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Abstract
Background: Mild non-immediate reactions (NIR) to beta-lactams (βLs) are the most 
common manifestation of adverse drug reactions in children, and the drug provo-
cation test (DPT) remains the gold standard for diagnosis. However, there are still 
controversies about the protocol that should be used, especially regarding the admin-
istration of doses and the DPT length.
Objective: This study aimed to evaluate a pediatric population with a history of mild 
NIR to amoxicillin (AMX) or to amoxicillin-clavulanic acid (AMX/CL) who underwent 
a diagnostic workup including a DPT with the culprit drug, to understand if a graded 
DPT or, instead, a single full dose could be the most appropriate way of administration 
in clinical practice.
Methods: The data of children were retrospectively analyzed for a 5-year period, with 
demographic and clinical characteristics collected. We reported the allergy workup 
and the results of the DPT performed with the administration of incremental doses 
and a prolonged DPT at home for a total of 5 days.
Results: Three hundred fifty-four patients were included. Overall, 23/354 (6.5%) 
DPTs were positive: 11/23 patients showed a reaction after 2–8 h after the last dose 
on the 1st or 2nd day (1 reacted 30 min after the last dose), 1/23 reacted with urti-
caria 30 min after the first dose, 11/23 reacted at home on the 5th day of the DPT.
Conclusion: This paper indirectly suggests that a single therapeutic dose adminis-
tered on the 1st day of a DPT could be safe in the diagnostic workup of mild NIR to 
AMX/CL. Moreover, this could be less time-consuming as patients would spend less 
time in the hospital, also considering the public health restrictions imposed during the 
COVID-19 pandemic.
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1  |  INTRODUC TION

Beta-lactams (βLs) are the main elicitors of hypersensitivity drug re-
actions in children. Most of the reactions are non-immediate (NIR) 
with delayed appearing urticarial rashes or mild maculopapular ex-
anthemas as the most common manifestations.

In these types of reactions the diagnostic approach proposed in 
2016 by Gomes et al, consists of a direct drug provocation test (DPT) 
by skipping skin tests.1,2

Despite the widely demonstrated safety of performing a direct 
DPT without previous skin testing in mild NIR to βLs, to date, there 
are many controversies about the best protocol that should be used 
for the DPT (which remains the gold standard for the diagnosis), es-
pecially regarding the number of doses to be administrated and the 
length of the DPT itself.3–7

Several studies report the results of a single day versus a pro-
longed DPT in terms of sensitivity and negative predictive value 
(NPV). Indeed, the most recent papers seem to demonstrate a 
slightly higher diagnostic sensitivity of the extended protocols. In 
addition, a prolonged DPT results in increased confidence in the fu-
ture use of the same drug when compared with a single-day DPT. On 
the other hand, a prolonged DPT is questioned because of its impact 
on the gut microbiota and the potential risk of increasing antibiotic 
resistance.1,3,8–24 So far there is no agreement on the best protocol 
to be used that reaches the best compromise between safety, time 
consumption, and potential side effects. Today it is a matter of de-
bate the way of administering the first dose of antibiotic during the 
DPT, in particular, if it would be better to fraction or not the drug 
dose (calculated according to the bodyweight).

In the literature, most of the studies focused on NIR report 
the results of graded DPTs using incremental doses of the antibi-
otics administered with different and non-standardized proto-
cols,1,15,16,23,25–31 describing how most of the reactions occur after 
the last dose on the first day or on subsequent days of DPT at 
home (Table  1). Only a few studies use a single-dose protocol for 
DPT.20,24,32–34 Table 2  summarizes the few studies where the first 
dose was administered all at once.

This study aimed to evaluate the results of the diagnostic 
workup of a selected population of children with a history of mild 
NIR to amoxicillin (AMX) or to amoxicillin–clavulanic acid (AMX/
CL) and who underwent a DPT with the culprit drug. In particular, 
we focused on the clinical characteristics of the reactions that oc-
curred and on the timing of the onset of signs and symptoms during 
DPT. By analyzing the results of our study, we intended to discuss 
whether it is time to change the way to perform DPT in case of mild 
NIR and, in particular, whether a single full dose could be equally 
safe and effective in the diagnostic workup of such reactions. 

Moreover, we analyzed in detail the role of clinical history, in partic-
ular, for the reactions occurring within 6 h from the last drug intake 
that commonly remain in the “gray zone,” and we discussed whether 
a graded approach would be better in terms of safety for these sub-
types of reactions.

2  |  METHODS

All children with a history of mild NIR to AMX or AMX/CL who un-
derwent a DPT with the culprit drug at the Allergy Unit of Meyer 
Children's University Hospital, a tertiary care pediatric hospital, 
were retrospectively enrolled starting from 1 January 2016 to 31 
August 2021. Patients with chronic urticaria, poorly controlled 
asthma, and severe cutaneous adverse reactions (i.e., drug reac-
tion with eosinophilia and systemic symptoms, Stevens–Johnson 
syndrome/toxic epidermal necrolysis, acute generalized exan-
thematous pustulosis) were excluded from the study. Data were 
analyzed starting from the first visit together with the review of 
the clinical history and the description of the suspected drug reac-
tion (often with the help of photographic documentation shown 
by the parents).

K E Y W O R D S
beta-lactams, children, drug allergy, drug provocation test, incremental dose, non-immediate 
reactions

Key Messages

In mild, non-immediate reactions (NIR) to beta-lactams in 
children, a direct drug provocation test (DPT) has been 
demonstrated to be safe, but there are controversies 
about the protocol that should be used (administration of 
incremental doses and length). This article reports the re-
sults of DPT performed with incremental doses and then 
a prolonged 5-day DPT, showing that all the patients but 
one reacted after some hours from the last dose adminis-
tered. Most of the reactions occurred in children who re-
ported a time latency within 6 h from the last drug intake. 
So, because clinical history alone is not a reliable tool for 
establishing a diagnosis, it should be taken into account 
for risk stratification to choose the investigation strategy 
best tailored to the individual patient ensuring a safe and 
more effective approach. This paper indirectly suggests 
the possibility that a single therapeutic dose, fully admin-
istered on the first day of DPT could be safe in the diag-
nostic workup of mild NIR, being also more realistic and 
less time-consuming than starting with fractionated incre-
mental doses.
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We collected the demographic features and clinical charac-
teristics of the patients enrolled. A reaction was defined as “non-
immediate” when it occurred >1 h after the last drug intake and up 
to 48 h after the last dose.

Patients sent to our Allergy Unit underwent an allergy workup ac-
cording to the European Network for Drug Allergy guidelines for NIR.2

Delayed intradermal tests (IDTs) with standard concentrations 
were performed by injecting 0.03 ml of the drug into the volar surface 
of the forearm with readings at 20 min and then at 24, 48, and 72 h. 
The drug concentration used for IDTs for AMX/CL was 20 mg/ml IDTs 
were considered positive at late reading when infiltration, induration, 
and increased diameter of the papule >5 mm appeared after >24 h.

All children underwent a DPT with the culprit drug. The DPT was 
performed as already described in a previous paper by our group.1 
On the first day, an open DPT to AMX or AMX/CL (1/10–2/10–7/10 
of the therapeutic dose [25 mg/kg] administered every 30 min) was 

performed until the cumulative dose was reached or a reaction oc-
curred. Patients were observed for 2 h after the last drug intake, and 
in the case of negative DPT, the drug was administered in a single 
full dose on the second day (25 mg/kg). Starting from the 2nd day, 
patients received another full dose after 12 h at home, and then, 
daily therapeutic doses of the culprit (25 mg/kg 2 times a day) were 
continued at home for a total of 5  days; parents were advised to 
stop the treatment in case of any reaction and to contact our unit 
and their own pediatrician, taking photographic documentation in 
the case of a cutaneous rash occurring.

Only in the case of positive DPT, a limited number of patients 
were evaluated at least 4 weeks after the reaction and underwent 
further investigations including repeated IDTs, patch tests (PT), and/
or lymphocyte transformation tests (LTT).

PTs were freshly prepared with AMX/CL (intravenous solution at 
200 mg/ml concentration) at 5% and 20% in petrolatum and applied 

Studies performing drug provocation tests with a single-dose all at once

Study
Number of 
children

History of 
reaction Positive DPT

Timing of 
reaction

Prieto et al. (2021)20 194 194 NIR 24/194 (12.4%) No IR

Allen et al. (2020)24 136 102 NIR 3/102 (3%) No IR

Caubet et al. (2011)32 88 88 NIR 6/88 (6.8%) 1 reacted after 
30 min

Jaoui et al. (2019)33 446 446 NIR 39/456 (8.6%) No IR

Wang et al. (2020)34 53 49 NIR or 
unknown

0 No positive DPT

Note: Only studies including non-immediate reactions (NIR) are reported.
Abbreviation: IR, immediate reaction.

TA B L E  2 Studies where the drug 
provocation tests (DPT) were performed 
with a single dose given all at once

Characteristics
Total 
(N = 354)

Gender, male: n (%) 179 (50.6%)

Age at reaction (years): mean (SD) 4.8 (±3.7)

Suspected drug: n (%)

Amoxicillin 34 (9.6%)

Amoxicillin-clavulanic acid 320 (90.4%)

Previous tolerance of suspected drug: n (%) 213 (60%)

Personal history of atopy (inhalant or food allergy): n (%) 69 (19.5%)

Cutaneous manifestation of the index reaction: n (%)

Delayed urticaria 172

Maculopapular exanthema 61

Macular exanthema 33

Papular exanthema 23

Angioedema 14

Unspecific 14

Other type (scarlatiniform, morbilliform) 4

Combination of more than a type of rash 33

Latency period between index reaction and DPT (years): Mean (SD) 2.5 (±2.9)

Abbreviations: DPT drug provocation test; SD standard deviation.

TA B L E  3 Clinical characteristics of the 
studied population
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on the children's backs for 48  h. Readings were performed after 
15 min and 24, 48, and 72 h after removal of the strips. Petrolatum 
alone was used as a negative control. PT was defined as positive 
when an infiltrate with vesicles was detected. The reading results’ 
criteria are identical to those used for contact allergy.35

LTT was performed following the procedure previously described 
by our group.36 Antigens used were: penicillin 2.5–0.5–0.1–0.02 mg/
ml; ampicillin 2.5–0.5–0.1–0.02 mg/ml; AMX 1–0.5–0.1–0.02 mg/
ml; and AMX/CL 0.5–0.1–0.02–0.004 mg/ml.

Qualitative data were expressed as counts and percentages; quan-
titative data were expressed as mean value ± standard deviation (SD).

3  |  RESULTS

A total of 354 patients were included, 179 males (50.6%) and 175 fe-
males (49.4%). The mean age at reaction was 4.8 years (SD ± 3.7 years).

All the characteristics are reported in Table 3. In 34/354 (9.6%), 
the suspected drug was AMX; in 320/354 (90.4%) AMX/CL was in-
criminated; and 213/354 (60%) children had taken the suspected 
drug with tolerance in the years preceding the index reaction. Sixty-
nine out of 354 (19.5%) patients had a personal history of atopy 
(inhalant or food allergy). All the children reported a skin eruption: 
172/354 (48.6%) had delayed urticaria, 61/354 (17.2%) had maculo-
papular exanthema, 33/354 (9.3%) had macular exanthema, 23/354 
(6.5%) had papular exanthema, 14/354 (4%) had angioedema, in 
14/354 (4%), the rash was undefined on the basis of the reported 
history, in 4/354 (1.1%) other types of rashes (e.g., scarlatiniform and 
morbilliform), and the remaining 33/354 (9.3%) had a combination of 
more than a type of rash. Regarding gastrointestinal involvement, 2 
children had mild abdominal pain, 1 had diarrhea and 1 had vomiting. 
No one suffered from respiratory signs and symptoms. As for associ-
ated clinical manifestations, 1 reported asthenia and 1 sweating. The 
mean latency between the index reaction and the allergy workup 
with DPT was 2.5 years (SD ± 2.9).

Delayed IDTs were negative in all but one child with a positive late 
reading (papule diameter of 6 mm). In this case, despite this result, due 
to the history of mild reaction, we proceeded anyway with the DPT, 
which was positive with a mild maculopapular exanthema. Overall, 23 
out of 354 (6.5%) DPT resulted positive, 2 to AMX and 21 to AMX/CL.

Eleven out of 23 reacted during the first or second day of DPT at 
the hospital setting within 2–8 h of receiving the last dose (only 1/11 
reacted about 30 min after the last dose). Eleven out of 23 reacted 
at home 24–48 h after the last dose on the fifth day of the ther-
apy course. Finally, only 1 out of the 23 with a positive DPT (4.3%) 
reacted with urticaria after 30 min from the first administration of 
1/10 of the therapeutic dose (Table 4). In this case, for a more confi-
dent diagnosis, the DPT was repeated in the Allergy Unit 6 months 
later with the same outcome.

Fourteen out of 23 patients (60.8%) showed at the DPT the same 
cutaneous manifestations described in their history, exhibiting con-
cordance between the index reaction and the one elicited at the DPT 
with the culprit.

However, the remaining children had skin rashes similar to those 
reported at the first visit (considering that in some cases, the mani-
festations were difficult to classify because of poor details), and there 
were no other associated clinical manifestations or systemic involve-
ment. All the reactions were mild and required treatment with only 
antihistamines (7/23) or either improved without any therapy (16/23).

In addition, because in patients with a history of reaction within 
2–6 h of the dose an overlapping between IR and NIR may exist,5 
we also analyzed and reported the number of positive DPTs in both 
groups (reaction in 2–6  h vs. more than 6  h). In particular: 17/23 
(74%) positive DPTs occurred in patients with a history of reaction 
2–6 h (2 out of 17 were the children reacting respectively after 1/10 
of the dose and after 30 min from the last dose); 6/23 (26%) positive 
DPTs occurred in patients with a history of reaction after more than 
6 h. Of those 6 cases, 5 showed a NIR >6 h during the DPT course 
therapy, in concordance with the index reaction; 1 out of 6 had a 
reaction >2 h from the dose.

After the positive DPT, the children were evaluated again during 
a follow-up at our Unit. In particular, 16 out of 23 underwent LTT, 
with positive results in 6/16 (37.5%). One patient had a PT with the 
culprit and resulted negative.

4  |  DISCUSSION

In this paper, we retrospectively analyzed the results of the allergy 
workup in children with mild NIR to AMX or AMX/CL.

So far, several studies have shown the poor diagnostic perfor-
mance of skin testing (i.e., delayed reading of IDTs) in these types of 
reactions and recently, a European Academy of Allergy and Clinical 
Immunology (EAACI) position paper and a report from an EAACI 

TA B L E  4 Characteristics of the patients with positive drug 
provocation test (DPT) and reaction timing

Characteristics of the positive DPT
Total 
(N = 23)

Gender, male: n (%) 11 (47.8%)

Culprit drug

Amoxicillin 2 (8.5%)

Amoxicillin-clavulanic acid 21 (91.5%)

Personal history of atopy (inhalant or food allergy): 
n (%)

2 (8.5%)

Timing of reaction

On the fifth day of DPT at home, after 24–48 h 
since the last dose

11

On the first or second day of DPT at the hospital 
setting, after 2–8 h since the last dose (only 
1/11 started the reaction about 30 min after 
the last dose)

11

On the first day of DPT at the hospital setting, 
30 min after the first administration of 1/10 of 
the therapeutic dose

1

Abbrevition: DPT, drug provocation test.
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task force suggested skipping skin tests in cases of mild NIRs to βLs 
in adults and children.5,37 Our results confirm the poor utility of skin 
tests in NIR to AMX or AMX/CL, supporting the practice of skipping 
such in vivo tests. We showed that only 1 patient out of 354 had a 
positive IDT, and this positivity was confirmed by a DPT with the 
culprit drug. Even though this child underwent the DPT, the reaction 
was mild, and a confident diagnosis of hypersensitivity was reached. 
We additionally reported the results of LTT as an in vitro test in a few 
patients with NIRs to AMX or AMX/CL. LTT seems to have a higher 
sensitivity than skin testing, but the former is not the focus of this 
paper and in the literature few studies have been published on this 
topic in children, leaving this method restricted to be a research tool.

So, a DPT remains the gold standard for a confident diagnosis. 
Recently, the largest study on the direct DPT in mild reactions to βLs 
in children has been published. This multicentric study shows the 
safety of skipping the intradermal test by performing a graded oral 
DPT directly, even if the duration of the DPT is not reported. In that 
paper 42 out of 1914 (2.2%) children had a mild immediate reaction 
(IR) to DPT, with 3 of these patients (7%) reacting to the first dose of 
the DPT, however, it should be taken into account that the children 
included in the study were also those with history of IR.4

In terms of the number of patients, prevalence of positive DPT 
and timing of reactions, our results are very similar to the recent 
paper of Petersen et al.17 where the incidence of positive DPT was 
6.7% (22/305), and none of the children reacted on the first 1/10 of 
the full dose.

Several authors have recently studied the way of administering 
the first drug dose. So far, in NIR to βLs, it seems to be safe to ad-
minister the first dose of antibiotic in a single dose.20,24,32–34 In our 
study, we fractionated the dose as recommended by the EAACI po-
sition paper.5

As reported above, only one patient reacted 30 min after the 
first fractionated dose (1/10) with mild urticaria. In this case, the 
timing and the type of the clinical manifestation appeared more re-
lated to an IR rather than a NIR, suggesting that maybe the history 
reported by parents at the first visit was not so reliable, as the index 
reaction was reported to have occurred 2 h after the dose at the 8th 
day of the therapy course.

For that reason, we correlated the positivity of all DPT per-
formed with the time latency of the index reaction, and we observed 
that most of the positive DPT occurred in those patients who had a 
history of reactions within 6 h from the last drug intake. This find-
ing underlines that clinical history should be collected correctly at 
the beginning. In the case of our child, the DPT was repeated a few 
months later, showing the same type of reaction, suggesting that he 
could have had an IgE-mediated hypersensitivity to AMX/CL since 
the beginning. Actually, the “one size fits all approach” theory is not 
the right one for each patient, and, in particular, based on our results, 
the graded DPT protocol should be the appropriate one in the case 
of patients with a history of reactions occurring up to 6 h from the 
last drug assumption. More attention should be paid to these cases 
because an overlap between IR and NIR could not be excluded. On 
the contrary, only six children with a history of NIR (>6 h from the 

last drug intake) did not pass the DPT with the culprit. All reacted 
after the last dose (7/10) of the graded DPT with mild NIR. Regarding 
the type of reaction, our study is in agreement with the literature 
showing that most of the reactions during DPT have the same clini-
cal characteristics as the index reaction. Moreover, we could specu-
late that, for those patients, one dose of the culprit administered all 
at once could be safe and less time-consuming than a graded DPT.

Regarding the duration of DPT, several studies focused on the 
risks-benefits of a short versus a prolonged protocol. By performing 
a single day DPT, the percentage of positivity ranges between 0% 
and 7.7%, with a NPV of 89.1% and 94.9% in the only studies pub-
lished so far.28,38 The percentage of self-confident future intake of 
the tested drug varies between 22% and 76%.

By performing a prolonged DPT, the NPV calculated is almost 
comparable to that described with a single day DPT (over 90% in all 
the studies published),16,32,39–42 but the percentage of confirmatory 
diagnosis is higher, ranging between 2% and 17.2% with a greater 
percentage of patients/parents (52%–100%) who feel more confi-
dent about using the tested drug again in case of necessity,18 Finally, 
in the study by Exius et al.4 the NPV of the DPT has been confirmed 
at 85.3% after a 5-year follow-up.

Our study supports the evidence that a prolonged DPT in-
creases the diagnostic value of the DPT for NIR. Indeed, among 
our patients, 11 out of 23 reacted at home, showing that at least 
47.8% of these children would not have received a correct diagno-
sis of non-immediate hypersensitivity to AMX/CL if we had applied 
a single-day protocol. This finding is comparable to that reported 
by Fransson et al.19 even though it includes adult patients. On the 
other hand, exposing 354 patients to prolonged treatment with po-
tential impact on the gut microbiota only led to the identification 
of 11 more children who developed a mild reaction. So far, more 
studies are needed to reach a final conclusion comparing the risk 
for a future mild reaction to the same drug in patients with a missed 
diagnosis to the potential risk for an increase in antibiotic resistance.

For that reason, a more personalized approach is suggested by 
the recent literature. Iammatteo et al.43 propose risk-based algo-
rithms for the evaluation of βLs allergy in pediatric and adult popu-
lations based on a description of the historical reaction. In particular, 
regarding children <18 years of age with a history of mild (limited 
to the skin) NIRs (more than an hour after exposure), the authors 
suggest a direct single-day DPT with one full dose or graded DPT 
(10%–90% of the therapeutic dose). However, it must be emphasized 
that we can administer a full dose only in patients with a clear history 
in terms of latency and symptom severity and we should consider a 
graded DPT for those reacting between 1 and 6 h after receiving 
the last drug dose.43 This study confirms the great importance of 
collecting a clinical history of reaction in as much detail as possible, 
since the following allergy workup, with its risk-benefit evaluation, is 
based on it. Additionally, other factors such as the number of previ-
ous reactions, underlying diseases, genetic predisposition, and bio-
markers should be taken into account. All of these factors need to 
be studied thoroughly to apply a personalized diagnostic approach 
to every single patient.
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5  |  CONCLUSION

This is the largest study published to date, investigating children 
with mild NIR to AMX and AMX/CL, which includes both in vivo and 
in vitro tests and compares the results critically with recent litera-
ture. This paper indirectly suggests the possibility that a single ther-
apeutic dose administered on the first day of DPT could be safe in 
the diagnostic workup of mild NIR to AMX/CL occurring 6 h after the 
last drug intake, being also more realistic because the child would 
receive the full dose of the drug from the beginning of the DPT, as in 
real life. Moreover, this method could be less time-consuming as the 
patients and their caregivers would spend less time in the hospital, 
also considering the public health restrictions imposed during the 
COVID-19 pandemic.
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