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a b s t r a c t 

Objectives: This study aimed to assess the real use of cefazolin for methicillin-susceptible Staphylococcus 

aureus (MSSA) infective endocarditis (IE) in the Spanish National Endocarditis Database (GAMES) and to 

compare it with antistaphylococcal penicillin (ASP). 

Methods: Prospective cohort study with retrospective analysis of a cohort of MSSA IE treated with 

cloxacillin and/or cefazolin. Outcomes assessed were relapse; intra-hospital, overall, and endocarditis- 

related mortality; and adverse events. Risk of renal toxicity with each treatment was evaluated separately. 

Results: We included 631 IE episodes caused by MSSA treated with cloxacillin and/or cefazolin. Antibiotic 

treatment was cloxacillin, cefazolin, or both in 537 (85%), 57 (9%), and 37 (6%) episodes, respectively. 

Patients treated with cefazolin had significantly higher rates of comorbidities (median Charlson Index 7, 

P < 0.01) and previous renal failure (57.9%, P < 0.01). Patients treated with cloxacillin presented higher 

rates of septic shock (25%, P = 0.033) and new-onset or worsening renal failure (47.3%, P = 0.024) with 

significantly higher rates of in-hospital mortality (38.5%, P = 0.017). One-year IE-related mortality and 
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rate of relapses were similar b  

or protective factors. 

Conclusion: Our results suggest  

differences in 1-year mortality  

effective. 

© 2023 The Authors. Published
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ntroduction 

Infective endocarditis (IE) is a life-threatening infectious disease 

haracterized by its high morbimortality [ 1 , 2 ]. Today, Staphylococ- 

us aureus is the most common cause of IE in developed countries 

 3 , 4 ] with a growing incidence in the last decades due to its re-

ationship with health-care contact [ 1 , 3 ]. Particularly, S. aureus IE 

as been associated with immunosuppression, prosthetic cardiac 

evices, hemodialysis, and other invasive procedures [ 3 , 4 ], as well 

s an aggressive presentation and poor prognosis [5] . 

Antistaphylococcal penicillin (ASP) is the recommended treat- 

ent for methicillin-susceptible S. aureus (MSSA) infections [ 1 , 2 ]. 

owever, these drugs require multiple administrations per day and 

re a common cause of adverse events such as nephrotoxicity, hep- 

totoxicity, phlebitis, hypersensitivity reactions, and treatment dis- 

ontinuation due to these side effects [6] . Hence, cefazolin has 

een proposed as an alternative treatment for MSSA infections 

nd, when compared with ASPs, similar efficacy and fewer adverse 

vents were reported [6–10] . 

In infections with high bacterial loads, such as IE, the use of ce- 

azolin remains controversial because prior anecdotic reports [11–

3] of treatment failures with cefazolin attributed to an inocu- 

um effect (CzIE). This reduced efficacy of the drug in the pres- 

nce of high bacterial burdens is thought to be due to the in- 

reased production of a certain type of staphylococcal B-lactamase 

cephalosporinase) that efficiently hydrolyzes cefazolin, but with- 

ut activity against ASPs. The clinical impact of the inoculum ef- 

ect is uncertain and only a few studies supported that it could 

nfluence clinical outcomes in real practice [14–17] . Despite this, 

efazolin is recommended only as an alternative therapy for MSSA 

E, especially for penicillin-allergic patients with nonanaphylactic 

eactions [ 1 , 2 ]. However, in recent years, there has been growing

vidence of cefazolin as a first-line treatment for MSSA IE with 

imilar efficacy results as ASPs and a better safety profile [18–21] . 

The present study was conducted to corroborate the similar ef- 

ciency of ASPs and cefazolin for the treatment of MSSA IE in a 

ong-term cohort. This study aims to assess the real use of ce- 

azolin in MSSA IE in the Spanish National Endocarditis Database 

GAMES) which includes more than 50 0 0 prospectively collected 

pisodes and compares with those treated with ASPs.. 

aterials and methods 

tudy design and data collection 

Prospective observational cohort study with retrospective anal- 

sis of the Spanish Collaboration on Endocarditis—Grupo de Apoyo 

l Manejo de la Endocarditis infecciosa en España (GAMES) cohort. 

his cohort included IE consecutive cases from 39 Spanish hospi- 

als between 2008 and 2020. Prospective collection of data vari- 

bles through a specific central registration depository, multidisci- 

linary teams, and definitions are described elsewhere [22] . 
135 
etween treatment groups. None of the treatments were identified as risk

 that cefazolin is a valuable option for the treatment of MSSA IE, without

 or relapses compared with cloxacillin, and might be considered equally

by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

opulation 

All consecutive patients with definite or possible IE, according 

o the modified Duke criteria [22] , were prospectively included 

n the GAMES registry. Patients with culture-confirmed MSSA IE 

reated with cloxacillin (available ASP in Spain) or cefazolin was 

elected. Switching between both treatments was permitted and 

ecorded. Dosing regimens were cloxacillin 2 grams each 4 hours 

nd cefazolin 2 grams each 8 hours, except for renal impairment 

djustments. Patients with infections associated with pacemakers 

PM) or intracardiac implantable defibrillators (ICD) were included. 

atients were classified into three groups according to the pre- 

ominant antibiotic treatment: i) cefazolin group (cefazolin treat- 

ent covered > 75% of the treatment length); ii) cloxacillin group 

cloxacillin treatment covered > 75% of the treatment length); iii) 

ixed group (treatment which included cefazolin and cloxacillin 

equentially, but less than < 75% of the treatment length were cov- 

red with any of them). Patients treated with other antibiotic reg- 

mens were excluded. 

nd points 

Primary outcomes assessed were intra-hospital mortality de- 

ned as death from any cause during hospitalization and up to 1 

onth after discharge. Secondary outcomes assessed were: i) re- 

apse, defined as positive blood cultures caused by the same mi- 

roorganism as the initial episode during the first 6 months of 

ollow-up; ii) overall mortality during 1-year follow-up, defined as 

eath from any cause; iii) endocarditis-related mortality during 1- 

ear follow-up, defined as death derived from the infection or its 

equelae; and iv) adverse events related with antimicrobial treat- 

ent. To evaluate the clinical factors associated with worse prog- 

osis a composite end point was defined as relapse or death from 

ny cause during follow-up. All cases were followed for 1 year. 

efinitions 

Persistent bacteremia was defined as positive blood cultures af- 

er 7 days of effective antibiotic therapy; acute renal failure was 

efined as a worsening equal or higher than 25% of serum creati- 

ine or glomerular clearance occurring within a lapse of 72 hours; 

ite of acquisition of IE was defined following International Collab- 

ration on Endocarditis recommendation [ 4 , 22 ]; Charlson Comor- 

idity Index was employed as a method of categorizing comorbidi- 

ies of the patients [22] . 

enal toxicity 

To evaluate the association of renal toxicity with antibiotic 

reatment, patients were grouped into two cohorts (cloxacillin-5 

ays vs cefazolin-5days) regarding the initial treatment (at least 

he first 5 days of treatment) [23] . Patients who initially received 

ess than 5 days of treatment with the same antibiotic were ex- 

luded. Among these groups, we compared known risk factors for 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Figure 1. Patient flowchart. 

GAMES, Spanish National Endocarditis Database; IE, infective endocarditis; MSSA, methicillin-susceptible Staphylococcus aureus. 
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enal failure (previous renal failure, age > 70 years, septic shock, 

nd heart failure) and the frequency of new renal failure or wors- 

ning of renal function. 

tatistical analysis 

Categorical variables were summarized as percentages. Contin- 

ous variables were summarized as median and interquartile range 

IQR). Quantitative variables were compared using Mann-Whitney 

est and categorical variables were compared using the chi-square 

est or Fisher exact t test. Stepwise logistic regression analyses 

ere performed including variables present at admission with a P - 

alue < 0.1 in the univariate analysis, but also taking into account 

he clinical significance of each variable and the number of pa- 

ients that reported the studied event. A two-sided P < 0.05 was 

onsidered statistically significant. The statistical analysis was per- 

ormed using SPSS version 28.0 (SPSS Inc, Chicago, IL, USA) and R 

.6.1 software ( https://www.r-project.org/ ). 

thics 

This study complies with the principles outlined in the Declara- 

ion of Helsinki and was approved by the ethics committee of the 

articipating centers. Written informed consent was obtained from 

ll patients. 

esults 

During the study period, 5584 episodes were included in the 

AMES registry. Among them, 631 IE episodes were caused by 

SSA treated with cloxacillin and/or cefazolin. The principal an- 

ibiotic treatment was cloxacillin, cefazolin, or both in 537 (85%), 

7 (9%), and 37 (6%) episodes, respectively ( Figure 1 ). Patients 

nd IE characteristics are shown in Table 1 . The group treated 

ith cefazolin had significantly higher rates of comorbidities, with 

 significantly higher median Charlson score than those treated 

ith cloxacillin or both treatments (median Charlson score 7 

4–9] , 5 [3–7] and 5 [3–7] , respectively). Diabetes mellitus, periph- 

ral arterial disease, previous renal failure and chronic hemodial- 

sis were all significantly more frequent in this group, with the 

ricuspid valve significantly more frequently involved and higher 

ate of multivalve affectation (although, this latter characteristic 

id not reach statistical significance). Conversely, the mitral valve 

as more commonly affected in patients treated with cloxacillin 
136 
nd in the mixed group. The proportion of healthcare-associated 

E was significantly higher in those patients treated with cefazolin 

mainly patients with chronic HD), whereas community-acquired 

E was significantly more frequent in both cloxacillin and mixed 

roups. 

linical manifestations and outcomes 

Patients treated with cloxacillin had significantly higher rates 

f septic shock and new-onset or worsening renal failure 

 Table 2 ). Cardiac surgery was significantly less indicated in those 

atients treated with cefazolin and, remarkably, patients in the 

ixed group underwent cardiac surgery significantly less fre- 

uently, despite the indication. With regard to patients with infec- 

ions associated with PM/ICD, removal of the device was less fre- 

uent in patients treated with cefazolin (extraction rate was 80%, 

4.4%, and 83.3% in the cloxacillin, cefazolin, and mixed group, re- 

pectively, P = 0.021). Length of antibiotic treatment and length of 

tay were similar in all treatment groups. In the mixed group, the 

edian length of treatment with cefazolin and cloxacillin was 15.5 

10-21) and 16 (11-24.5) days, respectively. In-hospital and 1-year 

ortality was significantly higher in those patients treated with 

loxacillin. The difference in 1-year IE-related mortality between 

atients treated with cloxacillin and cefazolin did not reach statis- 

ical significance, despite a trend toward higher mortality in the 

loxacillin group. Rate of relapses was similar in all groups. 

Regarding treatment toxicity, patients treated with both antibi- 

tics presented significantly higher rates of side effects, all related 

o cloxacillin treatment. Only one patient suffered nephrotoxic- 

ty attributed to cefazolin treatment. Side effects associated with 

loxacillin treatment (in cloxacillin and mixed group) were ma- 

or hypokalemia (n = 5), hematologic toxicity (n = 4), phlebitis 

n = 3), vasculitis (n = 2), and others (n = 6). 

isk factor for mortality or relapse 

Charlson score, new-onset or worsening heart failure, new- 

nset or worsening renal failure, septic shock, and cardiac surgery 

ndication were associated with higher risk of 1-year mortality 

r relapse in the multivariate model. Prosthetic valve IE and cen- 

ral nervous system emboli showed a trend toward worse progno- 

is; however, did not reach statistical significance ( Table 3 ). None 

f the antibiotic treatments were identified as risk or protective 

actors. 

https://www.r-project.org/
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Table 1 

Baseline and infection characteristics. 

Baseline characteristics (%) Treatment group 

Cloxacillin (537) Cefazolin (57) Mixed (37) P 

Age (median [IQR]) 67 (53-75) 67 (47-81) 67 (53-77) 0,717 

Male gender 344 (64,1) 34 (59,6) 27 (73,0) 0,415 

Charlson index (median [IQR]) 5 (3-7) 7 (4-9) 5 (3-7) 0,001 a , c 

Comorbidities 

Chronic lung disease 80 (14,8) 9 (15,7) 7 (18,9) 0,509 

Coronary disease 140 (26,0) 12 (21,0) 11 (29,7) 0,606 

Congestive heart failure 168 (31,2) 22 (38,5) 11 (29,7) 0,379 

Diabetes 159 (29,6) 26 (45,6) 13 (35,1) 0,013 a 

VIH 20 (3,7) 4 (7,0) 0 0,230 

Injection drug user 31 (5,7) 6 (10,5) 2 (5,4) 0,385 

Peripheral arterial disease 57 (10,6) 11 (19,2) 9 (24,3) 0,011 a , b 

Cerebrovascular disease 54 (10,0) 5 (8,8) 6 (16,2) 0,273 

Neoplasia 67 (12,4) 8 (14,0) 4 (10,8) 0,898 

Previous renal failure 157 (29,2) 33 (57,9) 13 (35,1) < 0,01 a , c 

Chronic hemodialysis 29 (5,4) 21 (36,8) 6 (16,2) < 0,01 a , b , c 

Chronic liver disease 60 (11,1) 9 (15,7) 7 (18,9) 0,234 

Congenital heart disease 27 (5,0) 2 (3,5) 0 0,613 

Natural valve disease 200 (37,2) 18 (31,6) 16 (43,2) 0,477 

Infection characteristics (%) 

EI location 

Aortic 185 (34,5) 19 (33,3) 14 (37,8) 0,897 

Mitral 287 (53,4) 22 (38,6) 17 (45,9) 0,033 a 

Tricuspid 51 (9,5) 11 (19,3) 2 (5,4) 0,021 a 

Pulmonary 14 (2,6) 2 (3,5) 0 0,551 

ICD/PM 60 (11,2) 9 (15,8) 6 (16,2) 0,416 

Others d 4 (0,7) 4 (7,0) 2 (5,4) < 0,01 a 

Multiple locations 66 (12,3) 12 (21,1) 4 (10,8) 0,160 

Unknown 7 (1,3) 1 (1,8) 0 0,745 

Type of endocarditis 

Native IE 389 (72,4) 41 (71,9) 25 (67,6) 0,815 

Prosthetic IE 105 (19,6) 6 (10,5) 6 (16,2) 0,232 

Acquisition of the infection 

Community-acquired 326 (60,7) 18 (31,6) 19 (51,4) < 0,01 a 

Nosocomial acquisition 168 (31,3) 19 (33,3) 12 (32,4) 0,944 

Healthcare-associated infection 43 (8,0) 20 (35,1) 6 (16,2) < 0,01 a , c 

Presence of vegetation 409 (76,2) 45 (78,9) 31 (83,8) 0,526 

IE, infective endocarditis; ICD/PM, intracardiac implantable defibrillators/pacemakers. 
a Differences between cloxacillin and cefazolin group. 
b Differences between cloxacillin and mixed group. 
c Differences between cefazolin and mixed group. 
d IE location classified as “others: in the cloxacillin group were located at left ventricular outflow tract, tendinous chords, right auricle, and interventricular septum; in 

the cefazolin group were located at tendinous chords, right auricle, and two permanent catheters; and in the mixed group were located at right auricle and superior cava 

vein. 
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enal toxicity 

Among patients included in the study, 611 were included in 

he nephrotoxicity subanalysis; 555 and 56 patients were treated 

ith cloxacillin or cefazolin, respectively, during at least the first 

 days ( Table 4 ). Previous renal failure was significantly more fre- 

uent in patients treated initially with cefazolin, and consequently, 

nitial creatinine was higher in this group of patients. In con- 

rast, significantly higher rates of new-onset renal failure were pre- 

ented in patients initially treated with cloxacillin. In patients ini- 

ially treated with cefazolin the new-onset renal failure happened 

ainly within the first week of treatment (4 (1-13) days), while 

n those patients initially treated with cloxacillin that was gener- 

lly diagnosed after 2 weeks of treatment (15 (4-27) days). Septic 

hock was more frequent in the cloxacillin-5 days group; however, 

t did not reach statistical significance. 

rofile and evolution of cefazolin treatment for MSSA endocarditis 

MSSA IE treatment with cefazolin has evolved over the years. 

uring the first period of the GAMES registry (2008-2013), ce- 

azolin was anecdotal and its principal use was as continuation 

reatment after cloxacillin initial therapy. During the second period 

2014-2020), cefazolin selection as initial or continuation treat- 
137 
ent significantly increased (Supplementary material F1). Total 

nd MSSA IE cases in 2020 were biased by underdiagnosed and 

nder-notification due to SARS-COV-2 pandemic. Most patients in- 

luded in the cloxacillin group and mixed group received cefa- 

olin as a continuation treatment. In contrast, in the majority of 

atients included in the cefazolin group, this drug remained the 

nly antimicrobial until the end of the treatment (Supplementary 

aterial F2). 

iscussion 

Cloxacillin is the preferred treatment for MSSA EI in interna- 

ional guidelines [ 1 , 2 ]. However, its toxic effects and frequency 

f administration have prompted the seeking of alternative treat- 

ents that circumvent these limitations while maintaining the ef- 

cacy demonstrated by ASPs. The current investigation demon- 

trates the efficacy of cefazolin in comparison with ASP in a large 

ational cohort of consecutive MSSA EI for more than 10 years. In 

ur study, we did not observe differences in 1-year survival rate 

r relapse rate between patients treated with cloxacillin and ce- 

azolin, but in-hospital mortality was significantly higher in those 

atients treated with cloxacillin. 

However, some clinicians are reluctant to use cefazolin to treat 

erious MSSA infections because there is a concern about the CzIE 
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Table 2 

Clinical presentation and outcomes. 

Clinical presentation (%) Treatment group 

Cloxacillin (537) Cefazolin (57) Mixed (37) p 

Clinical complications 158 (29,4) 15 (26,3) 13 (35,1) 0,554 

Leaflet perforation/rupture 79 (14,7) 7 (12,2) 6 (16,2) 0,620 

Pseudoaneurysm 23 (4,3) 0 1 (2,7) 0,642 

Perivalvular abscess 81 (15,1) 10 (17,5) 8 (21,6) 0,443 

Intracardiac fistula 7 (1,3) 1 (1,7) 0 0,779 

Vascular phenomena 103 (19,2) 10 (17,5) 8 (21,6) 0,887 

New-onset murmur 173 (32,2) 18 (31,6) 10 (27,0) 0,806 

New-onset or worsening heart failure 255 (41,9) 19 (33,3) 13 (35,1) 0,354 

Persistent bacteremia d 75 (13,96) 9 (15,78) 4 (10,8) 0,495 

Central nervous system emboli 161 (30,0) 12 (21,1) 8 (21,6) 0,227 

Other major emboli 168 (31,8) 14 (24,6) 10 (27,0) 0,551 

New-onset or worsening renal failure 254 (47,3) 18 (31,6) 13 (35,1) 0,024 a 

Septic shock 134 (25,0) 7 (12,3) 5 (13,5) 0,033 a 

Sepsis 185 (34,5) 19 (33,3) 11 (29,7) 0,836 

Cardiac surgery indicated 358 (66,7) 28 (49,1) 27 (73,0) 0,002 a , c 

Performed (% of indicated) 208 (38,7) 15 (26,3) 21 (56,8) 0,003 b , c 

Length of stay (median [IQR]), days 35 (23-52) 31 (19-54) 47 (28-55) 0,084 

Inclusion in OPAT 387 (7,0) 6 (10,5) 3 (8,1) 0,344 

Length of antibiotic treatment (median [IQR]), days 32 (22-44) 35 (24-44) 34 (27-42) 0,707 

With the antibiotic corresponding to the treatment group 31 (21-43) 34 (24-43) - 0,543 

Clinical outcomes (%) 

In-hospital mortality 207 (38,5) 13 (22,8) 7 (18,9) 0,017 a , b 

1-year mortality 229 (42,6) 19 (33,3) 9 (24,3) 0,029 b 

1-year IE-related mortality 8 (36.3) 1 (16.6) 0 0,360 

Relapses e 11 (3,6) 1 (2,6) 1 (3,6) 0,782 

Native valve 3 1 1 

Prosthetic valve 5 0 0 

ICD/PM 3 0 0 

Side effects 10 (1,9) 1 (1,8) 10 (27,0) < 0,01 b , c 

Cloxacillin associated 10 0 10 

Cefazolin associated 0 1 0 

OPAT, outpatient parenteral antimicrobial treatment; IE, infective endocarditis; ICD/PM, intracardiac implantable defibrillators/pacemakers. 
a Differences between cloxacillin and cefazolin groups. 
b Differences between cloxacillin and mixed groups. 
c Differences between cefazolin and mixed groups. 
d Associated with the antibiotic treatment group. 
e Calculated using survivors as a denominator. Denominators for each group were as follows: “Cloxacillin” 537-229 = 308; “Cefazolin” 57-19 = 38; and “Mixed” 37- 

9 = 28. 

Table 3 

Logistic regression analysis of risk factors for mortality or relapse of MSSA endocarditis. 

a Leaflet perforation/rupture, pseudoaneurysm, perivalvular abscess, or intracardiac fistula. 

IE, infective endocarditis. 
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hat is present in some MSSA isolates which exhibit significant in- 

reases ( > 4 fold) in their minimal inhibitory concentrations (MIC) 

t high bacterial inoculums levels (5 × 10 7 CFU/ml) that may be 

resent in certain infections, such as endocarditis. This effect is the 

onsequence of the production of beta-lactamase A which is en- 

oded by the bla Z gene [ 16 , 24–26 ]. However, not all isolates pro-

ucing type A beta-lactamase exhibit this phenomenon and the 
138 
evel of beta-lactamase production has been shown to influence 

he inoculum effect by differential expression of the blaZ gene 

nd/or its dosage [27] . Indeed, although CzIE is reported in a wide 

ange (23-65%) of MSSA isolates with geographical variations [24–

6] , a pronounced effect (MIC > 16 mg/dl) that can overcome the 

ffect of high doses (6-8 g) of cefazolin is observed in a lesser 

egree (0-15%) [14–17] . Hence, the real importance of this effect 
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Table 4 

Renal toxicity association. 

Risk factors for nephrotoxicity Cloxacillin-5days (555) Cefazolin-5days (56) p 

Age > 70 years 237 (42,7) 24 (42,9) 0,982 

Previous renal failure 164 (29,5) 32 (57,1) < 0,01 

Initial creatinine (median [IQR]), mg/dl 1,00 (0,80-1,40) 1,30 (0,90-3,30) 0,009 

Maximum creatinine (median [IQR]), mg/dl 2,40 (1,87-3,56) 3,57 (1,83-5,42) 0,157 

New-onset or worsening renal failure 257 (46,3) 18 (32,1) 0,042 

Worsening renal failure 97 (17,5) 12 (21,4) 0,462 

Days until worsening (median [IQR]) 12 (2-25) 13 (1-17) 0,757 

New-onset renal failure 160 (28,8) 6 (10,7) 0,004 

Days until new-onset (median [IQR]) 15 (4-27) 4 (1-13) 0,077 

Heart failure at diagnosis (median [IQR]) 60 (50-65) 60 (50-65) 0,861 

Septic shock 127 (22,9) 7 (12,5) 0,074 
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ill depend on the percentage of high-producing isolates. It must 

lso be remarked that therapeutic failures in severe infections pro- 

uced by S. aureus have been observed with any antimicrobial and 

hat other factors have been invoked [28] . In our study, the pres- 

nce and influence of CzIE were not systematically investigated, 

nd only seven episodes treated with cefazolin and worse evolu- 

ion (persistent bacteremia) were examined, with a negative result. 

Certain cefazolin therapeutic failures have been attributed to 

his in vitro phenomenon, however, very few reports have ob- 

erved a worse outcome in patients treated with cefazolin com- 

ared with ASPs. It should be noted that the infection, manage- 

ent, and treatment regimen were heterogeneous in those studies, 

s well as clinical results [14–17] . The only study that observed in- 

reased mortality was reported by Miller et al [16] , in a sample 

f 77 patients from three Argentinian hospitals with MSSA bac- 

eremia (15 of them defined as complicated bacteremia). Isolates 

ith CzIE were related in a multivariate analysis (risk ratio, 2.65; 

5% confidence interval: 1.10-6.42; P = 0.023) with higher 30- 

ay mortality. However, duration of bacteremia and microbiological 

learance were not provided, patients treated with other antimi- 

robials (e.g. vancomycin) were included, and combination therapy 

as allowed (only 51 patients were treated exclusively with cefa- 

olin) and furthermore, the dosing of antimicrobial agents was not 

ollected specifically. Hence, conclusions must be considered with 

aution. The discordance between the hypothetical worse outcome 

ith cefazolin and the good clinical results with this drug, even in 

atients with allegedly high inoculum can be due to various rea- 

ons: In many patients, cefazolin is used as second-line therapy 

fter the use of ASPs for several days, leading to a reduced inocu- 

um when cefazolin is started, as we observed in the mixed group 

f our study. Furthermore, due to the concern about CzIE, ASPs are 

ore often prescribed than cefazolin in patients with MSSA IE and 

oor clinical condition mainly in intensive care units, favoring the 

etter results of the cefazolin group prescribed in less severely ill 

atients. 

Information regarding efficacy and safety of cefazolin for the 

reatment of MSSA IE is scarce and might be biased by treatment 

election and sequential treatments. However, this fact has been 

vercome by the studies that have analyzed patients treated exclu- 

ively with cefazolin [ 18 , 19 ] and by two recent studies in which

SSA IE was treated exclusively treated with cefazolin during a 

ong period in which a shortage of ASPs occurred in France [ 20 , 21 ].

n the 91 patients included in both studies, the 90-day mortality 

ate was similar between treatment groups (cefazolin and ASP) and 

ne study [20] showed a higher need for treatment discontinua- 

ion due to adverse events in the ASP group, that is in accordance 

ith our results. In our study, we also did not observe differences 

n 1-year mortality and relapses between cefazolin and cloxacillin 

roups, although in-hospital mortality was significantly higher in 

he cloxacillin group. That might be explained by a more aggres- 

ive IE presentation in the ASP group compared with the cefa- 
139 
olin, which was indicated by a higher rate of septic shock (25% vs 

2.3%), surgery indication (66.7% vs 49.1%) and new-onset or wors- 

ning renal failure (47.3% vs 31.6%) presented in these patients, all 

f them well-known worse prognostic factors. On the other hand, 

atients in the cefazolin group had more comorbidities and worse 

revious renal function and were probably treated with cefazolin 

or its lesser toxicity and safety administration in patients under- 

oing hemodialysis. 

Among β-lactam antibiotics, ASPs are worse tolerated than ce- 

azolin, and antibiotic discontinuation due to adverse events is 

ore frequent [6] . In the present study side effects rates were 

imilar between treatment groups, however, 95% of the reported 

dverse events (20/21) were associated with cloxacillin treatment. 

espite that fact, cloxacillin toxicity in our study was lower than 

ata previously reported. Also, it was noted that no nephrotoxicity 

as reported with cloxacillin, despite new-onset or worsening re- 

al failure being present in 47% of patients treated with cloxacillin, 

hich might or might not be associated with treatment choice. 

o deeply analyze the causes of nephrotoxicity in our cohort a 

ubanalysis was conducted. Regardless of better initial renal con- 

ition, patients initially treated with cloxacillin exhibited higher 

ates of new-onset renal failure. Even more, in those patients ini- 

ially treated with cloxacillin new-onset renal failure occurred af- 

er 2 weeks of treatment (15 [4–27] days), which is unlikely to be 

aused by an initial aggressive presentation, such as septic shock 

nd is probably associated to the drug administered. In contrast, 

n those patients initially treated with cefazolin new-onset renal 

ailure happened mainly within the first week of treatment (4 [1–

3] days). This finding suggests that renal toxicity is more likely to 

e associated with cloxacillin treatment than with worse clinical 

resentation of IE. 

Benefits of cefazolin treatment included safety administration 

n patients undergoing hemodialysis [29] , reduced sodium contri- 

ution in patients with cardiac failure, reduced number of daily 

dministrations, and consequently fewer catheter manipulations 

nd concomitant complications. Also, its chemical stability in a 

ide range of concentrations allows its use in the outpatient par- 

nteral antimicrobial therapy setting using elastomeric or elec- 

ronic pumps with good clinical results [30] . For all these reasons 

t is not surprising, therefore, that its use grew steadily over time 

n this national cohort. 

Finally, our study has several limitations. Firstly, the design of 

ur study has intrinsic limitations product of the impossibility of 

ontrolling unknown confounders and, therefore, findings should 

e considered with caution. For example, in this study patients in 

he ASPs group were sicker, favoring the better results of the ce- 

azolin group. This indication bias is frequent in studies comparing 

hese two treatments [ 17 , 18 ] and can be partially reduced using 

atched propensity scores. However, the reduced number of pa- 

ients treated with cefazolin and the diverse factors that can af- 

ect the final outcome in the S. aureus IE did not permit a sensitiv- 
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ty analysis. Secondly, the sample size of this study is limited and 

ight have been underpowered to detect differences in outcomes, 

articularly because of the small number of patients treated with 

efazolin. Due to the low number of relapses, detecting differences 

etween groups would have required a much greater sample size. 

owever, our study represents a national cohort with patients in- 

luded over more than 10 years, which allowed us to detect risk 

actors for mortality and relapses already identified in the liter- 

ture. Third, the rate of patients treated with other antibiotics 

as unexpected. However, it might be explained because during 

his long-term study diagnostic techniques and medical approaches 

ave evolved at different speeds among the hospitals included. Due 

o the severity of this infection, broad-spectrum coverage might 

ave been used until a certain diagnosis was reached, which might 

ave been delayed until optimal diagnosis techniques were avail- 

ble. Lastly, adverse events might be misreported in our cohort, 

evertheless, a subanalysis of the nephrotoxicity was conducted, 

howing the higher toxicity of cloxacillin. 

In conclusion, the results of this study suggest that cefazolin 

s a valuable option for the treatment of MSSA IE. We did not 

nd differences in one-year mortality or relapses compared with 

loxacillin and therefore it might be considered equally effective 

s an ASP treatment. However, observational studies have inherent 

iases and do not provide the same level of evidence as random- 

zed clinical trials, which are rare and difficult to conduct in IE, due 

o the small number of involved and the multiple factors that can 

ffect the final outcome. Then, further investigations to corrobo- 

ate those findings are warranted. Until then, the role of cefazolin 

hould be revised. 

eclarations of Competing Interest 

The authors have no competing interests to declare. 

unding 

The authors received no financial support for the research, au- 

horship, and/or publication of this article. Laura Herrera Hidalgo 

as supported by the Instituto de Salud Carlos III, co-financed 

y the European Development Regional Fund (“A way to achieve 

urope”), Subprograma Juan Rodés (grant JR22/0 0 049). DAM was 

upported by the Instituto de Salud Carlos III, co-financed by the 

uropean Development Regional Fund (“A way to achieve Europe”), 

ubprograma Rio Hortega (grant CM21/00274). 

uthor contributions 

All of the authors listed meet the International Committee of 

edical Journal Editors authorship criteria—that is, they substan- 

ially contributed to the conception and design, acquisition of data, 

rafting of the article, critical revision, and final approval of the 

anuscript. 

cknowledgments 

We thank the members of the GAMES study group for their 

ontribution to the work. Also, the authors thank Iván Adán for 

is important task as data coordinator of the GAMES cohort and 

is statistical support. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi: 10.1016/j.ijid.2023.10.019 . 
140 
PPENDIX 

Members of GAMES: Hospital Costa del Sol, (Marbella): Fer- 

ando 

Fernández Sánchez, José M ª García de Lomas, Gabriel Rosas, 

avier de la 

Torre Lima; Hospital Universitario de Cruces, (Bilbao): Elena 

ereciartua, 

María José Blanco Vidal, Roberto Blanco, María Victoria Boado, 

arta 

Campaña Lázaro, Alejandro Crespo, Laura Guio Carrión, Mikel 

el Álamo 

Martínez de Lagos, Gorane Euba Ugarte, Ane Josune Goikoetxea, 

arta 

Ibarrola Hierro, José Ramón Iruretagoyena, Josu Irurzun Zuaza- 

al, Leire 

López-Soria, Miguel Montejo, Javier Nieto, David Rodrigo, 

egino Rodríguez, 

Yolanda Vitoria, Roberto Voces; Hospital Universitario Virgen de 

a Victoria, 

(Málaga): M ª Victoria García López, Radka Ivanova Georgieva, 

uillermo 

Ojeda, Isabel Rodríguez Bailón, Josefa Ruiz Morales; Hospital 

niversitario 

Donostia-Poliklínica Gipuzkoa-IIS Biodonostia, (San Sebastián): 

gnacio 

Álvarez Rodríguez, Harkaitz Azkune Galparsoro, Elisa Berritu 

oronat, M ª
Jesús Bustinduy Odriozola, Cristina del Bosque Martín, Tomás 

cheverría, 

Alberto Eizaguirre Yarza, Ana Fuentes, Miguel Ángel Goenaga, 

uskilda 

Goyeneche del Río, Ángela Granda Bauza, José Antonio Iribarren, 

abier 

Kortajarena Urkola, José Ignacio Pérez-Moreiras López, Ainhoa 

engel 

Jiménez, Karlos Reviejo, Alberto Sáez Berbejillo, Elou Sánchez 

aza, Rosa 

Sebastián Alda, Itziar Solla Ruiz, Irati Unamuno Ugartemendia, 

iego Vicente 

Anza, Iñaki Villanueva Benito, Mar Zabalo Arrieta; Hospital Gen- 

ral 

Universitario de Alicante, (Alicante): Rafael Carrasco, Vicente 

liment, 

Patricio Llamas, Esperanza Merino, Joaquín Plazas, Sergio Reus; 

omplejo 

Hospitalario Universitario A Coruña, (A Coruña): Alberto Bouzas, 

rais 

Castelo, José Cuenca, Laura Gutiérrez, Lucía Ramos, María Ro- 

ríguez Mayo, 

Joaquín Manuel Serrano, Dolores Sousa Regueiro; Complejo 

ospitalario 

Universitario de Huelva, (Huelva): Francisco Javier Martínez; 

ospital 

Universitario de Canarias, (Canarias): M ª del Mar Alonso, Beatriz 

astro, 

Teresa Delgado Melian, Javier Fernández Sarabia, Dácil García 

osado, Julia 

González González, Juan Lacalzada, Lissete Lorenzo de la Peña, 

lina Pérez 

Ramírez, Pablo Prada Arrondo, Fermín Rodríguez Moreno; Hos- 

ital Regional 

Universitario de Málaga, (Málaga): Antonio Plata Ciezar, José M ª
eguera 

Iglesias; Hospital Universitario Central Asturias, (Oviedo): Víctor 

sensi 

https://doi.org/10.1016/j.ijid.2023.10.019


L. Herrera-Hidalgo, P. Muñoz, A. Álvarez-Uría et al. International Journal of Infectious Diseases 137 (2023) 134–143 

S

d

P

d

d

M

C

C

M

S

P

M

d

I

B

A

A

G

M

M

P

u

P

v

U

U

C

R

F

L

D

t

M

A

R

L

J

g

H

D

J

C

E

R

S

P

t

S

G

R

C

P

(

l

d

Z

S

I

J

B

t

d

H

S

d

N

Álvarez, Carlos Costas, Jesús de la Hera, Jonnathan Fernández 

uárez, 

Lisardo Iglesias Fraile, Víctor León Arguero, José López Menén- 

ez, Pilar 

Mencia Bajo, Carlos Morales, Alfonso Moreno Torrico, Carmen 

alomo, 

Begoña Paya Martínez, Ángeles Rodríguez Esteban, Raquel Ro- 

ríguez García, 

Mauricio Telenti Asensio; Hospital Clínic-IDIBAPS, Universidad 

e 

Barcelona, (Barcelona): Manuel Almela, Juan Ambrosioni, 

anuel Azqueta, 

Mercè Brunet, Marta Bodro, Ramón Cartañá, Guillermo Cuervo, 

arlos Falces, 

Mariana J Fernández-Pittol, Guillermina Fita, David Fuster, 

ristina García de la Mària, Delia García-Pares, Marta Hernández- 

eneses, Jaume Llopis Pérez, 

Francesc Marco, José M. Miró, Asunción Moreno, David Nicolás, 

alvador 

Ninot, Eduardo Quintana, Carlos Paré, Daniel Pereda, Juan M. 

ericás, José L. 

Pomar, José Ramírez, Mercè Roque, Irene Rovira, Elena Sandoval, 

arta 

Sitges, Dolors Soy, Adrián Téllez, José M. Tolosana, Bárbara Vi- 

al, Jordi Vila; 

Hospital General Universitario Gregorio Marañón, (Madrid): 

ván Adán, 

David Alonso, Juan Carlos Alonso, Ana Álvarez-Uría, Javier 

ermejo, Emilio 

Bouza, Gregorio Cuerpo Caballero, Antonia Delgado Montero, 

gustín Estévez, 

Ramón Fortuny Ribas, Esther Gargallo, M ª Eugenia García Leoni, 

na 

González Mansilla, Francisco Javier González Moraga, Víctor 

onzález 

Ramallo, Martha Kestler Hernández, Amaia Mari Hualde, Marina 

achado, 

Mercedes Marín, Manuel Martínez-Sellés, Rosa Melero, Patricia 

uñoz, Diego 

Monzón, María Olmedo, Álvaro Pedraz, Blanca Pinilla, Ángel 

into, Cristina 

Rincón, Hugo Rodríguez-Abella, Marta Rodríguez-Créixems, Ed- 

ardo 

Sánchez-Pérez, Antonio Segado, Neera Toledo, Maricela Valerio, 

ilar 

Vázquez, Eduardo Verde Moreno, Sofía de la Villa; Hospital Uni- 

ersitario La 

Paz, (Madrid): Isabel Antorrena, Belén Loeches, Mar Moreno, 

lises Ramírez, 

Verónica Rial Bastón, María Romero, Sandra Rosillo; Hospital 

niversitario 

Marqués de Valdecilla, (Santander): Jesús Agüero Balbín, 

ristina Amado 

Fernández, Carlos Armiñanzas Castillo, Francisco Arnaiz de las 

evillas, 

Manuel Cobo Belaustegui, María Carmen Fariñas, Concepción 

ariñas-Álvarez, 

Marta Fernández Sampedro, Iván García, Claudia González Rico, 

aura 

Gutiérrez-Fernández, Manuel Gutiérrez-Cuadra, José Gutiérrez 

íez, Marcos 

Pajarón, José Antonio Parra, Ramón Teira, Jesús Zarauza; Hospi- 

al 

Universitario Puerta de Hierro, (Madrid): Jorge Calderón Parra, 

arta Cobo, 
141 
Fernando Domínguez, Pablo García Pavía, Ana Fernández Cruz, 

ntonio 

Ramos-Martínez, Isabel Sánchez Romero; Hospital Universitario 

amón y 

Cajal, (Madrid): Tomasa Centella, José Manuel Hermida, José

uis Moya, Pilar 

Martín-Dávila, Enrique Navas, Enrique Oliva, Alejandro del Río, 

orge 

Rodríguez-Roda Stuart, Soledad Ruiz; Hospital Universitario Vir- 

en de las 

Nieves, (Granada): Carmen Hidalgo Tenorio, Sergio Sequera; 

ospital 

Universitario Virgen Macarena, (Sevilla): Manuel Almendro 

elia, Omar Araji, 

José Miguel Barquero, Román Calvo Jambrina, Marina de Cueto, 

uan Gálvez 

Acebal, Irene Méndez, Isabel Morales, Luis Eduardo López- 

ortés; Hospital 

Universitario Virgen del Rocío, (Sevilla): Arístides de Alarcón, 

ncarnación 

Gutiérrez-Carretero, José Antonio Lepe, José López-Haldón, 

afael Luque- 

Márquez, Guillermo Marín, Antonio Ortiz-Carrellán, Eladio 

ánchez- 

Domínguez; Hospital San Pedro, (Logroño): Luis Javier Alonso, 

edro 

Azcárate, José Manuel Azcona Gutiérrez, José Ramón Blanco, Es- 

íbaliz Corral 

Armas, Lara García-Álvarez, José Antonio Oteo; Hospital de la 

anta Creu i 

Sant Pau, (Barcelona): Antonio Barros Membrilla, Antonino 

inel Iglesias, Sara 

Grillo, Rubén Leta Petracca, Joaquín López-Contreras, María Alba 

ivera 

Martínez; Complejo Hospitalario Universitario de Santiago de 

ompostela, 

(A Coruña): M. Álvarez, A. L. Fernández, Amparo Martínez, A. 

rieto, Benito 

Regueiro, E. Tijeira, Marino Vega; Hospital Universitario Araba, 

Vitoria): 

Amaia Aguirre Quiñonero, Ángela Alonso Miñambres, Juan Car- 

os Gainzarain 

Arana, Sara González de Alaiza Ortega, Miguel Ángel Morán Ro- 

ríguez, Anai 

Moreno Rodríguez, Zuriñe Ortiz de Zárate, José Joaquín Portu 

apirain, Ester 

Sáez de Adana Arroniz, Daisy Carolina Sorto Sánchez; Hospital 

AS Línea de la Concepción, (Cádiz): Sánchez-Porto Antonio, Úbeda 

glesias Alejandro; 

Hospital Clínico Universitario Virgen de la Arrixaca (Murcia): 

osé M ª
Arribas Leal, Elisa García Vázquez, Alicia Hernández Torres, Ana 

lázquez, 

Gonzalo de la Morena Valenzuela; Hospital de Txagorritxu, (Vi- 

oria): Ángel 

Alonso, Javier Aramburu, Felicitas Elena Calvo, Anai Moreno Ro- 

ríguez, Paola 

Tarabini-Castellani; Hospital Virgen de la Salud, (Toledo): Eva 

eredero 

Gálvez, Carolina Maicas Bellido, José Largo Pau, M ª Antonia 

epúlveda, Pilar 

Toledano Sierra, Sadaf Zafar Iqbal-Mirza; Hospital Rafael Mén- 

ez, (Lorca- 

Murcia):, Eva Cascales Alcolea, Ivan Keituqwa Yañez, Julián 

avarro Martínez, 



L. Herrera-Hidalgo, P. Muñoz, A. Álvarez-Uría et al. International Journal of Infectious Diseases 137 (2023) 134–143 

(

D

A

P

(

g

p

M

R

L

s

R

p

B

J

L

N

c

U

M

S

B

A

a

F

M

b

R

L

m

j

I

(

f

A

M

P

(

R

G

M

v

A

M

U

j

R

 

 

 

 

 

Ana Peláez Ballesta; Hospital Universitario San Cecilio 

Granada): Eduardo 

Moreno Escobar, Alejandro Peña Monje, Valme Sánchez Cabrera, 

avid 

Vinuesa García; Hospital Son Llátzer (Palma de Mallorca): María 

rrizabalaga 

Asenjo, Carmen Cifuentes Luna, Juana Núñez Morcillo, M ª Cruz 

érez Seco, 

Aroa Villoslada Gelabert; Hospital Universitario Miguel Servet 

Zaragoza): 

Carmen Aured Guallar, Nuria Fernández Abad, Pilar García Man- 

as, Marta 

Matamala Adell, M ª Pilar Palacián Ruiz, Juan Carlos Porres; Hos- 

ital General 

Universitario Santa Lucía (Cartagena): Begoña Alcaraz Vidal, 

aría Jesús 

Del Amor Espín, Francisco Buendía, Roberto Jiménez Sánchez, 

osario 

Mármol, Francisco Martínez, Antonio Meseguer, Beatriz Pérez, 

eticia Risco, 

Zoser Saura, Vanina Silva, M ª Belén Villmarín; Hospital Univer- 

itario Son 

Espases (Palma de Mallorca): M ª Ángels Ribas Blanco, Enrique 

uiz de 

Gopegui Bordes, Laura Vidal Bonet, Miquel Vives Borràs; Com- 

lejo 

Hospitalario Universitario de Albacete (Albacete): M ª Carmen 

ellón 

Munera, Elena Escribano Garaizabal, Antonia Tercero Martínez, 

uan Carlos 

Segura Luque; Hospital Universitario Terrassa: Cristina Badía, 

ucía Boix 

Palop, Mariona Xercavins, Sónia Ibars. Hospital Universitario Dr. 

egrín 

(Gran Canaria): Xerach Bosch, Eloy Gómez Nebreda, Ibalia Hor- 

ajada Herrera, 

Irene Menduiña Gallego, Imanol Pulido; Complejo Hospitalario 

niversitario 

Insular Materno Infantil (Las Palmas de Gran Canaria): Héctor 

arrero 

Santiago, Isabel de Miguel Martínez, Elena Pisos Álamo, Daniel 

an Román 

Sánchez; Hospital Universitario 12 de Octubre (Madrid): Jorge 

oan Pérez, 

Eva M ª Aguilar Blanco, Mercedes Catalán González, María 

ngélica Corres 

Peiretti, Andrea Eixerés Esteve, Laura Domínguez Pérez, Santi- 

go de Cossío 

Tejido, Francisco Galván Román, José Antonio García Robles, 

rancisco 

López Medrano, M ª Jesús López Gude, M ª Ángeles Orellana 

iguel, Patrick 

Pilkington, Yolanda Revilla Ostalaza, Juan Ruiz Morales, Se- 

astián Ruiz Solís, 

Ana Sabín Collado, Marcos Sánchez Fernández, Javier Solera 

allo, Jorge 

Solís Martín. Hospital Universitari de Bellvitge (L’Hospitalet de 

lobregat): 

Francesc Escrihuela-Vidal, Jordi Carratalà, Inmaculada Grau, Car- 

en Ardanuy, 

Dámaris Berbel, José Carlos Sánchez Salado, Oriol Alegre, Ale- 

andro Ruiz 

Majoral, Fabrizio Sbraga, Arnau Blasco, Laura Gracia Sánchez, 

ván Sánchez- 

Rodríguez. Hospital Universitario Fundación Jiménez Díaz 

Madrid): 
142 
Gonzalo Aldamiz, Beatriz Álvarez, Marina Bernal Palacios, Al- 

onso Cabello 

Úbeda, Ricardo Fernández Roblas, Rafael Hernández, Victoria 

ndrea 

Hortigüela Martín, Andrea Kallmeyer, Cristina Landaeta Kancev, 

arta Martín, 

Miguel Morante Ruiz, Miguel Ángel Navas Lobato, Ana María 

ello, Laura 

Prieto, Marta Tomás Mallebrera, Laura Varela. Hospital Basurto 

Bilbao): 

Mireia de la Peña Triguero, Ruth Esther Figueroa Cerón, Lara 

uiz Gómez. 

Hospital del Mar (Barcelona): Mireia Ble, Juan Pablo Horcajada 

allego, 

Antonio José Ginel, Inmaculada López, Alexandra Mas, Antoni 

estres, Lluís 

Molina, Ramón Serrat, Núria Ribas, Francisca Sánchez, Ana Sil- 

erio, Marina 

Suárez, Luisa Sorlí, Lluís Recasens, Manuel Taurón. Complejo 

sistencial de 

Burgos (Burgos): María Fernández Regueras, María Ángeles 

antecón 

Vallejo, José Ángel Pérez Rivera, Nuria Sánchez Mata. Hospital 

niversitario de Badajoz (Badajoz): Antonia Calvo Cano, Miguel Fa- 

ardo Olivares, María 

Victoria Millán Núñez, Agustín Muñoz Sanz. 

eferences 

[1] Baddour LM, Wilson WR, Bayer AS, Fowler VG, Tleyjeh IM, Rybak MJ, et al. 
Infective endocarditis in adults: diagnosis, antimicrobial therapy, and manage- 

ment of complications: a scientific statement for healthcare professionals from 

the American Heart Association. Circulation 2015; 132 :1435–86. doi: 10.1161/ 
CIR.0 0 0 0 0 0 0 0 0 0 0 0 0296 . 

[2] Habib G, Lancellotti P, Antunes MJ, Bongiorni MG, Casalta JP, Del Zotti F, et al.
2015 ESC Guidelines for the management of infective endocarditis: the Task 

Force for the Management of Infective Endocarditis of the European Society 
of Cardiology (ESC). Endorsed by: European Association for Cardio-Thoracic 

Surgery (EACTS), the Association of Nuclear Medicine (EANM). Eur Heart J 

2015; 36 :3075–128. doi: 10.1093/eurheartj/ehv319 . 
[3] Fowler VG Jr, Miro JM, Hoen B, Cabell CH, Abrutyn E, Rubinstein E, et al.

Staphylococcus aureus endocarditis: a consequence of medical progress. JAMA 
2005; 293 :3012–21. doi: 10.1001/jama.293.24.3012 . 

[4] Murdoch DR, Corey GR, Hoen B, Miró JM, Fowler VG Jr, Bayer AS, et al. Clinical
presentation, etiology, and outcome of infective endocarditis in the 21st cen- 

tury: the International Collaboration on Endocarditis-Prospective Cohort Study. 

Arch Intern Med 2009; 169 :463–73. doi: 10.1001/archinternmed.2008.603 . 
[5] Hidalgo-Tenorio C, Gálvez J, Martínez-Marcos FJ, Plata-Ciezar A, De La, 

Torre-Lima J, López-Cortés LE, et al. Clinical and prognostic differences be- 
tween methicillin-resistant and methicillin-susceptible Staphylococcus au- 

reus infective endocarditis. BMC Infect Dis 2020; 20 :160. doi: 10.1186/ 
s12879- 020- 4895- 1 . 

[6] Li J, Echevarria KL, Traugott KA. β-lactam Therapy for methicillin-Susceptible 

Staphylococcus aureus bacteremia: A Comparative Review of cefazolin versus 
antistaphylococcal penicillins. Pharmacotherapy 2017; 37 :346–60. doi: 10.1002/ 

phar.1892 . 
[7] Bidell MR, Patel NJ, O’Donnell JN. Optimal treatment of MSSA bacteraemias: 

A meta-analysis of cefazolin versus antistaphylococcal penicillins. J Antimicrob 
Chemother 2018; 73 :2643–51. doi: 10.1093/jac/dky259 . 

[8] Rindone JP, Mellen CK. Meta-analysis of trials comparing cefazolin to anti- 

staphylococcal penicillins in the treatment of methicillin-sensitive Staphylo- 
coccus aureus bacteraemia. Br J Clin Pharmacol 2018; 84 :1258–66. doi: 10.1111/ 

bcp.13554 . 
[9] Shi C, Xiao Y, Zhang Q, Li Q, Wang F, Wu J, et al. Efficacy and safety of ce-

fazolin versus antistaphylococcal penicillins for the treatment of methicillin- 
susceptible Staphylococcus aureus bacteremia: a systematic review and meta- 

analysis. BMC Infect Dis 2018; 18 :508. doi: 10.1186/s12879-018-3418-9 . 
[10] Weis S, Kesselmeier M, Davis JS, Morris AM, Lee S, Scherag A, et al. Ce-

fazolin versus anti-staphylococcal penicillins for the treatment of patients 

with Staphylococcus aureus bacteraemia. Clin Microbiol Infect 2019; 25 :818–27. 
doi: 10.1016/j.cmi.2019.03.010 . 

[11] Quinn EL, Pohlod D, Madhavan T, Burch K, Fisher E, Cox F. Clinical experiences 
with cefazolin and other cephalosporins in bacterial endocarditis. J Infect Dis 

1973; 128 (Suppl):S386–9. doi: 10.1093/infdis/128.supplement _ 2.s386 . 

https://doi.org/10.1161/CIR.0000000000000296
https://doi.org/10.1093/eurheartj/ehv319
https://doi.org/10.1001/jama.293.24.3012
https://doi.org/10.1001/archinternmed.2008.603
https://doi.org/10.1186/s12879-020-4895-1
https://doi.org/10.1002/phar.1892
https://doi.org/10.1093/jac/dky259
https://doi.org/10.1111/bcp.13554
https://doi.org/10.1186/s12879-018-3418-9
https://doi.org/10.1016/j.cmi.2019.03.010
https://doi.org/10.1093/infdis/128.supplement_2.s386


L. Herrera-Hidalgo, P. Muñoz, A. Álvarez-Uría et al. International Journal of Infectious Diseases 137 (2023) 134–143 

[

 

 

[  

[

[

[

 

[  

[

[  

[

[

[

[

12] Bryant RE, Alford RH. Unsuccessful treatment of staphylococcal endo- 
carditis with cefazolin. JAMA 1977; 237 :569–70. doi: 10.1001/jama.1977. 

03270330059022 . 
[13] Nannini EC, Singh KV, Murray BE. Relapse of type A beta-lactamase-producing 

Staphylococcus aureus Native Valve endocarditis during cefazolin therapy: re- 
visiting the issue. Clin Infect Dis 2003; 37 :1194–8. doi: 10.1086/379021 . 

[14] Nannini EC, Stryjewski ME, Singh KV, Bourgogne A, Rude TH, Corey GR, 
et al. Inoculum effect with cefazolin among clinical isolates of methicillin- 

susceptible Staphylococcus aureus: frequency and possible cause of cefazolin 

treatment failure. Antimicrob Agents Chemother 2009; 53 :3437–41. doi: 10.1128/ 
AAC.00317-09 . 

[15] Lee S, Kwon KT, Kim HI, Chang HH, Lee JM, Choe PG, et al. Clinical implications
of cefazolin inoculum effect and β-lactamase type on methicillin-susceptible 

staphylococcus aureus bacteremia. Microb Drug Resist 2014; 20 :568–74. doi: 10. 
1089/mdr.2013.0229 . 

[16] Miller WR, Seas C, Carvajal LP, Diaz L, Echeverri AM, Ferro C, et al. 

The cefazolin inoculum effect is associated with increased mortality in 
methicillin-susceptible Staphylococcus aureus bacteremia. Open Forum Infect 

Dis 2018; 5 :ofy123. doi: 10.1093/ofid/ofy123 . 
[17] Lee S, Song KH, Jung SI, Park WB, Lee SH, Kim YS, et al. Comparative outcomes

of cefazolin versus nafcillin for methicillin-susceptible Staphylococcus aureus 
bacteraemia: a prospective multicentre cohort study in Korea. Clin Microbiol 

Infect 2018; 24 :152–8. doi: 10.1016/j.cmi.2017.07.001 . 

[18] McDanel JS, Roghmann MC, Perencevich EN, Ohl ME, Goto M, Livorsi DJ, et al. 
Comparative effectiveness of cefazolin versus nafcillin or oxacillin for treat- 

ment of methicillin-susceptible Staphylococcus aureus infections complicated 
by bacteremia: A nationwide cohort study. Clin Infect Dis 2017; 65 :100–6. 

doi: 10.1093/cid/cix287 . 
[19] Davis JS, Turnidge J, Tong SYC. A large retrospective cohort study of cefa- 

zolin compared with flucloxacillin for methicillin-susceptible Staphylococcus 

aureus bacteraemia. Int J Antimicrob Agents 2018; 52 :297–300. doi: 10.1016/j. 
ijantimicag.2018.02.013 . 

20] Lecomte R, Bourreau A, Deschanvres C, Issa N, Le Turnier P, Gaborit B, et al.
Comparative outcomes of cefazolin versus antistaphylococcal penicillins in 

methicillin-susceptible Staphylococcus aureus infective endocarditis: a post 
hoc analysis of a prospective multicentre French cohort study. Clin Microbiol 

Infect 2021; 27 :1015–21. doi: 10.1016/j.cmi.2020.08.044 . 
143 
21] Lefèvre B, Hoen B, Goehringer F, Sime WN, Aissa N, Alauzet C, et al. 
Antistaphylococcal penicillins vs. cefazolin in the treatment of methicillin- 

susceptible Staphylococcus aureus infective endocarditis: a quasi-experimental 
monocentre study. Eur J Clin Microbiol Infect Dis 2021; 40 :2605–16. doi: 10. 

1007/s10096- 021- 04313- 3 . 
22] Muñoz P, Kestler M, De Alarcón A, Miro JM, Bermejo J, Rodríguez-Abella H, 

et al. Current epidemiology and outcome of infective endocarditis: a multi- 
center, prospective, cohort study. Medicine 2015; 94 :e1816. doi: 10.1097/MD. 

0 0 0 0 0 0 0 0 0 0 0 01816 . 

23] Lavergne A, Vigneau C, Polard E, Triquet L, Rioux-Leclercq N, Tattevin P, et al. 
Acute kidney injury during treatment with high-dose cloxacillin: a report of 

23 cases and literature review. Int J Antimicrob Agents 2018; 52 :344–9. doi: 10.
1016/j.ijantimicag.2018.04.007 . 

24] Livorsi DJ, Crispell E, Satola SW, Burd EM, Jerris R, Wang YF, et al. Preva-
lence of blaZ gene types and the inoculum effect with cefazolin among blood- 

stream isolates of methicillin-susceptible Staphylococcus aureus. Antimicrob 

Agents Chemother 2012; 56 :4474–7. doi: 10.1128/AAC.0 0 052-12 . 
25] Dingle TC, Gamage D, Gomez-Villegas S, Hanson BM, Reyes J, Abbott A, et al. 

Prevalence and characterization of the cefazolin inoculum effect in North 
American methicillin-susceptible Staphylococcus aureus isolates. J Clin Micro- 

biol 2022; 60 :e0249521. doi: 10.1128/jcm.02495-21 . 
26] Rincón S, Reyes J, Carvajal LP, Rojas N, Cortés F, Panesso D, et al. Cefazolin

high-inoculum effect in methicillin-susceptible staphylococcus aureus from 

South American hospitals. J Antimicrob Chemother 2013; 68 :2773–8. doi: 10. 
1093/jac/dkt254 . 

27] Clarke SR, Dyke KGH. Studies of the operator region of the Staphylococ- 
cus aureus beta-lactamase operon. J Antimicrob Chemother 2001; 47 :377–89. 

doi: 10.1093/jac/47.4.377 . 
28] Cheung GYC, Bae JS, Otto M. Pathogenicity and virulence of Staphylococcus au- 

reus. Virulence 2021; 12 :547–69. doi: 10.1080/21505594.2021.1878688 . 

29] Cimino C, Burnett Y, Vyas N, Norris AH. Post-dialysis parenteral Antimicro- 
bial Therapy in patients receiving intermittent high-flux hemodialysis. Drugs 

2021; 81 :555–74. doi: 10.1007/s40265- 021- 01469- 2 . 
30] Herrera-Hidalgo L, Luque-Márquez R, de Alarcon A, Guisado-Gil AB, Gutierrez- 

Gutierrez B, Navarro-Amuedo MD, et al. Clinical outcomes of an innovative ce- 
fazolin delivery program for MSSA infections in OPAT. J Clin Med 2022; 11 :1551. 

doi: 10.3390/jcm11061551 . 

https://doi.org/10.1001/jama.1977.03270330059022
https://doi.org/10.1086/379021
https://doi.org/10.1128/AAC.00317-09
https://doi.org/10.1089/mdr.2013.0229
https://doi.org/10.1093/ofid/ofy123
https://doi.org/10.1016/j.cmi.2017.07.001
https://doi.org/10.1093/cid/cix287
https://doi.org/10.1016/j.ijantimicag.2018.02.013
https://doi.org/10.1016/j.cmi.2020.08.044
https://doi.org/10.1007/s10096-021-04313-3
https://doi.org/10.1097/MD.0000000000001816
https://doi.org/10.1016/j.ijantimicag.2018.04.007
https://doi.org/10.1128/AAC.00052-12
https://doi.org/10.1128/jcm.02495-21
https://doi.org/10.1093/jac/dkt254
https://doi.org/10.1093/jac/47.4.377
https://doi.org/10.1080/21505594.2021.1878688
https://doi.org/10.1007/s40265-021-01469-2
https://doi.org/10.3390/jcm11061551

	Contemporary use of cefazolin for MSSA infective endocarditis: analysis of a national prospective cohort
	Introduction
	Materials and methods
	Study design and data collection
	Population
	End points
	Definitions
	Renal toxicity
	Statistical analysis
	Ethics

	Results
	Clinical manifestations and outcomes
	Risk factor for mortality or relapse
	Renal toxicity
	Profile and evolution of cefazolin treatment for MSSA endocarditis

	Discussion
	Declarations of Competing Interest
	Funding
	Author contributions
	Acknowledgments
	Supplementary materials
	APPENDIX
	References


