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Abstract
Background: Allergy to beta-lactam antibiotics (BLA) is frequently suspected in chil-
dren, but a drug provocation test (DPT) rules it out in over 90% of cases. Direct 
oral DPT (DODPT), without skin or other previous tests, is increasingly been used 
to delabel non-immediate BLA reactions. This real-world study aimed to assess the 
safety and effectiveness of DODPT in children with immediate and non-immediate 
reactions to BLAs.
Methods: Ambispective registry study in children (<15 years), attended between 
2016 and 2023 for suspected BLA allergy in 15 hospitals in Spain that routinely per-
form DODPT.
Results: The study included 2133 patients with generally mild reactions (anaphylaxis 
0.7%). Drug provocation test with the implicated BLA was performed in 2014 patients 
(94.4%): 1854 underwent DODPT (86.9%, including 172 patients with immediate 
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1  |  INTRODUC TION

Suspected allergy to beta-lactam antibiotics (BLA) is a major health 
problem. About 5%–10% of the pediatric population has presented 
reactions suggestive of allergy, mainly skin rashes, related to the in-
take of an antibiotic.1–5 Even in high-income countries, many of these 
patients are not adequately studied.6 Children labeled as allergic to 
BLA are at risk of receiving less appropriate antibiotics and as a re-
sult, suffering side effects and having longer hospital stays.7–13 From 
a community point of view, the use of second-line antibiotics may fa-
cilitate the emergence of bacterial resistance and increase healthcare 
costs.14 Many adults with a penicillin allergy label acquired it in child-
hood, so its pernicious effects are prolonged throughout life.15 Most 
reactions associated with the use of BLA appear during the course 
of treatment of an infectious disease, and they are usually mild and 
limited to the skin, in the form of a maculopapular rash or urticaria. 
Clearly immediate reactions, appearing within the first hour after tak-
ing the drug, are less frequent than late reactions, although reactions 
occurring up to 6 hours after taking the drug can be considered im-
mediate.16,17 Severe reactions that affect several organs or systems, 
whether immediate (anaphylaxis) or delayed (severe cutaneous ad-
verse reactions, such as Stevens–Johnson syndrome or toxic epider-
mal necrolysis) rarely occur. Numerous studies have confirmed that 
an adequate study allows BLA-allergy delabeling in more than 90% 
of children with mild, immediate, and non-immediate reactions.18,19 
Many of these reactions may indeed result from the interaction be-
tween a viral infection, the drug, and a genetically predisposed host 
immune system, and be transient in nature.20

Although many patients are not referred for testing, suspected 
BLA allergy accounts for about 10% of patients seen in pediatric 
allergy clinics.21 However, the cost associated with this care is off-
set by the high percentage of patients in whom it is ruled out.22–24 
No patient with suspected BLA allergy should be deprived of an 
adequate, cost-effective study that can benefit both them and the 
community.25,26

The study of BLA allergy has evolved over time.27 Beta-lactam 
antibiotics anaphylaxis became very rare after the introduction of 
oral amoxicillin (AX) and the reduction in the use of parenteral peni-
cillin.28–30 Nevertheless, many guidelines still recommend a stepwise 
study starting with in vitro and skin tests. Negative results should 
then be verified with a drug provocation test (DPT), considered the 
gold standard for ruling out BLA allergy.31–34 However, real-world 
practice varies widely between centers.22,35 The possibility of per-
forming a direct oral drug provocation test (DODPT) in low-risk chil-
dren, without prior skin or other tests, was first proposed in Europe 
in the early 2010s.36,37 Since then, an increasing number of studies 
have confirmed the usefulness and safety of this procedure in se-
lected patients,18,38 especially in the predominant group of children 
with mild, non-immediate skin reactions, whom current guidelines 
consider suitable candidates for DODPT,16,17 reducing the incon-
venience and costs of the procedure.25,39 Although some contro-
versy persists about the benefit of skin tests in the smaller group 
of children with immediate reactions, Mill et al.'s study of DODPT in 

reactions). One hundred forty-five (7.2%) had symptoms associated with DPT, al-
though only four reactions were severe: two episodes of anaphylaxis and two of drug-
induced enterocolitis syndrome, which resolved rapidly with treatment. Of the 141 
patients with mild reactions in the first DPT, a second DPT was considered in 87 and 
performed in 57, with 52 tolerating it without symptoms. Finally, BLA allergy was 
ruled out in 90.9% of the sample, confirmed in 3.4%, and remained unverified, usually 
due to loss to follow-up, in 5.8%.
Conclusions: Direct oral DPT is a safe, effective procedure even in immediate mild 
reactions to BLA. Many reactions observed in DPT are doubtful and require confir-
mation. Severe reactions are exceptional and amenable to treatment. Direct oral DPT 
can be considered for BLA allergy delabeling in pediatric primary care.

K E Y W O R D S
beta-lactam allergy, children, drug provocation test, safety

Key Message

This real-world, multicenter study reporting data from 
more than 2000 children confirms that direct oral drug 
provocation test is a safe and effective procedure for beta-
lactam allergy (BLA) delabeling, even in immediate mild re-
actions. Severe responses to the test are exceptional (0.2%) 
and amenable to treatment. Many reactions observed in 
drug provocation tests are doubtful and require confirma-
tion. These results reinforce the notion that direct oral drug 
provocation tests could be performed in non-specialized 
and primary care settings in most patients without risk fac-
tors, which would facilitate the convenient delabeling of 
BLA allergy in a larger number of children.
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children with suspected AX allergy, including cases with a history of 
immediate reactions, suggests that DODPT could be performed in 
all patients with non-severe reactions, regardless of the time elapsed 
since intake.40,41 Thus, this study aimed to assess the safety and ef-
fectiveness of DODPT for both immediate and delayed reactions to 
BLA in real-world clinical practice.

2  |  METHODS

This ambispective, multicenter study collected data from a cohort 
of children seen in the specialized pediatric allergy units of the par-
ticipating hospitals from November 2016 to March 2023. Children 
who presented with any suspected allergic reaction related to the 
administration of any BLA before the age of 15 years, or those in 
whom BLAs were avoided due to suspected allergy for any other 
reason, were included.

Case registration was initiated at the main study center, General 
University Hospital Dr. Balmis (Alicante, Spain), and at several nearby 
hospitals as they adopted the same updated protocol for studying 
children with suspected BLA allergy. Specifically, these clinical 
guidelines were revised in November 2016 to recommend the per-
formance of DODPT in children presenting a non-severe, immediate, 
or non-immediate presumed allergic reaction over the course of oral 
BLA treatment. Over the following years, the rest of the participat-
ing hospitals were incorporated into the study, on the condition that 
pediatric patients with suspected non-severe reactions after admin-
istration of a BLA were generally studied by means of DODPT. In 
the case of patients with severe immediate reactions (anaphylaxis), 
or severe non-immediate cutaneous or systemic reactions (including 
Stevens–Johnson syndrome, toxic epidermal necrolysis, drug hyper-
sensitivity syndrome/drug reactions with eosinophilia and systemic 
symptoms, and acute generalized exanthematous pustulosis), or in 
episodes related to the administration of a BLA for parenteral use 
only, our guidelines call for an individualized case assessment and 
study, which might include skin tests (prick and/or intradermal tests 
with the involved BLA and/or other BLAs, or major and minor deter-
minants of penicillin) or in vitro tests, at the discretion of the attend-
ing physician. Tests prior to DPT are also allowed in patients with 
mild skin reactions, if deemed appropriate based on the patient's or 
the family's individual circumstances. Before DPT, and regardless of 
the performance of other complementary tests, the parents must re-
ceive an adequate explanation of the study to be performed and sign 
their written informed consent. The mode and duration of DPT, per-
formed at the hospital for 1 day, or continued at home over several 
days, are at the discretion of the attending physician. If no reaction 
attributable to the DPT is observed, allergy can be ruled out. If signs 
or symptoms possibly related to the test are observed, the attending 
physician defines the test result as either positive (drug allergy con-
firmed) or equivocal, and make the decision as to whether to repeat 
or extend the study to verify the doubtful result or to ensure toler-
ance to alternative BLA. Diagnosis of BLA allergy is also confirmed 
if skin or in vitro tests were positive and a DPT was then excluded.

Patient data were prospectively recorded in a database created 
for this study by completing the fields of a form that elicited no 
identifying patient data. In hospitals that joined the study late, retro-
spective collection of patient data was also allowed if they had been 
attended in the previous year, according to the same criteria as those 
recorded prospectively. The variables collected on the form are de-
tailed in Table S1. In this study, only reactions occurring within the 
first hour after BLA administration were considered immediate.

Categorical variables are presented as frequencies (n) and per-
centages (%), and quantitative variables as the median and interquar-
tile range (IQR). The Kolmogorov–Smirnov test was used to assess 
the normality of the distribution. The χ2 test was used to compare 
categorical variables between groups, and the Mann–Whitney U test 
to compare continuous variables. All statistical analyses were car-
ried out using SPSS V.22.0 (IBM Corp). P values of less than .05 were 
considered statistically significant.

The General University Hospital Dr. Balmis Ethics Committee 
approved the study, and this decision was endorsed by the ethics 
committees of all participating hospitals.

3  |  RESULTS

Data were obtained from 2133 patients attended in 15 hospitals. 
No patient was excluded due to the presence of severe conditions 
or concomitant medications that could impede DPT performance. 
Table 1 summarizes the main characteristics of the patients included 
in the study, the suspected reactions and the drugs involved. The 
sample was predominantly made up of very young children: 41.0% 
of the patients were aged 1–3 years, and 63.1% were aged 1–6 years. 
AX, alone or associated with clavulanic acid (AX/C), was implicated 
in 2029 patients (95.1%). Differences between reactions occurring 
within 15 min and 15–60 min after BLA administration were minimal, 
so these data were pooled for analysis. Only 14 patients (0.7%) had 
symptoms suggestive of anaphylaxis; these patients are described 
in Table 2. Patients with a history of anaphylaxis were older (median 
10 years vs. 4 years; p < .001), and anaphylaxis was more frequent 
among those who had the reaction in the first hour after drug ad-
ministration (4.6% vs. 0.1%, p < .001), or related to parenteral BLA 
administration (9.4% vs. 0.5%, p < .001). Only one patient had a se-
vere non-anaphylactic reaction (Stevens-Johnson syndrome) related 
to AX/C administration and underwent DPT with an alternative BLA, 
oral cefuroxime for 4 days, which was well tolerated.

Specific IgE against BLA were determined in 140 patients (6.6%). 
In 76 of these, this assay was requested by the pediatric allergist at 
the consultation (3.6%) while in the remaining 64, it was requested 
by another physician, generally their primary care pediatrician. Only 
one of the 140 patients had penicillin-specific IgE values higher than 
0.35 kU/L, in whom the diagnosis was considered confirmed with-
out performing DPT. BLA skin tests were performed in 193 patients 
(9.0%): in 153 before DPT and in 40 after positive or equivocal DPT. 
Skin tests were positive in 12 patients (6.2% of all those tested, 
Table 3): 7 of the 153 who were tested before DPT (4.6%) and 5 of 
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the 40 who were tested afterwards (12.5%). Altogether, the attend-
ing pediatric allergist ordered specific IgE tests and/or skin tests in 
177 patients (8.3%), and this was followed by a DPT in 160 of them 
(Figure  1). Significant variability (p < .001) in the pretesting rate 
was observed between participating centers, ranging from 2.0% to 
20.9%. Significantly more pretests (p < .001) were performed in chil-
dren who: were older (median 8 years vs. 4 years), had the reaction 
after the first dose of treatment (18.3% vs. 6.6%), presented imme-
diate reactions (24.8% vs. 7.3%), experienced two or more suspected 
episodes (15.0% vs. 6.6%), had anaphylaxis (85.7% vs. 7.8%) or serum 
sickness-like illness (35.3% vs. 7.9%), had typical episodes of urticaria 
versus maculopapular rashes (10.9% vs. 5.2%), received the BLA par-
enterally (43.8% vs. 7.8%), and presented a reaction related to a pen-
icillin other than AX or AX/C (32.4% vs. 7.8%).

A total of 2014 patients (94.4%) underwent 2040 DPTs with the 
drug(s) involved in their reaction(s) (Figure 1): 1251 DPTs were per-
formed with AX, 688 with AX/C, and 101 with other BLAs (penicil-
lins and cephalosporins). These patients included six whose initial 
reaction was associated with AX/C but who showed tolerance to AX 
alone on DPT and did not receive the DPT with AX/C. The provo-
cation test was performed intravenously in three patients, one with 
cefazolin and two with ceftriaxone, with no reactions observed in 
any of them. Table 4 summarizes the number of patients according 
to the performance of DPT and its outcome. Of the 2014 patients 
undergoing DPT, 1854 received a DODPT (92.1% of those undergo-
ing DPT and 86.9% of the total cohort), including 172 patients with 
a history of immediate reaction in the first hour after BLA intake. 

TA B L E  1 Characteristics of included patients, suspected 
reactions, and beta-lactam antibiotics (BLA) involved (N = 2133).

Variable n (%)a

Age in years, median [interquartile range] 4 [2–8]

Male sex 1092 (51.2%)

<1 year since the (last) reaction 1347 (63.2%)

Dose that coincided with the reaction

First dose 306 (14.3%)

First day of treatment, but not first dose 321 (15.0%)

Second day of treatment 347 (16.3%)

After second day of treatment 781 (36.6%)

After the end of treatment 242 (11.3%)

Not remembered 128 (6.0%)

Othersb 8 (0.4%)

Time elapsed between dose and reaction

<15 min 65 (3.0%)

15–60 min 173 (8.1%)

1–2 h 235 (11.0%)

2–24 h 1040 (48.8%)

>24 h 143 (6.7%)

Unknown 477 (22.4%)

More than 1 episode with any BLAc 266 (12.5%)

Same BLA 214 (10.0%)

Different BLAs 60 (2.8%)

Type of reaction observed

Anaphylaxis 14 (0.7%)

Typical urticaria/angioedema 660 (30.9%)

Looks like urticaria, but not typical 153 (7.2%)

Maculopapular rash 1072 (50.3%)

Serum sickness-like reaction (vasculitis/arthritis) 17 (0.8%)

Other ill-defined rashes: cutaneous, mucosal or 
angioedema

104 (4.9%)

Gastrointestinal manifestations 11 (0.5%)

Other nonspecific manifestationsd 6 (0.3%)

Stevens-Johnson syndrome 1 (0.05%)

Unknown 95 (4.5%)

Parenteral route of administration 32 (1.5%)

Antibiotic involvede

Amoxicillin 1321 (61.9%)

Amoxicillin-clavulanic acid 749 (35.1%)

Penicillin (G or V) 30 (1.4%)

Ampicillin 4 (0.2%)

Cloxacillin 2 (0.1%)

Piperacillin-tazobactam 1 (0.05%)

Any cephalosporin 93 (4.4%)

Cefixime 34 (1.6%)

Cefuroxime 34 (1.6%)

Cefaclor 10 (0.5%)

Variable n (%)a

Ceftriaxone 6 (0.3%)

Cefotaxime 4 (0.2%)

Cefadroxil 4 (0.2%)

Cefazolin 1 (0.05%)

Cefminox 1 (0.05%)

Tolerated any BLA after the suspected reaction 269 (12.6%)

Same suspected BLA 17 (0.8%)

Amoxicillin, after suspected reaction with 
amoxicillin-clavulanic acid

37 (1.7%)

Different BLA 215 (10.1%)

aUnless otherwise noted.
b4 patients avoided BLA because of family history and/or previous 
positive skin tests, 2 appeared to have had some skin manifestation in 
the course of the disease before starting BLA treatment, 1 case had had 
a reaction during BLA treatment by the mother during breastfeeding, 
and 1 case did not take BLA because of urticaria on skin contact with 
BLA.
cSome patients have more than one episode with the same and with 
different BLAs, so the number of patients does not match the sum of 
cases with the same and with different BLAs.
dConvulsion, hypotonia, pallor, tremor, dyspnea, pharyngeal pruritus, 
palatal pruritus, ocular pruritus, and lacrimation.
eSome patients have more than one BLA involved, so the sum of 
antibiotics involved does not match the number of patients.

TA B L E  1 (Continued)
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Of the 1975 patients with available data, the DPT was performed 
on a single day in 939 children (47.5%), over 2 days in 338 (17.1%), 
3–4 days in 232 (11.7%), 5 days in 371 (18,8%), and 6 to 10 days in 
95 (4.8%). The duration of DPT varied widely among participating 
centers, reflecting local practices, but it was also significantly longer 
in patients with delayed reactions (in days of treatment before the 
reaction and/or in time from last dose to reaction), whereas the DPT 
was shorter in children who had a reaction immediately or in the first 
1–2 days of treatment. The tests were also longer in those receiving 
AX alone than with AX/C or other BLAs.

Of the 2014 patients undergoing a DPT, 1863 tolerated the 
involved drug (87.3% of the total cohort and 92.5% of those who 
underwent DPT). Seven of these had a second suspected BLA to 
cephalosporins, which were not studied with a DPT; this suspicion 
was ruled out in two cases after reviewing the clinical history, and 
in the other five, the suspicion remained unverified. Signs or symp-
toms related to the DPT were observed in 145 (7.2%) children, but 
only four had a severe reaction (3 of them after a DODPT): two had 
episodes of anaphylaxis and two episodes compatible with drug-
induced enterocolitis syndrome (Table S2). The remaining 141 pa-
tients had mild reactions that resolved without treatment or with 
antihistamines and/or oral corticosteroids, generally consisting of 
maculopapular, urticarial, or mixed rashes, mostly with delayed 
onset. A few patients also presented other manifestations such as 
joint swelling, vomiting, rhinoconjunctivitis, and cutaneous or oro-
pharyngeal pruritus. In 87 (60.0%) patients with DPT-associated 
symptoms, the manifestations were equivocal (including three pa-
tients with lesions suggestive of mosquito bites), prompting pro-
posal of a second DPT (Table  4). This DPT was performed in 57 
patients (39.3% of those who had clinical manifestations in the ini-
tial DPT): 52 tolerated it without symptoms, while 5 again had mild 
skin reactions. In the other 30 patients, the DPT was not repeated, 
mainly due to the family's refusal or loss to follow-up. In the re-
maining 58 patients with a positive DPT, no confirmatory test was 
deemed necessary for a definitive diagnosis (Table 4).

Only 119 patients (5.6%) did not undergo DPT with the implicated 
drug (Table 4). The test was considered unnecessary in 23 because 
allergy was ruled out by the clinical history (generally because the 
drug had been tolerated after the supposed reaction). In 71, DPT was 
proposed, but the family refused or did not come to the follow-up 
visits, while in 16 patients, the physician ruled out DPT, generally 
because the episodes were severe or involved parenteral drugs, and 
a DPT with an alternative BLA was performed. In nine other patients, 
allergy was diagnosed without DPT: two had a new reaction after 
treatment with BLA despite a previous negative DPT, one presented 
an elevated specific IgE value, four had a positive skin test, and two 
had a positive basophil activation test.

Altogether, allergy to the implicated BLA was ruled out in 1938 
patients (90.9% of the total cohort, 96.4% of those who com-
pleted the study): 1915 by negative DPT and 23 by clinical history 
(Figure 1 and Table 4). The diagnosis of BLA allergy was verified in 
72 patients (3.4%): 63 by positive DPT and nine by other means. 
The diagnosis of BLA allergy could be neither verified nor ruled out Se
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in 123 patients (5.8%): Six cases with a suspected reaction to AX/C 
because the DPT was performed with AX alone, 16 cases because 
the physician ruled out the DPT or it could not be performed with 
the drug involved and was performed with an alternative drug, 71 
patients because of refusal or loss to follow-up and 30 patients 
because a DPT that had presented a doubtful result could not be 

repeated. In five patients with negative DPT, a cephalosporin al-
lergy was also suspected but not tested. There was very strong 
association (p < .001) between diagnosis of allergy and older age 
(median 7 years vs. 4 years; a diagnosis of allergy was confirmed 
in 2.3% of children 0–6 years old but in 5.4% of children ≥7 years 
old), two or more episodes with the same drug (11.9% vs. 2.7%) or 

F I G U R E  1 Simplified flowchart of patients attended according to the performance of DPT, with or without prior specific IgE and/or 
skin tests ordered in the pediatric allergy unit, and its outcomes. Patients receiving a DODPT (n = 1854) are highlighted in a shaded square. 
Patients with a drug allergy diagnosis (n = 72) are marked in red, patients with demonstrated drug tolerance (n = 1938) in green, and those 
with unproven drug tolerance (n = 123) in yellow. aIncludes 53 patients with a specific IgE test ordered by another physician before being 
attended at the pediatric allergy unit: 49 had a DODPT performed, and 4 did not, including 1 patient with a positive test (>0.35 kU/L). 
bPatients with a first equivocal DPT and a second negative DPT performed. cPatients with a first equivocal DPT and a second DPT proposed 
but not performed. dThe initial reaction was associated with AX/C, but DPT was performed (and passed) with AX but not with AX/C. 
eDiagnosis confirmed by a positive basophil activation test (BAT) (patient 9 in Table 2). fIncludes 5 patients with a first equivocal DPT and a 
second positive DPT performed. g1 patient diagnosed by a positive specific IgE test ordered before referral to the pediatric allergy unit, 1 
patient diagnosed by a positive BAT and 2 patients diagnosed due to a new reaction after treatment with BLA despite a previous negative 
DPT. hAllergy ruled out by clinical history.

2133 

Specific IgE and or skin test performed in the pediatric allergy unit 

177 1956a

YES NO 

(+) (-) 

7 170 

Drug provocation test with implicated drug 

YES YES YES NO NO NO 
3 157 13 1854 102 

2 
(+) (-) 

1 

(+) (-) 

11 3c 

18 139 

138 1d 

1e 12 

(-) 

1724 5d 

(+) 
4g 23h 75 

4b 50f 48b 27c 

1729 125 

4 

BLA allergy study N (%) Result

DPT performed 2014 (94.4%)

Tolerates drug in DPTa 1863 (87.3%) Demonstrated tolerance

Tolerates AX but reaction had been with 
AX/C

6 (0.3%) Tolerance not proven

Any sign or symptom associated to DPT 145 (6.8%)

Considered for repeating DPT 87 (4.1%)

•	 Tolerates BLA at second DPT 52 (2.4%) Demonstrated tolerance

•	 Does not tolerate BLA at second DPT 5 (0.2%) Diagnosed allergy

•	 Second DPT not performed 30 (1.4%) Tolerance not proven

Second DPT not proposed 58 (2.7%) Diagnosed allergy

DPT not performed 119 (5.6%)

Allergy ruled out by clinical history 23 (1.1%) Demonstrated tolerance

Allergy diagnosed without DPT (see text) 9 (0.4%) Diagnosed allergy

Physician rules out DPT 16 (0.8%) Tolerance not proven

Family refuses or does not come for DPT 71 (3.3%) Tolerance not proven

aAmong this group there were 5 patients with another suspected BLA allergy (cephalosporin) that 
was not studied by DPT, leaving tolerance unproven for the cephalosporin.

TA B L E  4 Classification of patients 
according to the performance of DPT and 
its result (n = 2133).
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with different BLAs (15.8% vs. 3.2%), and a history of anaphylactic 
reaction (30.0% vs. 3.5%). The type of rash was also significantly 
associated (p < .001) with a confirmed diagnosis (percentage of 
confirmed diagnoses: maculopapular exanthema 2.4%, non-typical 
urticaria 3.4%, typical urticaria/angioedema 5.1%, serum sickness-
like reaction 20.0%). Original reactions occurring in the first 2 h 
after the administered dose had more commonly confirmed BLA 
allergy (6.0% vs 3.3%; p = .01). No significant association was ob-
served with the rest of the variables recorded in our study, in-
cluding the duration (in days) of DPT, even when breaking down 
immediate and delayed reactions.

4  |  DISCUSSION

This study provides data from the largest cohort of children studied 
for suspected BLA allergy. Our patients are similar to those seen in 
other large published series in terms of the predominance of young 
children, who mostly presented with mild skin reactions while tak-
ing AX or AX/C.40,42–48 Most patients underwent DODPT (86.9% of 
the total), including 172 children with a history of clearly immediate 
reactions, which few previous studies have described.40,42,44 Other 
tests were requested prior to DPT in only 177 patients (8.3%), con-
ditioned both by the usual practice in the different centers and by 
some patient factors, such as age, immediacy and severity of the re-
action, or history of more than one suspected episode. However, a 
positive result was obtained in only seven previous skin tests and in 
only one specific IgE determination, which confirms their poor per-
formance and doubtful positive predictive value.31,49 As in most of 
the published pediatric series, our results showed tolerance to the 
drug involved in most cases (90.9%), while allergy was confirmed 
in only 3.4% and unverified in the remaining 5.8%. The probability 
of proving BLA allergy was higher in children with older age, more 
than one suspected episode, anaphylactic reactions, parenteral ad-
ministration of BLA, and in immediate and serum sickness-like or 
urticarial reactions.

A major contribution of this study is the confirmation of the 
safety of DODPT in real-world conditions in a large number of 
patients in different centers, including children with a history of 
immediate reactions. DPT was also performed in eight patients 
with a history of anaphylaxis, resulting positive in only one. The 
test was safe even in patients with positive skin tests or a previous 
positive DPT. Only 4 of the nearly 2000 patients who underwent 
DPT (0.2%) had a severe reaction, which resolved adequately with 
treatment and just required several hours of monitoring, with 
only one overnight hospital admission. In two of these patients, 
the manifestations were suggestive of drug-induced enterocoli-
tis syndrome, which is being increasingly reported since the first 
description in 2014.50–54 The safety of DPT has been widely con-
firmed in recent studies,19,55,56 and the newest guidelines recom-
mend DODPT for children with a history of mild skin reactions 
(morbilliform rashes and urticaria) regardless of whether they 
were immediate or not.17

Our study has some limitations. Its multicenter, real-world de-
sign entailed a marked variability on some important details, such 
as the frequency of pre-DPT testing as well as the duration of DPT. 
The latter is a matter of some controversy, with discordant opin-
ions and results in different publications.57–59 In our study, as in 
others, we did not observe that the duration of the DPT apprecia-
bly influenced the results. Another important limitation, common 
to most studies of this type, is related to the quality of the data, 
generally obtained from parents, who often do not remember the 
exact type of reaction or the time elapsed between the treatment 
and the suspected reaction. The differentiation between immedi-
ate and non-immediate reactions can be arbitrary, both in the time 
of onset (between 1 and 6 h) and in their characteristics.60 If the 
delineation between immediate and delayed reactions is not well 
defined, the report obtained from the parents can be uncertain, but 
DPT is equally safe in children with immediate and non-immediate 
mild reactions, DODPT seems the best option for all mild suspected 
reactions, regardless of the temporality. Another important limita-
tion in our study—often overlooked in other series—is the absence 
of criteria for DPT positivity. The positive predictive value of open 
DPT has recently been called into question and may be lower than 
generally accepted.61 In our study, clinical manifestations were ob-
served during DPT in 145 patients, but the vast majority were mild 
and often equivocal, prompting the consideration of a second DPT 
on more than half of the occasions. Most of the patients who re-
peated the test tolerated the implicated drug well, while DPT was 
positive in only 8.8% of these cases. This finding calls into question 
the results of many of the tests that presented mild manifestations 
but were not verified with a new DPT, as well as the results of the 
published studies that do not specify how many of the reactions 
observed in the DPT were doubtful and how many DPTs were re-
peated.62 Another limitation is the relevant proportion of patients 
(5.8%) who did not complete the study and in whom the result could 
not be verified, most of them due to refusal or loss to follow-up. 
Presumably, most would have tolerated BLA if the pending DPT had 
been performed, so that the prevalence of confirmed allergy to BLA 
could be less than 4% of the total cohort. Finally, another limitation 
of our study is the relatively low number of patients with immediate 
reactions, or with other BLAs different from amoxicillin (cephalo-
sporins or other penicillins).

In conclusion, our study confirms the safety of DODPT and its 
effectiveness in ruling out BLA allergy in children with a history of 
mild reactions, including those that were immediate, with allergy 
confirmed in less than 5% of the patients. Most reactions observed 
during DPT are mild or equivocal, and repeat testing should be con-
sidered for confirmation. Very few reactions were severe, but all 
resolved adequately with the treatment administered, and only one 
required overnight hospitalization. These results open the door to 
considering performance of DODPT in non-specialized and primary 
care settings in most patients without risk factors, which would 
facilitate the delabeling of BLA allergy in a larger number of chil-
dren, with important benefits for patients, their families, and health 
systems.63,64
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