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Abstract
Penicillin allergy is the most commonly reported drug allergy, often leading to unnecessary 
avoidance of beta-lactam antibiotics, increased use of alternative broad-spectrum antibiot-
ics, and higher healthcare costs. However, studies indicate that over 90% of penicillin allergy 
labels are erroneous. This study presents real-world data from a penicillin allergy delabeling 
program conducted at the Special Hospital for Pulmonary Diseases in Zagreb, Croatia. A total 
of 132 adult patients with a reported beta-lactam allergy were evaluated with a stepwise 
diagnostic protocol, including medical history review, skin tests, specific IgE, and drug prov-
ocation tests. Five patients were delabeled directly, while 127 underwent diagnostic testing. 
Among 121 participants who completed the protocol, penicillin allergy was confirmed in 13 
(10.74%) patients, and the label was retained in an additional 3 patients because of high-risk 
history, resulting in an overall confirmed allergy rate of 13.2%. The negative predictive values 
for STs were 99.07% and 94.39% for immediate and delayed reactions, respectively, while 
the NPV of sIgE for immediate reactions was 100%. No severe reactions occurred during the 
diagnostic process. Hundred and five out of one hundred and thirty two (79.5%) patients were 
safely delabeled. These findings confirm the safety and effectiveness of PAD programs in out-
patient settings and highlight the potential for improving antibiotic stewardship by reducing 
unnecessary beta-lactam avoidance.
© 2025 Codon Publications. Published by Codon Publications.
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Introduction

Beta-lactam allergy is the most frequently reported drug 
allergy. It has been estimated that, in developed countries, 
5–15% of the population carries a penicillin allergy label.1 

Because of concerns about cross-reactivity between pen-
icillins and other beta-lactams, patients are often advised 
to avoid all beta-lactam antibiotics. However, most labels 
are acquired in childhood and are incorrect, as studies indi-
cate that true penicillin allergy can be confirmed only in 
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less than 10% of these patients.2,3 The common reasons for 
mislabeling are misinterpretation of viral rashes, infection-
induced urticaria, somatoform reactions, or predictable 
side effects, for example, gastrointestinal symptoms 
as an allergy, or a positive family history of beta-lactam  
allergy.4

The high number of reported allergies to beta-lactams 
leads to frequent prescriptions of antibiotics of alterna-
tive classes, which results in less effective treatment of 
bacterial infections, promotion of bacterial resistance, 
more adverse events, more treatment complications, and 
increased healthcare costs.5–7 In hospitalized patients, car-
rying penicillin allergy labels is associated with increased 
length of hospital stay, higher readmission rates, and 
higher mortality.8 Therefore, penicillin allergy labels pres-
ent a global public health concern.

Antimicrobial stewardship programs focus on improv-
ing patient outcomes by reducing the emergence and 
spread of multidrug-resistant infections.5 Documented 
penicillin allergy and consequent increased use of alter-
native broad-spectrum antibiotics were associated with 
an increased risk of Clostridium difficile and methicillin-
resistant Staphylococcus aureus (MRSA) infections.9 
Implementing penicillin allergy delabeling (PAD) into rou-
tine clinical practice is a vital tool for improving antibiotic 
stewardship, decreasing antibiotic resistance, and optimiz-
ing patient care.10

In this study, we report real-world data on delabeling 
adult patients with a history of penicillin allergy in an out-
patient allergy clinic. The objective was to assess the rate 
of patients with reported penicillin allergy who could be 
delabeled. 

Materials and Methods

Participants and clinical setting

In 2022, a PAD program was launched in the Special 
Hospital for Pulmonary Diseases, Zagreb, Croatia. We 
conducted a retrospective analysis of patients who were 
included in the PAD program from June 2022 to December 
2024. Eligible patients were adults (aged 18 or older) with 
a documented beta-lactam antibiotic allergy who were 
referred to the allergy outpatient clinic by general prac-
titioners. Exclusion criteria included a history of a severe 
cutaneous adverse reaction or an organ immune-mediated 
injury (drug-induced liver injury, acute interstitial nephri-
tis, or hemolytic anaemia) triggered by a beta-lactam anti-
biotic. These adverse events represent contraindications 
for delabeling.

Ethical considerations

The study was conducted in accordance with the 
Declaration of Helsinki and was thoroughly reviewed and 
approved by the Special Hospital for Pulmonary Diseases 
Institutional Review Board. In their assessment, the Board 
deemed the waiver of informed consent as ethically appro-
priate, considering the retrospective nature and objectives 
of the study, which posed minimal risk to participants.  

In addition, stringent data privacy protection measures 
were implemented, including data anonymization, secure 
storage, limited access, and adherence to data protection 
regulations, ensuring participant confidentiality and integ-
rity throughout the research process.

Diagnostic protocol and data collection

The diagnostic algorithm is shown in Figure 1. Initially, the 
clinical history and medical records were reviewed by an 
allergy and clinical immunology specialist for risk strati-
fication. Thereafter, the patients were either delabeled 
directly or referred for diagnostic evaluation.

Skin tests (STs) were performed with DAP® Penicillin Test 
Kit (Diater, Spain), which contains benzylpenicilloyl-octa-L-
lysine (BP-OL) and sodium benzylpenilloate, according to 
the manufacturer’s instructions.11 We also included benzyl-
penicillin, and amoxicillin and clavulanate (AXC). Negative 
skin prick tests (SPTs) were followed by intradermal tests 
(IDTs) with nonirritating concentrations.12 Immediate read-
ings were recorded after 20 minutes, while delayed readings 
of IDTs were recorded after 24–48 hours in selected patients 
with a history of a nonimmediate reaction. 

Specific IgE (sIgE) to penicillin V (PV) and penicillin 
G (PG) were determined by ImmunoCAP (Thermo Fisher 
Scientific/Phadia, Uppsala, Sweden), with a cutoff of 
0.35 kIU/L as per the manufacturer’s recommendation.

Drug provocation test (DPT) included oral administra-
tion of AXC in a two-step protocol in low-risk patients (25%, 
followed by 75% of the single dose of 875 mg + 125 mg) or 
a four-step protocol (1%, followed by 10%, 40%, and 49% of 
the single dose) in high-risk patients. In case of a history of 
a nonimmediate reaction, prolonged 3-day DPT was per-
formed by instructing patients to take two additional single 
doses, once daily, in the following 2 days. 

The delabeling was considered successful following 
negative DPT. Penicillin allergy was confirmed in case 
of positive STs, sIgE, or DPT. All patients with confirmed 
penicillin allergy labels were offered further testing to 
beta-lactams of different classes, such as cephalosporins, 
with dissimilar side chains.

Data analysis

The study utilized descriptive statistics, specifically align-
ing with its retrospective design and objectives focused on 
demographic and clinical insights into allergic reactions to 
beta-lactam antibiotics. The free MS Excel-based statistical 
program DAG-STAT13 was used for all calculations.

Results

Out of 132 patients referred for evaluation, none met the 
exclusion criteria. Demographic data and clinical char-
acteristics of index reactions are shown in Table 1. Five 
patients were delabeled directly, and others (N=127) 
underwent diagnostic tests (Figure 1). Overall, 121/132 
(91.7%) participants completed the protocol, while others 
refused the DPT. 
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Table 1  Basic characteristics of the participants and 
clinical details of the index reactions.

N (%) N (%)

Patients Type of IR
Male
Female
Total

Mean age

39 (29.5)
93 (70.5)
132 (100)
48 years

Immediate 34 (25.8)
Delayed 25 (18.9)
Unknown 73 (55.3)

Causative drug
Time since IR

<1 year
1–5 years
5–10 years
>10 years

23 (17.4)
8 (6.1)
4 (3)

97 (73.5)

Amoxicillin + 
clavulanate

48 (36.4)

Amoxicillin 9 (6.8)
Ampicillin 4 (3)
Penicillin G 25 (18.9)
Penicillin V 4 (3)
Cephalosporin 5 (3.8)
Unknown 37 (28.1)

IR: index reaction.

Figure 1  Diagnostic protocol and outcomes of the penicillin allergy delabeling program. Flowchart illustrating the diagnostic 
process for penicillin allergy delabeling, including patient stratification and testing outcomes. Patients were either directly 
delabeled or underwent diagnostic testing based on clinical history. Skin tests included immediate (20 minutes) and delayed 
(24–48 hours) readings. Specific IgE (sIgE) to penicillin V and penicillin G was measured in the blood, and drug provocation testing 
(DPT) was performed in eligible patients. Patients with negative test results were delabeled, while those with positive results or 
a high-risk history retained their allergy label.

The results of the diagnostic test are shown in Table 2. 
All participants with positive STs (two immediate and 
one delayed reading) experienced a recent index reac-
tion, ranging from 7 to 12 weeks before testing. Among 
sIgE-positive patients, three reported the index reaction 

occurring within 7 months of testing, and two experienced 
a remote reaction (>10 years). 

Most DPTs (N=88) were single-dose graded challenges, 
while the remaining (N=19) were prolonged, as previously 
described. A single patient developed a mild systemic 
reaction 45 minutes after the two-step DPT (Table 2). He 
had negative STs and a positive sIgE to PV (at the time of 
the challenge, the results were still pending). Another six 
patients developed a mild nonimmediate reaction following 
the DPT. 

Penicillin allergy was diagnosed in 13/121 (10.74%) 
participants who completed the protocol. In three more 
patients with negative STs and sIgE, but with a high-risk 
history (severe immediate reaction and the presence of 
additional risk factors including advanced age and cardio-
vascular comorbidities in two subjects; high suspicion for 
drug fever in one subject), we decided not to proceed to 
the DPT with AXC but to retain the penicillin allergy label 
instead. Overall, the penicillin allergy label was retained in 
16/121 (13.2%) patients. 

Eleven patients with confirmed labels subsequently tol-
erated one or more cephalosporin antibiotics with dissimi-
lar side chains, while the other five patients did not opt for 
further evaluation. Of note, patient 7 (Table 2) tolerated 
PV in a DPT, which confirmed the diagnosis of a selective 
aminopenicillin allergy. Patient 3 had a positive skin test 
with AXC and clavulanate, and a negative skin test with 
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Although STs and sIgE to penicillins have high NPV, their 
sensitivity is relatively low.18 Moreover, a significant propor-
tion of penicillin-allergic patients lose their sensitivity over 
time, and both STs and sIgE are less likely to be positive if 
performed years after the index reaction.19,20 In the study by 
Rosenfield et al., 12 out of 222 skin test-negative patients 
reacted to the DPT (5.4% false negative rate).21 Taking this 
into account, we decided not to expose patients with a 
high-risk history to AXC in a DPT but to offer allergy test-
ing to cephalosporins with dissimilar side chains instead. 
Two participants (including the one with suspected drug 
fever) opted for further workup and tolerated cefuroxime 
in a DPT. Although maintaining allergy labels solely based 
on high-risk history, without having performed DPT, may 
have led to overestimating our cohort’s actual penicillin 
allergy rate, we still suggest that this cautious individual-
ized approach aligns well with real-world clinical practice. 

The diagnosis of penicillin allergy was confirmed by STs 
or sIgE in six patients and by DPT in seven patients. All 
reactions after the DPT (one immediate and six delayed) 
were mild, and there were no serious adverse events. The 
allergy was classified as immediate-type in six, and as 
delayed-type in seven patients. 

Peculiarly, patient 4 (Table 2) reported a history of a 
recent hypersensitivity reaction manifesting as urticarial 
eruption with an onset >24 hours after taking the last dose 
of AXC. The diagnostic evaluation revealed both positive 
immediate readings of IDT to major penicillin determinant 
(BP-OL) and positive sIgE to PV and PG. Delayed-appearing 
urticaria is a recognized clinical phenotype of nonimme-
diate hypersensitivity reactions to beta-lactam antibiot-
ics.22 Atanaskovic-Markovic et al. investigated a group of 
1026 children who reported nonimmediate reactions to 
beta-lactam antibiotics.23 Among 19 subjects with a posi-
tive DPT, 13 developed urticaria, and 3 had urticaria and 
angioedema. The median time interval to the onset of 
symptoms was 13 hours (range 2–48 hours) after the last 
dose. In this cohort, there were four positive immediate 
readings of IDTs, which, according to the authors’ explana-
tion, may be because of inaccurate reporting of the timing 
of reactions by parents. The description of the index reac-
tion in our patient might have been prone to recall bias. 
The patient may have developed new sensitization during 
treatment with AXC and failed to notice and report milder 
symptoms at the onset of the reaction after the last dose. 
Considering all these factors, the allergic reaction in this 
patient was classified as immediate-type.

Our results show a low level of agreement between 
penicillin STs and in vitro tests, as only one out of five 
patients with a positive sIgE also displayed a positive 
immediate reading of IDT to the major penicillin determi-
nant. Another patient with a positive immediate reading 
of IDT to AXC had a likely diagnosis of a selective allergy 
to clavulanate, as previously explained, and thus sIgE to 
the components we used (PV and PG) is not expected to 
be positive. Although in vitro allergy tests to penicillins 
lack sensitivity and the range of allergens is limited,24 ele-
vated sIgE levels have been related to a history of imme-
diate type reactions, circulatory symptoms, angioedema, 
and adrenaline treatment.25 Sousa-Pinto et al. assessed 
the diagnostic accuracy of both in vivo and in vitro peni-
cillin allergy diagnostic tests in a meta-analysis, revealing a 

amoxicillin, implying a selective clavulanate allergy, but he 
refused DPT with amoxicillin or PV.

In summary, delabeling was successful in 105/132 
(79.5%) subjects. In a subgroup of patients who underwent 
DPT (N=107), STs’ negative predictive value (NPV) was 
99.07% and 94.39% for immediate and delayed reactions, 
respectively. The NPV of sIgE for immediate reactions was 
100% in our group. No patient developed a systemic reac-
tion to penicillin skin testing. There were no severe imme-
diate or delayed reactions after the DPT.

Discussion

In this study, we retrospectively analyzed the rate of 
patients with a beta-lactam allergy label who can be safely 
delabeled, and estimated the rate of true allergy, both 
immediate and delayed-type, to penicillin antibiotics. With 
a successful delabeling rate of 79.5%, our study aligns with 
existing literature suggesting that the majority of penicillin 
allergy labels are erroneous.1,3–5 This result underscores the 
significant potential for PAD programs to improve patient 
outcomes and enhance antibiotic stewardship.

Our PAD program was based on a stepwise diagnostic 
protocol performed by allergists in an outpatient clinic, 
which included focused history, STs, sIgE, and DPT. All 
patients who were not delabeled directly underwent diag-
nostic tests before proceeding to DPT. In five of these 
subjects, in vitro tests were not performed because of 
technical issues.

Clinical decision-making tools have been developed14–16 
and validated,14 enabling risk stratification in patients with 
reported penicillin allergy. Patients with an estimated low 
risk for severe reactions may be cleared for direct oral 
challenges, which would save resources and enable access 
to PAD programs for a higher number of subjects in differ-
ent clinical settings, while patients at high risk would be 
referred for a complete allergy evaluation. In a Norwegian 
PAD program performed in a hospital setting outside an 
allergy clinic, 49% of the subjects were delabeled through a 
direct oral challenge without any serious adverse events,17 
indicating the feasibility and safety of an algorithm based 
on risk stratification. In contrast to this study, we aimed 
to assess the safety of a PAD program led by allergists and 
estimate the diagnostic performance (NPVs) of sIgE and STs 
in the Croatian population. Therefore, we performed diag-
nostic tests according to the protocol in all eligible sub-
jects (excluding those who could be delabeled directly) 
instead of selecting low-risk patients for direct oral chal-
lenge. However, in the future, implementing simple clinical 
decision-making tools could significantly enhance the PAD 
program.

In our group, allergy to at least one penicillin antibiotic 
was confirmed in 13/121 (10.74%) patients who completed 
the protocol. The penicillin allergy label was retained in 
three more skin test – and sIgE-negative participants with 
a high-risk history, so the final rate of confirmed labels was 
13.22%. Two of these patients reported a history of severe 
but remote immediate reaction to penicillin derivatives, 
and both had cardiovascular comorbidities as risk factors 
for severe anaphylaxis. The third patient had a convincing 
history of drug fever related to AXC. 
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and concordance between different diagnostic tests and to 
optimize the delabeling protocols.
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not been included in our diagnostic algorithm, this patient 
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itive in vitro tests were found in a significant proportion 
of patients with negative STs who had experienced two 
or more immediate reactions to a penicillin antibiotic or 
had developed systemic reactions after skin testing despite 
being skin test negative.26 Considering the relatively low 
sensitivity of diagnostic tests,18 estimating an individual risk 
based on clinical judgment remains of utmost importance. 

This study has some limitations. Firstly, the partici-
pants were adults referred by those general practitioners 
who were aware of the launch of the PAD program in our 
institution. Therefore, the study may be subject to refer-
ral bias, and the results may not be entirely generalizable. 
Furthermore, we did not perform sIgE to amoxicillin as the 
test was unavailable at our center during the study period. 
Including this test in the diagnostic protocol might improve 
the accuracy of in vitro diagnostics. Particularly, it might 
aid in discerning patients with a selective aminopenicillin 
allergy who could yet be treated with PG or PV. 

Also, the protocols for DPT differed based on allergists’ 
judgment and clinical decisions. Not all patients with a 
history of delayed reactions underwent a prolonged 3-day 
challenge, so some of the delayed reactions might have 
been missed. However, our results show that a single dose 
of AXC was sufficient to cause a type 4 hypersensitivity 
reaction in at least four out of six patients (Table 2). 

In our protocol, AXC was selected for the DPT because 
of its widespread availability and practicality, as it is the 
most commonly prescribed beta-lactam antibiotic in 
Croatia.27 However, it’s important to note that clavulanate 
by itself can sometimes cause allergic reactions, which 
may result in false-positive results.

Despite these limitations, we emphasize that this study 
was intended to estimate the performance of a PAD pro-
gram in a real-world clinical setting, thereby filling a gap 
in the existing literature and providing new insights and 
practical implications for future PAD protocols. Further 
strengths of the study include a large sample size and the 
implementation of a comprehensive diagnostic protocol, 
ensuring more accurate identification of true allergies.

Conclusion

The majority of patients with a label of penicillin allergy 
can be safely delabeled. Considering the high prevalence 
of labels, their public health implications, and conse-
quent economic burden, PAD programs should be pursued. 
Further research is needed to evaluate the performance 
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