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Abstract

:

The antibiotic spectrum is not reflected in conventional antimicrobial metrics. Days of antibiotic spectrum coverage (DASC) is a novel quantitative metric for antimicrobial consumption developed with consideration of the antibiotic spectrum. However, there were no data regarding disease and pathogen-specific DASC. Thus, this study aimed to evaluate the DASC trend in patients with bloodstream infections (BSIs). DASC and days of therapy (DOT) of in-patients with positive blood culture results during a 2-year interval were evaluated. Data were aggregated to calculate the DASC, DOT, and DASC/DOT per patient stratified by pathogens. During the 2-year study period, 1443 positive blood culture cases were identified, including 265 suspected cases of contamination. The overall DASC, DASC/patient, DOT, DOT/patient, and DASC/DOT metrics were 226,626; 157.1; 28,778; 19.9; and 7.9, respectively. A strong correlation was observed between DASC and DOT, as well as DASC/patient and DOT/patient. Conversely, DASC/DOT had no correlation with other metrics. The combination of DASC and DOT would be a useful benchmark for the overuse and misuse evaluation of antimicrobial therapy in BSIs. Notably, DASC/DOT would be a robust metric to evaluate the antibiotic spectrum that was selected for patients with BSIs.
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1. Introduction


Defined daily doses and days of therapy (DOT) are used to quantify antimicrobial consumption around the world [1,2]. These metrics have been monitored to measure the antimicrobial stewardship program (ASP) process or outcome in inpatient settings [3,4,5]. The de-escalation strategy is one of the ASPs that reduce unnecessary broad-spectrum antibiotic use, which can reduce bacterial resistance and health costs [6,7,8,9]. However, conventional antibiotic metrics did not reflect the antibiotic spectrum or targeted bacteria. Additionally, the de-escalation strategy has not been sufficiently evaluated because of its unclear definition [9,10,11,12]. Previous studies evaluated de-escalation strategy by antimicrobial stewardship interventions, although each study’s definition varied [13,14,15,16,17].



Kakiuchi et al. developed a novel quantitative metric for antimicrobial consumption with antibiotic spectrum consideration to address the problems of conventional metrics [18]. The individual antibiotic spectrum coverage (ASC) score and its dosing period are used to calculate the days of antibiotic spectrum coverage (DASC). DASC can evaluate both overall antibiotic consumption and antibiotic spectrum [18]. Therefore, we considered that DASC will be suitable for disease or pathogen-specific antimicrobial use evaluation, including a de-escalation strategy [17,19]. However, data on disease or pathogen-specific DASC remain lacking to evaluate ASPs. Thus, this study aimed to evaluate the trend of DASC in patients with bloodstream infections.




2. Results


2.1. Patient Characteristics, DASC, and DOT Metrics in This Study


A total of 1443 positive blood cultures cases were identified that included 265 suspected cases of contamination during the 2-year study period. Table 1 shows the stratified BSI cases by age category.



Table 2 shows the overall DASC and DOT metrics in this study population. Each metric’s trends were comparable between 2020 and 2021.




2.2. DASC, DOT, and DASC/DOT Trends in BSI Patients by Month


Figure 1 and Figure 2 show the DASC, DASC/patient, DOT, and DOT/patients trends by month. These metrics transitioned to parallel by month. In contrast, the DASC/DOT transitions were independent of DASC or DOT (Figure 3).




2.3. Relationship between DASC, DOT, DASC/DOT, and BSI Patient Number by Month


The relationships among DASC, DASC/patient, DOT, DOT/patient, DASC/DOT, and no. of patients per month are shown in Figure 4. A strong correlation was observed between DASC and DOT, as well as DASC/patient and DOT/patient. In contrast, DASC/DOT had no correlation with other metrics.




2.4. DASC/Patient, DOT/Patient, and DASC/DOT Comparisons Which Were Stratified by Pathogens


The DASC/patient, DOT/patient, and DASC/DOT distribution, which were stratified by BSI pathogens are shown in Figure 5, Figure 6 and Figure 7. DASC/patient and DOT/patient high scores were Gram-positive bacteria compared with Gram-negative bacteria (Figure 5 and Figure 6). Conversely, the DASC/DOT of Gram-positive bacteria was lower compared with Gram-negative bacteria (Figure 7).





3. Discussion


The present study revealed that the DASC metric could be applied to antimicrobial use evaluation in BSI patients. Previous reports on spectrum scoring have evaluated the de-escalation strategy because conventional antibiotic use metrics do not mirror the antibiotic spectrum [20,21,22,23,24]. However, the antibiotic spectrum score application was limited to the frequently used antibiotics and infectious diseases. Moreover, the calculation process of scoring was complicated [21,22]. DASC was simply based on dichotomous scores for efficacy against microorganisms [18]. Therefore, the ASC scores list was exhaustive, as well as simple to set up.



In this study, parallel changes in DASC and DOT per month were observed. A low DASC/DOT score would indicate that there was no broad-spectrum antibiotic overuse, although both DASC and DOT increased in September 2020. Conversely, no DASC and DOT increment in January 2021 with a DASC/DOT increment would be indicative of broad-spectrum antibiotics overuse. The long-term use intervention or promoting antibiotic de-escalation would be needed during the periods according to the results of these metrics. In addition, the correlation analysis showed that DASC/DOT had no correlation with other metrics. DASC/DOT was an independent and robust metric that could evaluate the antibiotic spectrum consistent with the previous study [18]. However, in the case of empirical therapy using broad-spectrum and stopping antibiotics immediately, DASC/DOT reflects a broad-spectrum antibiotics score. The results of this study suggested that a DASC and DASC/DOT combination is a metric that can evaluate broad-spectrum antibiotics overuse in BSIs.



Pathogen-specific DASCs were evaluated to provide utility ASP evaluation. The DASC and DOT of Gram-positive bacteria were higher than Gram-negative bacteria. Gram-positive bacterial infections need long-term antibiotic treatment, such as infective endocarditis. A high DASC was caused by a DOT increment, which was long-term antibiotic use. Conversely, a high DASC/DOT was observed in Gram-negative bacteria. Antibiotics that have activity against Gram-negative bacteria typically have high ASC scores [18]. The metrics stratified by BSI pathogens will clarify the object of ASP interventions. Notably, each metric suspected of case contamination in this study was evaluated. A contaminated case of blood culture is associated with unnecessary treatment [25]. ASPs should target to reduce the DASC of contaminated cases including BSIs due to fungi, although this study could not discriminate against other existing infections [26,27].



Ideally, antibiotic use metrics should evaluate antimicrobial use appropriateness or standardization [28,29,30]. The standardized antimicrobial administration ratio (SAAR), which was risk-adjusted for hospital-level and unit-level factors, has been implemented as a standardized benchmark of antibiotic use in the United States, although conventional metrics could not be quantitatively evaluated for appropriateness [28]. Pathogen-specific DASCs will potentially be applied as a standardized metric in antimicrobial use. Cefazolin has been a recommended treatment for S. aureus bacteremia [31,32]. The treatment duration is 14 days for uncomplicated infections and 4–8 weeks for complicated infections, including infective endocarditis [31,32,33]. An ASC score of 3 for cefazolin and its dosing period-derived standardized DASC/patient is 42 in uncomplicated infections to 84–168 in complicated infections. Moreover, carbapenems are standard antibiotics for extended-spectrum beta-lactamase (ESBL) producing Enterobacterales infections [34]. An ASC score of 12 for meropenem and a 14-day treatment period of derived standardized DASC/patient as 168 in complicated urinary tract infections [35]. Fewer than both 168 DASC/patient and 12 DASC/DOT indicate de-escalation from meropenem to narrower-spectrum antibiotics. A DASC, DOT, and DASC/DOT combination stratified by BSI pathogens will be able to evaluate standardized and appropriate antimicrobial use. However, standard therapy periods are different by infection focus and severity. Further studies are needed to determine the disease-specific DASC appropriateness.



The present study has several limitations. First, this was a single-center pilot study conducted in Tokyo, Japan, and our findings cannot be generalized to another geographical area with different treatment standards and epidemiological BSI characteristics. Multicenter and large-size studies are needed. Second, this study overlooked the correlation between the metrics and outcomes, such as AMR, Clostridioides difficile infection, and cost saving. Third, the actual ASPs interventions were not evaluated. The previous study suggested that the efforts of ASPs to use narrow-spectrum antibiotics through empiric therapy or de-escalation are not evaluated in the DOT-based metrics [18]. Further studies are needed to evaluate the DASC application for the process and outcome of ASP interventions. Finally, the concept of DASC has not been widespread in Japan. The development of an electronic surveillance system would be needed to aggregate the DASC data in each hospital.



In conclusion, the study revealed that the DASC could evaluate antimicrobial use in patients with BSIs. The combination of DASC and DOT would be a useful benchmark for the evaluation of antimicrobial therapy overuse and misuse in BSIs. Notably, DASC/DOT would be a robust metric to evaluate the antibiotic spectrum that was selected for patients with BSIs. Disease and pathogen-specific DASC will be a benchmarking function that will lead to promoting antimicrobial stewardship because of the quantitative antibiotic spectrum evaluation.




4. Materials and Methods


4.1. Study Setting and Design


This retrospective study was performed at the Showa University Hospital, an 815-bed tertiary teaching hospital in Japan. Inclusions were in-patients with positive blood culture results during a 2-year interval from 1 April 2020 to 31 March 2022. Patient age, antimicrobial regimen, isolated microorganisms, and AMR data were extracted from patients’ medical records.




4.2. Calculation of Antimicrobial Use Metrics


Antimicrobial use data were collected from the initial blood sampling day for culture. DASC was calculated by the ASC score defined in the previous study [18]. If an antimicrobial that was not defined by the ASC score was used, a similar class antibiotic score was adopted according to the method of the prior study [18]. DASC/patient indicates the total amount of antibiotic spectrum and dosing period per patient. DOT/patient indicates mainly the dosing period per patient in addition to the number of antibiotic combinations. DASC/DOT indicates the average selected ASC score per patient.




4.3. Microbiologic Results of Blood Culture and AMR Definitions


BSIs were defined as organism isolation from positive blood culture. A suspected case of contamination was defined as isolating skin-resident or environmental bacteria from single blood culture which was not an identified specific infection focus [36,37]. BD BACTEC FX System (Becton, Dickinson and Company, Franklin Lakes, NJ, USA) was used to perform blood cultures. MicroScan WalkAway system (Beckman Coulter, Inc., Tokyo, Japan) was used to screen isolated strains.



The isolated pathogens were divided into major bacteria that cause BSIs to evaluate pathogen-specific antimicrobial use metrics. Furthermore, the AMR was tested in five microorganisms: Staphylococcus aureus, Escherichia coli, Klebsiella species, Enterobacter species (including K. aerogenes), and Pseudomonas aeruginosa [19]. The clinical breakpoints of the Clinical and Laboratory Standards Institute (CLSI) were used to define AMR [38]. Antimicrobial-resistant P. aeruginosa was resistant to at least two of the following antimicrobials: fluoroquinolones, aminoglycosides, and carbapenems. Methicillin resistance in S. aureus was confirmed by oxacillin and cefoxitin testing. The double disk synergy test was used to determine ESBL production in E. coli and Klebsiella spp. Disks containing cephalosporins (ceftazidime and cefotaxime) were applied next to amoxicillin–clavulanic acid disks. Antimicrobial-resistant Enterobacter spp. was defined by its resistance to third-generation cephalosporins or carbapenems that include the isolation and identification of a minimum inhibitory concentration (MICs) of meropenem ≥2 µg/mL or MICs of imipenem ≥2 µg/mL and cefmetazole ≥64 µg/mL by the Japanese criteria [39].




4.4. Statistical Analysis


Spearman’s rank correlation analysis was used to calculate the coefficient (ρ) among antimicrobial use metrics each month. Statistical tests were two-tailed, and p-values < 0.05 were considered significant. SPSS statistics version 23.0 (IBM Japan, Tokyo, Japan) was used to perform statistical analysis.




4.5. Ethics


The Showa University Research Ethics Committee (Approval no. 22-173-A) approved the study.








Author Contributions


Conceptualization, M.M.; methodology, M.M. and K.Y. (Kozue Yamaguchi); validation, M.N., Y.N. and I.T.; formal analysis, M.M., K.Y. (Kaho Yamada) and R.K.; investigation, M.N., Y.N., T.T. and R.O.; resources, M.N. and Y.N.; data curation, M.M.; writing—original draft preparation, M.M.; writing—review and editing, M.N. and Y.N.; visualization, M.M. and K.Y. (Kozue Yamaguchi); supervision, I.T.; project administration, M.M. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of Showa University (approval no. 22-173-A).




Informed Consent Statement


Statement: Informed consent was obtained in the form of an opt-out on the website according to the Ethical Guidelines for the Medical and Biological Research Involving Human Subjects in Japan.




Data Availability Statement


Data are available on request due to restrictions, e.g., privacy or ethical.




Conflicts of Interest


The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




References


	



Kuster, S.P.; Ruef, C.; Ledergerber, B.; Hintermann, A.; Deplazes, C.; Neuber, L.; Weber, R. Quantitative antibiotic use in hospitals: Comparison of measurements, literature review, and recommendations for a standard of reporting. Infection 2008, 36, 549–559. [Google Scholar] [CrossRef] [PubMed]

	



Gravatt, L.A.; Pakyz, A.L. Challenges in measuring antibiotic consumption. Curr. Infect. Dis. Rep. 2013, 15, 559–563. [Google Scholar] [CrossRef] [PubMed]

	



Bitterman, R.; Hussein, K.; Leibovici, L.; Carmeli, Y.; Paul, M. Systematic review of antibiotic consumption in acute care hospitals. Clin. Microbiol. Infect. 2016, 22, 561.e7–561.e19. [Google Scholar] [CrossRef]

	



Maeda, M.; Muraki, Y.; Kosaka, T.; Yamada, T.; Aoki, Y.; Kaku, M.; Seki, M.; Tanabe, Y.; Fujita, N.; Niki, Y.; et al. Impact of health policy on structural requisites for antimicrobial stewardship: A nationwide survey conducted in Japanese hospitals after enforcing the revised reimbursement system for antimicrobial stewardship programs. J. Infect. Chemother. 2021, 27, 1–6. [Google Scholar] [CrossRef]

	



Ibrahim, O.M.; Polk, R.E. Antimicrobial use metrics and benchmarking to improve stewardship outcomes: Methodology, opportunities, and challenges. Infect. Dis. Clin. N. Am. 2014, 28, 195–214. [Google Scholar] [CrossRef]

	



Barlam, T.F.; Cosgrove, S.E.; Abbo, L.M.; MacDougall, C.; Schuetz, A.N.; Septimus, E.J.; Srinivasan, A.; Dellit, T.H.; Falck-Ytter, Y.T.; Fishman, N.O.; et al. Implementing an Antibiotic Stewardship Program: Guidelines by the Infectious Diseases Society of America and the Society for Healthcare Epidemiology of America. Clin. Infect. Dis. 2016, 62, e51–e77. [Google Scholar] [CrossRef]

	



Paul, M.; Dickstein, Y.; Raz-Pasteur, A. Antibiotic de-escalation for bloodstream infections and pneumonia: Systematic review and meta-analysis. Clin. Microbiol. Infect. 2016, 22, 960–967. [Google Scholar] [CrossRef]

	



Hogan, C.A.; Ebunji, B.; Watz, N.; Kapphahn, K.; Rigdon, J.; Mui, E.; Meng, L.; Alegria, W.; Holubar, M.; Deresinski, S.; et al. Impact of rapid antimicrobial susceptibility testing in Gram-negative rod bacteremia: A quasi-experimental study. J. Clin. Microbiol. 2020, 58, e00360-20. [Google Scholar] [CrossRef]

	



De Waele, J.J.; Schouten, J.; Beovic, B.; Tabah, A.; Leone, M. Antimicrobial de-escalation as part of antimicrobial stewardship in intensive care: No simple answers to simple questions-a viewpoint of experts. Intensive Care Med. 2020, 46, 236–244. [Google Scholar] [CrossRef]

	



Weiss, E.; Zahar, J.-R.; Lesprit, P.; Ruppe, E.; Leone, M.; Chastre, J.; Lucet, J.-C.; Paugam-Burtz, C.; Brun-Buisson, C.; Timsit, J.-F.; et al. Elaboration of a consensual definition of de-escalation allowing a ranking of β-lactams. Clin. Microbiol. Infect. 2015, 21, 649.e1–649.e10. [Google Scholar] [CrossRef]

	



Silva, B.N.; Andriolo, R.B.; Atallah, A.N.; Salomão, R. De-escalation of antimicrobial treatment for adults with sepsis, severe sepsis or septic shock. Cochrane Database Syst. Rev. 2013, 3, CD007934. [Google Scholar] [CrossRef] [PubMed]

	



Tabah, A.; Bassetti, M.; Kollef, M.H.; Zahar, J.R.; Paiva, J.A.; Timsit, J.F.; Roberts, J.A.; Schouten, J.; Giamarellou, H.; Rello, J.; et al. Antimicrobial de-escalation in critically ill patients: A position statement from a task force of the European Society of Intensive Care Medicine (ESICM) and European Society of Clinical Microbiology and Infectious Diseases (ESCMID) Critically Ill Patients Study Group (ESGCIP). Intensive Care Med. 2020, 46, 245–265. [Google Scholar] [PubMed]

	



Al-Qahtani, S.M.; Baffoe-Bonnie, H.; El-Saed, A.; Alshamrani, M.; Algwizani, A.; Alaklabi, A.; AlJoudi, K.; Albaalharith, N.; Mohammed, A.; Hussain, S.; et al. Appropriateness of antimicrobial use among septic patients managed by the critical care response team: An opportunity for improvement through de-escalation. Antimicrob. Resist. Infect. Control 2019, 8, 186. [Google Scholar] [CrossRef] [PubMed]

	



Suzuki, A.; Maeda, M.; Yokoe, T.; Hashiguchi, M.; Togashi, M.; Ishino, K. Impact of the multidisciplinary antimicrobial stewardship team intervention focusing on carbapenem de-escalation: A single-centre and interrupted time series analysis. Int. J. Clin. Pract. 2021, 75, e13693. [Google Scholar] [CrossRef]

	



Moehring, R.W.; Ashley, E.S.D.; Davis, A.E.; Dyer, A.P.; Parish, A.; Ren, X.; Lokhnygina, Y.; Hicks, L.A.; Srinivasan, A.; Anderson, D.J. Development of an electronic definition for de-escalation of antibiotics in hospitalized patients. Clin. Infect. Dis. 2021, 73, e4507–e4514. [Google Scholar] [CrossRef]

	



Teh, H.L.; Abdullah, S.; Ghazali, A.K.; Khan, R.A.; Ramadas, A.; Leong, C.L. Impact of extended and restricted antibiotic deescalation on mortality. Antibiotics 2021, 11, 22. [Google Scholar] [CrossRef]

	



Naito, Y.; Maeda, M.; Nagatomo, Y.; Ugajin, K.; Akima, E.; Tanaka, M.; Tokimatsu, I.; Sasaki, T. Impact of the antimicrobial stewardship team intervention focusing on changes in prescribing trends and the rate of carbapenem-resistant P. aeruginosa. Yakugaku Zasshi 2022, 142, 527–534. [Google Scholar] [CrossRef]

	



Kakiuchi, S.; Livorsi, D.J.; Perencevich, E.N.; Diekema, D.J.; Ince, D.; Prasidthrathsint, K.; Kinn, P.; Percival, K.; Heintz, B.H.; Goto, M. Days of antibiotic spectrum coverage (DASC): A novel metric for inpatient antibiotic consumption. Clin. Infect. Dis. 2021, 75, ciab1034. [Google Scholar]

	



Hattori, H.; Maeda, M.; Nagatomo, Y.; Takuma, T.; Niki, Y.; Naito, Y.; Sasaki, T.; Ishino, K. Epidemiology and risk factors for mortality in bloodstream infections: A single-center retrospective study in Japan. Am. J. Infect. Control 2018, 46, e75–e79. [Google Scholar] [CrossRef]

	



Gerber, J.S.; Hersh, A.L.; Kronman, M.P.; Newland, J.G.; Ross, R.K.; Metjian, T.A. Development and application of an antibiotic spectrum index for benchmarking antibiotic selection patterns Across hospitals. Infect. Control Hosp. Epidemiol. 2017, 38, 993–997. [Google Scholar] [CrossRef]

	



Madaras-Kelly, K.; Jones, M.; Remington, R.; Hill, N.; Huttner, B.; Samore, M. Development of an antibiotic spectrum score based on Veterans Affairs culture and susceptibility data for the purpose of measuring antibiotic de-escalation: A modified Delphi approach. Infect. Control Hosp. Epidemiol. 2014, 35, 1103–1113. [Google Scholar] [CrossRef] [PubMed]

	



Madaras-Kelly, K.; Jones, M.; Remington, R.; Caplinger, C.M.; Huttner, B.; Jones, B.; Samore, M. Antimicrobial de-escalation of treatment for healthcare-associated pneumonia within the Veterans Healthcare Administration. J. Antimicrob. Chemother. 2016, 71, 539–546. [Google Scholar] [CrossRef] [PubMed]

	



Ilges, D.; Ritchie, D.J.; Krekel, T.; Neuner, E.A.; Hampton, N.; Kollef, M.H.; Micek, S. Assessment of antibiotic de-escalation by spectrum score in patients With nosocomial pneumonia: A single-center, retrospective cohort study. Open Forum. Infect. Dis. 2021, 8, ofab508. [Google Scholar] [CrossRef]

	



Sullivan, B.A.; Panda, A.; Wallman-Stokes, A.; Sahni, R.; Fairchild, K.D.; Newland, J.G.; McPherson, C.C.; Vesoulis, Z.A. Antibiotic spectrum index: A new tool comparing antibiotic use in three NICUs. Infect. Control Hosp. Epidemiol. 2021, 43, 1–5. [Google Scholar] [CrossRef] [PubMed]

	



Doern, G.V.; Carroll, K.C.; Diekema, D.J.; Garey, K.W.; Rupp, M.E.; Weinstein, M.P.; Sexton, D.J. Practical guidance for clinical microbiology laboratories: A comprehensive update on the problem of blood culture contamination and a discussion of methods for addressing the problem. Clin. Microbiol. Rev. 2019, 33, e00009-19. [Google Scholar] [CrossRef]

	



Esquer Garrigos, Z.; Wingler, M.J.B.; Svoronos, P.A.; Vijayvargiya, P.; Goodman-Meza, D.; O’Horo, J.C.; Navalkele, B.D.; Cretella, D.; Frame, I.J.; Parham, J.; et al. Increased rates of blood culture contamination during the coronavirus disease 2019 pandemic. Infect. Control Hosp. Epidemiol. 2021, 43, 1–3. [Google Scholar] [CrossRef] [PubMed]

	



Nielsen, L.E.; Nguyen, K.; Wahl, C.K.; Huss, J.L.; Chang, D.; Ager, E.P.; Hamilton, L. Initial Specimen Diversion Device® reduces blood culture contamination and vancomycin use in academic medical centre. J. Hosp. Infect. 2022, 120, 127–133. [Google Scholar] [CrossRef]

	



O’Leary, E.N.; Edwards, J.R.; Srinivasan, A.; Neuhauser, M.M.; Webb, A.K.; Soe, M.M.; Hicks, L.A.; Wise, W.; Wu, H.; Pollock, D.A. National healthcare safety network Standardized Antimicrobial Administration ratios (SAARs): A progress report and risk modeling update using 2017 data. Clin. Infect. Dis. 2020, 71, e702–e709. [Google Scholar] [CrossRef]

	



Maeda, M.; Muraki, Y.; Anno, Y.; Sawa, A.; Kusama, Y.; Ishikane, M.; Ohmagari, N.; Ohge, H. Development of the predicted and standardized carbapenem usage metric: Analysis of the Japanese Diagnosis Procedure Combination payment system data. J. Infect. Chemother. 2020, 26, 633–635. [Google Scholar] [CrossRef]

	



Kim, B.; Ahn, S.V.; Kim, D.S.; Chae, J.; Jeong, S.J.; Uh, Y.; Kim, H.B.; Kim, H.S.; Park, S.H.; Park, Y.S.; et al. Development of the Korean standardized antimicrobial administration ratio as a tool for benchmarking antimicrobial use in each hospital. J. Korean Med. Sci. 2022, 37, e191. [Google Scholar] [CrossRef]

	



Baddour, L.M.; Wilson, W.R.; Bayer, A.S.; Fowler, V.G., Jr.; Tleyjeh, I.M.; Rybak, M.J.; Barsic, B.; Lockhart, P.B.; Gewitz, M.H.; Levison, M.E.; et al. American Heart Association Committee on Rheumatic Fever, Endocarditis, and Kawasaki Disease of the Council on Cardiovascular Disease in the Young, Council on Clinical Cardiology, Council on Cardiovascular Surgery and Anesthesia, and Stroke Council Infective endocarditis in adults: Diagnosis, Antimicrobial Therapy, and Management of Complications: A Scientific Statement for Healthcare Professionals From the American Heart Association. Circulation 2015, 132, 1435–1486. [Google Scholar] [PubMed]

	



Weis, S.; Kesselmeier, M.; Davis, J.S.; Morris, A.M.; Lee, S.; Scherag, A.; Hagel, S.; Pletz, M.W. Cefazolin versus anti-staphylococcal penicillins for the treatment of patients with Staphylococcus aureus bacteraemia. Clin. Microbiol. Infect. 2019, 25, 818–827. [Google Scholar] [CrossRef] [PubMed]

	



Hagel, S.; Bahrs, C.; Schumann, R.; Pletz, M.; Weis, S. Complicated and uncomplicated S. aureus bacteraemia: An international Delphi survey among infectious diseases experts on definitions and treatment. Clin. Microbiol. Infect. 2022, 28, 1026.e7–1026.e11. [Google Scholar] [CrossRef] [PubMed]

	



Tamma, P.D.; Aitken, S.L.; Bonomo, R.A.; Mathers, A.J.; van Duin, D.; Clancy, C.J. Infectious Diseases Society of America guidance on the treatment of AmpC β-lactamase-producing Enterobacterales, carbapenem-resistant Acinetobacter baumannii, and Stenotrophomonas maltophilia infections. Clin. Infect. Dis. 2022, 74, 2089–2114. [Google Scholar] [CrossRef] [PubMed]

	



Wagenlehner, F.M.E.; Bjerklund Johansen, T.E.; Cai, T.; Koves, B.; Kranz, J.; Pilatz, A.; Tandogdu, Z. Epidemiology, definition and treatment of complicated urinary tract infections. Nat. Rev. Urol. 2020, 17, 586–600. [Google Scholar] [CrossRef] [PubMed]

	



Weinstein, M.P.; Towns, M.L.; Quartey, S.M.; Mirrett, S.; Reimer, L.G.; Parmigiani, G.; Reller, L.B. The clinical significance of positive blood cultures in the 1990s: A prospective comprehensive evaluation of the microbiology, epidemiology, and outcome of bacteremia and fungemia in adults. Clin. Infect. Dis. 1997, 24, 584–602. [Google Scholar] [CrossRef]

	



Hall, K.K.; Lyman, J.A. Updated review of blood culture contamination. Clin. Microbiol. Rev. 2006, 19, 788–802. [Google Scholar] [CrossRef]

	



Clinical and Laboratory Standards Institute. Performance Standards for Antimicrobial Susceptibility Testing. M100-S26; CLSI: Wayne, IN, USA, 2016. [Google Scholar]

	



Ministry of Health, Labor and Welfare Japan. Carbapenem-Resistant Enterobacteriaceae Infection. Available online: http://www.mhlw.go.jp/bunya/kenkou/kekkaku-kansenshou11/01-05-140912-1.html (accessed on 22 July 2022).








[image: Antibiotics 11 01745 g001 550] 





Figure 1. Monthly DASC and DASC/patient trends during this 2-year period. DASC, days of antibiotic spectrum coverage. 
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Figure 2. Monthly DOT and DOT/patient trends during this 2-year period. DOT, days of therapy. 
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Figure 3. Monthly DASC/DOT trend during this 2-year period. DASC, days of antibiotic spectrum coverage; DOT, days of therapy. 
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Figure 4. The scatterplot among DASC, DASC/patient, DOT, DOT/patient, DASC/DOT, and the number of patients per month. The x- and y-axes indicate each metric, while the plots indicate each month’s observed values. Diagonal cells show Spearman’s correlation analysis results. A strong correlation was observed between DASC and DOT (ρ = 0.963) as well as DASC/patient and DOT/patient (ρ = 0.923). In contrast, DASC/DOT had no correlation with other metrics (ρ = −0.279–0.368). DASC, days of antibiotic spectrum coverage; DOT, days of therapy. 
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Figure 5. The DASC/patient distribution stratified by BSI pathogens. DASC, days of antibiotic spectrum coverage; BSI, bloodstream infection; MSSA, methicillin-susceptible Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus; ESBL, extended-spectrum beta-lactamase; AMR, antimicrobial resistance. 
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Figure 6. The DOT/patient distribution stratified by BSI pathogens. DOT, days of therapy; BSI, bloodstream infection; MSSA, methicillin-susceptible Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus; ESBL, extended-spectrum beta-lactamase; AMR, antimicrobial resistance. 
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Figure 7. The DASC/DOT distribution stratified by BSI pathogens. DASC, days of antibiotic spectrum coverage; DOT, days of therapy; MSSA, methicillin-susceptible Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus; ESBL, extended-spectrum beta-lactamase; AMR, antimicrobial resistance. 
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Table 1. Positive blood culture cases and cases without contamination stratified by age category.






Table 1. Positive blood culture cases and cases without contamination stratified by age category.





	Age Category
	No. of Cases

(All, n = 1443)
	No. of Cases

(Without Contamination, n = 1178)





	0–5
	46 (3.2)
	35 (3.0)



	6–14
	9 (0.6)
	8 (0.7)



	15–49
	121 (8.4)
	93 (7.9)



	50–64
	232 (16.1)
	189 (16.0)



	65–74
	324 (22.5)
	264 (22.4)



	≥75
	711 (49.3)
	589 (50.0)







Data were presented as n (%).
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Table 2. The overall DASC and DOT metrics in this study population.






Table 2. The overall DASC and DOT metrics in this study population.





	Year
	DASC
	DASC/Patient
	DOT
	DOT/Patient
	DASC/DOT





	2020
	112,235
	155.9
	14,403
	20.0
	7.8



	2021
	114,391
	158.2
	14,375
	19.9
	8.0



	Total
	226,626
	157.1
	28,778
	19.9
	7.9







DASC, days of spectrum coverage; DOT, days of therapy.
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