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Abstract

Background:The first-line method in the diagnosis of patients who describe an immediate reaction after penicillin intake is skin
tests(ST)with penicillin reagents. We aimed to determine the safety and diagnostic value of penicillin STs in the diagnosis of
immediate reactions to penicillins. Methods:The study included patients with suspected immediate reaction to penicillin who
were subjected to STs using a standard penicillin test kit (Diater;Madrid,Spain) and suspected penicillin and drug provoca-
tion tests(DPT) with suspected penicillin at our clinic Results:A total of 191 patients(53.9%males)with a median age of 6.83
years(inter-quartile range:4.2-12)were included in the study.The time from drug intake to the onset of reaction was [?]1 hour in
138(72.3%)patients and 1 to 6 hours in 53(27.7%)patients.Penicillin allergy was confirmed by diagnostic tests in 36(18.8%)of 191
patients.In multivariate logistic regression analysis, history of both urticaria and angioedema(odds ratio[OR]:27,683 95%confi-
dence interval[CI]:3.143-243.837,p = 0.003) and anaphylaxis (OR:56.246, 95%CI:6.598-479.489, p <0.001) were main predictors
of penicillin allergy diagnosis. While STs were positive in 23(63.8%)patients, 13(26.2%)patients had positive DPT results despite
negative ST results. The negative predictive value(NPV)of STs was calculated 92.2% (155/168).None of our patients experienced
immediate or delayed systemic/local reactions in relation to the STs. Conclusions:History of urticaria with and anaphylaxis
were main predictors of true penicillin allergy in children with suspected immediate reactions.Skin tests with penicillin reagents
are safe for use in children. Although STs have a high NPV, DPT is the gold standard for diagnosis. Drug provocation tests
should be performed as the final step of the diagnostic evaluation of penicillin allergy in patients with negative STs

INTRODUCTION

One of the most common causes of drug hypersensitivity reactions (DHRs) in children is beta-lactam
antibiotics(BLAs)1. The prevalence of self-reported amoxicillin allergy is 1.4% and 1.2% for other peni-
cillin allergies(PA) in children2.However, confirmed cases in suspected penicillin DHRs in children are much
lower3,4.Patients with suspected antibiotic allergy, usually have longer hospitalization time, are being pre-
scribed more expensive and broad spectrum antibiotics5-7.Therefore, patients with suspected DHRs to peni-
cillin should be evaluated in order to confirm true PA.

Immediate reactions(IR) occur within the first hour of administration of the suspected drug but may occur up
to 6 hours and are mediated by drug-specific IgE antibodies. Immediate reactions typically involve urticaria,
angioedema, rhinitis, conjunctivitis, bronchospasm, gastrointestinal symptoms, anaphylaxis8.Nonimmediate
DHRs occur more than one hour after the administration of the causative drug and are often mediated by
T-cell. They mostly manifest as a maculopapular rash.The guidelines recommend skin testing as the first-line
method for diagnosing IRs to BLAs9,10.If nonimmediate cutaneous reaction is mild, DPT can be performed
without previous ST1. STs for DHRs to BLAs comprise the major and minor determinants of penicillin,
penicillin G and any other suspected BLAs11. Skin tests without PPL and MDM may miss BLA allergy
diagnosis in 20% of the cases. However, this concern is still under debate12.
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The negative predictive value(NPV) of the STs is high but some reactions have developed following DPT in
patients with suspected PA who have negative ST results13-15.

The frequency of systemic reactions related to STs with penicillin reagents in children has been reported to
vary between 0.3 to 1.2%16.

The aim of this study was to determine the NPV and safety of STs performed by using the penicillin reagents
in children with a history of IRs to penicillins.

METHODS

The study included patients presenting to our pediatric allergy clinic with a history of IRs to penicillins
between January, 2013 and December, 2019 who had undergone STs using a standard penicillin test
kit(Diater;Madrid,Spain) and suspected penicillin and DPTs with suspected penicillin. Approval was ob-
tained from the ethics committee of our hospital.

Allergy Work-up

The initial drug allergy workup started with the standardized European Network of Drug Allergy(ENDA)
questionnaire17.A history detailed history was taken.If the history was consistent with drug hypersensitivity,
then STs and DPTs were performed

The reactions mostly manifested as urticaria, angioedema, bronchospasm and anaphylaxis were classified
as immediate when they occurred within the first hour of drug administration. Reactions occurring longer
than one hour after drug administration were classified as ‘non-immediate reactions’. Most of our patients
who had non-immediate mild cutaneous reaction (mostly maculopapuler exanthem) and did not undergo
ST before DPT and furthermore they were excluded from the study. However STs were performed on
some patients who described an IgE-mediated reaction such as urticaria, angioedema, bronchospasm and
anaphylaxis, although they had developed a reaction between 1 to 6 hours, after drug administration and
these patients were included in the study.

For patients who had a reaction with phenoxymethylpenicillin (pen-V) or benzylpenicillin (pen-G) and
negative ST results with benzylpenicilloyl-poly-L-lysine(PPL), minor determinant mixture(MDM) and Pen-
G, we performed a DPT with pen-V or Pen-G. For patients who had a reaction with aminopenicillins or
other penicillins and negative ST results with PPL, MDM, Pen-G and aminopenicillins or other penicillins,we
performed DPT with suspected aminopenicillin or other penicillins.

Written informed consent was obtained from the parents or legal guardians of patients.

Prick and Intradermal Testing

Patients were subjected to prick ST with the classic penicillin test kit (including PPL and MDM), Pen-
G(10,000IU/mL), amoxicillin-clavulanate(20mg/mL) and the suspected penicillin. If prick STs were negative,
the patients were subjected to intradermal test(IDT) with the classic penicillin test kit, pen-G and the
suspected penicillin. We used classic penicillin reagents available in the Diater DAP kit (DAP kit; Madrid,
Spain). Amoxicillin-clavulanate [intravenous (iv )form] was used for ST until June 2019 as there were no
separate preparations of amoxicillin and clavulanate in our country. After June 2019, we used amoxicillin
and clavulanate separately (DAP kit; Madrid,Spain). Medications that could affect the STs or DPTs were
stopped 1 week before testing12,18.

All of the drugs were initially tested on the forearm skin by using the prick method, and reactions were
considered positive when a wheal with a diameter larger than that of the negative control was present
20 minutes later. When prick tests yielded negative results, 0.02 mL of the relevant agent was injected
intradermally on the forearm skin. Readings were taken 20 minutes after injections. Results were considered
positive when an increase of 3 mm in the wheal diameter accompanied by erythema was present. Positive
controls for prick tests were carried out with histamine at 10 mg/ml. 0.9% NaCl was used as negative control.
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When a ST yielded a positive result, the patient was considered to be hypersensitive to the tested drug, and
the procedure was ceased.

Drug Provocation Test

An incremental DPT protocol was employed. The therapeutic single and daily doses of the drug were calcu-
lated according to age and weight of the patient.The ENDA guidelines for DPTs were followed carefully19.
The DPT involved administering the suspected drug in divided doses(generally 3-4 doses)every 30 minutes
until reaching a cumulative dose close to daily dose of the drug. The test was discontinued in the event of
any reaction.Drug administration was open. After the last dose had been administered without a reaction,
the patient was kept under surveillance for at least 2 hours.

Statistical Analyses

Statistical analyses were performed using SPSSv.22 statistical software package for Windows(IBM,Chicago,
IL,USA). Continuous variables were expressed as mean and standard deviation for data with a normal dis-
tribution and as median and interquartile range(IQR) for non-normally distributed data. The chi-square
test was used to compare nonparametric data; the Mann–WhitneyU test was used for comparisons among
non-normally distributed continuous variables and independent samples t-test for normally distributed con-
tinuous variables. A value of p<0.05 was considered statistically significant. Logistic regression analysis
was performed to determine the predictors of PA confirmation, in univariable analysis values of 0.20 and
below were included in the multivariable analysis. The results were given as odds ratio and 95% confidence
interval. A value of p<0.05 was considered statistically significant.

RESULTS

206 patients (52.6%males) with suspected PA underwent STs using the penicillin test kit. Fifteen of these
patients were subjected to STs with penicillin test kit and also the suspected drug which gave negative
results.However, DPT with the suspected drug could not be performed for these patients because their
parents have not consented.These patients were excluded from the study.

A total of 191 patients(53.9% males) with a median age of 6.83 years(IQR:4.2-12) who had completed allergy
workup were included in the study.Amoxicillin-clavulanate was the most commonly suspected drug(n=129,
67.5%). Suspected drugs are shown in Table 1. Urticaria was the most commonly presenting symptom(n=89,
46.6%)(Table2)

The time from drug intake to the onset of reaction was [?]1 hour in 138(72.3%) patients and 1 to 6 hours in
53(27.7%) patients. Of the patients, 154(80.6%) reported a reaction to aminopenicillins, 36(18.9%) to pen-V
and pen- G and one patient to piperacillin-tazobactam

Patients Reporting Reactions to Aminopenicillins

Among 191 patients,154(80.6%) reported a reaction to aminopenicillins.Allergy was confirmed with diagnos-
tic tests in 33(21.4%) of patients, of whom 21 (63.6%) had positive STs.

127 patients were subjected to STs with PPL+MDM+Pen-G+amoxicillin-clavulanate(iv). While STs were
positive in 7(5.4%) patients, 10(7.8%) patients had positive DPT despite negative ST results. Eight patients
were subjected to standart amoxicillin and clavulanate antigens separately. While STs were positive in one
patient, the other patient had positive DPT despite negative ST results.

Skin prick test was positive in 4(19%) patients:PPL in one patient, Pen-G in one patient and amoxicillin-
clavulanate in two patients.Seventeen(81%) patients were positive on IDT: amoxicillin-clavulanate in five
patients, MDM in six patients, PPL in two patients, clavulanate in one patient, Pen-G in two patients and
ampicillin-sulbactam in one patient. Drug provocation test was positive despite negative STs in 12(40%)
patients, of whom 10 had positive DPT with amoxicillin-clavulanate and two had positive DPT with pen-V.
Only cutaneous symptoms developed in all DPT-positive patients: urticaria in 11 patients and urticaria with
angioedema in one patient.
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Patients Reporting Reactions to Pen-V and Pen-G

There were 36 patients reporting a DHR to pen-V and pen-G and allergy was confirmed in 2(5.5%) of them.
One of them tested positive on IDT with PPL and the other tested positive on DPT with pen-V. One
DPT-positive patient developed urticaria during DPT.

Patients Reporting Reactions to Other Penicillins

One patients reported a reaction to piperacillin-tazobactam.This patient tested negative on STs with peni-
cillin determinants but positive on IDT with piperacillin-tazobactam.

The results of diagnostic tests of patients are summarized in Figure1. In the current study, STs were positive
in 23(63.8%) patients out of 36 patients with PA confirmed with diagnostic tests. Among patients with
positive STs, PPL and MDM positivity was detected in 10(43.5%) patients

While STs were positive in 23(63.8%)patients, 13(26.2%)patients had positive DPT despite negative ST.The
NPV of STs was calculated as 92.2%(155/168).

None of our patients experienced immediate or delayed systemic/ local reactions in relation to STs. Moreover,
mild-to-moderate cutaneous symptoms developed in DPT-positive patients and none of them had a serious
systemic reaction.

Predictors of PA diagnosis:

Penicillin allergy was confirmed by diagnostic tests in 36 of patients(18.8%). Patients with confirmed PA were
significantly more likely to develop a reaction within the first hour of drug intake, to present urticaria with
angioedema and to report anaphylaxis than patients with unconfirmed PA(p<0.05)(Table 2).In the univariate
logistic regression analysis, history of urticaria with angioedema, only urticaria, anaphylaxis, concomitant
allergic disease and having a reaction within first hour of drug intake were associated with confirmation
of PA. In the multivariate logistic regression analysis, history of urticaria with angioedema, only urticaria,
anaphylaxis and having a reaction within first hour of drug intake were predictors of confirmation of PA(Table
3).

DISCUSSION

In our study, PA was confirmed in 36(18.8%) patients and 23(63.8%) of them tested positive on STs. Among
patients with positive STs, positivity was detected with PPL and MDM in 13(56.5%) patients, amoxicillin-
clavulanate in seven(30.4%) patients, ampicillin-sulbactam in one(4.3%) patient, clavulanate in one(4.3%)
patient and piperacillin-tazobactam in one(4.3%) patient. The first-line method for diagnosing IRs to β-
lactams is ST9,10.Previous studies suggested that STs without PPL and MDM may miss a diagnosis of
allergy in 20% of the cases12. In our study, PPL and MDM positivity was present in 10 (43.5%) patients
with positive STs.

A range of confirmation rates have been reported in studies evaluating children with suspected BLA allergy
but the confirmation rate is often low. In addition, there are patients with negative STs but testing positive
on DPT and their prevalence also varies between studies3,13,14,20. Ponvert et al. confirmed BLA allergy in
50(30.9%) of 162 children who developed DHRs within the first hour after exposure to BLAs13.They did
not use PPL and MDM and 43(86%) of 50 patients tested positive on STs.In our study, the patients who
had reactions within the first six hour of drug intake, especially within the first hour, had a ST positivity in
63.8% of patients whose PA were confirmed by STs.The majority of our patients were diagnosed using STs
but not all.Although we used PPL and MDM in the current study, both the rate of confirmed allergies and
the rate of ST positivity were lower than those reported by Ponvert et al.

Atanaskovic-Markovic et al. confirmed allergy using STs (including major and minor determinants)or DPT
in 682(58.3%) of 1170 children developing a DHR within first hour after exposure to penicillin and/or
cephalosporin. They found a low number of patients with negative STs and positive DPT among patients
with confirmed allergy14.In our study, the rate confirmation of drug allergy by diagnostic tests was lower and
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the number of patients with positive DPT despite negative STs was higher in comparison to corresponding
figures reported by Atanaskovic-Markovic et al.

In one study, Zambonino et al. confirmed allergy in 9(13.6%) of 66 patients experiencing a DHR within the
first hour after a BLA using the same PPL and MDM as in our study and found DPT positivity in 5 of
these 9 patients despite negative STs3. Compared to Zambonino et al.’s study, a higher rate of confirmed
allergies and a higher ST positivity rate in patients with confirmed allergy were found in our study.

Recently, Solensky et al. conducted a study in adult patients with a history suggestive of IgE-mediated
PA using a different penicillin kit with major and minor determinants and reported a NPV of 97.7% for
penicillin STs15. In present study we found that the NPV of STs as 92.2% (155/168). The NPV of STs
is high in studies involving both children and adults. However, some patients can develop a reaction after
negative ST and number of these patients is different among studies. Differences in methodologies used for
patient selection, test procedures and populational variances may have effected the results.

In comparison to adults, children have a lower prevalence of systemic reactions associated with STs16. Pon-
vert et al. reported that systemic reactions in relation to STs developed in 2.6% of patients who underwent
STs and all of these reactions were mild or moderate13. Atanaskovic-Markovic et al. observed no systemic
reactions related to 14. In our study, none of patients developed systemic reactions during STs, which is
consistent with the low rate of systemic reactions reported in literature. However, in our study, we could
not evaluate all patients with a history of penicillin anaphylaxis because we only performed tests in those
who accepted diagnostic tests and this caused data limitation.

Immediate reactions have more confirmation rate than non-immediate reactions with BLAs in children16.
Ponvert et al. reported that the confirmation rate of BLA allergy was significantly higher in the children
reporting IRs than in the children reporting non-immediate reactions. Additionally, they found that the
confirmation rate of BLA allergy was higher in the children reporting anaphylaxis13. In the present study,
we found that history of having both urticaria and angioedema, anaphylaxis and having a reaction within
first hour of drug intake were predictors of confirmation of PA. Both Ponvert et al. and our findings show
that patients who describe a reaction within first hour of drug intake reaction and history of anaphylaxis
have higher confirmation rate

We have evaluated a large pediatric patient group. All of our patients were subjcted with penicillin standart
test kit. However, there are some limitations of our study. Our study was a retrospective study and only
a small number(5.7%) of our patients with suspected amoxicillin-clavulanate or amoxicillin allergy could be
tested with standart amoxicillin and clavulanate antigens separately.

In conclusion, PA was not confirmed in 81.2% of our patients, indicating the importance of allergy assessment
to avoid labeling of patients with a suspected history as “allergic to antibiotic”. Additionally, although the
majority of patients without true PA could be detected with STs prior to DPT. But, the NPV of STs was
not 100%.Our findings show that while STs with penicillin determinants are safe for use in children and have
a high NPV, DPT remains the gold standard method for the diagnosis of PA.
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Figure Legend:

Figure1. Diagnostic Test Results of All Patients
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