless, we considered this study as an important 
analysis, given the need to remove unverified BL allergy 
findings, especially in this age group, in which mild non-
immediate cutaneous reactions were the main clinical pre-
sentations leading to a BL allergy suspicion. Such infants 
have an expected long life spam and would probably 
require these antibiotics throughout their lives. Besides, 
the probability of the diagnosis confirmation is quite 
low, making this population a prime target for BL allergy 

exanthemas. These reactions are considered as being of 
low risk, particularly in children.9 Among the 149 patients 
administered DPT without prior diagnostic tests, only three 
had a positive provocation test (2%). According to the lit-
erature, positive DPT was observed in less than 10% of 
children.6,17,20,21

In a large study conducted by Zambonino et al., 783 
children, with a median age of 6 years, were evaluated 
for both immediate and non-immediate DHRs to BL.22 The 
authors reported a confirmed allergy in 7.9% patients after 
a diagnostic work up, which included specific immunoglob-
ulin E (IgE) determination, skin testing, and, if necessary, 
a DPT.19 In our study, we had a lower proportion of positive 
investigations, probably because of our population selec-
tion, that is, younger patients with only mild cutaneous 
non-immediate reactions that occurred before the age of 
24 months. In fact, according to the literature, the proba-
bility to confirmed DHR increases with age as well as with 
the severity of the suspected reaction,15 being higher in the 
case of immediate reactions.22–24

Another large study conducted by Mill et al., compris-
ing 818 children with a median age of 1.7 years, reported 
both immediate and non-immediate reactions to amoxi-
cillin; the patients were administered direct DPT, and the 
proportion of positive aggravations was 5.9%.25 Despite the 
age of the included children being closer to those in our 
study, the authors considered all forms of immediate and 
non-immediate reactions and not only non-immediate reac-
tions with mild cutaneous symptoms as done in the present 
study, which may explain the difference in confirmed diag-
nosis. Similar findings were reported in a study conducted 
by Exius et al., which included 1914 children (mean age of 
1.8 years at the occurrence of reaction) with an history of 
benign skin reactions to amoxicillin (either immediate or 
non-immediate), and discovered a 5.4% positive DPT results 
to amoxicillin.26

In a recent study conducted by Prieto et al., address-
ing the utility of a single dose of DPT without any previ-
ous tests for diagnostic purposes in 194 children with mild 
non-immediate reactions, the proportion of positive tests 
was 12.4%.27 This prospective study included children aged 
0–14 years, which may explain the difference in the number 
of confirmed reactions in our study. Interestingly, similar 
to our results, the authors also reported a decrease in the 
interval between drug administration and onset of symp-
toms observed in positive DPTs, compared to the original 
reaction. It also considered DPTs without previous skin 
tests a safe and useful means to assess mild non-immediate 
reactions in children.

A recent meta-analysis of DPT results in children with 
suspected hypersensivity to BL discovered that the overall 
prevalence of positive DPT in children with a history of mild 
non-immediate reactions was about 7%, and that no severe 
reactions occurred during DPT.28. In a recent meta-analysis 
done last year that included 28 studies, reporting on 8334 
direct challenges, the estimated prevalence of BL hyper-
sensitivity was 5.2% (3.7% non-immediate reactions); the 
frequency of severe reactions resulting from direct DPTs 
was very low, also supporting the idea that direct DPT is 
a safe and effective delabeling tool in children with sus-
pected non-severe reactions.29
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delabeling. This approach with the use of a direct DPT is 
more justified in infants as cooperation and acceptance of 
invasive diagnostic procedures. The blood allergy tests and 
skin tests are suboptimal and have poor diagnostic value.

Conclusion

Our work adds to the current knowledge, showing that 
the vast majority of pediatric patients with suspected 
allergy to BLs cannot be confirmed as having a true 
allergy upon a diagnostic investigation.41 Recent studies 
increasingly support the use of direct DPTs as a tool to 
delabel pediatric patients with suspected allergy to BLs, 
especially in the case of mild non-immediate reactions. 
We found this approach as safe and effective within 
the infant population. We emphasize the importance 
of properly validating DHRs’ suspicions in infants, as in 
most cases they can be excluded and there is no need 
for therapeutic restrictions to perpetuate to adulthood. 
Multi-centric studies and consensus for applying diagnos-
tic protocols are needed to enable the vast use of such 
diagnostic approaches in delabeling BL allergy in this par-
ticular population.
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