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Abstract

Background: Diagnostic guidelines for penicillin allergy in children recommend cumbersome
protocols based partially on data from adults, which may be suboptimal for pediatric use.

Objective: Jo assess the accuracy of tools for diagnosis of penicillin allergy in children.

Methods: A prespective multicenter study was conducted in children with reported adverse
events related to penicillin, excluding severe reactions. All patients underwent a uniform
diagnostic protocol consisting of clinical history, skin tests, serum specific IgE, and, regardless
of these results, drug provocation tests (DPT).

Results: 732 children (mean 5.5 years; 51.2% males) completed the allergy work-up, including
DPT. Amoxicillin triggered 96.9% of all reactions. None of the patients with an immediate index
reaction (IR) developed a reaction on DPT. Penicillin allergy was confirmed in 35 subjects
(4.8%): 6(17%) immediate and 29(83%) non-immediate reactions in the DPT. No severe
reactions were recorded. The allergist diagnosis based upon the clinical history was not
associated with the final outcome at DPT. In 30 of 33(91%) allergic patients, all skin tests and
slgE were negative. A logistic regression model identified the following to be associated with



PNC allergy (p<0.05): a family history of drug allergy (OR=3.03; 95% confidence interval (Cl):
1.33-6.89), an IR lasting >3 days vs <24 hours (OR=8.96; 95% CI: 2.01-39.86), and IR while
receiving corticosteroids (OR=2.68; 95% Cl: 1.30-5.54).

Conclusion: Conventional predictors of allergy to penicillin performed weakly. The authors
propose straightforward penicillin provocation testing in controlled, experienced centers for
the diagnosis of non-severe penicillin allergy in children.

INTRODUCTION

Beta-lactam antibiotics, especially aminopenicillin (PNC), are the most commonly invelved
drugs in adverse drug reactions in children'. Though a remarkable number of'children treated
with beta-lactams develop maculopapular exanthema or urticaria after exposure >3, confirmed

drug allergy is less frequent than in adults *°.

In clinical practice, the diagnostic approach taken with these patients is highly inconsistent

despite efforts from the scientific community & "% °

to create clear-cut algorithms. Usually, skin
prick test (SPT), intradermal test (ID), or serum specific IgE (sIgE) to PNC, amoxicillin (AX),
and/or its reagents must be negative for a drug provocation test (DPT)—the gold standard for

d 8,10, 11

PNC-allergy diagnosis—to be performe , even in non-immediate reactions *2.

Mainly due to the scarcity of studies carried out in children, the same guidelines used for
diagnosis of drug allergy in adults are generally applied to the pediatric population. Contrary to
the aforementioned recommendations, recently published evidence suggests the possibility of
performing DPT without prior skin/serum testing, though only in children showing non-severe

delayed-onset urticarial or maculopapular rashes due to penicillin 2 ® *3,

To our knowledge, no prospective studies with a uniform diagnostic protocol for PNC allergy
have been conducted to determine the effectiveness of the most frequently used diagnostic
procedures in both immediate and non-immediate index reaction (IR: the drug-related event that
is the focus of the current study) compared against the results of DPT. The main objective of
this study was to determine the efficacy of available diagnostic tools in PNC allergy relative to
the results of DPT. The tools used for comparison were clinical history, skin testing (SPT and

ID) and slgE to PNC and its determinants. The secondary objectives were i) to describe the



characteristics of IR to PNC; ii) to determine the PNC most frequently involved; iii) to assess
differences between PNC-allergic and non-allergic patients; iv) to assess differences between
immediate and non-immediate reactions; and v) to study tolerance to cefuroxime in case PNC
allergy was confirmed. This study may mark a step toward optimizing PNC-allergy diagnosis in

the pediatric population.

METHODS

Study design

A task force to study PNC-allergy diagnosis was created in the Children’s"Allergy Committee
of the Spanish Society of Allergy and Clinical Immunology.«(SEAIC)/and a prospective

multicenter study to be conducted in Spanish departments of allergy.was launched.

Ethics

The study was approved by the ethics committees‘\of each hospital and the Spanish Agency for
Drug and Health Products (AEMPS). Written, informed consent was signed by the parents or

guardians and was obtained from children over 12 years of age.

Participants

Consecutive patients”14 years old or younger presenting to participating allergy departments
and who reported. an” adverse drug reaction (ADR) with benzylpenicillin (PNC-G),
phenoxymethylpenicillin (PNC-V), amoxicillin-clavulanic acid (AX-C), or cloxacillin and who
had given their written consent were included. Patients were excluded in case of clinical history
of severe skin conditions during the IR, presence of skin diseases not allowing skin testing,
and/or any condition contraindicating adrenaline use. Anaphylaxis was not an exclusion
criterion, except in case of severe reaction (defined as involving hypoxia, hypotension, or

neurologic compromise).

Allergy work-up



A uniform protocol was used, including a detailed clinical history, where IRs were classified as
immediate if they had developed during the first hour after the intake of the first dose or as non-
immediate in all other cases °. After gathering the clinical history, the clinical researcher was
asked whether the IR was, in their expert opinion, a “clear-positive” case of allergy, a “doubtful-
case”, or a “clear-negative” case of allergy, in order to assess the accuracy of the clinical history
alone when diagnosing PNC allergy. Afterwards, every patient underwent SPT and~ID in
accordance with Torres et al', sIgE determinations using 2 different thresholds for-positiveness
(0.35k/L™ ™ and also 0.1kU/L, as reported elsewhere?), and DPT with the CulpritsPNC was
performed following the ENDA/EAACI recommendations® regardless of /thesresults of the
aforementioned tests. If DPT with the culprit PNC was positive, cefurexime was then tested in a
different DPT. Data were recorded on an online platform.“For detailed information on the

methods, see Supplementary material file 1.

Statistics

Chi-square test and Fisher exact test.were used to compare qualitative variables between allergic
and non-allergic children as well as for immediate and non-immediate reactions. Due to the
theoretically better performance,of diagnostic tests when the IR has occurred in the previous
year'®, a subanalysis for this population was carried out. The odds ratio (OR) [95% confidence
interval (CI)] was calculated in univariate and multivariate analyses to assess potential factors
associated/with PNC allergy. It was estimated that 707 patients would provide sufficient power
to find statistical differences based on the prevalence given by Caubet® (Supplementary file 1).
An‘estimation of the cases of hypothetical misdiagnosis was performed if clinical guidelines had

been strictly followed®**.



RESULTS:

Participants

A total of 67 allergists volunteered to participate, though only 38 (56.7%), from 23 centers,
actively participated. Of the 766 patients included, 732 (95.6%) were given a DPT-based final
diagnosis (Figure 1 and Supplementary file 2) and 34 were lost to follow-up. Thirty-five
(4.8%) were finally diagnosed with PNC allergy, 6 (17% of PNC-allergic patients), with
immediate reactions, and 29 (83% of PNC-allergic subjects) with non-immediate reactions
(Table 1). Males comprised 51.2% (n=375) of the population, and mean<age at the time of the
study was 5.5 years (xSD 3.87), and 3.9 at IR (£SD 3.1). Family history of drug allergy was

associated with a higher risk of PNC allergy (OR=2.56; 95% Cl: 1:16-5.65, p=0.016).

Culprit drug

Considering only patients with a final diagnosis of PNC allergy (n=732), AX, either alone (489,
66.8%) or along with clavulanic acid (220, 30.1%), was the most frequent trigger of IR (Table
1). The reaction took place on first use by the patient in 31.7% (175) of cases. AX was the only
drug that allergic patients had,used more often than non-allergic patients prior to the event

(25.7% vs 13.8%, p=0.049)(Table 1).

Index reaction chatracteristics

The most frequenticause of antibiotic administration was tonsillitis (268, 36.6%). Immediate IR
represented 5.2% (38) of all reactions, and none of these patients was proven to be PNC-allergic
after thesstudy. The mean number of doses eliciting the IR was significantly higher (15 + SD

6.2) in allergic patients than in non-allergic patients (10 + 8.2 SD) (p = 0.016).

The most frequently reported symptom was exanthema (411, 56.1%) and was associated with
non-immediate IR (58.4% vs 30% immediate reaction, p<0.0001). Urticaria was the second
most common symptom (286, 39.1%), and was associated with immediate reaction (55.5% vs

37.6% non-immediate reaction, p=0.031). The appearance of angioedema increased the risk of



true PNC allergy (OR= 2.44; 95% CI: 1.13-5.24, p=0.018). Seven patients reported mild
dyspnea (none were allergic) and 6, joint involvement (one of these found to be allergic after the

study). None of the reported IRs was severe.

Local reactions occurred more frequently in immediate IRs than non-immediate IRs (34% vs
14.3%, respectively, p=0.012), though this factor was not associated with the final diagnosis.
Immediate IRs were associated with earlier resolution, as 57.5% immediate vs 21:2% non-

immediate IRs resolved within the first 24 hours (p<0.0001).

Index reaction treatment

More than half of the patients (457, 62.4%) received some form of treatment, and 416 (56.8%)
reported to the emergency room (ER) for the IR (Table 1) The following variables were
associated with a higher risk of being PNC allergic: receiving-medical care in the ER (OR=
2.67; 95% CI: 1.19-5.96, p=0.013), receiving antihistamines (OR= 2.30; 95% CI: 1.06-4.98,
p=0.030), and receiving corticosteroids (OR= 2.77; 95% CI. 1.37-5.59, p=0.003). ER
attendance during the IR was significantly higher in patients diagnosed with immediate PNC
allergy than in those diagnosed with non=immediate PNC allergy. Among PNC-allergic patients,
both antihistamines and corticosteroids were used more frequently in non-immediate than in
immediate DPTs (p=0.04"and p=0.004, respectively) (Tablel). Here, it should be noted that
adrenaline was usedonly once for an IR, in a patient who was later proven not to be PNC-

allergic.

Allergy work-up

Allergy work-up was completed in 732 patients (Figure 1). The median elapsed time between
the IR and the time when the patient presented to the allergy clinic was 95 days (PC25-PC75:
44-490 days). In 492 (67.2%) patients the reaction had occurred in the year prior to the allergy

work-up.

Initial Judgment of the attending physician



Thirty-one (4.2%) cases were judged by the clinical researcher as “clear positive”, 518 (70.8%)
as “clear-negative”, and 183 (25%) as “doubtful cases” of penicillin allergy. None of the clear-
positive cases turned out to be real PNC-allergic patients; 23 cases of those classified as clearly
negative and 12 of the so-called doubtful cases were true PNC-allergic subjects. This prediction
was clearly influenced by the IR temporality, with significantly more cases of IR suspected to
be “clear positive” in patients with immediate IR than in non-immediate IR (26.5% vs.3.4%

respectively, p<0.0001).

Skin tests

Only one positive SPT was recorded for PPL, and none for MDM, PNC-G, PNC-V, AX, or AX-
C. The ID was found to be positive more frequently among allergic’patients than in non-allergic
patients (p<0.05) only for PPL in early reading and PNC=Giin late reading (Table 2). Overall,
sensitivity was low (range 0-20%, any positive 9.1%) andspecificity high (range 97-100%, any

positive 98.3%) (Supplementary file 3).

Serum specific IgE

Differences between allergic patients and non-allergic patients were significant at the 0.1 kU/L
threshold for PNC-V and “AX; /jadditionally, among allergic individuals, slgE to AX
discriminated betweenssubjects with immediate and non-immediate reactions at DPT (Table 3).
Using the 0.35 KU/L cut-off, no significant differences were found between the subpopulations
studied. Sensitivity was low for all determinants and thresholds (2.9-17%), and specificity was
high (94.4-99.9%) (Supplementary file 3). The subgroup analysis for the performance of sige
insthe population with IR onset during the year prior to the start of the study (n=492) also failed

to provide better results (Supplementary file 4).

Drug provocation tests



The final number of allergic subjects was 35 (4.8%); table 4 shows the characteristics of each
patient diagnosed with PNC allergy. DPTs with the culprit antibiotic were carried out on 950

occasions, of which 40 were considered positive.

All 732 patients underwent a first DPT (DPT1), which was positive in 34 subjects. Five of these
subjects underwent a second confirmation DPT, producing negative results in 2 of them. The
first challenge elicited 6 immediate and 28 non-immediate reactions (Figure 1). The symptoms
in DPT1 were urticaria (67.7%, 23), generalized erythema (20.5%, 7), generalized pruritus
(20.5%, 7), angioedema (11.7%, 4), localized pruritus (8.8%, 3), feeling=unwell (5.8%, 2),
vomiting (5.8%, 2), and dyspnea, abdominal pain, nausea, and rhinitis’in 1 patient each (2.9%).
No severe reactions occurred. Rescue medication consisted of oral antihistamines (88.2%, 30)
and oral corticosteroids (35.2%, 12), and intramuscular “corticosteroids, intramuscular
adrenaline, and salbutamol were given on 1 occasion (2:9%) each (patient 6 adrenaline, and

patient 31 salbutamol and corticosteroids, Table 4).

The second DPT with the same drug was.performed 218 times and was positive in 6 patients, 3
of whom had a previous positive.DPT1, while in the other 3 cases the DPT1 had been
previously negative (all these patients with IRs occurring more than 1 year prior). In the positive
DPT2, 2 were immediate reactions and 4 non-immediate (Figure 1). Urticaria was again the

most frequent symptom (83.3%, 5), and all reactions were mild.

Cefuroxime tolerance was evaluated with a DPT in 24 out of 35 PNC-allergic patients, and only

1 patient+(4.1%) was found to be allergic to this drug (Patient 26, Table 4).

Potential diagnostic failures

If penicillin-allergy diagnosis had been performed only on the basis of a clinical history and
positivity either to any of the serum determinants (using the 0.35 kU/L threshold) or to any of
the skin tests, only 9.1% of the allergic patients and 2.2% of non-allergic patients would have

received an accurate diagnosis. Overall, applying the above-mentioned criteria, 6.2% of the



studied cohort would have been misdiagnosed (detailed information for potential diagnostic

failures for each test appears in Table 5).

Multivariate analysis of parameters associated to PNC allergy

In the logistic regression model, the following variables were shown to be associated with PNC
allergy: family history of drug allergy (adjusted OR= 3.03; 95% CI: 1.33-6.89, p=0.008), IR
duration >3 days compared to an IR duration of <24 hours (adjusted OR= 8.96; 95% CI::2.01-
39.86, p=0.004), and having received corticosteroids for the IR (adjusted OR= 2.68; 95% ClI:

1.30-5.54, p=0.007).



DISCUSSION:

In the present prospective multicenter study, PNC-allergy diagnosis based on positive DPT was
established in 35 (4.8%) out of 732 patients, providing further support to the mounting evidence
that penicillins are very unlikely causes of rashes in pediatric population. At the time of DPT, 6
were immediate and 29 were non-immediate reactions (0.8% and 4% of the total studied
population, respectively). As previously described'™, amoxicillin (96.9%) was_the most
frequent penicillin involved in the IR, mirroring its real-life frequency of use in Spain®.

The first step toward diagnosis in drug allergy is a precise clinical history,<ncludinga detailed
description of the IR. Many authors have identified an increased likelihood of beta-lactam

hypersensitivity in immediate IRs>"

. In the present study, mnone “of-the IRs reported as
immediate occurred in real allergic patients, and 6 out of the 35.allergic individuals with non-
immediate IR displayed an immediate reaction on DPT. In‘addition, none of the 30 patients with
a “clear-positive” clinical assessment by the attending allergist prior to the allergy work-up were
PNC allergic while 23 considered “clearlys negative” were shown to be allergic. This
information suggests significant limitations.in the reliability of chronology or the “experience”
of the attending physician, unless the'reaction is observed first-hand by the physician, as

previously suggested”, chalfenging the robustness of referred temporality and clinical judgment

as the main criterion to'be applied in the allergy work-up in each case.

As found in other series %'

, most patients (95%) had maculopapular exanthema or urticaria
during the IR, and in 95% of the cases, the IR was non-immediate. Only 38 (5%) of our patients
had immediate IR, and all were revealed to be negative on DPT, providing indirect evidence
that immediate reactions could also be caused by infections®. None of the reported IRs was
considered indicative of anaphylaxis by the attending physician despite the presence of 4 events
of bronchial and skin symptoms in patients who eventually proved to be non-allergic following
DPT. In another noteworthy result, the only case requiring adrenaline in the IR was a non-

allergic patient. Data obtained from patient medical histories, such as ER attendance, use of

antihistamines during the IR, >3 days of IR duration, having received corticosteroids, and



parental history of drug allergy were associated with PNC allergy diagnosis in the univariate
analysis. Only IR duration of >3 days vs <24 hours, the use of corticosteroids for the IR, and, as
recently reported also elsewhere **, parental history of drug allergy, were confirmed in the

multivariate analysis.

DPT is usually carried out only if preliminary tests are negative. In 3 different large studies with
DPT performed only in case of negative skin tests and sIgE, PNC diagnosis was established in
16% °, 8% and 7.4% of the studied population, respectively. On the other hand, in studies
using DPT in every patient, the prevalence of PNC allergy was lower, varying from'3.4% in a
population of 119 children developing mild non-immediate reactions™(13), to.6% among 818
children with both immediate and non-immediate reactions®, or/5% aceording to our own data.
These data suggest the need to run DPT in every patient.to decrease potential overdiagnosis

caused by more conservative algorithms.

The differences between these 2 diagnostic approaches;to PNC allergy can be attributed to the
fact that protocols designed for adults, calling” for DPT only if preliminary tests are

7,8,14,23-25

negative , are applied in children, while other protocols are specifically designed for use

in the pediatric population. Although’ many well-designed studies support the diagnostic

7,8,14,23-25

accuracy of the aforementioneditests in adults , to date very few studies carried out in

children have compared the results of other diagnostic techniques to DPT, the gold standard.

Evidence from “different pediatric studies suggests that ID tests perform poorly in this
population.iIn the study by Caubet et al.?, 64% of patients (7 out of 11) with PNC non-
immediate reactions and positive ID had a negative DPT. Taking a different approach, in their
retrospective study of 783 suspected cases of PNC allergy in children, Zambonino et al.*? found
that ID was positive in only 6.5% of 62 PNC-allergic children. Similarly, we also found a high
rate of false-positive results (80%) when any ID was positive; on the other hand, just 9.1% (1

immediate and 2 non-immediate DPT) of our PNC-allergic patients were correctly detected by a



positive ID. Only PPL and PN-G ID tests in early and late readings, respectively, were more

frequently positive among allergic subjects (p<0.05) than in non-allergic subjects.

Serum sIgE has been specially recommended for children under 6 years of age', though, like
ID, the published evidence of the accuracy of these tests is not encouraging either. Of 88
subjects studied for PNC allergy?, only 2 had anti-PNC sIgE titers over 0.10 kU/L and below
0.35 kU/L, and neither was allergic according to the final DPT. In our study only 1 (2.9%) and 7
(20%) of the 35 PNC-allergic patients had specific IgE>0.35 or >0.1 kU/L to any. determinant,
respectively. For the same thresholds, 7 (1%) and 49 (7%) of the non-allergic population also
displayed positive sIgE. It is remarkable that only the 0.1 kU/L threshold value for amoxicillin
differentiated between immediate and non-immediate DPT reactions;=and for PNC-V and
amoxicillin IgE discriminated allergic and non-allergic patients (p<0:05). In an attempt to assess
the performance of sIgE in the best of the scenarios, and censidering that sige to PNC tends to
decline over time®®, we carried out a subanalysisyof a cohort in which the IR occurred no later

than 1 year previously, though the results were not better than those obtained for the whole

group.

The low number of immediate AR cases in our study (n=38, 5%) might hamper the robustness of
our findings regarding the relevance of sIgE. This modest representation is mostly due to the
stringent definition of immediate reaction appearing in the pediatric section of Mirakian et al.’:
reactions occurfing*within one hour after the first drug administration. By using this pediatric-
focused definition, we reinforce one of the objectives of this manuscript, namely, to argue for
specific diagnostic protocols in children. In contrast, for adults it is generally accepted that an
immediate reaction is that which occurs within 1 hour after the last drug intake®®. In addition to
being more age-appropriate, the pediatric-specific definition used here provides further
advantages: when a reaction occurs after several doses, it is difficult to pinpoint whether the
reaction is immediate after the last dose or if the trigger was a previous dose that had taken time
to be clinically relevant, thus indicating a non-immediate reaction. Moreover, the chronology of

events is less reliable if more than one dose was administered owing to recall bias, but also



because parents might not witness the reaction. Had we used the more permissive definition (i.e.
immediate reactions considered to be those with onset within one hour after any dose), our
number of immediate IRs would have risen to 96 subjects (13.1%, data not shown). Despite this
increase in IRs, the slgE performance would have remained low, as the only allergic patient in

this group (subject 1, table 4) had negative values.

A high specificity and a low sensitivity for ID and sIgE was expected in light .of, results
described in adults'®?’. In the present study, overall specificity was very high for. both ID and
sIgE (98.3% and 99%), whereas sensitivity was extremely low (9.1% and 2.9% foriD’'and slgE,
respectively), which is lower than that seen in the non-pediatric population, where it ranges
from 42% to 78% for skin tests and 38% to 54% for specific IgE*". These-tiscouraging results,
despite the relatively short interval between IR and allergy work=up in most of the patients,
make it difficult to recommend that such tests be performed.in every pediatric patient, especially

if cost-efficiency is taken into account.

Approximately 2280 ID (with standardized extracts) and 2200 sIgE tests were performed to
correctly diagnose 3 and 1 allergic patients with the ID and sIgE (>0.35 kU/L), respectively. By
way of estimation, and according to the reagents’ prices in one of the participating centers
(Hospital Nifio Jesus, Madrid), the.cost of all ID and slIgE tests performed throughout this study
is 74,100 and 11,800 euros, respectively, not including the expense of hospital personnel and
indirect costs../Another drawback of both skin and venipuncture is the great emotional stress
these procedures cause for children, with around 20% of children showing an aversion to them?.
In spite of the recent recommendations of the Penicillin Allergy in Antibiotic Resistance
Workgroup of the AAAAI®, the low test sensitivity, along with the aforementioned factors,
triggered several new publications advocating DPT without prior testing in mild non-immediate

reactions® & 3,

Drug provocation tests were crucial to correctly categorize a significant number of subjects in

our study and avoided the misclassification of 15 non-allergic subjects who showed positive



results on ID or sIgE (0.35 kU/L) and 30 allergic patients who did not display any positivity in
the aforementioned tests. As previously reported® > *> % most reactions revealed by DPT were
mild (85% only skin involvement) and were easily managed with antihistamines and/or
corticosteroids, providing further evidence of the safety of DPT in this scenario. Adrenaline was
used according to the researcher criteria in only one out of 40 positive DPTSs, i.e., in a patient

who suffered only skin involvement.

Although DPT remains the gold standard, it is also hampered by false-positive and false-
negative results. It is known that a second DPT should be conducted in subjects in'whom the IR
occurred a long time previously™. In our study, 164 subjects with an initial negative DPT and an
IR more than 1 year prior underwent a second DPT, with a positive result in 3 cases. On the
other hand, 5 subjects with a first positive/doubtful DPT underwenta second DPT, and in 2 of
them the second test was negative, suggesting that even under controlled exposure children may

develop non-specific skin reactions.

To provide a safe alternative to beta-lactam “in PNC-allergic subjects®, a challenge with
cefuroxime was proposed; in 23 of.24 tested subjects the drug was tolerated, with the single
reactive patient showing no more than mild skin symptoms. In our population, the prevalence of
cefuroxime hypersensitivity among/amoxicillin-allergic children (4.1%) was lower than in other

series (28%)°.

Over the past.few years it has been established that skin testing, or even direct challenges, are
the primary tools to be used to determine tolerance to penicillins in low-risk individuals, defined
as those who develop non-urticarial rashes, gastrointestinal upset, or headaches?*%®. However,
there is currently a lack of worldwide consensus among clinicians regarding the diagnosis and
management of beta-lactam allergy in childhood®. The strength of the present study is that,
while severe reactions were not included, every patient underwent DPT regardless of the
characteristics of the IR and the results of previous allergy tests. In addition, the reactions

elicited in positive DPT were all of mild intensity.



In light of the data provided by our large prospective cohort studied conducted following a
uniform protocol, and after identifying several key facts such as the poor association between IR
temporality and DPT outcome, the low efficiency of ID and sIgE determinations and the good
safety profile of DPT, the authors propose that drug provocation tests performed in specialized
centers be used as the first diagnostic tool in children with mild to moderate penicillin IRs when
anaphylaxis and severe skin syndromes have been previously ruled out. This study represents a
significant contribution toward optimization of a protocol for penicillin-allergy diagnosis in the

pediatric population.

Acknowledgments

We would like to thank the rest of the researchers in the project, who alse-contributed including
patients (by number of included patients): Maria Jests Trujillo, Carmen Panizo Bravo, Berta
Maria Ruiz Leo6n, Catalina Gémez Galan, Fernando Flofido L6pez, Maria Isabel Alvarado
Izquierdo, Ana Maria Burgos Montero, Estefania Moreno Mata,/Jesus Jurado Palomo, Sandra
Blanco Bermejo, Ana lIsabel Tabar, Anna Maria<TForredemer Palau, Maria Angeles Lara
Jimenez, and Maria José Rojas Vilchez. We also thank Pedro Cuesta for patiently setting up and
performing the statistical analysis. Last, we would like to acknowledge Oliver Shaw for his
high-quality work reviewing the English version of the manuscript.

REFERENCES:

1. lbéfhez MD, Garde JM. Allergy in patients under fourteen years of age in
Alergoldgica 2005. J Investig Allergol Clin Immunol. 2009;19 Suppl 2:61-8.

2. Caubet JC, Kaiser L, Lemaitre B, Fellay B, Gervaix A, Eigenmann PA. The role of
penicillin in benign skinrashes in childhood: a prospective study based on drug
rechallenge. J Allergy Clin Jmmunol 2011; 127:218-22.

3. Mayorga C, Torres MJ, Fernandez J, Canto G, Blanca M. Cutaneous symptoms in
drug allergy:<what have we learnt?. Curr Opin Allergy Clin Immunol. 2009
Oct;9(5):431-6.

4. Bierman, CW, Pierson WE, Zeitz SJ,Hoffman LS, Van Arsdel PP Jr. Reactions
associated with’ampicillin therapy.JAMA 1972; 220:1098-100.

5. Ponvert C, Weilenmann C, Wassenberg J et al. Allergy to betalactam antibiotics in
children: a prospective follow up study in retreated children after negative responses
in'skinand challenge. Allergy 2007;62:42-6.

6y ‘Mirakian R, Leech SC, Krishna MT, et al. Standards of Care Committee of the
British Society for Allergy and Clinical Immunology. Management of allergy to
penicillins and other beta-lactams. Clin Exp Allergy 2015; 45:300-27.

7. Solensky R, Khan DA, Bernstein IL, Joint Task Force on Practice Parameters;
American Academy of Allergy, Asthma and Immunology; American College of
Allergy, Asthma and Immunology; Joint Council of Allergy, Drug allergy: an
updated practice parameter. Asthma and Immunology. Ann Allergy Asthma
Immunol. 2010 :259-273

8. Romano A, Caubet JC. Antibiotic Allergies in Children and Adults: From Clinical
Symptoms to Skin Testing Diagnosis. J Allergy Clin Immunol Pract 2014;2:3-12



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Ponvert C, Perrin Y, Bados-Albiero A et al. Allergy to betalactam antibiotics in
children: results of a 20-year study based on clinical history, skin and challenge
tests. Pediatr Allergy Immunol 2011; 22:411-8.

Blanca M, Mayorga C, Torres MJ, et al. Clinical evaluation of Pharmacia CAP
System RAST FEIA amoxicilloyl and benzylpenicilloyl in patients with penicillin
allergy. Allergy 2001; 56:862-870

Zambonino MA, Corzo JL, Mufioz C, et al. Diagnostic evaluation of
hypersensitivity reactions to beta-lactam antibiotics in a large population of
children. Pediatr Allergy Immunol. 2014;25:80-7.

Atanaskovic-Markovic M, Gaeta F, Medjo B, et al. Non-immediate hypersensitivity
reactions to beta-lactam antibiotics in children - our 10-year experience in allergy
work-up. Pediatr Allergy Immunol. 2016; 27:533-8.

Vezir E, Dibek Misirlioglu E, Civelek E, et al. Direct oral provocation,tests’in non-
immediate mild cutaneous reactions related to beta-lactam «antibiotics. Pediatr
Allergy Immunol. 2016;27:50-4.

Torres MJ, Blanca M, Fernandez J, et al.; EAACI Interest,Group on Drug
Hypersensitivity. Diagnosis of immediate allergic~reactions to beta-lactam
antibiotics. Allergy 2003: 58:961-7

Aberer W, Bircher A, Romano A, et al. European“Network for Drug Allergy
(ENDA); EAACI interest group on drug hypersensitivity. Drug provocation testing
in the diagnosis of drug hypersensitivity reactions: general considerations. Allergy.
2003;58: 854-63.

Fernandez TD, Torres MJ, Blanca-Lopez=N, et al. Negativization rates of IgE
radioimmunoassay and basophil activation test'in immediate reactions to penicillins.
Allergy 2009; 64:242-248.

Lange L, Koningsbruggen SV, Rietschel E. Questionnaire-based survey of lifetime-
prevalence and character of allergic drug reactions in German children. Pediatr
Allergy Immunol 2008; 19:634-8.

Ibia EO, Schwartz RH, Wiedermann BL. Antibiotic rashes in children: a survey in a
private practice setting.+/Arch Dermatol. 2000 Jul;136(7):849-54.

Le J, Nguyen T, Law AV, Hodding J. Adverse drug reactions among children over a
10-year period. Pediatrics. 2006;118:555-62.

Lazaro-Bengoa E, Iglesias FJ, Lopez-Navas A, Fernandez-Cortizo MJ. Use of
antibiotics in Spain and regulatory framework for clinical development in the
European Union. Enferm Infecc Microbiol Clin. 2010;28 Suppl 4:10-6.

Bircher AJ, Scherer Hofmeier K. Drug hypersensitivity reactions: Inconsistency in
the use of the classification of immediate and nonimmediate reactions.J Allergy Clin
Immunol. 2012;129:263-4; author reply 265-6.

Mill C, Primeau MN, Medoff E, et al. Assessing the Diagnostic Properties of a
Graded Oral Provocation Challenge for the Diagnosis of Immediate and
Nonimmediate Reactions to Amoxicillin in Children. JAMA Pediatr. 2016 Jun
6;170(6):160033.

Romano A, Blanca M, Torres MJ, et al. Diagnosis of non-immediate reactions to
beta-lactam antibiotics. Allergy 2004: 59: 1153-60.

Demoly P, Adkinson NF, Brockow K, et al. International Consensus on drug
allergy. Allergy. 2014 Apr;69(4):420-37.

Gomes ER, Brockow K, Kuyucu S, et al. ENDA/EAACI Drug Allergy Interest
Group. Drug hypersensitivity in children: report from the pediatric task force of the
EAACI Drug Allergy Interest Group Allergy 2016; 71: 149-161.



26.

217.

28.

29.

30.

31.

Hjortlund J, Mortz CG, Stage TB, Skov PS, Dahl R, Bindslev-Jensen C. Positive
serum specific IgE has a short half-life in patients with penicillin allergy and
reversal does not always indicate tolerance. Clin Transl Allergy. 2014 Oct 29;4:34.
Blanca M, Romano A, Torres MJ, et al. Update on the evaluation of hypersensitivity
reactions to betalactams. Allergy 2009: 64: 183-93.

Lang DM, Castells MC, Khan DA, Macy EM, Murphy AW. Penicillin Allergy in
Antibiotic Resistance Workgroup. Penicillin Allergy Testing Should Be Performed
Routinely in Patients with Self-Reported Penicillin. Allergy. J Allergy Clin
Immunol Pract. 2017: 333-334

Goldberg A, Confino-Cohen R. Skin testing and oral penicillin challenge in patients
with a history of remote penicillin allergy.Ann Allergy Asthma Immunol. 2008
Jan;1 00:37-43

Macy E, Romano A, Khan D.Practical Management of Antibiotic Hypersensitivity
in 2017. J Allergy Clin Immunol Pract. 2017; 5 (3):577-586.

Foong RX, Logan K, Perkin MR, du Toit G. Lack of uniformity in the investigation
and management of suspected B-lactam allergy in children. Pediatr Allergy
Immunol. 2016 Aug;27(5):527-32



Tomediate : Non-Tmmediate
Byt

<14 years old =766 |

= =7%
Tost1 | (Lost 25 )
=% | wimaE o

[Lest1 | Lost:7 |
=38 1# Dug provocation test — 604
] [ ¥ ¥

= o S | [ocnim | =

e M B
= g 3
‘ E=ly | [ R-1y | [ Rely | n=6
w=15 =13 :j [ =213 =47 =4 [==2 Fn:i n=25
¥

Lost 8 1 2+ Drug provocation test | oo 64 | 2 Dirug provocation test*

] v ¥ ! i v
| Negative Positive | Nezative Positive | | Negative | | Positive

[o=12g] =21 [=2 =1

L v

Non-allergic
=210 =T =2
| ! 2

=15 =0

=15 =123

Figure 1. Patient flow chart of penicillin allergy work-up.

Reactions are initially classified according to the temporality feported. by the patient in the
index reactions (blue double-lined rectangles), and second,in terms of the temporality
observed in the drug provocation test. According to the pratocol, a second drug provocation
test was mandatory if the index reaction occurred more than one year before and the first
drug provocation test was negative. There were some protocol deviations, and these were as
follows:

* 5 out of 34 patients with a positive first drug provocation test underwent a second drug
provocation test at the request of the investigator. In 2 subjects this test was negative, and the
patients were finally classified as non-allergic.

** 49 of out 447 cases with an index reaction that developed during the previous year and a
negative first drug provocation test underwent a second provocation test at the request of the
investigator. All such secandary tests were negative.

Imm: immediate reaction, IR:Index reaction, N-Imm: non-immediate; n: number of subjects.
SPT: skin prick test; ID: intradermal test

Table 1. Characteristics according to the final classification of the population into groups (for
per=protocol population).

Final diagnosis according to drug provocation test results

icti Immediate . . Total Non-
Characteristic reaction Non-immediate allergic allergic Total (n=732
g g patients, PP)

(n=6) reaction (n=29) (n=35) (n=697)

Age at study time, y 63(+-33)  53(+-3.7)  54(+-37) 55(+-38) 55 (+-3.8)



(+/-SD)
Male, n patients (%6) 4 (66.7%) 11 (37.9%) 15 (42.9%) 360 (51.6%) 375 (51.2%)
Female, n patients (%) 2 (33.3%) 18 (62.1%) 20 (53.1%) 337 (48.4%) 357 (48.8%)

Baseline disease, n patients (%6)

None 4 (67.7) 22 (75.8) 26 (74.3)  452(64.8) 478 (64.5)
Atopic dermatitis 1(16.7) 3(10.3) 4(11.4) 123 (17.6) 127 (17.3)
Respiratory allergy 2 (33.3) 3(10.3) 5(14.3) 79 (11.3) 84(11.5)
Food allergy 0 2 (6.9) 2(5.7) 41 (5.9) 43 (5.9)
Drug allergy 0 0 0 5 (0.7) 5(0.7)

Family history of allergy, n patients (%0)

None 1(16.7) 15 (51.7) 16 (45.7) 330 (47.3) 350 (47.8)
Respiratory allergy 3 (50) 8 (27.6) 11 (31.4) 228 (32.7) 239 (32.7)
Drug allergy*t 3 (50)* 6 (20.7)* 9 (25:D)t 83 (11.9)F 92 (12.6)
Atopic dermatitis 0 1(3.4) 1(2.9) 40 (5.7) 41 (5.6)
Food allergy 0 2 (6.9) 2(5.7) 37 (5.3) 39 (5.3)

Disease causing penicillin administration in the patient, n patients (%)

Tonsillitis 1(16.7) 11@7.9) 12 (34.3)  256(36.7) 268 (36.6)
Otitis 2 (33.3) 7(24.1) 9 (25.7) 177 (25.4) 186 (25.4)
Others/UN 3 (50) 6 (20.6) 9 (25.7) 104 (14.9) 113 (15.4)

Upper respiratory

tract infection 0 3(10.3) 3(8.6) 109 (15.6) 112 (15.3)
Pneumonia 0 2(6.9) 2(5.7) 32 (4.6) 34 (4.6)
Py.rgxm of unknown 0 0 0 19 (2.7) 19 (2.6)
origin
Trigger drug, n patients (%)

Amoxicillin 3 (50) 18 (62.1) 21 (60) 468 (67.1) 489 (66.8)
:;rirzjoxwlllln-clavulanlc 2 (33.3) 11 (37.9) 13 (37.1) 207 (29.7) 220 (30.1)
Penicillin V 0 0 0 19 (2.7) 19 (2.6)
Penicillin G 1(16.7) 0 1(2.9) 3(0.4) 4 (0.5)

Route of administration, n patients (%)



Oral
Intramuscular

Intravenous

Previously tolerated
First time of use

Previous reaction

Exanthema
Urticaria

Angioedema* ¥

Non-immediate IR

Immediate IR
Mean doses until IR*}

IR occurring after the
first dose

IR occurring after the
2" or more dosest

5 (83.3) 29 (100) 34 (97.1)
1(16.7) 0 1(2.9)
0 0 0

3 (50) 19 (65.5) 22 (62.9)
1(33.3) 2 (6.9) 3(8.5)
1(16.7) 8 (27.6) 9 (25.7)

Symptoms in index reaction, n patients (%)

1(16.7) 14 (48.3) 15 (42.9)
4 (66.7) 15 (51.7) 19 (54.3)
1(16.7)* 9 (31)* 10 (28.6)}

Temporality of IR, n patients (%)

6 (100) 29 (100) 35 (200)
0 0 0
8 (+7.2 16 (5.4 15 (+6.5
SD)* SD)* SD) +
1(16.7) 0 1(2.9)
5 (88.3) 29 (100) 34 (97.1)t

685 (98.3)
4(0.6)

8 (L.1)

Previous tolerance to trigger drug, n patients (%)

365 (52.4)
172 (32.7)

104 (14.9)

396 (56.8)
267 (38.3)

98 (14.1)+

659 (94.5)
38 (5.5)

10 (+8.2
SD) T

99 (14.2)

598 (85.8)F

Time until onset of symptoms after the last dose in IR, n patients (%)

<1 hour
1 to 8 hours
>8 hours

UN

Generalized symptoms

Local symptoms

<24 hours¥

24 hours-3 days

1(16.7) 0 1(2.9)

3(50) 20 (69) 23 (65.7)
1(16.7) 5(17.2) 6 (17.1)
1(16.7) 4(13.8) 5 (14.3)

Distribution of IR, n patients (%)

4 (66.7) 26 (89.7) 30 (85.7)

2 (33.3) 3(10.3) 5 (14.3)
IR duration, n patients (%6)

2 (33.3) 0 205Dt

3 (50) 12 (41.4) 15 (42.9

95 (13.6)
404 (58)
89 (12.8)

109 (15.6)

589 (84.5)

108 (15.5)

167 (24)t

349 (50.1)

719 (98.2)
5(0.7)

8(L1)

387 (52.9)
175 (31.7)

113,(15.4)

411 (56.1)
286 (39.1)

108 (14.8)

694 (94.8)
38 (5.2)

10 (#8.2
SD)

100 (13.6)

632 (86.3)

96 (13.1)
427 (58.3)
95 (13)

114 (15.6)

619 (84.6)

113 (15.4)

169 (23.1)

364 (49.7)



>3 days*t

None*¥

ER visitf
Antihistamines*t
Corticosteroids*t

Adrenaline

1(16.7)*

3 (50)*
4(66.7)
3 (50)*
1(16.7)*

0

17 (58.6)*

18 (51.4)f

IR treatment, n patients (%)

4 (13.8)*
23 (79.3)
23 (79.3)*
13 (44.8)*

0

7 (20)+

27 (77.1)¢

26 (74.3)F
14 (40)

0

181 (25.9)t

268 (38.5)F
389 (55.8)1
388 (55.7)1
135 (19.4)F

1(0.1)

199 (27.2)

275 (37.6)
416 (56.8)
414 (56.6)
149 (20.4)

140.1)

Footnote: There were no episodes of anaphylaxis in the index reaction. Percentages in each
column were calculated using the total number of subjects in each defined group-in columns and
in parentheses. Significant statistical differences (p<0.05) were calculated comparing immediate
vs non-immediate PNC-allergic populations, and were marked with *; and.for PNC allergic vs
non-PNC-allergic population, which were marked with t. IR: ‘indexyreaction. UN: unknown.
ND: not determined; PP: per protocol, SD: standard deviation; y:years.



Table 2. Positive intradermal test results to different determinants according to the final

diagnosis readings at 15 minutes (early reading) and 24 hours (late reading).

Immediate Non- Allergic Non-allergic
n=6 immediate n=697
n=29 n=35
PPL
15 min (n=701) + 1 (16.7%) 0 1 (2.9%)t 1 (0.1%)t
24 hours (n=359) 0 0 0 0
MDM
15 min (n=702) 0 0 0 0
24 hours (n=359) 0 0 0 0
Amoxicillin
15 min (n=724) 0 0 0 1 (0.1%)
24 hours (n= 355) 0 0 0 0
Penicillin G
15 min (n=235) 0 0 0 3(1.2%)
24 hours (n=120) 1 0 2 (6.9%) 2 (5.7%)T 4(0.6%)T
Clavulanic acid
15 min (n=132) 0 0 0 0
24 hours (n=30) 0 0 0 1 (0.1%)

Percentages refer to the total of patients with positive test in each subgroup. f indicates a
significant difference (p<0.05) between the percentage of positive or negative tests detected in
the comparison between allergic patients vs not allergic patients. There were no significant
differences between immediate and non-immediate reactions in DPT for these determinations.



Table 3. Results of sIgE to different determinants according to the diagnosis

Immediate Non-immediate Allergic Non-allergic
(n=6) (n=29) (n=697)
(n=35)
Penicillin G
0.1 kU/L 1 (16.7%) 2 (6.9%) 3 (8.6%) 26 (3.7%)
0.35 kU/L 1 (16.7%) 0 1 (2.9%) 1 (0.1%)
Penicillin V
0.1 kU/L ¥ 2 (33.3%) 4 (13.8%) 6 (17.1%)+ 35 (5%)T
0.35 kKU/L 1 (16.7%) 0 1 (2.9%) 4 (0.6%)
Amoxicillin
0.1 KU/L *t 3 (50%)* 3 (10.3%)* 6 (17.1%)7 39 (5.6%)t
0.35 kU/L 1 (16.7%) 0 1 (2.9%) 2 (0.3%)

For each test, two different positive thresholds were evaluated.

The asterisk (*) denotes a significant difference (p<0.05) between the percentage of positive and
negative tests detected when comparing immediate vs non-immediate reactions and 1 (p<0.05)
indicates differences between allergic vs non-allergic subjects.



Table 4. Characteristics of PNC-allergic cases.

ok - DPT2
Pat Gender, g IR *Skin S|F;e£ ific DPT1 Cefuroxime
no. Age (y) symptoms  tests onsetand tolerance
onset and symptoms
(kU/L) ymp symptoms
Exanthema, Imm: urticaria &
1 F 14 AX nausea& - - o NP NP
o pruritus
vomiting
2 M,22 AX Urticaria - - Imm: urticaria NP Yes
3 mao A% Lol - : mm: NP
C urticaria urticaria
PNC -V
AX- .. : | : inal pai
4 M,60 Vomiting - 0.1;  Imm:abdominal pain, NP Yes
C vomiting & nausea
AX 0.1
SPTfor "NC-G Imm:
PPL: 8.7; urticaria,
PNC- Urticaria & _— palmoplantar
F, 9.1 . PNC-V | : . Y
5 RS9 G angioedema ID: early 82' mm: urticaria pruritus & &
reading o generalized
PPL  Ax 26 pruritus
61 M, 93 AX Uticaria -  Axgg MM urticaria pruritus o, Yes
& erythema
7 M, 01 AX Exanthema - - Non-imm: urticaria, NP NP
local pruritus & rhinitis
8 M. 10 AX- Urticaria & . i Non-!mm: eryt.hen.1a, NP NP
C exanthema pruritus & urticaria
PNC -V
9 M, 1.2 AX Urt!carla& - UL Non-imm: urticaria NP NP
angioedema
AX 0.34
10 M,14 "AX Exanthema - - Non-imm: erythema NP Yes
11 M, 17 AX Urticaria - - Non-imm: urticaria NP Yes
12)F, 1.9 AX Exanthema - . Nomimm:erythema &, Yes
pruritus
13 M,2.0 AX Exanthema - - Non-imm: urticaria Non_qmrn: Yes
urticaria
ID: Late
AX- Urticaria & . Non-imm: angioedmea
14 F 20 . reading - _g_ NP Yes
C angioedema PNC-G & urticaria
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ACCEPTED MANUSCRIPT

16 M,2.6 AX Exanthema Non-imm: erythema

18 F,30 AX Exanthema - _ Non-imm: erythema & NP\ Yes
pruritus

Urticaria &

. Non-imm: urti
angioedema

: urticaria,

Urticaria
ritus & erythema

Exanthema Non-imm: urticaria

Non-imm:
urticaria &
angioedema

Non-imm: urticaria &
angioedema

Urticaria Non-imm: urticaria

Local

Non-imm: feelin
erythema, |D: Late 9

unwell and elbows and

30 Fgo X elbows énd reading knees; raised NP Yes
¢ knees; temperature &
raised  PNC-G P
erythema

temperature
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31 M,85

32 M,90

33 F 91

34

35 F, 124

F, 12.0

AX Urt!carla & i
angioedema

AX Exanthema -

" Exanthema -

Urticaria -

Urticaria &
C angioedema

PNC-G

0.1;
Non-imm: urticaria,
PNC-V angioedema, disnea & NP NP
0.1; generalized pruritus
AX0.1
Non-imm:
- - erythema & NP
pruritus
- Non-imm: erythema NP Yes
- Non-imm: urticaria NP Yes
- Non-imm: urticaria NP Yes

All reactions finally classified as allergic cases were originally non-immediate index reactions.

First 6 lines (white and clear-blue lines) are the cases diagnosed.with immediate allergy, and
lines from 7 to 35 (white and dark-blue lines) are the-non=immediate allergic subjects.

* The text shows the type of test, the determinant.that was positive, and reading time when the
test was positive.
** The text shows the determinant that was pasitive'and the test value.
-: negative result, AX: amoxicillin, AX-Camoxicillin-clavulanic acid, DPT: drug provocation
test, F: female, M: male, y: years old.
tPatient receiving adrenaline in the DPTI
Table 5. Skin and slgE accurate-diagnoses and misdiagnoses.

Total
Allergic Non-allergic Allergic Not allergic p_otentla_l
Diagnosis patients patients Diagnosis patients patients diagnostic
based n=35 n=697 based n=35 n=697 failures
upon upon n="732
SRS Positive/Tests RIS Negative/Tests
test* Positive/Tests tests* Negative/Tests Failures/Tests
performed performed performed performed rformed
(correct (misdiagnosis) (misdiagnosis) (correct PErio
diagnosis) diagnosis)
Any ID All ID
positive 12/693 | nedative 30/33 683/693 | 42/726 (5.8%)
(any test + | 3/33 (9.1 %) (any
(1.7%) . (90.9%) (98.6%)
any reading,
reading) any test)
Any sIgE All slgE s
'?é’sl'tl'(‘t’f/L 7135 (20%) | 49/697 (7%) ?gglai't‘ﬁ 28/35 (80%) 6(4583/%7 (10.6%)
threshold) threshold)
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Any sIgE All slgE
positive 0 0 negative 34/35 690/697 41/732 (5.6%)
(0.35 kU/L 1/35(2.9%) | 7/697 (1%) (0.35 kU/L (97.1%) (99%)
threshold) threshold)
Any ID All ID
positive negative
8gREany 9/33 57/693 ggf all 24133 636/693 (ﬁ’;ff)
0 0 0 0 270
St (27.3%) (8.2%) g (72.7%) (91.8%)
(0.1 kU/L (0.1 kU/L
threshold) threshold)
Any ID All 1D
positive negative
SIRE""“V s o1 | 151692 ?INIS all 30/33 678/693 " | 45/726 (6.296)
9= 0 (2.2%) 9= (90.9%) (97.8%)
positive negative
(0.35 kU/L (0.35 kU/L
threshold) threshold)

*Percentage with regard to the population indicated in each defined group in each column. As
some tests were not performed in all patients, percentages.are‘given according to the number of
total tested patients for each subgroup and not for the“total-number of allergic patients or non-
allergic patients.
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Supplementary material. Filel

Ethics

The study was approved by the Independent Institutional Ethics Committee of Hospital Universitario
Nifio Jesis of Madrid (internal code R-SEA-PEN-2013-01) and the ethics committees of each
participating hospital as well as by the Spanish Agency for Drug and Health Products (AEMPS). The
work was classified as “post-authorization study with designs other than prospective follow-up” (EPA-
OD) by the Spanish Agency for Drug and Health Products (AEMPS) in April 2013.

Written informed consent was signed by the patients’ parents or guardians, and was obtained from
patients over 11 years of age. The authors guarantee the accuracy of the data and analysis, as well as
compliance with the established protocol.

Clinical History

The interval between the last reported ADR and the allergy study was four weeks minimum. The clinical
history collected information regarding age, sex, personal and family history of atopy, previous exposure
to PNC, drug involved in the reaction (PNC-G, PNC-V, AX, AX-C, or cloxaciling), clinical
characteristics of the IR, treatment, and outcome of the reaction.

Patients

Severe skin conditions considered as contraindications were: hypersensitivity syndromes (DRESS/DHIS),
bullous diseases, Stevens-Johnson syndrome, toxic epidermal necrolysis, and serum sickness.

Skin tests

An SPT wheal 3 mm larger than the negative saline control was considered positive. In ID, using 0.02-
0.05 ml of the drug solution, the wheal area was initially marked, and 20 min after testing, an increase in
mean diameter >3 mm surrounded by erythema was considered positive. An ID reading was taken after
48 h in the case of non-immediate reactions. Physiological saline was tested as a negative control.
Systemic anti histamines were discontinued at least 1 week before performing in vivo tests. The reagents
used for SPT and ID were as follows: benzylpenicilloyl polylysine (PPL) (5%10°mM), minor
determinant mixture (MDM) (2x10%mM) , AX (20 mg/ml for SPT and ID), clavulanic acid (20 mg/mL
for SPT, 5 mg/ml for ID), PCN-G (250,000 U for SPT and 10,000 U for ID) (Diater, Madrid, Spain).
Tests with cefuroxime (25 mg/ml for SPT and 10 mg/ml for ID) (Ramon Sala SL, Barcelona, Spain) were
conducted only in case of positive PNC-DPT.

Serum specific IgE

Serum specific IgE determination was performed using the CAP-FEIA system (Thermo Fisher Scientific,
Waltham, MA, USA), using PNC-G, PNC-V, and AX. The results were analyzed for two positive cut-
offs (=0.1 kU/L and =0.35 kU/L).

Drug provocation tests

All patients were subjected to provocation with the culprit drug regardless of the skin test or sIgE results.
In cases where the investigator considered that the patient had developed a severe IR contraindicating
DPT, an external group of three experts determined whether the exposure test was appropriate or not. The
recommended interval between skin testing and DPT was from 2 days to 1 month. DPT was performed
under close medical supervision in a hospital setting. Record of vital signs (TA, heart rate, O2 saturation
and peak flow) was done before the DPT was started and in case of a positive DPT. DPT was performed
with the culprit drug in a smple-blind procedure following the ENDA/EAACI recommendations
Gradually increasing doses (1/8, ¥4, and 5/8) were administered at 20-minute intervals until the age- and
weight-appropriate, therapeutically recommended cumulative dose was reached. The cumulative dose of
oral AX and AX-C for children below 40 kg was 30 mg/kg, and 750 mg for children over that weight.For
PNC-G, children below 27 kg were given 600,000 Ul, and subjects exceeding 27 kg were given
1,200,000 UI. For oral PNC-V, patients below 27 kg received 250 mg, and patients over 27 kg, 500 mg.
Lastly, 50 mg/kg of cloxacilin was administered for children below 40 kg and 500 mg if they were over
40 kg.




If no symptoms appeared during the hospital phase of the DPT and the patient had a non-immediate IR,
the challenge was continued at home with doses given every 12 hours to match the number of days of
treatment triggering the IR.

If the patients developed cutaneous, digestive, and/or respiratory symptoms or alterations in vital signs,
the procedure was discontinued and the symptoms were assessed and treated. Every patient was kept
under surveillance for at least 2 hours (4 for non-immediate reactions) after the last dose was
administrated or, in children who failed DPT, 2 hours (4 for non-immediate reaction) after symptoms had
totally subsided.

Either to confirm a positive but mild/doubtful reaction in the first provocation (according to the
investigator's judgment) or because the IR had occurred more than one year previously (14), a second
DPT was performed 4 to 8 weeks later.

If the DPT was positive, SPT and DPT with cefuroxime were performed.

Data record

Data were recorded on an online platform (APENIN website) for further analysis. The recording sheet
contained the following information: i) coding patient and center, ii) personal details (coded to ensure
anonymity), iii) personal and family allergic background, iv) data of IR, v) data of study drug, vi) doctor
prediction on the probabilities of the reaction being true allergy, graded as “clear negative”, “doubtful
case” or “clear positive”, vii) in vivo tests, viii) in vitro tests, and ix) DPT resullts.

Statistics

Sensitivity, specificity, positive and negative predictive values, and the rate of accuracy for these
diagnostic tests were calculated. To calculate the sample size needed to estimate the incidence of cases of
ADR with penicillin per 100,000 inhabitants, the prevalence given by Caubet of 6.8% cases of penicillin
alergy in pediatric patients was used, despite the difference in geographical area, due to the similaritiesin
the population to be included and the diagnostic approach. To ensure sufficient accuracy (+ 2%), the final
maximum prevalence was established at a maximum of 8%, with atotal calculation of n=707 subjects.

Supplementary file 2. Characteristics according to the temporality of the Index Reaction (IR) of the
population (for per-protocol population).

Characteristic Immediate IR Non-Immediate IR Total (n=732)
(n=38) (n=694)
Age 6.8 (+/-3.5) 5.5 (+/-3.8) 5.5 (+/-3.8)
Male, n patients (%) 17 (44.7%) 358 (51.6%) 375 (51.2%)
Baseline disease, n patients (%)
None 24 (63.2%) 454 (65.4%) 478 (65.3%)
Atopic der matitis 6 (15.8%) 121 (17.4%) 127 (17.3%)
Respiratory allergy 7 (18.4%) 77 (11.1%) 84 (11.4%)
Food aller gy 1(2.6%) 42 (6.1%) 43 (5.8%)
Drug allergy 0 (0%) 5 (0.7%) 5 (0.7%)
Family history of allergy, n patients (%)
None 19 (50%) 331(47.7%) 350 (47.8%)
Respiratory allergy 10 (26.3%) 229 (33%) 239 (32.5%)
Drug allergy 6 (15.8%) 86 (12.4%) 92 (12.5%)
Atopic der matitis 5 (13.2%) 36 (5.2%) 41 (5.6%)
Food aller gy 3 (7.9%) 36 (5.2%) 39 (5.3%)
Disease causing penicillin administration in the patient, n patients (%)
Tonsllitis 14 (36.8%) 254 (36.6%) 268 (36.6%)
Otitis 6 (15.8%) 180 (25.9%) 186 (25.4%)
Others’'UN 7 (18.4%) 106 (15.3%) 113 (15.5%)
Upper respiratory tract 5 (13.2%) 107 (15.4%) 112 (15.3%)
infection
Pneumonia 4 (10.5%) 30 (4.3%) 34 (4.6%)




Pyrexia of unknown 2 (5.3%) 17 (2.4%) 19 (2.6%)
origin
Trigger drug, n patients (%)
Amoxicillin 19 (50%) 470 (67.7%) 489 (66.8%)
Amoxicillin-clavulanic 17 (44.7%) 203 (29.3%) 220 (30.1%)
acid
Penicillin V 1 (2.65%) 18 (2.6%) 19 (2.6%)
Penicillin G 1 (2.65%) 3 (0.4%) 4 (0.5%)
Route of administration, n patients (%)
Oral 32 (84.2%)* 687 (99%)* 719 (98.2%)
I ntramuscular 0 5 (0.7%) 5 (0.7%)
I ntravenous 6 (15.8%)* 2 (0.3%)* 8 (1.1%)
Previoustoleranceto trigger drug, n patients (%)
Previously tolerated 19 (50%) 368 (53%) 387 (52.9%)
First time of use 13 (34.2%) 475 (31.6%) 175 (31.7%)
Previous reaction 6 (15.8%) 107 (15.4%) 113 (15.4%)
Distribution of IR, n patients (%)
Generalized symptoms 26 (68.4%) 593 (85.4%) 619 (84.6%)
L ocal symptoms 12 (31.6%) 101 (14.6%) 113 (15.4%)
IR duration, n patients (%)
<24 hours* 23 (60.5%) 146 (21%) 169 (23.1%)
24 hours-3 days 12 (31.6%) 352 (50.7%) 364 (49.7%)
>3 days* 3 (7.9%) 196 (28.2%) 199 (27.2%)
IR treatment, n patients (%)
None 13 (34.2%) 262 (37.8%) 275 (37.6%)
ER visit 21 (55.3%) 395 (56.9%) 416 (56.8%)
Antihistamines 22 (57.9%) 392 (56.5%) 414 (56.6%)
Corticoster oids 8 (21.1%) 141 (20.3%) 149 (20.4%)
Adrenaline 1 (2.6%) 0 1 (0.1%)
*p<0.0001
Supplementary file 3. Accuracy of diagnostic tests
- - Positive Negative False False
Sensiti- - Spexifi- predictive prgictive positives  negatives
vity (%)  city (%)
value (%) value (%) (%) (%)
Intradermal tests |
MDM 0.0 100.0 Null 0.95 Null 4.6
PPL 31 99.9 50.0 0.96 50.0 44
Amoxicillin 0.0 99.9 0.0 0.95 100.0 4.6
Penicillin G 125 97.0 222 0.94 77.8 5.8
Clavulanic acid 200 99.2 50.0 0.97 50.0 31
Any positive 98.3 20.0 95.8 80.0
__—__I
Penicillin G (0.1 kU/L) 96.3 10.3 95.4 89.7
Penicillin V (0.1 kU/L) 17 1 95.0 14.6 95.8 85.4 4.2
Amoxicillin (0.1 kU/L) 17.1 94.4 13.3 95.8 86.7 4.2
Any positivefor (0.1 kU/I) 20 93 125 95.9 87.5 41
Penicillin G (0.35 kU/L) 29 99.9 50.0 95.3 50.0 4.7
Penicillin V (0.35 kU/L) 29 99.4 20.0 95.3 80.0 4.7
Amoxicillin (0.35 kU/L) 29 99.7 333 95.3 66.7 4.7
Any positivefor (0.35 kU/I) 29 99 125 95.3 87.5 4.7




Null values could not be estimated because there were no positive tests to perform the calculations. For
the intradermal tests, any positivity (either at 15 minutes or 24 hours) was used to consider the test as
positive or negative.

Supplementary file 4. Results of sIgE to different determinants according to the final diagnosis in

subjects in whom the study was performed during the year following the IR (n=492).

Immediaten=4 | Non-immediate Allergic Non-allergic
n=25 n=29 n=463

Penicilloyl G

0.1 kU/L 1 (25%) 2 (8%) 3 (10.3%) 14 (3%)

0.35 kU/L 1 (25%) 0 1 (3.4%) 1 (0.2%)
Penicilloyl V

0.1k U/L 1 2 (50%) 3 (12%) 5 (17.2%) 1 22 (4.8%) T

0.35 kU/L 1 (25%) 0 1(3.4%) 4 (0.9%)
Amoxicillin

0.1kU/L *t 3 (75%)* 3 (12%)* 6 (20%) t 22 (4.8%) T

0.35 kU/L 1 (25%) 0 1(3.4%) 0

For each test, two different positive thresholds were eval uated.

The asterisk (*) denotes a significant difference (p<0.05) detected between the percentage of positive or
negative tests in the comparison of immediate vs non-immediate reactions, and T (p<0.05) indicates
differences between allergic and non-allergic subjects.
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