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Background: Patients with a penicillin allergy label have an increased risk of surgical site infection. Although a de
cision tree was published in 2019 to define which patients could benefit from direct cephalosporin use in the peri
operative setting, this strategy remains unvalidated. This consensus statement aimed to adapt it based on an 
expert consensus to cover persisting caveats and to adapt it to an environment with poor allergist resources.

Methods: Perioperative antibiotic prophylaxis and allergy experts were invited to participate. The Delphi method was 
implemented using an online-secured network. The panellists were given 3 weeks to answer each round. A consen
sus was reached if more than 75% of the experts rated the item ≥ 7 and if less than 25% rated the item ≤ 3.

Results: Sixteen experts participated. A high level of agreement was obtained after four rounds, defining four cat
egories of the index reaction: unknown, not compatible, or compatible with an immediate or delayed hypersensitivity 
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reaction. Twelve items were defined to stratify the risk of true penicillin allergy according to the index reaction history. 
The experts agreed that patients with high-risk reactions could benefit from either an allergy work-up or beta-lactam 
alternatives use. Those at low risk could benefit from direct cephalosporin administration.

Conclusions: This resulted in an adapted decision tree to promote cephalosporin prescription in patients with 
penicillin allergy labels. It will be used in a stepped-wedge prospective multicentric randomized study to assess 
its applicability and acceptability to promote first- and second-generation cephalosporin administration in the 
perioperative period.

Introduction
Surgical site infection (SSI) occurs within 90 days after surgery 
and up to 1 year after surgery in patients receiving implants,1

with a 2% incidence.2,3 SSIs are responsible for an increased 
length of stay and mortality with important related health 
costs.4,5 Within other factors, prevention of SSI may rely, when in
dicated, on timely administration of selected antibiotic prophy
laxis,1 depending on the surgical type and the microbiological 
species targeted. β-Beta-lactam antibiotics are the primary 
class family recommended during elective surgeries.6 They 
target the main organisms causing SSIs: skin flora, including 
Staphylococcus aureus (S. aureus) and coagulase-negative 
staphylococci, in association with Gram-negative rods and en
terococci in clean-contaminated procedures. First- and second- 
generation cephalosporins are mostly recommended as they 
represent a good compromise between antimicrobial spectrum, 
cost, absence of adverse effects, selection of resistant species 
and proof of efficacy. Therapeutic alternatives (mostly vancomy
cin or clindamycin) are recommended for patients with reported 
penicillin allergies. However, no strategies are available to decide 
whether or not to switch to a beta-lactam alternative based on 
the patient’s allergy history. Indeed, the 2013 clinical guidelines 
on antimicrobial prophylaxis in surgery only recommended to 
avoid cephalosporins in patient with IgE-mediated reaction and 
severe cutaneous delayed reactions, without more details for 
minor reactions, non-severe delayed reactions or unknown clinic
al symptoms.7

Epidemiologic studies have reported a 10% rate of patients re
porting a penicillin allergy.8–10 However, most of these patients 
never benefited from an allergy work-up, and could be labelled 
as allergic because of a childhood non-specific reaction or from 
an unrelated reaction.11 Penicillin allergy occurs in 7%–23% of 
patients who have a history of penicillin allergy, depending on 
age, delay after drug intake, severity of the reaction or recruit
ment mode.12,13 Most epidemiological studies have reported a 
20%–25% cephalosporin prescription rate in the operating 
room for patients with a penicillin allergy label,14–16 which varies 
from less than 10%17 to 40%.18,19 Patients with a penicillin al
lergy label have been reported to have a 50% increased risk of 
SSI,20 and an increased risk of infections related to methicillin- 
resistant S. aureus and Clostridioïdes difficile.20–23

Early cephalosporin formulations were likely to be contami
nated with penicillin, leading to estimates of β-lactam 
cross-reactivity higher than 2%. Currently, β-lactam true cross- 
reactivity is mostly predicted by shared R1 side chains,24 al
though it could be more rarely based on the core β-lactam ring 
or the R2 side chain. R1 side chains are displayed by all beta- 

lactams, whereas only cephalosporins display the R2 chain at 
carbon C3 (Figure 1). Identical R1 side chains pose the greatest 
risk in patients with IgE-mediated or T-cell-dependent hypersen
sitivity. Third- and fourth-generation cephalosporins and some 
first- and second-generation cephalosporins (including cefazolin) 
do not share a common R1 chain with penicillins.25 As such, the 
rate of allergy cross-reactivity between penicillins and cephalos
porins is likely to be less than 1%,24,26–30 with a 0.7% estimate ac
cording to a recent meta-analysis.31

In 2019, an international group of experts published a flow 
chart to promote cephalosporin prescription in these patients 
while reducing the need for specialist allergist review.23 We 
aimed to evaluate this decision tree in France. Unfortunately, it 
did not seem applicable by non-experts in perioperative allergies 
as it stands because of remaining caveat, such as the manage
ment of low-risk reactions,25 and of the scarcity of allergists. 
The expert consensus presented herein is the adaptation of the 
decision tree using Delphi method. Its objective is not to remove 
the penicillin allergy label but to support the use of cephalosporin 
depending on the probability of a real penicillin allergy. The vali
dated algorithm will be used in a stepped-wedge prospective 
multicentre randomized study that aims to evaluate the feasibil
ity and acceptability of a decision tree to promote the prescription 
of first- and second-generation cephalosporins in the periopera
tive setting among patients with a penicillin allergy label 
(NCT06067919).

Materials and methods
Methods
Ethics approval for the PROPHYLAL study (Delphi method and patient in
clusion) was obtained from the Comité de Protection des Personnes Ouest 
V on 16 May 2023 (reference: 2023-A00664-41).

Figure 1. Chemical structures of (a) penicillin and (b) cephalosporin. The 
R1 side chain is indicated in plain circle, and R2 in dotted circle.
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The Delphi method is a well-known process for obtaining group con
sensus in health care, as it encourages decision-making and new ideas 
to be formed by whole group feedback.32 The method involves several 
rounds of anonymous questionnaires. After each round, propositions 
can be improved based on aggregated responses from the previous 
round. It is widely accepted for achieving the convergence of opinions 
concerning knowledge solicited from experts, and it has been adopted 
for priority setting in medicine.33

Panellist recruitment
To ensure the broad input of professionals from different geographical 
settings, a national panel of multidisciplinary experts was recruited, in
cluding allergists, anaesthesiologists and intensive care physicians, infec
tion control physicians and infectious disease specialists. All of them had 
an expertise in antibiotic allergies and/or in healthcare-related infectious 
diseases. In France, surgeons are not involved in antimicrobial steward
ship and were thus not invited to participate. We created an e-mail invi
tation template outlining the project and explaining the requirements of 
prospective panellists, which allowed them to participate voluntarily. The 
number of rounds was not defined a priori, as it was stated that it would 
depend on the answers provided to each round. Anonymous demograph
ic data, including age, gender, type of centre, years of professional experi
ence and area, were gathered to determine the location of practice and 
experience. Based on previous publications, 15–20 panellists were 
targeted.

Delphi statements
The Delphi method was applied between January 2023 and June 2023. 
Panellists were given 2 weeks for each round to answer each round. 
Reminder e-mails were sent on Days 7 and 10 to the experts who had 
not yet replied. The results were provided anonymously, with only the 
medical specialty of the responder available. A 3-week interval between 
rounds was used to summarize the data, design the updated decision 
tree based on scores and comments provided by the panellists and 
then program the next round.

Survey design and data collection
The questionnaires for the Delphi statement were distributed using a web 
application developed by the clinical research department of Bichat 
Hospital. All the documents were provided in French. For each intersection 
in the decision tree, the experts were asked if they agreed with the prop
osition and if the wording was sufficiently precise. The experts were also 
asked if, in their opinion, the number of options after an intersection cov
ered all the situations. The participants were asked to rate their agree
ment with each question on a Likert scale ranging from 1 (strongly 
disagree) to 9 (strongly agree).34 For each value equal to or less than 3, 
the experts had to provide a comment to explain their opposition to 
the proposal. Regardless of the score, an open text box for suggestions 
or opinions was also available at the end of each question to gather sug
gestions or opinions.

After full validation, an additional survey was provided to evaluate the 
experts’ workload imposed by the Delphi method, their satisfaction with 
their comments handling and their willingness to participate again. 
Finally, they were asked if they believed that the decision tree improved 
after the Delphi process and could be applied in the operating room by 
anaesthesiologists.

Data analysis
The experts’ responses were collected anonymously. Overall consensus 
for each statement was gathered according to the score number ob
tained. A consensus was reached if more than 75% of the experts rated 
the item within the highest region of the scale (≥7 on the 9-point Likert 

scale) and if less than 25% of the experts rated the item within the lowest 
region of the scale (≤3 on the 9-point Likert scale).

The median and interquartile range are presented, or the proportion is 
presented when applicable. Statistical analyses were performed with R 
software version 4.1.0 (R Foundation, Vienna, Austria).

Results
Among the 19 experts invited to participate, two declined be
cause of scheduled conflicts, and one never answered either 
the first or subsequent e-mails. The final panellist team com
prised five anaesthesiologists and intensivists, four allergists, 
four infection control physicians and three infectious disease spe
cialists (Table 1). All 16 experts participated in rounds 1–4 and in 
the additional survey. Four rounds were necessary to reach a glo
bal consensus over a 5-month period. All experts’ answers were 
weighted equally.

The first version of the tree distinguished four categories of the 
index reaction: no symptoms, unknown, not compatible with an 
allergic reaction and compatible with an allergic reaction. The ex
perts disagreed with that classification and required a more de
tailed classification. The decision tree was amended to consider 
four situations based on the patient’s interrogation, and an 
agreement was reached during the second round (Table 2). The 
final categories were not compatible with a hypersensitivity reac
tion (rate 9 [9–10]), unknown symptoms (rate 9 [8.75–10]), com
patible with an acute hypersensitivity reaction (rate 9 [8.75–10]) 
and compatible with a delayed hypersensitivity reaction (rate 8.5 
[8–10]). The second round also focused on strategies for patients 
with unknown reactions and patients whose symptoms were 
noncompatible with a hypersensitivity reaction. The third and 
fourth rounds focused on dedicated strategies for patients with 
symptoms compatible with an acute or a delayed hypersensitiv
ity reaction. For patients with severe acute reactions, the experts 
recommended referring the patient to an allergist and/or using 

Table 1. Expert characteristics

Experts (n = 16) Number

Gender female, n (%) 7 (43%)
Age, years 53 [43; 58]
University hospital, n (%) 15 (94%)
Years of experience, years 22 [14; 28]
Region, n (%)

Paris 6 (38%)
South–West 5 (31%)
West 3 (19%)
South–East 1 (6%)
Centre 1 (6%)

Specialty, n (%)
Anaesthesia and intensive care 5 (31%)
Allergy 4 (25%)
Infection control 4 (25%)
Infectious diseases 3 (19%)

The results are presented as medians [interquartile ranges] or percen
tages (absolute values).
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non-beta-lactam alternatives to cephalosporin (rate 9 [9–10]). 
Otherwise, for acute hypersensitivity reactions with low-risk 
symptoms, the experts recommended the administration of 
cephalosporin (rate 9 [8.5–9.0]). For most patients with severe 
delayed reactions, the experts recommended referring the pa
tient to an allergist and/or using non-beta-lactam alternatives 
to cephalosporin.

Only the first four categories distinction were initially the 
subject of poor agreement, as was the handling of the low-risk 

reactions (non-cutaneous symptoms and isolated cutaneous 
symptoms). Experts provided comments and guidance to sug
gest how the algorithm should be improved. These were used 
to amend the algorithm, allowing a high agreement over the 
next round.

Overall, the experts were satisfied with their participation, all 
of whom considered a global improvement of the decision tree 
over the rounds (ranking 9 [8–10]) (Figure 2).

Discussion
After four rounds and based on the initial algorithm published by 
experts in perioperative allergies,23 strong agreement among 
multidisciplinary experts was obtained for all items of the 
adapted decision tree, which aims to promote cephalosporin pre
scription based on the probability of a true penicillin allergy ac
cording to the patient’s allergy history and given the low 
cross-reactivity between penicillin and cephalosporin.31 The ex
perts were confident that the final version of the decision tree 
would be applicable by all anaesthesiologists in the operating 
room (ranking 9 [8–9.25]).

In the perioperative setting, cephalosporins are often recom
mended because they offer the best compromise in terms of 
spectrum, site diffusion and cost. Sustaining their prescription is 
crucial for decreasing SSI incidence. Since 2010, several strat
egies have been developed to promote cephalosporins in the 
perioperative context in patients with a penicillin allergy la
bel.22,35–37 The first was skin testing in surgical wards prior to car
diac,38,39 orthopaedic40 and general surgery.10 The second relied 
on an allergy work-up before surgery,41 which is unfortunately 
minimally feasible because of the scarcity of allergists in most 
healthcare systems. Current CDC guidelines may also allow for 
an oral challenge in some cases, and skin testing in others 
(Cdc.gov/antibiotic-use/media/pdfs/penicillin-factsheet-508.pdf). 
While skin testing is not performed by non-allergist physicians in 
France, direct oral challenges using some tools such as the 
PEN-FAST could be used, although the 10% false negative rate 
might preclude some clinicians from using it routinely. The third 
strategy was based on preoperative questionnaires and decision 
trees that helped physicians with antibiotic prescriptions.42,43 In 
inpatient units, such a strategy led to an increase in the use 
of cephalosporins,8,37,44,45 without any major side events re
ported.23,46,47 In the perioperative context, cephalosporin pre
scriptions increased drastically with this strategy (all with 
different algorithms used) from 40% to 80% in Canada,18 from 
18% to 42% in Australia48 and from 15% to 91% in the USA.45

The application of the decision tree published in the BJA23 was 
challenging to apply in France based on the extremely limited re
sources available for drug allergy testing. Some situations were 
not fully addressed, such as minor symptoms in accordance 
with potential IgE-mediated reactions, or unknown symptoms. 
The 2013 multi-society guidelines presented the same caveats 
with poor details on how to classify patients with self-reported 
allergies.49

Patients with unknown symptoms are common in clinical 
practice. The experts considered that the key question was the 
necessity of a consultation related to this reaction, which would 
suggest severe symptoms. According to the review published by 
Shenoy et al.,37 patients are considered at low risk of developing 

Table 2. Experts’ level of consensus on each item of the decision tree

Item Consensus

Index reaction
Not compatible with a hypersensitivity reaction 9 [9–10]
Unknown symptoms 9 [8.75–10]
Compatible with an acute hypersensitivity reaction 9 [8.75–10]
Compatible with a delayed hypersensitivity reaction 8.5 [8–10]

Index reaction not compatible with a hypersensitivity reaction
The experts recommend the administration of first- or 

second-generation cephalosporin for surgical 
antimicrobial prophylaxis.

10 [9–10]

Unknown symptoms
The experts recommend looking for any consultation 

requirements following the index reaction.
9 [8.75–10]

If there was a consultation, the experts recommend 
referring the patient to an allergist and/or using 
non-beta-lactam alternatives to cephalosporin for 
surgical antimicrobial prophylaxi.

9 [8–10]

If there was no consultation or if this is unknown, the 
experts recommend the administration of first- or 
second-generation cephalosporin for surgical 
antimicrobial prophylaxis.

9 [9–10]

Index reaction compatible with an acute hypersensitivity reaction
The experts recommend evaluating the severity of the 

reaction.
9 [9–10]

For patients with no severe acute reaction, the experts 
recommend the administration of first- or 
second-generation cephalosporin for surgical 
antimicrobial prophylaxis.

9 [8.5–9.0]

For patients with severe acute reactions, the experts 
recommend referring the patient to an allergist and/ 
or using non-beta-lactam alternatives to 
cephalosporin for surgical antimicrobial prophylaxis.

9 [9–10]

Index reaction compatible with a delayed hypersensitivity reaction
For patients with severe delayed reactions, the experts 

recommend referring the patient to an allergist and/ 
or using non-beta-lactam alternatives to 
cephalosporin for surgical antimicrobial prophylaxis.

9 [9–10]

For patients with no severe delayed reaction, the 
experts recommend to refer the patient to an allergist 
and/or to use non-beta-lactams alternatives to 
cephalosporin for surgical antimicrobial prophylaxis. 
Direct cephalosporin administration can be 
performed under specific conditions.

8 [6–8]

The results are presented as the median [interquartile range].
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Figure 2. Final decision tree for promoting cephalosporin administration among patients with a penicillin allergy label.
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an allergic reaction to penicillin if they report an unknown reac
tion without features suggestive of an IgE-mediated reaction. 
As such, if no severe reaction occurred (i.e. no consultation re
quired), experts considered the risk for a real penicillin allergy to 
be low and, thus, the direct cephalosporin administration to be 
safe (while still referring the patient for penicillin skin testing).

The classification of urticaria reactions is largely controversial, 
as it has been classified as a high,25 moderate37 or low50 risk of 
true penicillin allergy. Shenoy et al.37 suggested that even if 
most skin reactions are considered low risk, patients should be 
considered moderate risk because the retrospective distinction 
between urticaria and a benign rash might be challenging. 
Here, experts have included urticaria with the severe clinical signs 
group, excluding these patients from direct cephalosporin ad
ministration. For immediate hypersensitivity reactions, all experts 
confirmed that patients with cutaneous reactions without gener
alized urticaria and no systemic symptoms were at low risk, as 
were patients with minor symptoms (conjunctivitis, digestive dis
orders or rhinitis), and could benefit from cephalosporin 
administration.

The last category included patients with possible severe de
layed reactions, precluding, in most cases, the use of cephalos
porins without prior allergy evaluation. A mild maculopapular 
exanthema is defined as any rash ‘that is not urticarial, involving 
less than 50% of the body surface, without systemic involvement, 
occurring more than 6 h after the drug intake, of less than 7-day 
duration, and not requiring hospitalization or systemic treatment 
other than antihistamines’.51 Romano et al.25 stratified these pa
tients as low-risk, sustaining a direct cephalosporin administra
tion, in accordance with the EAACI.51 This last classification 
might be the most difficult to apply for anaesthesiologists be
cause of the major uncertainty during patients’ allergy interroga
tion that they are not trained to perform.

Our study has several limitations. Participants from four differ
ent specialist areas were invited to participate. Increasing the di
versity and number of panellists could have been beneficial for 
increasing the validity and avoiding persisting caveats in the de
cision tree. However, we believe that the 16 experts invited could 
cover almost all perspectives on this translational topic. Experts 
were invited based on their research interests, but not randomly 
selected, which could represent a potential bias. In France, peri
operative antibiotic prophylaxis is only managed by anaesthe
tists: surgeons and pharmacists are not involved in the 
prescription and selection process. Prescriptions are based on na
tional experts’ recommendations, which are updated every 10  
years, based on the up-to-date literature. The final decision tree 
could be applied in countries with high penicillin allergy rates. 
For countries with lower rates, such as those in the Asia-Pacific re
gion,52 a less conservative approach might be possible. As a gen
eral perspective, the final decision tree strength relies on a 
conservative approach, with almost all clinical situations covered. 
This strength relates to a limitation: the complexity of the deci
sion tree. Anaesthesiology evaluation often relies on patients’ in
terrogation, but without as many details as during an allergy 
consultation. One might be afraid that the decision tree will not 
be applicable as it stands. However, the experts were confident 
it would be. The algorithm was not tested prior to commencing 
the PROPHYLAL study, as this would represent a methodology 
caveat and was already planned in the study protocol. We are 

confident that the ongoing prospective study PROPHYLAL will an
swer all those questions.

Conclusion
This Delphi method resulted in an adapted decision tree to pro
mote cephalosporin prescription for perioperative prophylaxis in 
patients with a penicillin allergy label without a prior allergy work- 
up. It offers additional patient classification compared to the pre
vious decision tree. Antibiotic prophylaxis in allergic patients is 
difficult to address, as this question covers several aspects of 
medicine. The Delphi method applied here allowed expertise 
from panellists with different perspectives, supporting its valid
ation by several medical disciplines. According to the initial clinic
al presentation, four major categories were defined based on 12 
items: not suggestive of an allergic reaction, unknown, and com
patible with an immediate or delayed allergic reaction. The evalu
ation of this decision tree in the ongoing randomized PROPHYLAL 
study will help to evaluate the applicability and feasibility of such 
a strategy to increase cephalosporin prescription in patients with 
a penicillin allergy label.

Acknowledgements
We thank Basma Basli for her assistance in the Delphi process.

Funding
The study was supported by a grant from the Direction Générale de l’Offre 
de Soins (DGOS) in France, in the section “Programme de recherche sur la 
performance du système des soins—PREPS 2021”.

Transparency declarations
J.-R.Z. is a lecturer and consultant for MSD and Pfizer and a lecturer for 
Advanz-Pharma and Gilead. M.L. is a consultant for AOP Pharma and 
Viatris and a lecturer for Shionogi. M.B. is a consultant and lecturer for 
Becton Dickinson and a consultant for Edwards Lifes Sciences. C.R. is a 
consultant for bioMerieux and Viatris and a lecturer for MSD, Pfizer, 
Shionogi, AOP Orphan and Advanz Pharma. M.G. is a lecturer for LFB 
and Shionogi. These conflicts of interests were unrelated to the present 
work. A.G.-C., A.D., E.M., C.N., A.B., S.K., G.B., S.R.-B., P.L., S.D., R.G., C.D.-F., 
P.D., A.C., A.D., P.M. and E.M. have no conflicts of interest to declare.

Author contributions
All authors fulfil the ICJME criteria for authorship.

References
1 Berríos-Torres SI, Umscheid CA, Bratzler DW et al. Centers for Disease 
Control and Prevention guideline for the prevention of surgical site infec
tion, 2017. JAMA Surg 2017; 152: 784–91. https://doi.org/10.1001/ 
jamasurg.2017.0904
2 Lamarsalle L, Hunt B, Schauf M et al. Evaluating the clinical and eco
nomic burden of healthcare-associated infections during hospitalization 
for surgery in France. Epidemiol Infect 2013; 141: 2473–82. https://doi. 
org/10.1017/S0950268813000253
3 Mu Y, Edwards JR, Horan TC et al. Improving risk-adjusted measures of 
surgical site infection for the National Healthcare Safety Network. Infect 
Control Hosp Epidemiol 2011; 32: 970–86. https://doi.org/10.1086/662016

Gouel-Chéron et al.

6 of 8

D
ow

nloaded from
 https://academ

ic.oup.com
/jacam

r/article/7/2/dlaf024/8052201 by Institut Pasteur -  C
eR

IS user on 11 July 2025

https://doi.org/10.1001/jamasurg.2017.0904
https://doi.org/10.1001/jamasurg.2017.0904
https://doi.org/10.1017/S0950268813000253
https://doi.org/10.1017/S0950268813000253
https://doi.org/10.1086/662016


4 Umscheid CA, Mitchell MD, Doshi JA et al. Estimating the proportion of 
healthcare-associated infections that are reasonably preventable and 
the related mortality and costs. Infect Control Hosp Epidemiol 2011; 32: 
101–14. https://doi.org/10.1086/657912
5 Stone PW, Braccia D, Larson E. Systematic review of economic analyses 
of health care-associated infections. Am J Infect Control 2005; 33: 501–9. 
https://doi.org/10.1016/j.ajic.2005.04.246
6 Anon. WHO. EML guidance on SAP. Antibiotics of choice for surgical 
antibiotic prophylaxis. 2010. https://www.who.int/publications/i/item/ 
97892241550475
7 Bratzler DW, Dellinger EP, Olsen KM et al. Clinical practice guidelines for 
antimicrobial prophylaxis in surgery. Am J Health Syst Pharm 2013; 70: 
195–283. https://doi.org/10.2146/ajhp120568
8 Castells M, Khan DA, Phillips EJ. Penicillin allergy. N Engl J Med 2019; 
381: 2338–51. https://doi.org/10.1056/NEJMra1807761
9 Kerr JR. Penicillin allergy: a study of incidence as reported by patients. Br 
J Clin Pract 1994; 48: 5–7. https://doi.org/10.1111/j.1742-1241.1994. 
tb09729.x
10 Park M, Markus P, Matesic D et al. Safety and effectiveness of a pre
operative allergy clinic in decreasing vancomycin use in patients with a 
history of penicillin allergy. Ann Allergy Asthma Immunol 2006; 97: 
681–7. https://doi.org/10.1016/S1081-1206(10)61100-3
11 Trubiano JA, Adkinson NF, Phillips EJ. Penicillin allergy is not necessar
ily forever. JAMA 2017; 318: 82–3. https://doi.org/10.1001/jama.2017. 
6510
12 Joint Task Force on Practice Parameters; American Academy of Allergy, 
Asthma and Immunology; American College of Allergy, Asthma and 
Immunology; Joint Council of Allergy, Asthma and Immunology. Drug al
lergy: an updated practice parameter. Ann Allergy Asthma Immunol 2010; 
105: 259–73.e78. https://doi.org/10.1016/j.anai.2010.08.002
13 Solensky R. Hypersensitivity reactions to beta-lactam antibiotics. Clin 
Rev Allergy Immunol 2003; 24: 201–19. https://doi.org/10.1385/CRIAI:24: 
3:201
14 Epstein RH, Jacques PS, Wanderer JP et al. Prophylactic antibiotic 
management of surgical patients noted as ‘allergic’ to penicillin at two 
academic hospitals. Case Rep 2016; 6: 263–7. https://doi.org/10.1213/ 
XAA.0000000000000253
15 Schlosser KA, Maloney SR, Horton JM et al. The association of penicillin 
allergy with outcomes after open ventral hernia repair. Surg Endosc 2020; 
34: 4148–56. https://doi.org/10.1007/s00464-019-07183-1
16 Kuruvilla M, Sexton M, Wiley Z et al. A streamlined approach to opti
mize perioperative antibiotic prophylaxis in the setting of penicillin allergy 
labels. J Allergy Clin Immunol Pract 2019; 8: 1316–22. https://doi.org/10. 
1016/j.jaip.2019.12.016
17 Stone AH, Kelmer G, MacDonald JH et al. The impact of patient- 
reported penicillin allergy on risk for surgical site infection in total joint ar
throplasty. J Am Acad Orthop Surg 2019; 27: 854–60. https://doi.org/10. 
5435/JAAOS-D-18-00709
18 Lam PW, Tarighi P, Elligsen M et al. Impact of Allergy Clarification for 
Cefazolin Evidence-based Prescribing Tool on receipt of preferred peri
operative prophylaxis: an interrupted time series study. Clin Infect Dis 
2020; 71: 2955–7. https://doi.org/10.1093/cid/ciaa516
19 Frigas E, Park MA, Narr BJ et al. Preoperative evaluation of patients 
with history of allergy to penicillin: comparison of 2 models of practice. 
Mayo Clin Proc 2008; 83: 651–62. https://doi.org/10.1016/S0025- 
6196(11)60893-8
20 Blumenthal KG, Ryan EE, Li Y et al. The impact of a reported penicillin 
allergy on surgical site infection risk. Clin Infect Dis 2018; 66: 329–36. 
https://doi.org/10.1093/cid/cix794
21 Blumenthal KG, Lu N, Zhang Y et al. Risk of meticillin resistant 
Staphylococcus aureus and Clostridium difficile in patients with a 

documented penicillin allergy: population based matched cohort study. 
BMJ 2018; 361: k2400. https://doi.org/10.1136/bmj.k2400
22 Sakoulas G, Geriak M, Nizet V. Is a reported penicillin allergy sufficient 
grounds to forgo the multidimensional antimicrobial benefits of β-lactam 
antibiotics? Clin Infect Dis 2019; 68: 157–64. https://doi.org/10.1093/cid/ 
ciy557
23 Savic LC, Khan DA, Kopac P et al. Management of a surgical patient 
with a label of penicillin allergy: narrative review and consensus recom
mendations. Br J Anaesth 2019; 123: e82–94. https://doi.org/10.1016/j. 
bja.2019.01.026
24 Romano A, Gaeta F, Valluzzi RL et al. IgE-mediated hypersensitivity to 
cephalosporins: cross-reactivity and tolerability of alternative cephalos
porins. J Allergy Clin Immunol 2015; 136: 685–91.e3. https://doi.org/10. 
1016/j.jaci.2015.03.012
25 Romano A, Atanaskovic-Markovic M, Barbaud A et al. Towards a more 
precise diagnosis of hypersensitivity to beta-lactams—an EAACI position 
paper. Allergy 2020; 75: 1300–15. https://doi.org/10.1111/all.14122
26 Romano A, Gaeta F, Valluzzi RL et al. IgE-mediated hypersensitivity to 
cephalosporins: cross-reactivity and tolerability of penicillins, monobac
tams, and carbapenems. J Allergy Clin Immunol 2010; 126: 994–9. 
https://doi.org/10.1016/j.jaci.2010.06.052
27 Trubiano JA, Stone CA, Grayson ML et al. The 3 Cs of antibiotic allergy- 
classification, cross-reactivity, and collaboration. J Allergy Clin Immunol 
Pract 2017; 5: 1532–42. https://doi.org/10.1016/j.jaip.2017.06.017
28 Chiron A, Gaouar H, Autegarden J-E et al. Allergy to third- and second- 
generation cephalosporins in confirmed penicillin-allergic patients. 
J Allergy Clin Immunol Pract 2020; 8: 2409–11.e3. https://doi.org/10. 
1016/j.jaip.2020.03.021
29 Romano A, Valluzzi RL, Caruso C et al. Tolerability of cefazolin and cef
tibuten in patients with IgE-mediated aminopenicillin allergy. J Allergy 
Clin Immunol Pract 2020; 8: 1989–93.e2. https://doi.org/10.1016/j.jaip. 
2020.02.025
30 Campagna JD, Bond MC, Schabelman E et al. The use of cephalospor
ins in penicillin-allergic patients: a literature review. J Emerg Med 2012; 
42: 612–20. https://doi.org/10.1016/j.jemermed.2011.05.035
31 Sousa-Pinto B, Blumenthal KG, Courtney L et al. Assessment of the fre
quency of dual allergy to penicillins and cefazolin: a systematic review 
and meta-analysis. JAMA Surg 2021; 156: e210021. https://doi.org/10. 
1001/jamasurg.2021.0021
32 Jones J, Hunter D. Consensus methods for medical and health ser
vices research. BMJ 1995; 311: 376–80. https://doi.org/10.1136/bmj. 
311.7001.376
33 von der Gracht HA. Consensus measurement in Delphi studies: review 
and implications for future quality assurance. Technol Forecast Soc 
Change 2012; 79: 1525–36. https://doi.org/10.1016/j.techfore.2012.04.013
34 Likert R. A technique for the measurement of attitudes. Arch Psychol 
1932; 22: 5–52.
35 Stone CA, Trubiano J, Coleman DT et al. The challenge of de-labeling 
penicillin allergy. Allergy 2019; 75: 273–88. https://doi.org/10.1111/all.13848
36 Bourke J, Pavlos R, James I et al. Improving the effectiveness of peni
cillin allergy de-labeling. J Allergy Clin Immunol Pract 2015; 3: 365–34.e1. 
https://doi.org/10.1016/j.jaip.2014.11.002
37 Shenoy ES, Macy E, Rowe T et al. Evaluation and management of peni
cillin allergy: a review. JAMA 2019; 321: 188–99. https://doi.org/10.1001/ 
jama.2018.19283
38 Cook DJ, Barbara DW, Singh KE et al. Penicillin skin testing in cardiac 
surgery. J Thorac Cardiovasc Surg 2014; 147: 1931–5. https://doi.org/10. 
1016/j.jtcvs.2014.01.019
39 Plager JH, Mancini CM, Fu X et al. Preoperative penicillin allergy testing 
in patients undergoing cardiac surgery. Ann Allergy Asthma Immunol 
2020; 124: 583–8. https://doi.org/10.1016/j.anai.2020.03.013

Cephalosporin prescription in penicillin allergy patients                                                                                    

7 of 8

D
ow

nloaded from
 https://academ

ic.oup.com
/jacam

r/article/7/2/dlaf024/8052201 by Institut Pasteur -  C
eR

IS user on 11 July 2025

https://doi.org/10.1086/657912
https://doi.org/10.1016/j.ajic.2005.04.246
https://www.who.int/publications/i/item/97892241550475
https://www.who.int/publications/i/item/97892241550475
https://doi.org/10.2146/ajhp120568
https://doi.org/10.1056/NEJMra1807761
https://doi.org/10.1111/j.1742-1241.1994.tb09729.x
https://doi.org/10.1111/j.1742-1241.1994.tb09729.x
https://doi.org/10.1016/S1081-1206(10)61100-3
https://doi.org/10.1001/jama.2017.6510
https://doi.org/10.1001/jama.2017.6510
https://doi.org/10.1016/j.anai.2010.08.002
https://doi.org/10.1385/CRIAI:24:3:201
https://doi.org/10.1385/CRIAI:24:3:201
https://doi.org/10.1213/XAA.0000000000000253
https://doi.org/10.1213/XAA.0000000000000253
https://doi.org/10.1007/s00464-019-07183-1
https://doi.org/10.1016/j.jaip.2019.12.016
https://doi.org/10.1016/j.jaip.2019.12.016
https://doi.org/10.5435/JAAOS-D-18-00709
https://doi.org/10.5435/JAAOS-D-18-00709
https://doi.org/10.1093/cid/ciaa516
https://doi.org/10.1016/S0025-6196(11)60893-8
https://doi.org/10.1016/S0025-6196(11)60893-8
https://doi.org/10.1093/cid/cix794
https://doi.org/10.1136/bmj.k2400
https://doi.org/10.1093/cid/ciy557
https://doi.org/10.1093/cid/ciy557
https://doi.org/10.1016/j.bja.2019.01.026
https://doi.org/10.1016/j.bja.2019.01.026
https://doi.org/10.1016/j.jaci.2015.03.012
https://doi.org/10.1016/j.jaci.2015.03.012
https://doi.org/10.1111/all.14122
https://doi.org/10.1016/j.jaci.2010.06.052
https://doi.org/10.1016/j.jaip.2017.06.017
https://doi.org/10.1016/j.jaip.2020.03.021
https://doi.org/10.1016/j.jaip.2020.03.021
https://doi.org/10.1016/j.jaip.2020.02.025
https://doi.org/10.1016/j.jaip.2020.02.025
https://doi.org/10.1016/j.jemermed.2011.05.035
https://doi.org/10.1001/jamasurg.2021.0021
https://doi.org/10.1001/jamasurg.2021.0021
https://doi.org/10.1136/bmj.311.7001.376
https://doi.org/10.1136/bmj.311.7001.376
https://doi.org/10.1016/j.techfore.2012.04.013
https://doi.org/10.1111/all.13848
https://doi.org/10.1016/j.jaip.2014.11.002
https://doi.org/10.1001/jama.2018.19283
https://doi.org/10.1001/jama.2018.19283
https://doi.org/10.1016/j.jtcvs.2014.01.019
https://doi.org/10.1016/j.jtcvs.2014.01.019
https://doi.org/10.1016/j.anai.2020.03.013


40 McDanel DL, Azar AE, Dowden AM et al. Screening for beta-lactam al
lergy in joint arthroplasty patients to improve surgical prophylaxis prac
tice. J Arthroplasty 2017; 32: S101–8. https://doi.org/10.1016/j.arth. 
2017.01.012
41 Moussa Y, Shuster J, Matte G  et al. De-labeling of ß-lactam allergy re
duces intraoperative time and optimizes choice in antibiotic prophylaxis. 
Surgery 2018; 164: 117–123. https://doi.org/10.1016/j.surg.2018.03.004
42 Hermanides J, Lemkes BA, Prins JM et al. Presumed β-lactam 
allergy and cross-reactivity in the operating theater: a practical 
approach. Anesthesiology 2018; 129: 335–42. https://doi.org/10.1097/ 
ALN.0000000000002252
43 Savic L, Thomas C, Fallaha D et al. DALES, Drug Allergy Labels in 
Elective Surgical patients: a prospective multicentre cross-sectional study 
of incidence, risks, and attitudes in penicillin de-labelling strategies. Br J 
Anaesth 2020; 125: 962–9. https://doi.org/10.1016/j.bja.2020.07.048
44 Trubiano JA, Vogrin S, Chua KYL et al. Development and validation of a 
penicillin allergy clinical decision rule. JAMA Intern Med 2020; 180: 
745–52. https://doi.org/10.1001/jamainternmed.2020.0403
45 Blumenthal KG, Shenoy ES, Varughese CA et al. Impact of a clinical 
guideline for prescribing antibiotics to inpatients reporting penicillin 
or cephalosporin allergy. Ann Allergy Asthma Immunol 2015; 115: 
294–300.e2. https://doi.org/10.1016/j.anai.2015.05.011

46 Tucker MH, Lomas CM, Ramchandar N et al. Amoxicillin challenge 
without penicillin skin testing in evaluation of penicillin allergy in a cohort 
of marine recruits. J Allergy Clin Immunol Pract 2017; 5: 813–5. https://doi. 
org/10.1016/j.jaip.2017.01.023
47 Steenvoorden L, Bjoernestad EO, Kvesetmoen T-A et al. De-labelling 
penicillin allergy in acutely hospitalized patients: a pilot study. BMC 
Infect Dis 2021; 21: 1083. https://doi.org/10.1186/s12879-021-06794-1
48 Devchand M, Kirkpatrick CMJ, Stevenson W et al. Evaluation of a 
pharmacist-led penicillin allergy de-labelling ward round: a novel anti
microbial stewardship intervention. J Antimicrob Chemother 2019; 74: 
1725–30. https://doi.org/10.1093/jac/dkz082
49 Bratzler DW, Dellinger EP, Olsen KM et al. ASHP/SIS/SHEA/IDSA guide
lines for antimicrobial prophylaxis in surgery. Am J Health Syst Pharm 
2013; 70: 195–283. https://doi.org/10.2146/ajhp120568
50 Blumenthal KG, Peter JG, Trubiano JA et al. Antibiotic allergy. Lancet 
2019; 393: 183–98. https://doi.org/10.1016/S0140-6736(18)32218-9
51 Barbaud A, Garvey LH, Torres M et al. EAACI/ENDA position paper on 
drug provocation testing. Allergy 2024; 79: 565–79. https://doi.org/10. 
1111/all.15996
52 Mak HWF, Yeung MHY, Wong JCY et al. Differences in beta-lactam and 
penicillin allergy: beyond the West and focusing on Asia-Pacific. Front 
Allergy 2022; 3: 1059321. https://doi.org/10.3389/falgy.2022.1059321

Gouel-Chéron et al.

8 of 8

D
ow

nloaded from
 https://academ

ic.oup.com
/jacam

r/article/7/2/dlaf024/8052201 by Institut Pasteur -  C
eR

IS user on 11 July 2025

https://doi.org/10.1016/j.arth.2017.01.012
https://doi.org/10.1016/j.arth.2017.01.012
https://doi.org/10.1016/j.surg.2018.03.004
https://doi.org/10.1097/ALN.0000000000002252
https://doi.org/10.1097/ALN.0000000000002252
https://doi.org/10.1016/j.bja.2020.07.048
https://doi.org/10.1001/jamainternmed.2020.0403
https://doi.org/10.1016/j.anai.2015.05.011
https://doi.org/10.1016/j.jaip.2017.01.023
https://doi.org/10.1016/j.jaip.2017.01.023
https://doi.org/10.1186/s12879-021-06794-1
https://doi.org/10.1093/jac/dkz082
https://doi.org/10.2146/ajhp120568
https://doi.org/10.1016/S0140-6736(18)32218-9
https://doi.org/10.1111/all.15996
https://doi.org/10.1111/all.15996
https://doi.org/10.3389/falgy.2022.1059321

	National expert consensus on the management of antibiotic prophylaxisin surgical patients with a penicillin allergy label based on the Delphimethod
	Introduction
	Materials and methods
	Methods
	Panellist recruitment
	Delphi statements
	Survey design and data collection
	Data analysis

	Results
	Discussion
	Conclusion

	Acknowledgements
	Funding
	Transparency declarations
	Author contributions

	References


