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A B S T R A C T

Background: Drug allergy prevalence is high and predicted to rise in the future. Although allergy labels are 
essential for patient safety, evidence supports the fact that incorrectly recorded drug allergy labels might lead to 
suboptimal treatments, increased healthcare costs, prolonged hospital stays, and the emergence of antimicrobial 
resistance (AMR). Drug allergy risk assessment and subsequent delabeling could be a solution for this problem. 
Despite the importance of this subject, the number of studies on the prevalence of drug allergies or delabeling is 
low, especially from Eastern European countries.
Aims: This study aimed to determine the prevalence and characteristics of drug allergies in hospitalized patients 
and assess the associated risk of future exposure to the reported culprit drugs to evaluate the potential for allergy 
delabeling.
Methods: A cross-sectional study was conducted at the tertiary care teaching hospital of University of Szeged in 
Hungary, involving adult inpatients across multiple surgical wards. Data collection included patient interviews 
using a structured questionnaire and subsequent risk assessment. Adverse drug reactions were categorized as 
high or low risk based on the history of the reported reaction.
Results: Of the 1522 study participants, 242 (15.90 %, 95 % CI: 14.14 - 17.82 %) patients reported at least one 
drug allergy, resulting in a total of 384 reported allergy cases. Among these, 277 cases were included in the risk 
assessment, with 252 (90.97 %) classified as low risk and eligible for potential allergy delabeling. Antibiotics 
were the most frequently reported culprit drug, followed by analgesics and anti-inflammatory drugs. Skin 
manifestations were the most common symptoms.
Conclusion: This study highlights the high prevalence of self-reported drug allergies and the significant propor
tion of low-risk cases suitable for delabeling. Systematic allergy evaluation and delabeling should be a key 
element of (antibiotic) stewardship programs.

1. Introduction

Adverse drug reactions (ADRs) are defined by the World Health 
Organization (WHO) as any noxious and unintended response to a drug 
that occurs in doses used for prevention, diagnosis, or treatment (Khan 

and Solensky, 2010). ADRs may be predictable type A reactions based on 
the known pharmacological properties of a drug, or unpredictable type B 
reactions (e.g. drug allergies) that are related to the individuals immu
nologic response or genetic heterogeneity. (“WAO White Book on Al
lergy | World Allergy Organization,” 2012).

Abbreviations: ADR, Adverse drug reaction; WHO, World Health Organization; DA, Drug allergy; NSAID, Non-steroidal and anti-inflammatory drugs; SCAR, severe 
cutaneous adverse reactions; ATC, Anatomical Therapeutic Chemical; ECDC, European Center for Disease Prevention and Control.
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ADRs may account for up to 6 % of all hospital admissions and occur 
in 10 to 15 % of hospitalized patients. Eighty percent of all ADRs are 
considered type A reactions, while the remaining 20 % are type B re
actions (Thong and Tan, 2011).

Drug allergies (DA) are frequent and are expected to increase further 
in the future due to the increased availability of new drugs (Doña et al., 
2024). The prevalence rates of patient-reported DAs are highly variable 
in the literature, partly due to differences in the study population: A 
multicenter study showed that 30 % of elective surgical patients in the 
United Kingdoms had a history of drug allergies (Thomas et al., 2021). 
Another systematic review that included not only hospitalized patients, 
but also outpatients and the general population showed that in average 
8.3 % of the study population reported a drug allergy (Sousa-Pinto et al., 
2017). Furthermore, data on the prevalence of DA may differ according 
to geographical regions (Doña et al., 2024).

Although drug allergy is frequently reported by patients, the conse
quently recorded drug allergy labels are commonly incorrect (Hierro 
Santurino et al., 2016; Thong et al., 2003). While properly recorded drug 
allergy labels are essential for patient safety, incorrect allergy labels 
have several negative consequences, one of which being their direct 
impact on patient health. Patients who are allergic to standard medi
cations will receive an alternative second-line treatment, which may 
generally have lower efficacy and/or increased side effects. Further
more, as part of their social-economic impact, allergy labels can lead to 
an increase in the cost of treatment, can prolong hospital stay, and in the 
case of antibiotics, contribute to the emergence of antimicrobial resis
tance (AMR) (Jones et al., 2021).

As a solution to the problem, the procedure called allergy delabeling 
(the removal of allergy labels) is becoming an increasingly relevant 
practice in the case of antibiotic allergies. This is also supported by the 
fact that the WHO has defined antibiotic allergy delabeling as a key 
point for antimicrobial stewardship (AMS) programs (“The WHO 
AWaRe (Access, Watch, Reserve) antibiotic book,” 2022).

Determining drug allergy prevalence and identifying patients who 
are candidate for drug allergy delabeling is generally important in all 
hospitalized patients. It is especially important in surgical patients, due 
to the frequent use of antibiotics in terms of e.g. surgical antibacterial 
prophylaxis where beta-lactam antibiotics are common first choice 
agents.

Despite the importance of the topic, the number of studies in eastern 
European countries on the prevalence of drug allergies or delabeling is 
scarce and limited to Poland (Balińska− Mískiewicz et al., 2006; Sztor
mowska et al., 2016), Macedonia (Stoleski et al., 2010) and Serbia 
(Velicković et al., 2015).

2. Aims

As a primary analysis, we sought to determine the prevalence of drug 
allergies reported by patients and the characteristics of the reported 
reactions. We also conducted a risk assessment as a secondary analysis, 
to determine the associated risks of future exposure to culprit drugs and 
the possibility of allergy delabeling.

3. Methods

3.1. Study design and setting

An observational, cross-sectional study was conducted in the Or
thopedic, Surgical, Traumatological, and Neurosurgical Clinics of the 
Albert Szent-Györgyi Health Centre of the University of Szeged. Data 
was collected on 19 study days. We included all adult (18 years or older) 
patients present in the hospital on study days who had sufficient mental 
alertness or cognitive ability to reliably answer questions. Our main 

exclusion criteria were the eligibility of the allergy case for the study (e. 
g. we excluded the cases if the culprit agent was not a drug). Data 
collection was carried out in the form of patient interviews, using a pre- 
constructed questionnaire.

3.2. Construction of the questionnaire

The questionnaire had two main domains. The first domain included 
general characteristics of the patient (e.g. age, sex, level of education) 
and regular medications. The second domain included questions on the 
perceived adverse drug reaction that resulted in the drug allergy label: e. 
g. culprit drug related information, reported symptoms, severity of the 
adverse reactions (including the necessity of hospital admission), timing 
of the reaction in relation to drug exposure, and medications used to 
counteract the symptoms.

The second domain was only filled out if the patient reported a DA. 
For every individual patient who reported an allergic reaction with a 
different drug, a new questionnaire was filled out.

3.3. Evaluation of the questionnaire

As part of the risk assessment, ADRs were divided into two categories 
(for reference, see Table 1): First, if the reported reaction occurred 
within 10 years and the symptoms were consistent with those of a po
tential immediate severe allergy (i.e. anaphylaxis), the case was classi
fied as high risk. In the case of SCAR (severe cutaneous adverse 
reactions, e.g. Stephen-Johnson syndrome), we also classified the case as 
high risk, regardless of the time passed since the reaction. In these cases, 
the allergy label of patients was not considered removable, since the risk 
of developing a severe allergic reaction in the future is high. A second 
category was created for cases with a low risk of developing a future 
allergic reaction after exposure to the culprit drug. We classified every 
case as low risk in the following cases: If the ADR happened more than 
10 years ago (Li et al., 2019; Shenoy et al., 2019), or the patient was not 
seen by a physician in relation to the reaction or did not receive any 
pharmacological treatment after the ADR, regardless of the symptoms. 

Table 1 
Risk assessment of adverse drug reactions.

High risk Low risk

Severity of the 
symptoms

• Symptoms of anaphylaxis (e. 
g.: angioedema, dyspnea, 
fainting / shock) within 6 h 
after drug exposure and less 
than 10 years after the 
reaction

• Symptoms of SCAR (Even 
more than 10 years after the 
reaction) (Blisters, skin/ 
mucosal erosion, rash after 
first dose)

• Other organ involvement 
(Even more than 10 years 
after the reaction) (e.g.: 
Hepatitis, nephritis, 
thrombocytopenia, 
hemolytic anemia)

• Typical, dose-dependent 
„Type A” side effects of the 
medication (e.g.: diarrhea 
after the use of antibiotics, 
dizziness after taking 
antihypertensive drugs)

• Mild allergic symptoms (e. 
g.: rash, erythema, 
pruritus) more than 6 h 
after drug exposure

• Symptoms of anaphylaxis 
more than 10 years after 
the reaction

Necessity of 
hospital 
admission and 
systemic DRUG 
treatment

• Admitted to a hospital AND 
received systemic DRUG 
treatment

• Admitted and 
OBSERVED/ not admitted 
to hospital AND did not 
receive systemic DRUG 
treatment

​ Allergy label not removable Allergy label MIGHT BE 
removable after further 
investigation
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Patients were also classified as low risk if, based on reported symptoms 
or other details of the event, it was a typical mild allergic reaction 
symptom (e.g. morbilliform rash, without any other symptoms) or it was 
uncertain if the reaction was an allergic ADR. Also, if the symptoms were 
possible side effects of the culprit drug (type A ADR) (e.g. diarrhea 
developing during antibiotic treatment), the case was seen as low risk. If 
the allergy case was classified as low risk, the allergy label could be 
removed from the patient, but only after further investigation of the 
allergy case (e.g. skin prick test or direct oral challenge) (Copaescu et al., 
2024).

Lastly, if the information provided by the patient was not enough to 
include the allergy case in our risk assessment, we classified the case as 
non-determinable.

Ethical permission (IV/3071- 1 /2021/EKU) for the study was ob
tained from the Scientific and Research Ethics Committee of the Medical 
Research Council of Hungary.

3.4. Statistical analysis

Descriptive data were presented as mean, standard deviation, mini
mum, maximum or proportions. For analyses of categorical variables, 
chi-squared test or Fischer exact test was used, as appropriate. A p-value 
<0.05 was considered significant. Statistical analyses were performed 
with IBM SPSS statistics (version 29). Sample size calculation was based 
on previous estimations on drug allergy prevalence and was done using 
an online, reliable sample size calculation tool. The optimal sample size 
should be between 200–400 based on our calculations (expected drug 
allergy prevalence of 10 %), which corresponds to the simple size of this 
work (error rate: 5 %, absolute error: 3 %) (Wang and Ji, 2020).

4. Results

4.1. Patient characteristics

In total, 242 patients reported to be allergic to at least one drug, this 
result was obtained in the following manner. A total of 1522 patients 
were hospitalized on study days in the included surgical wards, among 
them there were 28 (1.84 %) non-contactable patients. Of the remaining 
1494 (98.16 %) patients, 244 reported at least one ’allergic’ reaction, 
with a total of 401 ’allergic’ events. Allergy cases were excluded from 
analysis if the reported culprit agent was not a drug (2 patients, 5 allergy 
cases), or the case was a duplicate (12 allergy cases) (when patients 
reported the same culprit agent more than once). Finally, reported al
lergy cases were not included in our risk assessment if the information 
provided by the patients was incomplete.

Therefore, in total, 242 (15.90 %, 95 % CI: 14.14 - 17.82 %) patients 
reported to be allergic to at least one drug and the total number of drug 
allergy cases was 384. Of these, 277 allergy cases, reported by 163 pa
tients, were included in our risk assessment analysis.

Data in the following paragraphs are from level D of Fig. 1 (Flow
chart). Regarding the age distribution, the majority of our study popu
lation was above the age of 60 years (187 patients, 77.27 %). The main 
age was 66.36 ± 13.43 years, and a female dominance could be 
observed (see Table 2).

In terms of patient education, most patients’ highest level of edu
cation was secondary (134 patients, 55.37 %).

The number of patients with polypharmacy (taking 5 or more med
ications per day) was above 50 % (124 patients, 51.24 %). More than 30 
% (75 patients) of the study population took 6–10 medications and 
nearly 15 % (30 patients) of the patients took 10 or more different 
medications every day.

Most frequently, patients reported one (164 patients, 67.77 %), two 

(44 patients, 18.18 %), three (19 patients, 7.85 %), or even more than 
three (15 patients, 6.20 %) DAs. The maximum number of DAs reported 
by a patient was eight.

4.2. Risk assessment

Data in the following paragraphs are from level E of Fig. 1 (Flow
chart). During the risk assessment process, the reported DAs were clas
sified into high or low risk groups. Twenty-five cases (9.03 %) proved to 
be high risk for further drug reactions on exposure with the same active 
agent. More than 90 % of the patients reported cases of DA (252 cases, 
90.97 %) were considered low risk, amongst which were also type A 
ADRs (e.g.: possible side effects of the culprit drug (61 cases, 22.02 %).

Finally, the information provided by the patients was insufficient for 
risk assessment in almost a third of all reported allergic cases (107 cases, 
27.9 %). The most frequent reason for excluding drug allergy cases from 
our risk assessment was patients not remembering important details 
about the reaction (e.g. timeliness and/or symptoms of the reaction, the 
need for medical care). In total 54 allergy cases (14.1 %) were excluded 
from the risk assessment due to lack of information provided by the 
patient. Allergy cases were also excluded from the risk assessment if the 
symptoms of the reported reaction were similar to the symptoms of the 
original treated problem (53 reported allergy cases, 13.8 %) (e.g. mild 
skin symptoms after using iodine solution for a skin condition).

4.3. Characteristics of the culprit drugs

The most common pharmacological group reported as ’allergy 
inducer’ was systemic antibacterial agents (ATC: J01) (102 cases, 36.82 
%). The second and third most common groups were analgesics (ATC: 
N02) (65 cases, 23.47 %) and anti-inflammatory and anti-rheumatic 
products (ATC: M01) (28 cases, 10.11 %). The fourth most reported 
pharmacological group was anesthetics (ATC: N01) (13 cases, 4.69 %). A 
list of the active substances reported the most frequently can be found in 
Table 3. A Sankey plot of culprit agent groups and their risk assessment 
can be found in Fig. 2. For the full list of ATC categories with corre
sponding risk assessment, see Supplementary material 1.

4.4. Perceived symptoms

Regarding the symptoms experienced by the patients, skin manifes
tations were the most frequent (151 cases). Other typical allergy 
symptoms, such as itching (pruritus) (128 cases), angioedema (78 cases) 
and dyspnea (67 cases) were also frequently reported. Time passed since 
the reported reaction was a major characteristic of our risk assessment 
(Li et al., 2019; Shenoy et al., 2019), serious symptoms, such as 
angioedema, were classified as low risk if more than 10 years passed 
since the reaction. For prevalence of symptoms in the high/low risk 
categories, see Table 4.

The need for hospitalization and pharmacological treatment was also 
recorded. Hospital admission was required in 38 (13.72 %) cases due to 
the reported DA experienced by the patient, while in 76 cases (27.44 %), 
the reaction occurred during hospital stay. In the remaining 163 (58.84 
%) cases, hospitalization was not necessary.

Time passed since the reported adverse drug reaction was a major 
determinant during the risk assessment. In a total of 96 reported DAs 
(34.66 %), no more than 10 years have passed since the reaction, of 
which 10 allergic events (3.61 %) occurred during the current hospital 
stay of the patient. In the remaining 181 cases (65.34 %), the reaction 
occurred more than 10 years ago.
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Fig. 1. Flowchart of patient inclusion.
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5. Discussion

In this study, our goal was to identify the prevalence of drug allergy 
(DA) in an inpatient population and conduct a risk assessment of 

reported DA cases. This is one of the few studies done in the Eastern 
European region on the prevalence of DAs (Balińska− Mískiewicz et al., 
2006; Stoleski et al., 2010; Sztormowska et al., 2016; Velicković et al., 
2015). In addition, it is one of the few drug allergy risk assessment 
studies (Li et al., 2021; Lim et al., 2022; Vyles et al., 2017).

The prevalence of drug allergies (242 patients, 15.90 %) is in line 
with a review showing the results of four similar studies done in inpa
tient populations (Ranged between 7.5 - 23.5 %;) (Sousa-Pinto et al., 
2017). Another study, similarly done in a surgical population in Serbia 
showed much higher rate of DAs (38.5 % versus 15.90 %) (Velicković 
et al., 2015).

Despite the scarcity of similar studies, some correlations can be 
established. In this study, the majority of the patients with reported DAs 
were elderly (>60 years, 77.27 %). A study done on Japanese hospi
talized patients admitted to an acute general medical ward found that 
69.3 % of all patients with a DA label were above the age of 65 years (Li 
et al., 2021). The dominance of the elderly and the corresponding high 
incidence of drug allergy in elderly patients have a few possible reasons 
behind it. One of them is the higher rate of exposure to frequently re
ported allergizing agents, such as antibiotics and NSAIDs (Blumenthal 
et al., 2017). Polypharmacy is also common among older patients, which 
further contributes to the increased prevalence of drug allergies 
(Sheikh-Taha and Asmar, 2021). In addition, allergy labels are rarely 
removed and thus accumulate over a lifetime (Jones et al., 2021; Lucas 
et al., 2019).

We also observed a female dominance among patients with reported 
DAs (189 patients, 78.10 %). Other studies also describe a definitive 
female dominance in drug allergies, regardless of the study population. 
A study done in the population of Lower Silesia (Poland) shows a sig
nificant female predominance for drug allergy (12.6 % in females vs. 4.9 
% in males) in the total study population (Balińska− Mískiewicz et al., 
2006). In another study, which investigated the prevalence of docu
mented drug allergies in a large healthcare system found the proportion 
of women to be 58 % in the study population (Zhou et al., 2016), while 
another study found the prevalence to be 60 % amongst patients pre
senting at an American emergency department (Kiechle et al., 2018) . 
While the exact reason behind female predominance is currently un
known some factors can be attributed to this phenomenon. For example, 
hormonal influences, particularly the effects of estrogens, may play a 
crucial role in the increased susceptibility of women to drug allergies 
(Triambodo et al., 2021). Furthermore, genetic factors associated with 
sex chromosomes may contribute to this phenomenon, as differential 

Table 2 
Main patient characteristics.

Np 

(242)
% Mean ±

SD
Min- 
max

Age [Years] 18–40 14 5.79 ​ ​
​ 40–60 41 16.94 ​ ​
​ 60+ 187 77.27 ​ ​
​ Total 242 100 66.36 ±

13.43
19–94

Sex Female 189 78.10 ​ ​
​ Male 53 21.90 ​ ​
Education Primary 76 31.40 ​ ​
​ Secondary 134 55.37 ​ ​
​ Tertiary 32 13.22 ​ ​
Number of 

medications
0 27 11.16 ​ ​

​ 1–2 48 19.83 ​ ​
​ 3–5 62 25.62 ​ ​
​ 6–10 75 30.99 ​ ​
​ 10+ 30 12.40 ​ 0–20
Number of drug 

allergies (DAs)
1 164 67.77 ​ ​

​ 2 44 18.18 ​ ​
​ 3 19 7.85 ​ ​
​ 3+ 15 6.20 ​ 1–8

Table 3 
Top 10 most frequent culprit active substances.

Active substance Low risk High risk Total

Penicillin (Not specified) 36 2 38
Metamizole sodium 31 1 32
Sulfamethoxazole + trimethoprim 15 0 15
Diclofenac 14 1 15
Lidocaine 14 0 14
Amoxicillin + clavulanic acid 7 4 11
Penamecillin 8 1 9
Oxytetracycline 8 0 8
Aminophenazone 7 0 7
Tolperisone 7 0 7

Fig. 2. Sankey plot of culprit agent groups and risk assessment.
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gene expression linked to sex can influence immune responses (Shah, 
2012).

In all reported drug allergy cases excluded from the risk assessment 
analysis, either the patient did not remember important information on 
the reported reaction (54 patients, 14.1 %) (e.g. timeliness and/or 
symptoms of the reaction, the need for medical care) or the symptoms of 
the reported reaction were similar to the symptoms of the original 
treated problem (53 reported cases, 13.8 %) (e.g. mild skin symptoms 
after using iodine solution for a skin condition). Other studies chose to 
include reported drug allergy cases with missing data in their risk 
assessment. Rozłucka et al. included patients with remote (>10 y) un
known reactions without features of immunoglobulin E in their low risk 
group (Rozłucka et al., 2024) and Arikoglu et al. considered patients 
who provided a vague or inconclusive report and whose reaction was 
not observed by health care staff was considered to have a weak history 
(similar category to low risk) (Arikoglu et al., 2015). This strategy ac
knowledges the inclusion of poorly documented – but nominally low risk 
– cases in the risk assessment, which may improve the sensitivity for 
identifying allergy cases available for delabeling, but also may 
compromise the safety and reliability of the conducted risk assessment 
(Copaescu et al., 2024). Our more defensive approach might reduce the 
misclassification of the included allergy cases but also might underes
timate the number of cases with the potential of allergy delabeling.

The most frequently reported suspected causes of allergic reactions 
were antibiotics (ATC3: J01,102 cases, 36.82 %), analgesics (ATC3: 
N02, 65 cases, 25.47 %) and anti-inflammatory and anti-rheumatic 
products (ATC3: M01, 28 cases, 10.11 %). This finding is consistent 
with other studies that identified antibiotics and analgesics as major 
contributors to drug allergies, although data on inpatient populations is 
missing. For example, among inhabitants with reported DA, the fre
quency of penicillin allergy was 31.9 % while analgesics allergy was 
16.3 % (Balińska− Mískiewicz et al., 2006). Another study found that 
among recorded drug allergies in patients presenting at an emergency 
department, the relative share was 47 % for antibiotics, and 17 % for 
analgesics. (Kiechle et al., 2018) One of the reasons behind the differ
ence in the share of antibiotics as culprit agents (47 % in the study of 
Kiechle et al. vs. 34.38 % in this study) could be the differences in the 
study population. While our study population included inpatients 
requiring surgical care, an emergency department functions as a 

transition between outpatient and inpatient care, with a significantly 
more diverse patient population.

Among all antibiotic allergies, penicillins were the most frequently 
reported culprit agents in this study (22.38 %). Other studies also show a 
high prevalence of penicillin allergy. For example, in the study of 
Thomas et al., more than 40 % of patients with reported DAs had 
mentioned penicillins as the culprit drug (Thomas et al., 2021). Another 
study done in a surgical population in Serbia also showed that in nearly 
50 % (47.6 %) of all reported DA, penicillins were named as the culprit 
drug (Velicković et al., 2015).

The frequent use and high penicillin exposure are partially respon
sible for the high prevalence of penicillin allergies and consequently 
explain why penicillin allergies are frequently studied. In total, 30 % of 
all antimicrobials for systemic use in acute care hospitals were penicil
lins according to the latest ECDC point prevalence survey (European 
Centre for Disease Prevention and Control., 2024) and recent studies in 
Hungarian ambulatory and hospital care sectors also highlighted that 
penicillins were frequently used in Hungary (Hambalek et al., 2024; 
Ruzsa et al., 2024). Another reason for considering penicillin and 
beta-lactam allergy is their important clinical implications. Patients who 
did not receive the preferred beta-lactam therapy due to their reported 
beta-lactam allergy proved to be more likely to have an adverse event, 
compared to those who did not report a beta-lactam allergy (unadjusted 
odds ratio [uOR], 3.43; 95 % confidence interval [CI], 1.48–7.96) 
(MacFadden et al., 2016)).

Almost 91 % (252 cases, 90.97 %) of the allergic cases included in 
our study proved to be low risk after risk assessment, making the 
removal of these ’low risk’ allergy labels a possibility. Other drug allergy 
risk assessment studies done in inpatient populations are few in number, 
and the existing ones use different risk assessment tools. Because of this 
and differences in patient populations and study designs comparison 
should be done with caution. For example, a recent study conducted on 
the elective surgical population of the United Kingdom (Thomas et al., 
2021) found that 69.3 % of all reported drug allergies are low risk. One 
of the reasons behind the significant difference between these findings 
could be that the British study did not consider the time passed since the 
reaction among their risk stratification criteria, while the present study 
considered the case “low risk” if 10 or more years passed since the 
allergic reaction. The approach of Thomas et al. leads to a higher 

Table 4 
Reported reaction characteristics.

High risk Low risk Total

Number of allergy cases ​ 25 (100 %) 252 (100 %) 277 p
Symptoms reported by patients Loss of consciousness 3 (12 %) 16 (6.35 %) 19 0.3941

​ Angioedema (e.g. swelling around the mouth or eye) 13 (52 %) 65 (25.79 %) 78 0.0091

​ Choking, dyspnea (e.g. shortness of breath) 12 (48 %) 55 (21.83 %) 67 0.0061

​ Spasmodic abdominal complaints 4 (16 %) 33 (13.1 %) 37 0.7561

​ Nausea, vomiting, diarrhea 6 (24 %) 45 (17.86 %) 51 0.4251

​ Tachycardia, hypotension (e.g. dizziness, feel of palpitation) 5 (20 %) 18 (7.14 %) 23 0.0431

​ Skin symptoms (e.g. rash) 15 (60 %) 136 (53.97 %) 151 0.6751

​ Itching 9 (36 %) 119 (47.22 %) 128 0.3021

​ Oedema (limb) 3 (12 %) 21 (8.33 %) 24 0.4641

​ Other (headache, runny nose, sneezing, fever, conjunctivitis, sweating, 
weakness)

3 (12 %) 40 (15.87 %) 43 0.7771

Age of the patients at the time of allergic reaction 0 - 14 years 1 (4 %) 33 (13.1 %) 34 P<.0012

​ 14 - 64 years 14 (56 %) 199 (78.97 %) 213
​ 65+ years 10 (40 %) 20 (7.94 %) 30
Time passed since the adverse drug reaction ≤ 1 year 8 (32 %) 17 (6.75 %) 25 P<.0012

​ 1 year - 10 years 17 (68 %) 54 (21.43 %) 71
​ > 10 years 0 (0 %) 181 (71.83 %) 181
Hospital admission was necessary due to adverse drug 

reaction
Yes 7 (28 %) 31 (12.3 %) 38 0.132

​ Allergic reaction occurred in a hospital 8 (32 %) 68 (26.98 %) 76
​ No 10 (40 %) 153 (60.71 %) 163
Received medication to treat the adverse drug reaction Yes 16 (64 %) 109 (43.25 %) 125 0.161

​ No 9 (36 %) 143 (56,75 %) 152

1 Fisher test.
2 Chi-square test.
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number of high-risk allergy cases, as it did not consider the importance 
of a temporal factor as a well-established critical determinant (Li et al., 
2019; Shenoy et al., 2019). Other notable differences in the risk 
assessment criteria are that the British study did not include details on 
patient history in the survey such as the necessity of hospital admission 
and drug treatment for the reported reaction.

Studies that conduct risk assessment and consecutive delabeling on 
penicillin allergy cases show that carefully conducted delabeling is an 
excellent way of not only increasing patient safety, but also reducing the 
use of alternative medications and reducing healthcare associated costs 
(Alvarez-Cuesta et al., 2022; Anstey et al., 2022; Powell et al., 2023). For 
example, a recent meta-analysis evaluated the beneficial effects of 
penicillin allergy delabeling: 36 % of the included studies reported 
increased penicillin use after delabeling (Powell et al., 2023). The 
annual projected savings associated with penicillin allergy delabeling 
were reported between $12.400 (Beth Israel Deaconess Medical Center,) 
and $26.000 (UMMC) according to the same meta-analysis (Powell 
et al., 2023). Anstey et al. also conducted a systematic review of studies 
examining antibiotic allergy delabeling programs (Anstey et al., 2022) 
and some of their most important findings were the decreased use of 
vancomycin, aztreonam, aminoglycosides and fluoroquinolones 
(Blumenthal et al., 2015) and a significant decrease in prescribing of 
restricted antibiotics (3rd-/4th-generation cephalosporins, carbape
nems, fluoroquinolones, glycopeptides, piperacillin/tazobactam, linco
samides, linezolid, daptomycin) (Devchand et al., 2019). Despite these 
benefits, studies on risk assessment of drug allergies, apart from peni
cillin allergies, are missing.

The negative effects of the use of alternative medications can be 
various in case of penicillin allergy and risk assessment matters a lot. If 
risk assessment is conducted, usually other beta-lactam antibiotics (e.g. 
cephalosporins or carbapenems) can be used as alternative medications, 
or in some special cases, even the culprit drug can be used again, 
however strategies might differ by publishing organizations (“Choice of 
antibiotics in penicillin-allergic hospitalized patients - UpToDate,” 
2024; Wijnakker et al., 2023). If risk assessment is not conducted, the 
use of second- or third-line antibiotic groups, such as macrolides or 
fluoroquinolones, may be necessary in bacterial respiratory tract in
fections such as tonsillopharyngitis, acute otitis media, rhinosinusitis, 
pneumonia, etc. where penicillins are first-line antibiotics (“The WHO 
AWaRe (Access, Watch, Reserve) antibiotic book,” 2022). The disad
vantage of fluoroquinolone use is their association with severe side ef
fects: tendinitis, tendon rupture, peripheral neuropathy, central nervous 
system related reactions (e.g. seizures), and QT prolongation (Gorelik 
et al., 2019; Research, 2019). Macrolides can also cause serious side 
effects, such as cardiotoxicity and hepatotoxicity (Albert et al., 2014; 
Zhang et al., 2022). Another negative aspect of these antibiotics is their 
interaction potential. Both macrolides and fluoroquinolones have clin
ically relevant drug-drug interactions, primarily manifesting through 
the CYP 450 enzyme system. Macrolides primarily inhibit both CYP 3A4 
and CYP 1A2 isoenzymes, while fluoroquinolones have inhibitory effect 
on CYP 1A2. Through the inhibition of these enzymes, macrolides and 
fluoroquinolones may alter the metabolism of other drugs but the 
inhibitory capacity of different active ingredients from these two anti
biotic groups may differ (Fish, 2001; Pai et al., 2000). Additionally, it is 
important to mention the high resistance inducing potential of fluo
roquinolones (Ortega et al., 2009). For example, Escherichia coli, the 
most common causative organism of urinary tract infections, shows 
significant resistance to fluoroquinolones, both in urine (24.7 %, Hun
gary’s National Bacteriological Survey (“Nemzeti Bakteriológiai Sur
veillance (NBS),” 2023) and in invasive samples (22.0 %, (European 
Centre for Disease Prevention and Control., 2022)) due to the overuse of 
fluoroquinolones. Streptococcus pneumoniae, common causative agent 
of respiratory tract infections also shows high resistance to macrolides in 
both non-invasive (28.3 %, Hungary’s National Bacteriological Survey 

(“Nemzeti Bakteriológiai Surveillance (NBS),” 2023) and invasive sam
ples (17.9 % (European Centre for Disease Prevention and Control., 
2022)). By contrary, the resistance data of Streptococcus pneumoniae to 
penicillins is low both in national (3.0 %, (“Nemzeti Bakteriológiai 
Surveillance (NBS),” 2023) and international reports (Between 5–10 % 
(European Centre for Disease Prevention and Control., 2022)). This data 
further underlines the use of penicillins as first line antibiotics in com
mon infections. As there is a known correlation between the rate of 
antibiotic utilization and the development of antibiotic resistance 
(AMR), it is desirable to reduce the use of fluoroquinolones and mac
rolides to avoid escalation of the AMR problem, which is facilitated by 
DA delabeling.

Beside the described positive effects of drug allergy delabeling, the 
process is not without its negative effects, which, in some cases may 
endanger patient safety. One of the most notable risks of delabeling is 
the misclassification of true allergy labels, although it is an unlikely 
possibility in this study. The prevalence of true drug allergies is esti
mated to be much lower than previously thought (Hierro Santurino 
et al., 2016; Thong et al., 2003), but the attempted removal of these true 
allergy labels may have serious clinical consequences. However, it is 
important to mention, that the prevalence of adverse events during 
direct oral challenges and skin testing is low and most frequently these 
patients experience mild reactions (Blumenthal et al., 2024; Stul et al., 
2024). Another risk of delabeling lies in the lack of validated guidelines. 
Even in institutions where delabeling protocols exist, such protocols are 
highly variable and rarely validated. This lack of standardization poses a 
significant complication on the implementation of delabeling protocols 
(Stone et al., 2020). The most commonly used validated tool is 
PEN-FAST, a risk assessment criterion usable in the case of penicillin 
allergies (Foran et al., 2024; Piotin et al., 2022), but its implementation 
in clinical setting is limited to pilot studies and single-center initiatives.

5.1. Limitations

One of the most important limitations of this study was the typical 
drawbacks of patient-reported data, such as memory distortion, that 
might limit accurate culprit drug identification or symptom recall in 
some cases. We excluded patients with insufficient information on the 
perceived reaction, which might cause slight underestimation of low risk 
patients who are candidate for drug allergy delabeling. However, this 
limitation does not affect the main conclusion of this work and the 
opposite approach has been criticized, because it compromises the 
safety and reliability of the conducted risk assessment (Kiechle et al., 
2018). The patient population in this study can also be considered as a 
limitation. As our study population consists of surgical patients, direct 
comparison with other risk assessment studies with different patient 
populations or direct extrapolation to general patient population might 
not be possible. However, due to the frequent use of antibiotics, espe
cially first line beta-lactam antibiotics in this patient population, po
tential drug allergy label removal is of special importance.

6. Conclusion

This study highlights the high prevalence of self-reported drug al
lergies and identifies a considerable number of low-risk cases eligible for 
drug allergy delabeling. Systematically re-evaluating allergy labels are 
essential to optimize patient care.
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