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Introduction

Beta-lactam (BL) allergies are frequently reported by patients, with figures as high as and 10 to 20% of inpatients [START_REF] Shenoy | Evaluation and Management of Penicillin Allergy: A Review[END_REF] . In such cases of penicillin allergy "label" (PAL) and despite low cross reactivity, cephalosporins are inconsistently prescribed. However, only 1-20% of PAL-patients have an allergy confirmed by specific testing 2 .

PAL drives serious consequences. It leads to the use of more antibiotics simultaneously and of different classes [START_REF] Van Dijk | The High Impact of Penicillin Allergy Registration in Hospitalized Patients[END_REF] , to worse outcomes [START_REF] Jeffres | Consequences of avoiding βlactams in patients with β-lactam allergies[END_REF][START_REF] Huang | The Impact of Reported Beta-Lactam Allergy in Hospitalized Patients With Hematologic Malignancies Requiring Antibiotics[END_REF] , to more frequent drug adverse effects or

Clostridioides difficile infections [START_REF] Blumenthal | Risk of meticillin resistant Staphylococcus aureus and Clostridium difficile in patients with a documented penicillin allergy: population based matched cohort study[END_REF] . Together, all these consequences account for longer durations of in-hospital stay, greater cost [START_REF] Blumenthal | The Cost of Penicillin Allergy Evaluation[END_REF] , increased re-hospitalization rate and even excess mortality rate [START_REF] Charneski | Impact of an Antimicrobial Allergy Label in the Medical Record on Clinical Outcomes in Hospitalized Patients[END_REF] . Moreover, antimicrobial resistance is raising important concern worldwide, and PAL-patients have been showed to be at greater risk of methicillinresistant Staphylococcus aureus [START_REF] Blumenthal | Risk of meticillin resistant Staphylococcus aureus and Clostridium difficile in patients with a documented penicillin allergy: population based matched cohort study[END_REF][START_REF] Macy | Health care use and serious infection prevalence associated with penicillin « allergy » in hospitalized patients: A cohort study[END_REF] and vancomycin-resistant Enterococcus spp.

infections [START_REF] Macy | Health care use and serious infection prevalence associated with penicillin « allergy » in hospitalized patients: A cohort study[END_REF] .

Infectious disease specialists (IDS) are broadly involved in hospital antimicrobial stewardship programs. These programs can take various forms and can include antibiotic counselling for other clinicians. Therefore, it is important that they are aware of what are the underlying consequences of PAL for individual and public health, and know how to distinguish between plausible and non-plausible allergy suspicions.

Allergy specialists' (AS) consultations and testing are the usual way to validate or "delabel" those suspicions, mostly in hospital settings. The large number of PAL patients to test results in important delays between indication and AS consultation and therefore losses to follow-up. In the literature, it was found that there was a mean time of 5 years between the initial suspect event and consultation 10 , a time during which BL are often avoided.

Easy to use decision-making algorithms were developed and implemented, to help clinicians treating patients with reported BL allergies in acute care, without referring to allergy specialists. One of the main algorithm used is Blumenthal's one [START_REF] Blumenthal | Addressing Inpatient Beta-Lactam Allergies: A Multihospital Implementation[END_REF] , which sorts patients into 3 groups of interests according to their medical history, and guides the decision to use or avoid penicillin, cephalosporins, carbapenems and monobactam. The first group contains patients with a history of severe delayed allergy (type II-IV hypersensivity reaction (HSR)), the second one contains immediate HSR (IgE mediated allergy -type I) and the third one, patients with other delayed mild reactions or reactions of unknown semiology and chronology.

In some cases, use of a BL is allowed but only with a gradual introduction challenge (GIC) a . GICs are essential for de-labeling and updating medical records for a large number of patients. These tests are also supposed to be used in acute infection situations, when certain conditions are met, to ensure the best treatment for the patient. Our main question is whether the use of these elements is enforceable in real life in acute care settings and useful for infectious diseases specialists in their counseling activity.

The consulting activity of the IDS from the Montpellier University Hospital is very formalized and each advice for hospitalized patients is notified in the patient's electronic medical record [START_REF] Morquin | -TIME ANTIMICROBIAL USE[END_REF] , so we decided to analyze all advice for inpatients with a history of BL allergy over an eleven month-period.

The aim was to evaluate if our antimicrobial therapy proposals for those patients with acute infections were in line with the most recent allergy specialists' recommendations.

Our second objective was to identify whether all the clinical situations faced by infectious diseases specialists were covered by these recommendations, or whether there were any gaps, and then to assess whether we could suggest improvements for the potential grey areas.

a For example: administration of 10% of the dose of antibiotics and 30 to 60 minutes later, if no reaction is observed, the last 90% of the dose, with a surveillance of 1.5 hour after. b Estimated ratio using Blumenthal's algorithm or the combined strategy retrospectively on 1624 patients extracted from Drug Allergy and Hypersensitivity Database of Montpellier, suspected of penicillin allergy and tested.

Materials and methods

We performed a retrospective, observational, monocentric study at the Montpellier University Hospital, from April the 1st of 2018 to February the 28th of 2019.

We extracted from the electronic medical record system all inpatient with an IDS' advice.

The data set form used for IDS' advice contains a mandatory part inquiring about potential allergy with information about the suspected antibiotics, the type of reaction, a free comment zone and a checkbox to recommend the patient to be addressed to an allergy specialist.

Inclusion criteria was the patient's first ID advice form mentioning BL allergy. To be exhaustive about our therapeutics, we chose to not define any exclusion criteria.

We then collected the type of allergy, the suspected antibiotic (or class), the date of the hypersensitivity drug reaction (HSR), the type of infection and the treatment administered (both before and after the ID specialists' advice).

With their allergy histories, we sorted patients using the algorithm of Blumenthal et al.,

leading to the creation of 3 groups, based in part on the Gell-Coombs classification of HSR.

We applied to each patient in the third group a clinical predictive score of allergy which, when using a -2.1 threshold, has a high sensitivity of 93%, allowing to reclassify patients to limit the risk of HSR. This score is made of 7 clinical predictors of interest: history of anaphylaxis or anaphylactic shock, age of reaction, number of reaction(s), chronology (time to drug reaction onset after the last drug intake), delay between HSR and the allergy evaluation, and the BL involved (Appendix. 1). When the date of reaction was unknow but said to be a long time ago, we used ten years as the maximum value entered into the predictive score of allergy [START_REF] Sullivan | Skin testing to detect penicillin allergy[END_REF] . We did so to place ourselves rather on the side of overestimation and therefore maximize our sensitivity to detect cases of possible allergy (which would be much lower if we used 30 years instead for example).

This combined management leads to therapeutic propositions according to allergology recommendations (Figure 1). We decided to consider the possibility of using 2 nd generation cephalosporin in the same way as 3 rd , 4 th and 5 th generations would be used, as there is evidence that there is no increased cross-reactivity with penicillin than with the latter generations [START_REF] Pichichero | Safe use of selected cephalosporins in penicillin-allergic patients: a meta-analysis[END_REF] . In some cases, the use of BL antibiotics is considered possible but with a reintroduction test to limit the risk of severe HSR. GIC would consist in the administration of 5%, 15%, 30% and then 50% of a total target dose of BL, each administration being followed by a 30 minutes monitoring period before the next incrementing [START_REF] Chiriac | Optimal step doses for drug provocation tests to prove beta-lactam hypersensitivity[END_REF] . The absence of any symptoms 1.5 hour after the last dose enables to use full dose BL.

We reviewed all our therapeutic proposals to evaluate the discrepancies between ID's and allergy specialists' recommendations and discussed if the whole allergology care fits with our infected patients in acute settings.

Results

Over the 11 months of the study, 88 patients were included. Among them, 43.1% were women, with a median age of 62.9 years and an average hospital stay of 17.4 days (Table1).

IDS were involved for various infections, the most frequent ones being bone and joint infections (21.6%) and bacteremia (6.8%). Characteristics of involved infections are detailed in table 2. Details about the allergic reactions involved were incompletely and imprecisely reported.

Most of the time the BL reported as responsible for the allergic reaction was a generic penicillin (but the molecule could not be specified). This situation accounted for 65.9% of cases. In those subjects where the antibiotic was known, amoxicillin-acid clavulanic (18.2%) and amoxicillin (10.2%) were the most frequently named. Additionally, the clinical manifestation was unknown for half of the patients, was a mild cutaneous rash (excluding hives, urticaria) for another 20.5% of them, or a severe IgE-mediated reaction for 17.1%.

More than 75% of events were undated. Only 7 patients had a precisely dated event, 4

of which occurred during hospitalization. Clinical characteristics of beta-lactam allergies reported are detailed in table 3. Clinical situation with IDS antibiotic management and corresponding AS classification are detailed in figure 2.

Total

IDS real life antibiotic management

IDS had considered the use of penicillin possible and necessary in 12.5% of situations, had preferred the use of other beta-lactams in 43.2% of cases (including monobactam for 14.8% of patients) or of a regimen without BL in 29.5% of cases. In 14.8% of cases, antibiotics were discontinued or not started.

Classification according to allergology recommendations

A posteriori analysis of the reported situations shows that 2.3%, 27.3%, and 70.4% of patients were sorted in group 1, 2, and 3 of the Blumenthal's classification, respectively.

Theoretically, from a pure allergological point-of-view, 97.7% (n=86) of the 88 patients could have received BL, regardless of the first line antibiotic needed or emergency of the situation. Among them, the advised regimen could have been the use of penicillin by GIC or another BL at full dose for 12.8% of cases (n=11), the use of a non-penicillin BL by GIC or monobactam at full dose for 87.2% (n=75) of cases.

After analysis of the situations, GIC should have been initiated by IDS for 12% of cases (9/75 treated patients).

It is important to note that 17 patients had a BL administered before their responsible physicians had recourse to IDS. Among those 17 patients, 6 (35.3%) should not have received a BL because of allergy risk, and the 11 others should have received BL by GIC.

Mismatch analysis

IDS suggested antibiotic therapy for 75 patients. Among them, IDS' propositions and AS' therapeutic proposals (considering score and algorithm, first line antibiotic recommended, and therapeutic emergency) matched only in 80%. Among discrepancies: 1.3% of patients could have received a penicillin according to AS but were prescribed another BL, 8% of patients could have benefited from a BL but received other classes of antibiotics, and 10.7% of patients were exposed to a BL in situations deemed at risk according to AS recommendations. No severe HSR were reported.

Subgroup analysis of patients in the 3 rd Blumenthal's group

The subgroup analysis showed that IDS proposed antibiotic use for 53 of the 62 patients of the 3 rd Blumenthal's group (that includes patients with mild delayed reactions or reactions of unknown semiology and chronology). The overall mean and median of the predictive score of allergy was -1.79 and -1.73 respectively.

Among the 53 patients who received antibiotics: 8/53 had a score < -2.1, theoretically allowing the use of penicillins safely. IDS suggested penicillin for 1/8 patients, another BL for 5/8 patients, a treatment without BL for 2/8 patients.

The clinical file analysis of these 8 cases showed that penicillins were indicated as a firstline therapy, and where also deemed to be safe by the allergists in 5/8 situations.

However, penicillins were prescribed in only one case by IDS. Among other strategies, cefazolin was prescribed for 1 patient, 1 patient was prescribed with another BL, and 2

were advised a regimen without BL.

On the other side, penicillins were not indicated in 3/8 situations. The reasons for nonprescription were indication of another first-line antibiotic (for non-allergy-related reasons, 2/3) and therapeutic emergency not allowing a GIC (1/3).

For 45/53 patients, the score was >-2.1, contraindicating the initiation of penicillin. For those 45, regimen suggested were penicillin, aztreonam, another BL, non-BL classes in 9/45, 6/45, 13/45 and 17/45 situations respectively. 6 penicillin regimens were already administered at the time of counselling, 5 of them were continued. 3 regimen containing penicillins and 2 cefazolin were advised but should not have been, for allergy concerns.

However, no allergic reactions were reported. In the first Blumenthal's group, 1 patient with a history of DRESS-syndrome received a 3 rd generation cephalosporin which was strictly contraindicated.

Subgroup analysis of patients

Finally, when antibiotics were started before the involvement of IDS (n=53), 52.8% of therapeutics prescribed did not include BL, whereas after IDS' involvement only 34.7% of therapeutic regimen avoided BL (28/75). The use of the algorithm could have spared the use of penems in 3 out of 8 cases.

Discussion

We show that almost all patients could theoretically receive a BL if the infectious indication and the emergency criterion were in favor of their reintroduction (either progressively or using full dose). The number of patients included in our study compared to the initial population of patients for which IDS' advice were solicited (16.9%) seems to compare with published data on the prevalence of PAL in in-patients, which indicates that IDS do not seem to be more frequently solicited in this event, reinforcing the representativity of our sample regards to the general population of in-patients.

Our study indicates discrepancies between AS and IDS recommendations, that can be driven by several factors.

First, the consequences of an allergic label for the patient are not sufficiently acknowledged by physicians, and the interest of removing the label is not a sufficiently recognized issue. This is evidenced by the dramatically high proportion of missing data, such as semiology, type of BL related to the reaction, and date which is fundamental to collect because the risk of penicillin allergy may decrease over time in a given patient [START_REF] Sullivan | Skin testing to detect penicillin allergy[END_REF] and thus, be safe to use [START_REF] Solensky | Lack of penicillin resensitization in patients with a history of penicillin allergy after receiving repeated penicillin courses[END_REF] . The figures we observed in real life, were found to be even higher than those reported in previous studies carried out in allergology wards [START_REF] Chiriac | Designing Predictive Models for Beta-Lactam Allergy Using the Drug Allergy and Hypersensitivity Database[END_REF] . This might suggest, 1) that non-allergist medical staffs are unfamiliar with the clinical features that reinforce the suspicion of a possible serious adverse reaction and do not specifically investigate them in the anamnesis, 2) that medical practitioners tend to take the allergy labels associated to patients for granted.

Second, applying the combined strategy can raise feasibility issues. The aim of our overall strategy is to offer to as many patients as possible the possibility of benefiting from BL while ensuring them greatest possible safety. For this reason, a GIC may be proposed after implementation of the combined strategy. This protocol is evidencebased and adapted to our French population and has been included in the recommendations of the European Academy of Allergy and Clinical Immunology [START_REF] Romano | Towards a more precise diagnosis of hypersensitivity to beta-lactams -an EAACI position paper[END_REF] . This strategy is proposed to treat a patient in his hospitalization unit, where the management of this GIC may be supervised by the ward's staff or by an allergist. Its use, in real life, will be confronted with certain field limitations: the night-shift periods with limited medical and paramedical teams do not seem to be conducive to its use, for maximum patient safety. The education of prescribers and medical staff is a necessary prerequisite to ensure optimal adherence to the protocol. This step is crucial, and should highlight the benefits for the patients, to counterbalance the fact that the application of this protocol can be seen as time-consuming for the caregivers and can also elicit fears concerning the potential occurrence of allergy. Strategies to be implemented in case of allergic reactions must be protocolized upstream (stopping antibiotic therapy, withdrawing the infusion, calling the physician, etc...).

Third, the wide range of situations and infections with which IDS are confronted in the course of their consulting activity allows us to foresee certain grey areas: the minimum duration of a GIC to reach the full dose is at least 2 hours, so infections requiring immediate antibiotic therapy do not fit into this strategy. These include septic shock [START_REF] Liu | The Timing of Early Antibiotics and Hospital Mortality in Sepsis[END_REF] , sepsis [START_REF] Peltan | ED Doorto-Antibiotic Time and Long-term Mortality in Sepsis[END_REF] , meningitis [START_REF] Bodilsen | Time to antibiotic therapy and outcome in bacterial meningitis: a Danish population-based cohort study[END_REF] in which every hour counts. In these situations, we could discuss whether the GIC could be done in a second time when the patient is more hemodynamically stable.

For other infections such as urinary, intra-abdominal or pulmonary infections, the data in the literature is more mixed, with no clear consensus, although a 4-hour delay has been adopted by several infectious diseases' societies for the treatment of community-acquired pneumonia [START_REF] Houck | Timing of Antibiotic Administration and Outcomes for Medicare Patients Hospitalized With Community-Acquired Pneumonia[END_REF] .

Some situations remain unclear, for instance in the context of arthritis presumed of infectious origin. There is no clear evidence to establish either the benefit of prescribing antibiotics in extreme emergencies or a threshold beyond which deleterious consequences may occur. The latest French recommendation suggests starting antibiotics after positive microbiological results [START_REF] Couderc | French recommendations on the management of septic arthritis in an adult native joint[END_REF] . The functional and clinical benefit of antibiotic therapy is no longer in question, but the question remains open as to the possibility of GIC (i.e., delay the full dose for two hours) in these patients with a potential functional risk without prompt antibiotic therapy. Even bacteremia is a debate for time to antibiotics [START_REF] Lee | Timing of appropriate empirical antimicrobial administration and outcome of adults with community-onset bacteremia[END_REF][START_REF] Corl | Delay in Antibiotic Administration Is Associated With Mortality Among Septic Shock Patients With Staphylococcus aureus Bacteremia[END_REF] . This question will also arise in immunocompromised patients in whom the risk of a rapid unfavorable evolution of an infection is greater.

Fourth, it should be noted that in a large number of situations, a BL has already been started before advice from IDS and without recourse to the allergists. In these situations, and in the absence of HSR, we considered that the reintroduction test had been performed and that continuation of the BL was possible if the clinical history was not in favor of a severe retarded allergy. However, none of the BL had been introduced in a progressive manner, nor was this method of administration ever mentioned resulting in risks taken on patient's safety. Even when IDS recommended specific antibiotic initiation, 10.7% of patients were still exposed to a BL they should not have received because of allergy concerns. Although no HSR were noted, there is an urgent need to establish a consensus between infectious diseases specialists and allergists to improve the management of PAL patients, in response to this important individual and collective health issue. Live collaboration between IDS and AS would still be appropriate in complex situations and severe late reactions.

This study has limitations: it is an observational, monocentric study, with a small number of patients. Nevertheless, it allowed us to collect preliminary results on a large number of different clinical situations. To our knowledge, there is no such collaborative program between allergists, IDS and other clinicians in French hospitals that could allow for a rapid and safe choice of antibiotic therapy, including BL, for patients in acute settings. We will therefore aim to implement this combined strategy in our hospital for prospective evaluation.

Conclusion:

PAL is an additional difficulty in the management of infected patients even if allergy reaction is often imprecisely reported. Patients are sometimes under-treated by avoiding BL and sometimes over-exposed to an allergic risk even when IDS are solicited. Due to the implementation of this combined strategy, an improvement in patient management is expected through a more accurate classification of their suspect allergies and the standardized use of therapies. Our data suggest that more work is needed to verify if GIC is feasible under real-life conditions, and that it could only be considered in case of absence of clinical severity of the infection (sepsis, septic shock, meningitis). The recommendation for the management of these patients in an acute infection situation is likely to change as a result of these new allergological proposals. Mots-clés : allergie, bêtalactamines, antimicrobial stewardship.
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  Les infectiologues ont une place prépondérante dans la gestion des thérapeutiques antiinfectieuses et dans les comités de luttes contre l'antibiorésistance de nos hôpitaux. Ils ont donc un rôle particulièrement important à jouer dans la prise en charge de ces patients, notamment par leur activité de conseils thérapeutiques auprès de leurs confrères d'autres spécialités. Les allergologues, constatant les problématiques posées par ces patients, ont créé des algorithmes de probabilité d'allergie réelle aux bêtalactamines, en fonction de critères cliniques décrits par le patient, avec des propositions de prise en charge permettant ou non l'utilisation de pénicilline ou d'une autre bêtalactamine, et définissant leurs critères de réintroduction (pleine dose d'emblée, ou réintroduction à des doses progressivement majorées). C'est dans ce contexte que nous avons décidé d'analyser nos stratégies de conseil en infectiologie, pour des patients souffrant d'une infection nécessitant d'être traitée, et suspects d'allergie aux bêtalactamines, en les comparant à une stratégie combinée associant l'utilisation d'un algorithme décisionnel et d'un score de probabilité d'allergique développé et validé par les allergologues du CHU de Montpellier. Nous avons également voulu analyser ces conseils afin de détecter si certaines situations rencontrées en infectiologie n'étaient pas couvertes par les recommandations allergologiques et si nous pouvions proposer des axes d'amélioration vis-à-vis de ces éventuelles zones d'incertitude.

in the 1

 1 st and 2 nd Blumenthal's group The 2 nd Blumenthal's group comprised 24 patients, among whom 20 required antibiotic therapy according to IDS. Fifteen therapeutic propositions were concordant (4 regimens without BL, 11 uses of BL: 6/11 aztreonam, 3/11 3 rd generation cephalosporins, 2/11 penems). Discrepancies included two patients who received contraindicated ATB (one penicillin, one 1 st generation cephalosporin), and three patients who received a regimen without BL when AS would have allowed them to receive BL.

Figure 1 . 1 ) 2 ) 3 ) 4 )

 11234 Figure 1. Combined strategy (clinical stratification + probability score) for algorithmic management of patients with unexplored suspicion of penicillin allergy and acute need for BL.
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une augmentation des infections à Staphylococcus aureus résistant à la méticilline et à Enterococcus spp. résistant à la vancomycine.

Table 1 .

 1 Characteristics of patients at baseline.

	Total
	N= 88 (%)

Central Nervous System infection 2 (2.3)

Fever in immunocompromised host 1 (1.1)

No infection or do not require antibiotics 13 (14.7)

Table 2 .

 2 Involved infections.

N= 88 (%) Semiology of the reaction

  

	Unknown	44 (50.0)
	Non severe cutaneous rash	18 (20.5)
	Angio-oedema	10 (11.4)
	Urticaria	6 (6.8)
	Anaphylactic shock	4 (4.6)
	Toxidermia	2 (2.3)
	Anaphylaxia	1 (1.1)
	Other reactions †	3 (3.3)
	Betalactam antibiotics suspected	
	Unknown	58 (65.9)
	Amoxicillin	9 (10.2)
	Amoxicillin / clavulanic acid	16 (18.2)
	Piperacillin / Tazobactam	4 (4.6)
	Cloxacillin	1 (1.1)
	Age of drug reaction	
	Unknown	68 (77.3)
	During Childhood	13 (14.8)
	Exact date -including during hospitalization	7 (7.9) -4 (4.6)
	Several antibiotics allergy reported	16 (18.2)
	Allergy to 1 BL and at least another non-BL ATB	14 (15.9)
	Allergy to at least 2 different classes of BL	4 (4.6)

Table 3 .

 3 Characteristics of beta-lactam allergies reported.

† Inclue diarrhea (2) and pruritus

(1) 

Remerciements

APPENDIX 1. Probability score for penicillin allergy based on collection of patient clinical predictors.

Score Z= -2.6541 +1.86*(reaction type : anaphylactic shock) +0.85*(reaction type : anaphylaxis) +0.01*(age at time of reaction) +0.80*(number of BL drug reaction) +1.02*(time to reaction onset) -0.0041*(delay between last reaction and day of evaluation*time to reaction onset) +0.42*antibiotic -0.0004*delay*(anaphylaxis) -0.01*delay*(anaphylactic shock) If there are multiple reactions in the patient's history, the term "reaction" defines the most recent reaction (which by default should be the most severe). ➢ Je donnerai mes soins gratuits à l'indigent et n'exigerai jamais un salaire au-dessus de mon travail.
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