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Introduction: Penicillin allergy labels (PAL) are common in the hospital setting and are associated with worse clinical outcomes. Desensitization can be a useful strategy for allergic patients when alternative options are suboptimal or not available. The aim was to compare clinical outcomes of patients with PAL managed with antibiotic desensitization vs. those who received alternative non-beta-lactam antibiotic treatments.
Methods: A retrospective 3:1 case-control study was performed between 2015–2022. Cases were adult PAL patients with infection who required antibiotic desensitization; controls were PAL patients with infection managed with an alternative antibiotic treatment. Cases and controls were adjusted for age, sex, infection source, and critical or non-critical medical services.
Results: Fifty-six patients were included: 14 in the desensitization group, 42 in the control group. Compared to the control group, desensitized PAL patients had more comorbidities, with a higher Charlson index (7.4 vs. 5; p = 0.00) and more infections caused by multidrug-resistant (MDR) pathogens (57.1% vs. 28.6%; p = 0.05). Thirty-day mortality was 14.3% in the desensitized group, 28.6% in the control group (p = 0.24). Clinical cure occurred in 71.4% cases and 54.8% controls (p = 0.22). Four control patients selected for MDR strains after alternative treatment; selection of MDR strains did not occur in desensitized patients. Five controls had antibiotic-related adverse events, including Clostridioides difficile or nephrotoxicity. No antibiotic-related adverse events were found in the study group. In multivariate analysis, no differences between groups were observed for main variables.
Conclusion: Desensitization was not associated with worse clinical outcomes, despite more severe patients in this group. Our study suggests that antibiotic desensitization may be a useful Antimicrobial Stewardship tool for the management of selected PAL patients.
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1 INTRODUCTION
Antibiotic hypersensitivity is the most commonly reported class of drug hypersensitivity (Wong et al., 2019; Macy, 2020). A high percentage of the population (15%–20%) carries a penicillin allergy label (PAL) (Blumenthal et al., 2017; Rose et al., 2020). Indeed, penicillin allergy is the leading reported antibiotic allergy and accounts for more than half of all antibiotic allergies (Macy, 2020).
Beta-lactams are among the most commonly prescribed antibiotics with numerous clinical indications and are considered the first-line therapy in many bacterial infections (Categorisation, 2019). Alternative treatments used instead of beta-lactam antibiotics in patients with PAL are less effective, are often associated with a higher frequency of adverse effects, provide unnecessary exposure to broad-spectrum antibiotics with the attendant risk of selection of multidrug-resistant (MDR) microorganisms, and are also associated with increased costs (Blumenthal et al., 2018; Blumenthal et al., 2019a; Castells et al., 2019; Shenoy et al., 2019; Blumenthal et al., 2020).
Published studies exploring the management of PAL patients are increasing (Trubiano et al., 2016; Trubiano et al., 2017a; Trubiano et al., 2017b; Rose et al., 2020; Wijnakker et al., 2023; Stone et al., 2020; Ramsey and Mustafa, 2023). Early de-labelling of PAL patients is strongly supported as one of the main actions in Antimicrobial Stewardship Programs (ASP) to avoid unnecessary use of broad-spectrum antibiotics in low-risk allergic patients and to promote the administration of first-line treatment at an early stage of infection (Wijnakker et al., 2023; Ramsey and Mustafa, 2023). There are some strategies available to remove an allergy label, such as skin tests and oral provocation, as well as obtaining a complete allergy history (Trubiano et al., 2016; Trubiano et al., 2017a; Trubiano et al., 2017b; Rose et al., 2020; Stone et al., 2020). Although less widespread, antibiotic desensitization is an option in patients with confirmed or high-risk penicillin allergy (Habib et al., 2015; Paño-Pardo et al., 2022; Rodríguez-Alarcón et al., 2022). The mechanism of desensitization is to induce tolerance to the drug by administering increasing concentrations of the diluted antibiotic and to prevent anaphylaxis due to inhibition of IgE cross-linking and mast cell degranulation. For this reason, desensitization is indicated only for Ig E-mediated allergic reactions (Blumenthal et al., 2019a; Castells et al., 2019). This strategy is only useful at the time of active infection. When antibiotic treatment is stopped, it should be performed again (Rodríguez-Alarcón et al., 2022).
Prior study suggest that desensitization is well tolerated, even in complex patients with high comorbidity scores (Rodríguez-Alarcón et al., 2022). In clinical practice, the most common indications for desensitization are absence of alternative therapeutic options and therapeutic failure (Rodríguez-Alarcón et al., 2022).
We hypothesized that PAL patients who are managed with alternative non-beta-lactam antibiotic treatments have worse outcomes than those who are desensitized and treated with beta-lactams. To the best of our knowledge, this is the first study to assess this issue in a cohort of PAL patients. Previous studies have noted that prolongation of hospitalization, surgical site infection and treatment failure are costly outcomes that are increased in PAL patients (Huang et al., 2018; Stone et al., 2020). However, studies comparing desensitization to alternative treatments in PAL patients are lacking.
We conducted a 3:1 case-control study to compare the clinical outcomes and mortality of PAL patients with infection who were managed with antibiotic desensitization vs. those who were not desensitized and received alternative non-beta-lactam antibiotic treatment.
2 MATERIALS AND METHODS
2.1 Study design and participants
A retrospective 3:1 case-control study was conducted at a tertiary care university hospital in Barcelona (Spain), between 2015 and 2022. All adult PAL patients who required antibiotic desensitization for treatment of the infections during the study period were considered cases. In these cases, patients were managed with beta-lactam desensitization and subsequently given a beta-lactam antibiotic. They were identified through electronic medical records. The control group consisted of PAL patients with a clinical infection who required antibiotic therapy and were potentially eligible to receive a desensitization but were managed with alternative antibiotic treatment based on physician decision. The controls were selected per case, adjusted for age, sex, infection source and critical versus non-critical medical services. Controls were included consecutively starting from the initial day of the study period until the required sample size was reached.
Patients with loss to 30-day follow up or with missing data in the study outcomes were excluded. STROBE guidelines were used to report the study (Supplementary Table S1).
2.2 Desensitization protocol
An Infectious Diseases physician prescribed desensitization in selected patients. The selection was made from patients with severe or life-threatening infections for whom the physician considered that alternative treatment was not available or was suboptimal and could compromise the patient’s life expectancy due to the source of infection (e.g., central nervous system) or microbiology (Shenoy et al., 2019; Paño-Pardo et al., 2022). In addition, these patients had to meet one of the following criteria: a) patients with confirmed allergy and the results of previous skin tests positive for penicillin; b) a history of immediate hypersensitivity reactions (including anaphylactic reaction); c) PAL with unconfirmed hypersensitivity, but in a compromised clinical situation and in need of penicillin or a penicillin-related antibiotic (Shenoy et al., 2019). These indications were stipulated based on the non-availability of assessment by allergist during the hospitalization of patients in our center.
Since desensitization strategies carry the risk of complications, all patients were transferred to an intensive care unit (ICU) and were strictly monitored and followed during the procedure. The physicians who supervised desensitization were properly trained for the procedure and the nursing team followed a checklist provided by the pharmacy department (Chen et al., 2019; Rodríguez-Alarcón et al., 2022). Desensitization bags were prepared in sterile laminar flow cabinets in the pharmacy, following predefined protocols for each antibiotic (Rodríguez-Alarcón et al., 2022). Desensitization was not associated with a delay in the administration of antibiotic therapy, since the patient received desensitization within the first few hours after it was prescribed. If the procedure had to be delayed, the patient received a single dose of the alternative antibiotic agent before desensitization to avoid delays in antibiotic administration.
2.3 Data collection and definitions
Demographic, clinical and epidemiological data were collected from hospital medical and nursing records as follows: age and sex; comorbidities and severity of underlying diseases assessed using the age-adjusted Charlson comorbidity index (Charlson et al., 1987; Charlson et al., 1994). Individual matching of three controls, whenever possible, was used with each case. Case and control groups were adjusted for age, sex, infection source (endocarditis, endovascular, intraabdominal, pancreaticobiliary, skin and soft tissue (SST), respiratory and central nervous system) and critical care vs. non-critical care unit patients. The definitions for specific types of infection were based on Centers for Disease Control and Prevention criteria (CDC/NHSN, 2020). Disease severity was calculated using quick SOFA (Seymour et al., 2016) on the day of the desensitization procedure in the study group, and on the day of initiation of alternative treatment in the control group, adjusted for the previously mentioned criteria. The MDR profile was defined according to current international standard definitions (Magiorakos et al., 2012).
Data on allergy history included date of allergy diagnosis (unknown date of allergy diagnosis, less than 1 year, 1–5 years, more than 10 years, childhood). Date of allergy diagnosis was defined as unknown when a patient had an allergy label but did not remember when they were diagnosed. Medical confirmation of allergy, skin prick and/or intradermal testing, clinical manifestations of allergy and antibiotic involved were also collected. All patients with a delayed-type allergic reaction, such as Toxic epidermal necrolysis (TEN), belonged to the control group, as desensitization is not indicated in these patients because it is not IgE-mediated.
Data on the desensitization procedure (indication, antibiotic involved, duration, completion, reactions) were recorded as previously described (Rodríguez-Alarcón et al., 2022). Desensitization costs were calculated including antibiotic cost plus materials for preparation (bags, serums and syringes), human resources in pharmacy (pharmacy technician) and the cost of a 4-h process in an intensive care unit based on critical unit bed-day cost in Spain which is estimated to be 1,250€/day (Rodríguez Villar and Barrientos Yuste, 2014).
2.4 Outcomes and follow-up
The primary outcome variable was clinical cure. Secondary outcomes were 30-day all-cause mortality, infection-related mortality, infection-related hospital days, adverse events related to antibiotic therapy, and hospital readmission at 30 days.
Clinical cure was considered when all signs and symptoms of infection were completely resolved on the day of hospital discharge. Our study included patients with different infectious syndromes, in which length of hospitalization, duration of treatment and/or time to clinical cure can vary depending on the source of infection. For this reason, we performed a second analysis, considering clinical cure at end of treatment (EOT), defined as the resolution of all signs and symptoms of infection at the end of antimicrobial therapy.
Infection-related hospital days was defined as days from the onset of the infection until the end of infection, considered to be discontinuation of antibiotic treatment if the antibiotic was stopped during hospitalization, or hospital discharge if the patient did not finish antibiotic treatment before leaving the hospital.
Hospital readmission was assessed within 30 days of hospital discharge. Patients were followed up to 30 days.
2.5 Statistical analysis
It was not possible to calculate the sample size due to the small number of desensitization cases, since desensitization was only prescribed in selected patients. Based on recommendations from studies conducted in rare diseases, the case-control ratio of 1:3 was chosen precisely to increase the precision of the statistical analysis (Iwagami and Shinozaki, 2022). Continuous quantitative variables are presented as means and standard deviation (SD), and categorical variables as number of cases and percentages. The Student’s t-test or Mann-Whitney U test were applied to compare continuous variables, and Fisher’s exact test or Pearson’s χ2 test to contrast categorical variables, as appropriate. All p-values were 2-tailed, and statistical significance was set at <0.05. Logistic regression models adjusted for potential confounders were fitted to assess the impact of antibiotic desensitization on outcomes (clinical cure, hospital readmission, mortality). Statistical analysis was performed using SPSS v.25.
2.6 Ethical approval
The study design was revised and approved by the Clinical Research Ethical Committee of Parc de Salut Mar (CEIC Parc de Salut Mar, registration no. 2021/9829/I). The need for written consent to participate in the study was waived due to the observational and retrospective nature of the study. However, patients who were desensitized provided written informed consent prior to the desensitization procedure, as required by standard clinical practice.
3 RESULTS
Fifty-six patients were included: 14 in the desensitization group and 42 in the control group. The demographic, clinical and epidemiological data are shown in Table 1. The results of desensitization were published in a previous study (Rodríguez-Alarcón et al., 2022).
TABLE 1 | Demographic, clinical and epidemiological data.
[image: Table 1]No statistically significant differences in allergy data were found between groups: the dates of allergy diagnosis were as follows: unknown 41 patients (73.2%), in childhood in 3 (5.4%), more than 10 years earlier in 5 (8.9%), between 1 and 5 years earlier in 3 (5.4%), and less than 1 year earlier in 4 (7.1%). Previous clinical manifestations associated with the allergy were: unknown 34 (60.7%), rash 13 (23.2%), anaphylaxis 3 (5.4%), others 6 (10.7%) (uvular edema, dizziness, TEN).
The indications for desensitization in the study group were a lack of available alternative treatment options, failure of non-beta-lactam treatment, or the need to optimize treatment in severe infections (Rodríguez-Alarcón et al., 2022).
Regarding antibiotic treatment, Figure 1 includes alternative non-beta-lactam treatment received by control group. Table 2 shows differences in primary and secondary outcomes between the two groups.
[image: Figure 1]FIGURE 1 | Alternative non-beta-lactam treatment administered to non-desensitized group.
TABLE 2 | Primary and secondary outcomes.
[image: Table 2]Twelve patients were readmitted to hospital within 30 days, and five were infection-related (two in the desensitized group and three in the control group). With respect to selection of MDR strains, none of the desensitized patients who did not previously have a MDR isolate, selected MDR pathogens after being readmitted. In contrast, four patients in the control group who did not previously have MDR pathogens, selected an MDR strain after readmission. Moreover, antibiotic-related adverse events occurred only in the control group. These were: nephrotoxicity in two patients (both related to vancomycin treatment), Clostridioides difficile infection in one patient, hepatotoxicity in one patient (related to teicoplanin treatment), and gastrointestinal disorders in one patient (related to levofloxacin treatment).
Univariate and multivariate analysis of the main outcome are shown in Table 3. No differences in clinical cure were observed at hospital discharge between desensitized patients and those who received an alternative treatment after adjusting for potential confounding variables. No statistically significant differences in clinical cure at EOT were found.
TABLE 3 | Univariate and multivariate analysis of variables predicting clinical cure.
[image: Table 3]For secondary outcomes, 30-day all-cause mortality and 30-day hospital readmission between desensitized patients and the control group were included in the adjusted analysis (Tables 4, 5, respectively).
TABLE 4 | Univariate and multivariate analysis of variables predicting 30-day all-cause mortality.
[image: Table 4]TABLE 5 | Univariate and multivariate analysis of variables predicting 30-day hospital readmission.
[image: Table 5]Number of infection-related hospital days were 36.4 (±22.4) in the desensitization group and 16.1 (±17.9) in the control group (p = 0.00). In the multiple regression model, there were associations with age (p = 0.01) and CHARLSON (p < 0.00), but not with desensitization (p = 0.36).
The cost of the desensitization procedure was estimated to be approximately 250.50€ per patient. The cost of hospitalization between groups (desensitization and control groups) was not compared.
4 DISCUSSION
The present study describes in some detail the clinical characteristics and outcomes of PAL patients with infections who were managed with beta-lactam desensitization followed by beta-lactams compared to those with infection who were treated with alternative antibiotic therapy. In our study, desensitized patients had higher severity of underlying diseases as assessed by the Charlson comorbidity index. It may be assumed that physicians preferred to use a beta-lactam antibiotic in more complicated patients. Nevertheless, the desensitized group was not associated with worse clinical outcomes (clinical cure, mortality, readmissions) in adjusted analysis. Furthermore, desensitized patients had fewer adverse antibiotic events, including C. difficile infection and MDR selection.
Desensitization allows patients to receive more optimal treatments with higher clinical cure rates and lower mortality. In a study carried out in 2020, allergy-labelled patients who received alternative treatments were more likely to die in hospital (Krah et al., 2021). Another study evaluating mortality in recorded penicillin allergy found that that label was associated with a 14% increased risk of death, a result that is potentially modifiable by allergy testing to remove the label and better antibiotic prescribing (Blumenthal et al., 2019b). We observed a non-statistically significant trend toward clinical cure in desensitized patients. Mortality rates in our study were almost twice as high in the non-desensitized group (29% vs. 14%), which is consistent with the literature above.
Despite the fact that the desensitized group had more comorbidities, including respiratory, kidney and neurological diseases, the mortality rates in this group were lower and clinical cure was higher, although no statistically significant differences were observed, probably due to the small sample size. The study group had more severe infections, with more bloodstream or polymicrobial infections and MDR microorganisms, the latter with statistically significant differences.
Desensitization was not independently associated with hospital readmission. Duration of hospitalization attributable to infection was longer in the desensitization group; in the adjusted analysis, it was related to age and Charlson index, but desensitization was not independently associated.
It should be noted that, despite the small sample size, the desensitization group did not select for MDR pathogens, whereas the control group did. These data should be interpreted with caution due to the small number amount of patients, but are nevertheless consistent with previous data suggesting that PAL patients treated with alternative antibiotics are more likely to have MDR infections or to be colonized with an MDR organism (Blumenthal et al., 2018; Blumenthal et al., 2019a; Castells et al., 2019; Shenoy et al., 2019; Blumenthal et al., 2020; Stone et al., 2020; Krah et al., 2021). This may be due to the broader spectrum of alternative treatments. In our cohort, we observed that the non-desensitized group frequently received broad-spectrum antibiotics. Our study suggests that this problem could be partially avoided by desensitizing patients with penicillin allergy as part of the activity of ASP.
Another interesting finding is that desensitization did not cause any adverse events related to the desensitized antibiotic, confirming that this strategy is safe. The use of alternative treatments poses a risk of antibiotic-related adverse events such as nephrotoxicity or C. difficile, which could complicate the course of infection. Previous studies also suggest that the use of alternative treatments in PAL patients is associated with an increased risk of adverse events (Castells et al., 2019). A high comorbidity index and chronic kidney disease did not induce antibiotic-related adverse events in the study group, which is an important finding because patients with renal insufficiency, who cannot take certain alternative treatments due to their nephrotoxicity, may be a suitable group for desensitization.
The studies carried out so far have been mainly descriptive with small sample sizes (González-García et al., 2021; Rodríguez-Alarcón et al., 2022). Based on current evidence, desensitization should be used as a last resort in the management of PAL patients. The results observed, both in our study and in the literature, provide support that this strategy can be used safely in selected patients. Our study suggests that PAL patients with severe infections for which there are no alternative options available or in whom an alternative antibiotic treatment has failed, may benefit from desensitization. Patients with serious or life-threatening infections in whom the use of alternative antibiotics may be associated with a worse clinical outcome than the use of beta-lactams are also potential candidates for receipt of desensitization. Nevertheless, it should be borne in mind that this is not a risk-free practice since it must be performed in a strictly monitored area such as the ICU, prepared in a sterile cabinet, and the desensitization procedure must be restarted if it is interrupted, or the antibiotic needs to be re-administered. Nevertheless, the time spent in the ICU is usually short (hours) and standardized protocols can be created to prevent certain risks.
In our study, one of the most commonly used antibiotics in the control group was aztreonam, a monobactam class antibiotic with good activity against gram-negative bacteria but has no activity against gram-positive or anaerobic bacteria (Ramsey and MacGowan, 2016). Although aztreonam has a beta-lactam ring, it does not have a bicyclic structure and can be safely administered in patients with penicillin or cephalosporin allergy, with the exception of ceftazidime (Castells et al., 2019). Ceftazidime and aztreonam have identical side chains and clinical cross-reactivity may occur between these antibiotics (Castells et al., 2019; Wijnakker et al., 2023). As aztreonam contains a beta-lactam ring, its inclusion in the control group may have introduced a bias toward better treatment efficacy than if only non-beta-lactam alternative antibiotics had been included. The decision to include aztreonam as an alternative treatment was based on the fact that it is not generally considered a first-line antibiotic (Ramsey and MacGowan, 2016).
The study has certain limitations derived from the fact that the results are based on a retrospective, single-center, case series study. Second, the sample size of the study group was small, due to the prescription of desensitization in selected patients. A 1:3 ratio was selected to increase the precision of the statistical analysis, based on the recommendations of studies applied in rare diseases (Iwagami and Shinozaki, 2022). Future studies with larger samples are required to confirm the optimal methodology to analyze the matter in this study. Third, due to the retrospective nature of the study and the fact that allergy testing was not routinely performed at our center, the penicillin allergy label was not confirmed in all patients, and some of them had an allergy diagnosis of more than 10 years. Confirmation that IgE-mediated hypersensitivity was still present at the time of desensitization was not possible either due to laboratory delays. While we are aware that it would be ideal to confirm allergy prior to desensitization, there are also certain differences between countries in terms of accessibility to allergists (Paño-Pardo et al., 2022), and in the context of a life-threatening infection where the patient is unstable, a full allergy anamnesis is difficult to make. If it is not possible to carry out a thorough allergy evaluation at the time, desensitization is justified even when the allergy label cannot be confirmed, especially in patients with serious and active life-threatening infections, to avoid delaying beta-lactam administration if the patient can realistically benefit from it for the treatment of their infection (Shenoy et al., 2019; Paño-Pardo et al., 2022). Although a good attempt was made to adjust fully for few covariates, the final number of events was low, which restricts the accuracy of some estimates. There were differences in the baseline characteristics between the two study groups; more specifically, the desensitization group had higher comorbidity scores and more drug-resistant infections and these patients were also more likely to be selected for the desensitization procedure. Although it would have been interesting to conduct an economic analysis to compare the groups, this was not possible due to the retrospective nature of the study and the fact that it was impossible to obtain certain data, especially for patients during the COVID-19 pandemics. This is why we only calculated the approximate cost of desensitization.
Several strengths of this study can be highlighted. Recent interventions have focused on the process and outcomes of de-labelling through a thorough history taking, skin testing and oral challenge, but we explored a unique aspect of antibiotic allergy management: desensitization. To our knowledge, this is the first study to compare the clinical characteristics and outcomes of PAL patients treated with beta-lactams after desensitization versus those managed with alternative options. Beta-lactams are the first-line treatment in many bacterial infections and alternative non beta-lactam treatments are often less effective and associated with more adverse effects. This study provided evidence that desensitization was effective, safe, and not associated with worse clinical cure. Due to the small sample size, the results should be interpreted with caution, but the lack of robust studies in the literature makes our study an interesting starting point to present desensitization as an available option to consider in selected PAL patients that is both effective and safe. Finally, antibiotic desensitization was conducted in severely ill patients with high comorbidity scores, some of them with life-threatening infections. Despite this, the desensitization strategy in our cohort proved to be safe, with no adverse events associated with either desensitization or beta-lactams.
We believe that this study can serve as the basis for a prospective study with desensitization as the intervention.
To conclude, despite higher comorbidity scores and MDR infections, desensitization of PAL patients was not associated with worse clinical cure, higher hospital readmissions or higher mortality rates when compared to PAL patients treated with alternative antibiotics. Our results suggest that antibiotic desensitization could be a useful tool in Antimicrobial Stewardship Programs for the management of selected patients allergic to antibiotics.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
ETHICS STATEMENT
The study design was revised and approved by the Clinical Research Ethical Committee of Parc de Salut Mar (CEIC Parc de Salut Mar, registration no. 2021/9829/I). The need for written consent to participate in the study was waived due to the observational and retrospective nature of the study. However, patients who were desensitized provided written informed consent prior to the desensitization procedure, as required by standard clinical practice.
AUTHOR CONTRIBUTIONS
AR-A: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Resources, Validation, Writing–original draft, Writing–review and editing. MS: Writing–review and editing, Data curation, Investigation, Resources, Validation. SA: Writing–review and editing, Investigation, Methodology, Resources, Validation. DE-E: Formal Analysis, Investigation, Methodology, Validation, Writing–review and editing. LS: Investigation, Methodology, Visualization, Writing–review and editing. ES: Data curation, Investigation, Methodology, Resources, Validation, Writing–review and editing. AB-C: Investigation, Resources, Validation, Writing–review and editing. EM: Investigation, Resources, Validation, Writing–review and editing. FC: Data curation, Methodology, Resources, Writing–review and editing. RG-F: Investigation, Methodology, Resources, Writing–review and editing. RA: Methodology, Supervision, Validation, Writing–review and editing. JH: Validation, Writing–review and editing. FE: Validation, Visualization, Writing–original draft, Writing–review and editing, Investigation, Methodology, Resources, Supervision. SG: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Resources, Supervision, Validation, Visualization, Writing–original draft, Writing–review and editing. SG-Z: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Resources, Supervision, Validation, Writing–original draft, Writing–review and editing.
FUNDING
The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was carried out as a part of our routine work.
ACKNOWLEDGMENTS
We would like to thank Janet Dawson for English editing and Enric García-Alzorriz for providing the necessary resource consumption data. This study is part of Alicia Rodriguez's PhD program in Medicine of the Universitat Autònoma de Barcelona (Spain). Silvia Gómez-Zorrilla has received research grants unrelated with this study from the Spanish Society of Infectious Diseases and Clinical Microbiology (SEIMC) to support her research and the project “PI21/00509” funded by Instituto de Salud Carlos III (ISCIII) and co-funded by the European Union.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2023.1260632/full#supplementary-material
REFERENCES
 Blumenthal, K. G., Kuper, K., Schulz, L. T., Bhowmick, T., Postelnick, M., Lee, F., et al. (2020). Association between penicillin allergy documentation and antibiotic use. JAMA Intern Med. 180 (8), 1120–1122. doi:10.1001/jamainternmed.2020.2227
 Blumenthal, K. G., Lu, N., Zhang, Y., Li, Y., Walensky, R. P., and Choi, H. K. (2018). Risk of meticillin resistant Staphylococcus aureus and Clostridium difficile in patients with a documented penicillin allergy: population based matched cohort study. BMJ 361 (June), k2400. doi:10.1136/bmj.k2400
 Blumenthal, K. G., Lu, N., Zhang, Y., Walensky, R. P., and Choi, H. K. (2019b). Recorded penicillin allergy and risk of mortality: a population-based matched cohort study. J. Gen. Intern Med. 34 (9), 1685–1687. doi:10.1007/s11606-019-04991-y
 Blumenthal, K. G., Peter, J. G., Trubiano, J. A., and Phillips, E. J. (2019a). Antibiotic allergy. Lancet 393 (10167), 183–198. doi:10.1016/S0140-6736(18)32218-9
 Blumenthal, K. G., Wickner, P. G., Hurwitz, S., Pricco, N., Nee, A. E., Laskowski, K., et al. (2017). Tackling inpatient penicillin allergies: assessing tools for antimicrobial stewardship. J. Allergy Clin. Immunol. 140 (1), 154–161. doi:10.1016/j.jaci.2017.02.005
 Castells, M., Khan, D. A., and Phillips, E. (2019). Penicillin allergy. N. Engl. J. Med. 381, 2338–2351. doi:10.1056/NEJMra1807761
 Categorisation, E. M. A. (2019). Of antibiotics in the European Union. Eur. Med. Agence. 31 (December), 1–73. 
 CDC/NHSN (2020). Surveillance definitions for specific type of infections. Surveill. Defin , 1–24. 
 Charlson, M., Szatrowski, T. P., Peterson, J., and Gold, J. (1994). Validation of a combined comorbidity index. J. Clin. Epidemiol. 47 (11), 1245–1251. doi:10.1016/0895-4356(94)90129-5
 Charlson, M. E., Pompei, P., Ales, K. L., and MacKenzie, C. R. (1987). A new method of classifying prognostic comorbidity in longitudinal studies: development and validation. J. Chronic Dis. 40 (5), 373–383. doi:10.1016/0021-9681(87)90171-8
 Chen, X. J. C., Fong, K., Altshuler, D., Dubrovskaya, Y., Louie, E., Amoroso, N., et al. (2019). Evaluation of pharmacy-developed antibiotic desensitization protocols. Ann. Pharmacother. 53 (3), 229–251. doi:10.1177/1060028018801959
 González-García, R., Albanell-Fernández, M., Aranda, L., Gelis, S., Bartra, J., Soy Muner, D., et al. (2021). Evaluation of desensitization protocols to betalactam antibiotics. J. Clin. Pharm. Ther. 47 (June), 592–599. doi:10.1111/jcpt.13578
 Habib, G., Lancellotti, P., Antunes, M. J., Bongiorni, M. G., Casalta, J. P., Del Zotti, F., et al. (2015). 2015 ESC Guidelines for the management of infective endocarditis: the task force for the management of infective endocarditis of the European society of eardiology (ESC). Endorsed by: European association for cardio-thoracic surgery (EACTS), the European association of nuclear medicine (EANM). Eur. Heart J. 36 (44), 3075–3128. doi:10.1093/eurheartj/ehv319
 Huang, K. H. G., Cluzet, V., Hamilton, K., and Fadugba, O. (2018). The impact of reported beta-lactam allergy in hospitalized patients with hematologic malignancies requiring antibiotics. Clin. Infect. Dis. 67 (1), 27–33. doi:10.1093/cid/ciy037
 Iwagami, M., and Shinozaki, T. (2022). Introduction to matching in case-control and cohort studies. Ann. Clin. Epidemiol. 4 (2), 33–40. doi:10.37737/ace.22005
 Krah, N. M., Jones, T. W., Lake, J., and Hersh, A. L. (2021). The impact of antibiotic allergy labels on antibiotic exposure, clinical outcomes, and healthcare costs: a systematic review. Infect. Control Hosp. Epidemiol. 42 (5), 530–548. doi:10.1017/ice.2020.1229
 Macy, E. (2020). Addressing the epidemic of antibiotic “allergy” over-diagnosis. Ann. Allergy, Asthma Immunol. 124 (6), 550–557. Available from. doi:10.1016/j.anai.2019.12.016
 Magiorakos, A. P., Srinivasan, A., Carey, R. B., Carmeli, Y., Falagas, M. E., Giske, C. G., et al. (2012). Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: an international expert proposal for interim standard definitions for acquired resistance. Clin. Microbiol. Infect. 18 (3), 268–281. doi:10.1111/j.1469-0691.2011.03570.x
 Paño-Pardo, J. R., Rodilla, E. M., Sacristan, S. C., Saldaña, J. L.C., Párraga, L. P., León, J. L. D. P., et al. (2022). Management of patients with suspected or confirmed antibiotic allergy. Executive summary of guidance from the Spanish Society of Infectious Diseases and Clinical Microbiology (SEIMC), the Spanish Society of Allergy and Clinical Immunology (SEAIC), the Spanish Society of Hospital Pharmacy (SEFH) and the Spanish Society of Intensive Medicine and Coronary Care Units (SEMICYUC). Enferm Infecc Microbiol Clin (Engl Ed). 41 (3), 181–186. doi:10.1016/j.eimce.2022.08.010
 Ramsey, A., and Mustafa, S. (2023). The penicillin allergy decision rule - something new for penicillin allergy. JAMA Intern Med. 183 (9), 953–954. doi:10.1001/jamainternmed.2023.3936
 Ramsey, C., and MacGowan, A. P. (2016). A review of the pharmacokinetics and pharmacodynamics of aztreonam. J. Antimicrob. Chemother. 71 (10), 2704–2712. doi:10.1093/jac/dkw231
 Rodríguez-Alarcón, A., Barceló-Vidal, J., Echeverría-Esnal, D., Sorli, L., Güerri-Fernández, R., Ramis Fernández, S. M., et al. (2022). Antibiotic desensitization as a potential tool in antimicrobial stewardship programs: retrospective data analysis and systematic literature review. Expert Rev. Anti Infect. Ther. 20 (11), 1491–1500. doi:10.1080/14787210.2022.2122443
 Rodríguez Villar, S., and Barrientos Yuste, R. M. (2014). Long-term admission to the intensive care unit: a cost-benefit analysis. Rev. Esp. Anestesiol. Reanim. 61 (9), 489–496. doi:10.1016/j.redar.2014.02.008
 Rose, M. T., Slavin, M., and Trubiano, J. (2020). The democratisation of de-labelling: a review of direct oral challenge in adults with low-risk penicillin allergy. Expert Rev. Anti Infect. Ther. 8 (11), 1143–1153. doi:10.1080/14787210.2020.1792775
 Seymour, C. W., Liu, V. X., Iwashyna, T. J., Brunkhorst, F. M., Rea, T. D., Scherag, A., et al. (2016). Assessment of clinical criteria for sepsis for the third international consensus definitions for sepsis and septic shock (sepsis-3). JAMA - J. Am. Med. Assoc. 315 (8), 762–774. doi:10.1001/jama.2016.0288
 Shenoy, E. S., Macy, E., Rowe, T., and Blumenthal, K. G. (2019). Evaluation and management of penicillin allergy: a review. JAMA - J. Am. Med. Assoc. 321 (2), 188–199. doi:10.1001/jama.2018.19283
 Stone, C. A., Trubiano, J., Coleman, D. T., Rukasin, C. R., and Phillips, E. J. (2020). The challenge of de-labeling penicillin allergy. Allergy 75 (2), 273–288. doi:10.1111/all.13848
 Trubiano, J. A., Beekmann, S. E., Worth, L. J., Polgreen, P. M., Thursky, K. A., Slavin, M. A., et al. (2016). Improving antimicrobial stewardship by antibiotic allergy delabeling: evaluation of knowledge, attitude, and practices throughout the emerging infections network. Open Forum Infect. Dis. 3 (3), ofw153–4. doi:10.1093/ofid/ofw153
 Trubiano, J. A., Franklin Adkinson, N., and Phillips, E. J. (2017a). Penicillin allergy is not necessarily forever. JAMA - J. Am. Med. Assoc. 318 (1), 82–83. doi:10.1001/jama.2017.6510
 Trubiano, J. A., Thursky, K. A., Stewardson, A. J., Urbancic, K., Worth, L. J., Jackson, C., et al. (2017b). Impact of an integrated antibiotic allergy testing program on antimicrobial stewardship: a multicenter evaluation. Clin. Infect. Dis. 65 (1), 166–174. doi:10.1093/cid/cix244
 Wijnakker, R., van Maaren, M. S., Bode, L. G. M., Bulatovic, M., Hendriks, B. J. C., Loogman, M. C. M., et al. (2023). The Dutch Working Party on Antibiotic Policy (SWAB) guideline for the approach to suspected antibiotic allergy. Clin. Microbiol. Infect. 29 (7), 863–875. doi:10.1016/j.cmi.2023.04.008
 Wong, A., Seger, D. L., Lai, K. H., Goss, F. R., Blumenthal, K. G., and Zhou, L. (2019). Drug hypersensitivity reactions documented in electronic health records within a large health system. J. Allergy Clin. Immunol. Pract. 7 (4), 1253–1260. doi:10.1016/j.jaip.2018.11.023
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Rodríguez-Alarcón, Sanz de Mena, Alanti, Echeverría-Esnal, Sorli, Sendra, Benítez-Cano, Membrilla, Cots, Güerri-Fernández, Adalia, Horcajada, Escolano, Grau and Gómez-Zorrilla. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-14-1260632-t004.jpg
Overall cohort (n = 56, 30-day all-cause mortality = 14)

Mortality Non-mortality Unadjusted OR p-value Adjusted OR

(N =14) (N =42) (95% CI) (95% CI)
Age, m (SD) 68.05 (£12.8) 75.05 (£12.0) 095 (0.89-1.01) 010 0.95 (0.89-1.01) 009
Male 5(357) 20 (47.6) 029 (0.06-1.54) 015 036 (0.08-1.59) 018
CHARLSON index, 529 (£2.8) 571 (£2.8) 103 (0.7-137) 085 107 (0.82-139) 061
m (SD)
Pulmonary disease 4(286) 15 (357) 134 (022-7.99) 075
Chronic kidney disease | 3 (21.4) 7(167) 194 (026-1435) o2
Desensitization 2(143) s 3.09 (0.38-25.06) 029 2.83 (0.42-19.25) 029
Post-surgical infection | 6 (42.9) 15 (357) 133 (0.29-6.06) 071
Bloodstream infection 7 (50.0) 25 (59.5) 063 (0.11-3.56) 0.60

| QuickSOFA, m (SD) 136 (£1.0) 076 (0.9) 20 (0.93-4.46) o7 182 (0.89-3.68) 009

Polymicrobial 3 (214) 14 (333) 067 (0.07-6.22) 072
MDR pathogens 4(286) 16 (38.1) 086 (0.10-7.33) 089 061 (0.13-2.89) 053

Data are presented as (%), unless otherwise specified. OR: odds ratio, CI: confidence interval. quickSOFA: quick Sequential Organ Failure Assessment. MDR: multidrug-resistant, Statstical
significance at p < 0.05.





OPS/images/fphar-14-1260632-t005.jpg
Overall cohort (n = 56, 30-day hospital readmissios

Readmission No readmission Unadjusted OR p-value Adjusted OR
(N=12) (N = 44) (95% CI) (95% ClI)
Age 77.66 (£7.8) 7211 (£133) 104 (0.93-117) 047
Male 5(35.7) 20 (47.6) 043 (0.05-3.76) 045
CHARLSON index | 850 (+3.1) 480 (22.1) 229 (1.29-4.07) 000 191 (1.27-286) 000
Pulmonary disease | 4 (28.6) 15 (35.7) 641 (0.63-65.00) 012 2.73 (0.50-14.79) 024
Chronic kidney 3(214) 7(167) 019 (0.01-4.28) 029 045 (0.05-3.94) 047
disease
Desensitization 2(143) 12 (28.6) 151 (0.06-40.23) 080 171 (020-1427) 062
Post-surgical 6(42.9) 15 (357) 050 (0.04-5.52) 057
infection
Bloodstream 7 (50.0) 25 (59.5) 159 (0.13-19.87) 072
infection
QuickSOFA 100 (£0.8) 0.89 (£09) 058 (0.17-1.94) 037
Polymicrobial 3(214) 14 (333) 024 (0.01-5.64) 038
MDR 4(28.6) 16 (38.1) 058 (0.05-6.17) 065
microorganisms

Data are presented as (%), unless otherwise specified. OR: odds ratio, CI: confidence interval. quickSOFA: quick Sequential Organ Failure Assessment. MDR: multidrug-resistant, Staistical
Siaiificance M 52005,





OPS/images/fphar-14-1260632-t002.jpg
Desensitized group Control group p-value
N=14 IN=H42
‘ 30-day all-cause mortality 2(143) 12 (286) 024
‘ In-hospital mortality 2(143) 11(262) 030
‘ Infection-related mortality 2(143) 9 (214) 044
‘ Clinical cure (hospital discharge) 10 (71.4) 23 (548) 022
" 30-day hospital readmission 5(35.7) 7 (16.7) 0.13
‘ Antibiotic-related adverse events 00 5(119) 022

T T T ———

. Statistical significance at p < 0.05.






OPS/images/fphar-14-1260632-t003.jpg
Overall cohort (n = 56, clinical cure = 33)

Clinical cure Non-clinical cure Unadjusted OR p-value Adjusted OR p-value
(N=33) (N=23) (95% C) (95% CI)

Age 73.85 (+12.01) 7251 (+13.38) 097 (0.92-1.03) 036 0.98 (0.93-1.03) 049
Male 13 (39.4) 12 (522) 072 (0.19-2.73) 0.63
CHARLSON index 606 (2.77) 496 (+2.69) 136 (0.97-1.92) 007 130 (097-1.75) 008
Pulmonary disease 11 (33.3) 8(348) 057 (0.12-2.79) 049
Chronic kidney 5(152) 5(21.7) 0.17 (0.02-1.28) 0.09 0.24 (0.042-1.43) 012
disease
Desensitization 10 (30.3) 4(17.4) 038 (0.07-2.21) 028 054 (0.11-2.62) 045
Post-surgical 13 (39.4) 8(348) 158 (0.36-6.88) 054
infection
Bloodstream infection 19 (57.6) 13 (56.5) 1.30 (0.30-5.60) 072
QuickSOFA. 0.70 (+0.81) 122 (+1.08) 0.42 (0.19-0.89) 002 047 (0.24-0.92) 003
Polymicrobial 10 (30.3) 7 (30.4) 0.77 (0.14-4.19) 076
MDR 11(33.3) 9 (39.1) 045 (0.09-2.23) 033
‘microorganisms

Data are presented as n (%), unless otherwise specified. OR: odds ratio, Cl: confidence interval. quickSOFA: quick Sequential Organ Failure Assessment. MDR: multidrug-resistant. tatistical
danificksce st < 005,





OPS/xhtml/nav.xhtml
Contents

		Cover

		A retrospective case-control study to evaluate the use of beta-lactam desensitization in the management of penicillin-allergic patients: a potential strategy for Antimicrobial Stewardship Programs		1 Introduction

		2 Materials and methods		2.1 Study design and participants

		2.2 Desensitization protocol

		2.3 Data collection and definitions

		2.4 Outcomes and follow-up

		2.5 Statistical analysis

		2.6 Ethical approval





		3 Results

		4 Discussion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
, frontiers | Frontiers in Pharmacology

A retrospective case-control
study to evaluate the use of
beta-lactam desensitization in
the management of penicillin-
allergic patients: a potential
strategy for Antimicrobial
Stewardship Programs





OPS/images/fphar-14-1260632-g001.gif





OPS/images/fphar-14-1260632-t001.jpg
Desensitized group Control group
N=14 N =42

Demographic

Female 9 (643) 22 (524) 032
Male 5(35.7) 20 (47.6) I 032
Age, m (SD) 72.8 (£7.5) [ 735 (£13.8) 049
Comorbidities
CHARLSON, m (SD) 7.4 (£33) | 5 (+2.3) 0.01
Diabetes mellitus 5(35.7) 11(262) 036
Respiratory disease | 8 (57.1) [ 11(262) 0.04
Heart disease 6 (429) 12 (28.6) 025
Chronic kidney disease 5(35.7) | 5(119) 0.05
Liver disease 314 3(7.0) 016
| Solid malignancy 5(35.7) [ 10 (23.8) 029
Haematological neoplasm 0 124 075
Neurological disease | 5(35.7) [ 4(95) 0.03
Critical care unit 5(35.7) 13 631) 049
Infection source [ 078
-Pulmonary 2(143) 11 (26.2)
~Intraabdominal 3(214) | 8(19)
-SST 2(143) 7(167)
-Pancreaticobiliary 1(7.1) 1 6(14.3)
~Endovascular 2(143) 4(95)
-Endocarditis 3(214) [ 3(7.1)
-Central nervous system 1(7.1) 3(7.1)
Infection data
Hospital-acquired 5(35.7) 20 (47.6) 032
‘Community-acquired 9 (64.3) | 22 (52.4) 032
Post-surgical infection 5(35.7) [ 16 (38.1) 057
| Bloodstream infection 10 (71.4) 22 (524) 017
QuickSOFA, m (SD) 0.9 (£0.9) 0.9 (£09) 084
Polymicrobial 6 (429) 11(262) 019
| MDR pathogens* 8 (57.1) 12 (28.6) 0.05

Data are presented as n (%), unless otherwise specified. SST: skin and soft tissue. quickSOFA: quick Sequential Organ Failure Assessment. MDR: multidrug-resistant.
skx loait-one SIDR: pilngis pressis i cultiios Seiftical snibcance st v/ 05,









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





