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Abstract

:

A single-center cross-sectional study was conducted to describe the use of ceftaroline in a large teaching hospital in Northern Italy, during a period also including the first months of the coronavirus disease 2019 (COVID-19) pandemic. The primary objective was to describe the use of ceftaroline in terms of indications and characteristics of patients. A secondary objective was to describe the rate of favorable clinical response in patients with bloodstream infections (BSI) due to methicillin-resistant Staphylococcus aureus (MRSA-BSI) receiving ceftaroline. Overall, 200 patients were included in the study. Most of them had COVID-19 (83%, 165/200) and were hospitalized in medical wards (78%, 155/200). Included patients with COVID-19 pneumonia were given empirical ceftaroline in the suspicion of bacterial co-infection or superinfection. Among patients with MRSA-BSI, ceftaroline was used as a first-line therapy and salvage therapy in 25% (3/12) and 75% (9/12) of cases, respectively, and as a monotherapy or in combination with daptomycin in 58% (7/12) and 42% (5/12) of patients, respectively. A favorable response was registered in 67% (8/12) of patients. Improving etiological diagnosis of bacterial infections is essential to optimize the use of ceftaroline in COVID-19 patients. The use of ceftaroline for MRSA-BSI, either as a monotherapy or in combination with other anti-MRSA agents, showed promising rates of favorable response.
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1. Background


Ceftaroline fosamil is approved for the treatment of complicated skin and soft tissue infections and community-acquired pneumonia [1].



The off-label use of ceftaroline has also been reported, mostly for unmet clinical needs, for example salvage therapy of persistent methicillin-resistant Staphylococcus aureus (MRSA) bacteremia, or for taking advantage of possible synergistic effects when administered in combination with vancomycin or daptomycin [2,3,4,5,6,7]. However, a clear picture of how ceftaroline is used in real life (e.g., proportion of patients receiving ceftaroline for on-label vs. off-label indications, empirical vs. targeted therapy, monotherapy vs. combination) is still unavailable, as is information regarding its possible use for the treatment of invasive bacterial superinfections in patients with acute respiratory failure due to coronavirus disease 2019 (COVID-19). Such a descriptive picture may help to identify the precise current real-life use of ceftaroline to guide and focus the design of dedicated randomized clinical trials. In turn, this would improve the quality of evidence on the best possible place in therapy of ceftaroline for currently off-label indications, ultimately further optimizing its use.



For this reason, we conducted a single-center, cross-sectional study to describe the use of ceftaroline in a large teaching hospital in Northern Italy, which also covered the first months of the COVID-19 pandemic.




2. Methods


This cross-sectional, observational study was conducted at Ospedale Policlinico San Martino IRCSS, a 1200-bed hospital in Genoa, Northern Italy. From July 2019 to December 2020, two-hundred patients receiving ceftaroline for any indication were included in the study. Ceftaroline was administered by physician according to their judgment and independent of the study protocol, in line with the observational nature of the study. All patients without COVID-19 receiving ceftaroline were enrolled consecutively; however this was ultimately not possible for COVID-19 patients during the peak of the pandemic, so patients receiving ceftaroline were enrolled whenever possible up to reaching the predefined sample size of 200 patients (see sample size calculation below).



The primary objective was to describe the use of ceftaroline in terms of indications and characteristics of patients. A secondary objective was to describe the rate of clinical response at the end of ceftaroline treatment in a longitudinal observational prospective subgroup analysis of patients with bloodstream infections (BSI) due to MRSA (MRSA-BSI).



The study was approved by the ethics committee of the Liguria Region (registry number 291/2018). According to the current privacy regulation (General Data Protection Regulation (GDPR), EU 2016/679), patients able to provide an informed consent agreed to participate in the study. A waiver of informed consent was obtained for patients unable to provide an informed consent while hospitalized (e.g., those with invasive infection who were unconscious at the time of study inclusion). The collection of anonymous descriptive clinical and laboratory data from hospitalized COVID-19 patients was also approved by the ethics committee of the Liguria Region (registry number 163/2020).



Deviations from the original study protocol consequent to the COVID-19 pandemic are listed in the Supplementary Materials.



2.1. Study Procedures and Definitions


In line with the cross-sectional nature of the study primary analysis, data was collected at the time of ceftaroline initiation. No follow-up was conducted, except for: (i) results of culture performed before or concomitantly to ceftaroline initiation in the case of empirical therapy; (ii) patients with MRSA-BSI, in line with the secondary objective of assessing response to treatment in this subgroup.



The onset of the infection in patients with MRSA-BSI was defined as the day when the first positive blood culture was drawn. A favorable response at the end of ceftaroline treatment in patients with MRSA-BSI was defined as complete or partial resolution of signs and symptoms of BSI.




2.2. Data Collection


The following demographic, clinical, and laboratory data was collected from the laboratory database and the patients’ medical records at the time of ceftaroline initiation: age in years; gender; Charlson comorbidity index [8]; previous solid organ transplantation; previous hematopoietic stem cell transplantation; previous colonization/infection by methicillin-susceptible Staphylococcus aureus (MSSA); previous colonization/infection by MRSA; previous therapy with ceftaroline; previous therapy with daptomycin; previous therapy with glycopeptides; previous therapy with linezolid; previous length of hospital stay in days; ward of stay; presence of central venous catheter (CVC) from at least 48 h; presence of urinary catheter from at least 48 h; use of mechanical ventilation from at least 48 h; presence of COVID-19 (defined by a positive real-time polymerase chain reaction for SARS-CoV-2 on at least one respiratory specimen); presence of neutropenia (defined as absolute neutrophil count <500/mm3); serum creatinine value; serum albumin value; Kidney Disease Improving Global Outcomes (KDIGO) stage of acute kidney injury [9]; Sequential Organ Failure Assessment (SOFA) score [10]; presence of septic shock (according to The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) criteria [11]); type of ceftaroline therapy (empirical vs. targeted (i.e., after isolation of the causative agent), first-line vs. salvage therapy, on-label vs. off-label; monotherapy vs. combination therapy (defined as administration of ceftaroline with at least another anti-MRSA agent)); type of infection, according to the Centers for Disease Control and Prevention (CDC)/National Healthcare Safety Network (NHSN) surveillance definitions [12] (and with pneumonia being further divided into community-acquired pneumonia [CAP], hospital-acquired pneumonia [HAP] and ventilator-associated pneumonia [VAP] according to standard definitions [13]); type of clinical suspicion (e.g., sepsis) in the absence of data meeting CDC/NHSN criteria; results of cultures from specimens collected before/concomitant to ceftaroline initiation to pursue etiological diagnosis; genus and species of causative agent/s; and susceptibility to ceftaroline of MRSA isolates (the VITEK-2 automated system (bioMérieux, Marcy l’Etoile, France) was employed for the identification of isolates and for susceptibility testing).



In the subgroup of patients with MRSA-BSI, the following cross-sectional and longitudinal data was also collected: days elapsed from the onset of infection to initiation of ceftaroline; duration of ceftaroline therapy; presence of metastatic infection (defined as the presence of microbiological or radiographical evidence of S. aureus infection caused by hematogenous seeding); source control within 24 h from the onset of infection (CVC removal, abscess drainage, surgery); results of follow-up blood cultures performed at 72 h after ceftaroline initiation; clinical response at the end of ceftaroline treatment; mortality at the end of ceftaroline treatment; and mortality at 28 days after the onset of infection.




2.3. Sample Size Calculation and Statistical Analysis


By assuming normal distribution of estimated proportions for the primary descriptive, cross-sectional analysis (e.g., proportion of patients receiving ceftaroline for off-label indications/all patients receiving ceftaroline), a sample size of 200 patients would have guaranteed a maximum margin of error (confidence interval) of ± 7% with α = 0.05, and was ultimately considered as an acceptable compromise between feasibility and generalizability of study results.



The use of ceftaroline in the entire study population and in the subgroup of COVID-19 patients, as well as the rates of clinical response in patients with MRSA-BSI, were summarized with numbers and percentages for categorical variables, and with median and interquartile ranges for continuous variables. The 95% confidence interval (CI) was calculated for both proportions [14] and median values [15] estimates.





3. Results


The demographic and clinical characteristics of the 200 enrolled patients are presented in Table 1. Their median age was 66 years (interquartile range (IQR) 57–76), and 72% were males (144/200). As shown in the table, most of the patients had COVID-19 (83%, 165/200) and were hospitalized in medical wards (78%, 155/200).



As shown in Table 2, there were two distinct modalities of ceftaroline prescriptions: (i) empirical therapy, the most frequent, that was mostly registered in patients with COVID-19 (165/179 empirical prescriptions, 92%); and (ii) targeted therapy, which was prescribed only in patients without COVID-19 (21/21 targeted prescriptions, 100%). Included patients with COVID-19 (i.e., those COVID-19 patients receiving empirical ceftaroline, whereas COVID-19 patients not receiving ceftaroline were not enrolled) had unilateral or bilateral consolidative pulmonary lesions at chest X-ray and/or computerized tomography and were given ceftaroline in the suspicion of community-acquired pneumonia (CAP), either as co-infection or superinfection to COVID-19. As reported in Table 3, etiological diagnosis of S. pneumoniae by urinary antigen was made in 1/140 tested COVID-19 patients. Respiratory specimens for culture were collected in only 13/165 COVID-19 patients (8%) and were positive in three of them (in two cases cultures yielded Enterobacter aerogenes, while Pseudomonas aeruginosa was isolated in the third case). In patients without COVID-19, targeted therapy was more frequent than empirical therapy, with MRSA being responsible for 63% (5/8), 57% (12/21), 33% (2/6), and 27% (4/15), of skin and soft tissue infections, bloodstream infections, endocarditis, and CAP, respectively (see Figure 1).



Among patients with MRSA-BSI, ceftaroline was used as first-line therapy and salvage therapy in 25% (3/12) and 75% (9/12) of cases, respectively, and as monotherapy or in combination with another anti-MRSA agent (in all cases with daptomycin) in 58% (7/12) and 42% (5/12) of patients, respectively (see Table 4). MRSA-BSI isolates were susceptible to ceftaroline (minimum inhibitory concentration range 0.25–1 mg/L). A favorable response at the end of ceftaroline therapy was registered in 67% (8/12) of patients, and 28-day mortality was 33% (4/12).




4. Discussion


The present cross-sectional study was conceived as an effort to depict the real-life use of ceftaroline within on-label and off-label indications. The concomitance of the COVID-19 pandemic allowed us to address an additional descriptive endpoint, that being the use of ceftaroline in COVID-19 patients with suspected bacterial CAP.



Most patients in our cohort were COVID-19 patients with pulmonary consolidative lesions receiving empirical ceftaroline. The use of antibiotics in COVID-19 patients has (and still is) much debated, with current epidemiological data depicting a low prevalence of bacterial infections and correctly pointing towards a more tailored use of antibiotics in COVID-19 patients with highly suspected/proven bacterial coinfection/superinfection [16,17,18]. In our opinion, the present study brings some additional points to this debate that are worth discussing. The first is that, while it is true that only in 4 out of 165 COVID-19 patients an etiological diagnosis was achieved (i.e., one positive urinary antigen for Streptococcus pneumoniae and three respiratory cultures yielding gram-negative rods), only 13 out of 165 COVID-19 patients underwent respiratory cultures, and this could have led to an important underestimation of the true prevalence of bacterial co-infections in our cohort. The second point, connected to the previous one, is that as many as 62%, 36% and 34% of respiratory cultures, blood cultures, and urine specimens for antigen testing, respectively, were collected after ceftaroline initiation, likely reducing their sensitivity for ceftaroline-susceptible bacteria. Finally, it is of note that, owing to the pressing need to provide rapid molecular testing results for SARS-CoV-2 in an overcrowded hospital during the peaks of the COVID-19 pandemic, the overworked laboratory was unable to perform additional molecular tests for other viruses and bacteria on respiratory specimens, further severely hampering the overall ability to identify true cases of bacterial CAP in COVID-19 patients. The overall picture is therefore dual: (i) on the one hand, the possible overlapped presentation of SARS-CoV-2 pneumonia (which may show consolidative pulmonary lesions independent of any possible bacterial co-infection/superinfection) and bacterial pneumonia may dictate toward the use of empirical antimicrobials in patients with severe disease, as was the case in our cohort; (ii) on the other hand, our results further remind us of the essential role of adequate laboratory testing for bacterial co-infection and superinfection in all COVID-19 patients with severe disease, possibly before initiation of empirical antibiotics. Only a comprehensive and timely approach to the diagnosis of bacterial infections may allow depiction of the true prevalence of bacterial CAP in COVID-19 patients, as well as allowing either targeted administration or rapid de-escalation of empirical antibiotics in specific cases, in line with the principles of personalized medicine.



Regarding the administration of ceftaroline in non-COVID-19 patients, despite the limitation of the small sample size, it is of note that most ceftaroline prescriptions were for off-label use, mostly for MRSA-BSI. Notably, ceftaroline was used for salvage therapy in 75% of cases, and its use was distributed in a similar way between monotherapy and combination therapy with daptomycin (58% vs. 42%, respectively). In our opinion, this highlights the persistent uncertainty in the literature, based on still inconclusive evidence, of the best approach (monotherapy vs. combination of daptomycin or vancomycin plus a beta-lactam) for the salvage therapy (or, in some cases, for first-line therapy) of MRSA-BSI. Indeed, while on the one hand the combination of vancomycin plus flucloxacillin was associated with reduced time to bacteremia resolution compared to vancomycin monotherapy in a RCT of 60 patients with MRSA-BSI, on the other hand another RCT comparing the combination of vancomycin or daptomycin plus an anti-staphylococcal beta-lactam (oxacillin, flucloxacillin, or cefazolin) vs. daptomycin/daptomycin monotherapy was terminated early due to safety concerns (increased rate of acute kidney injury in the combination arm) [19,20]. Concerning the specific addition of ceftaroline to daptomycin/vancomycin for the treatment of MRSA-BSI, in a recent retrospective study of 60 patients with MRSA-BSI, the combination of ceftaroline plus daptomycin was associated with lower odds of clinical failure (OR 0.23, with 95% CI 0.06–0.89) in multivariable analysis compared to the standard of care (vancomycin or daptomycin with or without the addition of trimethoprim/sulfamethoxazole, clindamycin, gentamicin, rifampin, or linezolid) [21]. Other observational studies have reported comparable/favorable success rates in patients with MRSA-BSI receiving ceftaroline in combination with daptomycin vs. daptomycin monotherapy [22,23,24,25,26]. While such a possible favorable effect is in line with the possible presence of the “seesaw effect” (i.e., improvement of β-lactam susceptibility in the presence of reduced daptomycin/vancomycin susceptibility) [27], it should be acknowledged that both in vitro and clinical observational results are hypothesis-generating at most, and dedicated, large RCTs remain ultimately necessary to disentangle the uncertainty about the use of ceftaroline either as a monotherapy or in combination for MRSA-BSI. In a small pilot RCT conducted in patients with MRSA-BSI, in-hospital mortality was 0% (0/17) and 26% (5/19) in patients treated with daptomycin plus ceftaroline vs. vancomycin or daptomycin monotherapy, respectively [28]. Overall, it is of note that, independent of ceftaroline use as a monotherapy or in combination, a high rate of favorable response (67%, 8/12) was observed in MRSA-BSI patients treated with ceftaroline in our cohort, and that there was no discontinuation of ceftaroline due to treatment-emergent adverse events.



In conclusion, we observed a dual major use of ceftaroline in our prospective study: (i) as empirical therapy for suspected bacterial CAP in COVID-19 patients; (ii) as targeted therapy for S. aureus infections (mostly MRSA-BSI) in non-COVID-19 patients. Improving respiratory diagnostic practices is essential to optimize the use of ceftaroline and other antibiotics in COVID-19 patients with highly suspected bacterial pulmonary coinfection or superinfection. The use of ceftaroline as salvage therapy for MRSA-BSI, either as a monotherapy or in combination with other anti-MRSA agents, shows promising rates of favorable response deserving further investigation through dedicated RCTs.
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Figure 1. Distribution of MRSA and MSSA as etiological agents in patients without coronavirus disease 2019 (COVID-19) treated with ceftaroline. The figure includes etiological agents isolated both before and after initiation of ceftaroline therapy (i.e., isolates both from patients receiving targeted therapy and from patients receiving empirical ceftaroline with subsequent isolation of the causative agent). Indications are not mutually exclusive. BSI, bloodstream infection; CAP, community-acquired pneumonia; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus aureus; SSTI, skin and soft tissue infection. 
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Table 1. Demographic and clinical characteristics of patients treated with ceftaroline.
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	Variable
	No. of Patients a
	%
	95% CI





	Demographic Variables
	
	
	



	Age in years, Median (IQR)
	66 (57–76)
	
	63–69



	Male Gender
	144/200
	72
	65–78



	Medical History
	
	
	



	Charlson Score, Median (IQR)
	3 (2–5)
	
	3–3



	Solid Organ Transplant
	1/200
	1
	0–3



	Hematopoietic Stem Cell Transplantation
	1/200
	1
	0–3



	Previous Isolation of MSSA
	6/200
	3
	1–6



	Previous Isolation of MRSA
	5/200
	3
	1–6



	Previous Therapy with Ceftaroline
	2/200
	1
	0–4



	Previous Therapy with Daptomycin
	6/200
	3
	1–6



	Previous Therapy with Glycopeptides
	5/200
	3
	1–6



	Previous Therapy with Linezolid
	6/200
	3
	1–6



	Cross-sectional Variables b
	
	
	



	Length of Hospital Stay in Days, Median (IQR)
	1 (1–3)
	
	1–2



	Ward of Staying
	
	
	



	ICU
	34/200
	17
	12–23



	Medical Ward
	155/200
	78
	71–83



	Surgical Ward
	2/200
	1
	0–4



	Emergency Department
	9/200
	5
	2–8



	Presence of CVC c
	13/200
	7
	4–11



	Presence of Urinary Catheter c
	36/200
	18
	13–24



	Mechanical Ventilation c
	8/200
	4
	2–8



	COVID-19
	165/200
	83
	77–87



	Neutropenia (ANC < 500/mm3)
	1/200
	1
	0–3



	Serum Albumin in g/dl d, Median (IQR)
	3.0 (2.5–3.4)
	
	2.9–3.1



	Missing (serum Albumin not tested)
	56/200
	
	



	Serum Creatinine in mg/dl d, Median (IQR)
	0.9 (0.8–1.2)
	
	0.9–1.0



	KDIGO Stage of AKI
	
	
	



	No AKI
	170/200
	85
	79–89



	Stage 1
	16/200
	8
	5–13



	Stage 2

Stage 3
	8/200

6/200
	4

3
	2–8

1–6



	SOFA Score, Median (IQR)
	2 (2–4)
	
	2–3



	Septic Shock
	54/200
	27
	21–34







AKI, acute kidney injury; ANC, absolute neutrophil count; BSI, bloodstream infection; CAP, community-acquired pneumonia; CI, confidence intervals; CVC, central venous catheter; ICU, intensive care unit; IQR, interquartile range; KDIGO, Kidney Disease: Improving Global Outcomes; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus aureus; SOFA, sequential organ failure assessment. a Results are presented as No. of patients/Total of patients unless otherwise indicated; b At the time of ceftaroline initiation; c From at least 48 h; d Last measured value before ceftaroline initiation.
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Table 2. Characteristics of ceftaroline therapies at the start of administration.
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	Variable
	No. of Patients a
	%
	95% CI





	Type of therapy
	
	
	



	Empirical therapy
	179/200
	90
	84–93



	Targeted therapy b
	21/200
	10
	7–16



	First-line therapy
	103/200
	52
	44–59



	Salvage therapy
	97/200
	48
	41–56



	On-label therapy
	186/200
	93
	89–96



	Off-label therapy
	14/200
	7
	4–11



	Monotherapy
	193/200
	97
	93–98



	Combination therapy c
	7/200
	3
	2–7



	Indications for empirical therapy d
	
	
	



	Sepsis
	5/179
	3
	1–6



	CAP in patients without COVID-19
	7/179
	4
	2–8



	CAP in patients with COVID-19
	165/179
	92
	87–95



	Skin and soft tissue infection
	2/179
	1
	0–4



	Endocarditis
	1/179
	1
	0–3



	Other e
	2/179
	1
	0–4



	Indications for targeted therapy d
	
	
	



	BSI
	16/21
	76
	55–90



	CAP in patients without COVID-19
	8/21
	38
	20–60



	CAP in patients with COVID-19
	0/21
	0
	0–20



	Skin and soft tissue infection
	6/21
	29
	13–51



	Endocarditis
	5/21
	24
	10–46



	Other f
	6/21
	29
	13–51







BSI, bloodstream infection; CAP, community acquired pneumonia; CI, confidence intervals; COVID-19, coronavirus disease 2019; HAP, hospital-acquired pneumonia; IQR, interquartile range; VAP, ventilator-associated pneumonia. a Results are presented as No. of patients/Total of patients unless otherwise indicated; b Post-identification of the causative agent; c With other agents with anti-MRSA activity: daptomycin (n = 7); d Not mutually exclusive; e HAP (n = 1), septic arthritis (n = 1), f HAP (n = 1), osteomyelitis (n = 1), pleural empyema (n = 1), VAP (n = 1), vertebral osteomyelitis (n = 2).
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Table 3. Microbiological procedures in patients with COVID-19 and suspected bacterial CAP empirically treated with ceftaroline.
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	Variable
	No. of Patients
	%
	95% CI





	Blood Cultures
	
	
	



	Blood Cultures Collected
	83/165
	50
	43–58



	Collection before Ceftaroline Initiation
	56/83
	67
	57–67



	Positive Blood Cultures a
	1/83
	1
	0–6



	Respiratory Cultures
	
	
	



	Respiratory Cultures Collected b
	13/165
	8
	4–13



	Collection before Ceftaroline Initiation
	5/13
	38
	17–66



	Positive Respiratory Tract Cultures c
	3/13
	23
	7–52



	Urinary Antigen for Streptococcus Pneumoniae
	
	
	



	Urinary Antigen for Streptococcus Pneumoniae Collected
	140/165
	85
	79–90



	Collection before Ceftaroline Initiation
	92/140
	66
	58–73



	Positive Urinary Antigen for Streptococcus Pneumoniae
	1/140
	1
	0–4







CAP, community acquired pneumonia; CI, confidence intervals; COVID-19, coronavirus disease 2019. a Only pathogens possibly responsible for CAP were considered (e.g., positive blood cultures for coagulase-negative staphylococci were excluded): Escherichia coli (n = 1); b Bronchoalveolar lavage fluid culture (n = 11), tracheal aspirate culture (n = 1), not specified (n = 1); c Enterobacter aerogenes (n = 2), Pseudomonas aeruginosa (n = 1)
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Table 4. Clinical characteristics and outcomes in patients with MRSA-BSI treated with ceftaroline.
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	Variable
	No. of Patients a
	%
	95% CI





	Characteristics of Ceftaroline Therapy
	
	
	



	Empirical Therapy b
	2/12
	17
	3–46



	Targeted Therapy
	10/12
	83
	54–97



	First-Line Therapy
	3/12
	25
	7–54



	Salvage Therapy
	9/12
	75
	46–93



	Monotherapy
	7/12
	58
	29–82



	Combination Therapy c
	5/12
	42
	18–71



	Time to Ceftaroline Initiation in Days, Median (IQR)
	6 (2–10)
	
	2–10



	Duration of Ceftaroline Therapy in Survivors, Median (IQR)
	13 (11–14)
	
	5–16



	Type Of Infection
	
	
	



	Isolated BSI
	4/12
	33
	12–63



	BSI With Metastatic Foci of Infection d
	8/12
	67
	37–88



	Early Source Control e
	
	
	



	Performed or Unnecessary
	7/12
	58
	29–82



	No f
	5/12
	42
	18–71



	Follow-Up Cultures At 72 H After Ceftaroline Initiation
	
	
	



	Follow-Up Cultures Performed
	9/12
	75
	46–93



	Microbiological Success g
	6/9
	67
	32–90



	Clinical Outcomes
	
	
	



	Favorable Response at the End of Ceftaroline Therapy
	8/12
	67
	37–88



	Mortality at the End of Ceftaroline Therapy
	2/12
	17
	3–46



	28-Day Mortality
	4/12
	33
	12–63







BSI, bloodstream infection; CI, confidence intervals; IQR, interquartile range; MRSA, methicillin-resistant Staphylococcus aureus. a Results are presented as No. of patients/Total of patients unless otherwise indicated; b Etiological diagnosis made after ceftaroline initiation; c With other agents with anti-MRSA activity: daptomycin (n = 5); d Endocarditis (n = 3); pneumonia (n = 1), septic arthritis (n = 1), vertebral osteomyelitis (n = 1), pneumonia plus septic arthritis (n = 1), pneumonia plus vertebral osteomyelitis (n = 1); e Performed within 24 h from BSI onset (defined as the time when the first positive blood culture was drawn); f central venous catheter removed later than 24 h after BSI onset (n = 3), infective endocarditis deemed as inoperable by the cardiac surgeon (n = 2); g Defined as negative blood cultures at 72 h after ceftaroline initiation.
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