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Abstract

Purpose
Antistaphylococcal penicillins and cefazolin are recommended as first-line therapies for methicillin-
susceptible Staphylococcus aureus (MSSA) infective endocarditis (IE). However, in countries where
antistaphylococcal penicillins are unavailable, alternative β-lactams are frequently used. Clinical data on
ampicillin-sulbactam for MSSA İE are lacking. We compared outcomes of cefazolin and ampicillin-
sulbactam in patients with MSSA IE.

Methods
In this multicentre retrospective cohort study using the Türkiye Endocarditis Group registry, adult
patients with definite MSSA IE diagnosed between 2014 and 2023 who received cefazolin or ampicillin-
sulbactam as definitive therapy for at least 75% of the treatment course were included. The primary
outcome was in-hospital mortality; secondary outcomes were recurrence and 1-year all-cause mortality.

Results
Eighty-nine patients were included (cefazolin, n = 67; ampicillin-sulbactam, n = 22). Baseline
characteristics were similar between groups, although right-sided IE was more frequent in the ampicillin-
sulbactam group. In-hospital mortality was 22.4% and 4.5%, respectively (p = 0.105). One-year mortality
was lower with ampicillin-sulbactam (20.0% vs. 47.5%, p = 0.037), but this association was not
significant after multivariable adjustment (OR 0.27, 95% CI 0.07–1.02, p = 0.053). Comorbidity was
independently associated with increased mortality (OR 4.38, 95% CI 1.08–17.78, p = 0.039), whereas
cardiac surgery was associated with improved survival (OR 0.25, 95% CI 0.08–0.81, p = 0.020).

Conclusion
Ampicillin-sulbactam and cefazolin were associated with similar major clinical outcomes in MSSA IE.
Ampicillin-sulbactam may represent an alternative treatment option when standard antistaphylococcal
agents are unavailable. Larger prospective studies are warranted.

Introduction
Staphylococcus aureus is currently the leading causative pathogen of infective endocarditis (IE),
accounting for approximately 30% of all cases, of which nearly 70% are caused by methicillin-susceptible
S. aureus (MSSA) strains (1, 2). Current international and national guidelines recommend
antistaphylococcal penicillins (ASPs) or cefazolin as first-line agents for the treatment of MSSA IE (3, 4).
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Unlike ASPs, cefazolin is susceptible to the inoculum effect, a phenomenon characterized by reduced
antimicrobial activity in the presence of high bacterial burdens (5, 6). Because IE is typically associated
with a large bacterial inoculum, concerns have been raised regarding the effectiveness of cefazolin in
this setting. Nevertheless, several clinical studies have demonstrated that cefazolin is not associated
with higher mortality rates than ASPs in MSSA bacteremia or IE, leading to its widespread acceptance as
an alternative first-line therapy (7–11).

Although numerous β-lactam antibiotics demonstrate in vitro activity against MSSA, clinical evidence
suggests that not all β-lactams are equally effective in severe MSSA infections (12). Similar to cefazolin,
ampicillin-sulbactam has also been shown to exhibit an inoculum effect against MSSA isolates in
experimental and microbiological studies (13). In Türkiye, where antistaphylococcal penicillins are not
available, cefazolin is commonly used for the treatment of MSSA IE. However, ampicillin-sulbactam is
also frequently prescribed for MSSA bacteremia in routine clinical practice (14). Preliminary evaluation
of the nationwide Türkiye Endocarditis Group (TEG) cohort revealed that, although less commonly than
cefazolin, ampicillin-sulbactam is also used in patients with MSSA IE. Despite its clinical use, ampicillin-
sulbactam is not currently recommended by major guidelines as an alternative treatment option for
staphylococcal IE, and its role in the management of severe MSSA infections remains uncertain.
Furthermore, clinical data evaluating its effectiveness specifically in MSSA IE are lacking.

Therefore, we aimed to compare the clinical outcomes of patients with MSSA IE treated with cefazolin or
ampicillin-sulbactam and to determine whether ampicillin-sulbactam is associated with poorer
prognosis or could be considered a potential alternative therapeutic option in this setting.

Methods

Study Design and Study Population
This multicentre retrospective cohort study was based on a prospectively established TEG registry.
Among the 40 participating TEG centres, 19 with eligible patients with culture-confirmed MSSA IE were
included.

Patients were included if they had received either cefazolin or ampicillin-sulbactam as definitive therapy
for at least 75% of the total duration of targeted antimicrobial treatment. Patients were categorized into
two groups according to the predominant definitive treatment received: (1) the cefazolin group and (2)
the ampicillin-sulbactam group. Patients who received alternative definitive antimicrobial regimens,
combination definitive therapy with another anti-staphylococcal agent, died within the first 72 hours of
hospitalization, or were transferred to another institution before completion of treatment were excluded.

Demographic characteristics, comorbidities, predisposing conditions, mode of acquisition,
echocardiographic findings, presenting symptoms, clinical manifestations, complications, laboratory
parameters, imaging findings, antimicrobial treatment data, and clinical outcomes were extracted from
the cohort database and medical records. Complications included cerebral, pulmonary, splenic, and
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peripheral embolic events, intracranial hemorrhage, splenic abscess, heart failure, acute kidney injury,
and spondylodiscitis, as documented by clinical and radiological evaluation.

Study Endpoints
The primary endpoint was all-cause in-hospital mortality. Secondary endpoints included recurrence of IE
and one-year all-cause mortality.

Definitions
IE was defined according to the 2015 European Society of Cardiology (ESC) modified Duke criteria (15).
Microbiological diagnosis was established by positive blood culture and/or valve culture yielding MSSA.
According to the presumed source of infection, IE was classified as community-acquired or non-
community-acquired. Recurrence was defined as either relapse or reinfection occurring after completion
of antimicrobial therapy. Duration of bacteraemia was defined as the interval between the first and last
positive blood cultures for MSSA. Cardiac surgery was defined as valve repair or valve replacement
performed during the index hospitalization for the treatment of IE. Acute kidney injury was defined as an
increase of ≥ 0.3 mg/dL in serum creatinine from baseline. Chronic kidney disease was defined as a
documented baseline serum creatinine concentration > 1.4 mg/dL before the onset of IE. Patients
presenting with heart failure, sepsis, and/or acute kidney injury attributable to IE were classified as
having severe disease.

Statistical Analysis
Continuous variables were assessed for normality using visual methods (histograms and probability
plots) and analytical tests (Kolmogorov–Smirnov and Shapiro–Wilk tests). Normally distributed
continuous variables are presented as mean ± standard deviation (SD) and were compared using
Student’s t-test. Non-normally distributed continuous variables are presented as median (interquartile
range [IQR]) and were compared using the Mann–Whitney U test. Categorical variables are presented as
frequencies and percentages and were compared using the chi-square test or Fisher’s exact test, as
appropriate. Factors associated with one-year mortality were initially evaluated by univariate analysis.
Variables associated with one-year mortality at a significance level of p < 0.05 in univariate analyses
were considered candidates for multivariable analysis. A backward stepwise multivariable logistic
regression model was constructed to identify independent predictors of one-year mortality. Variables
were sequentially removed according to their statistical contribution to the model. Odds ratios (ORs)
with 95% confidence intervals (CIs) were calculated. All statistical analyses were performed using IBM
SPSS Statistics for Windows, Version 31.0 (IBM Corp., Armonk, NY, USA). A two-sided p value < 0.05 was
considered statistically significant.

Results
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Patient Characteristics 

Among 156 patients with definite MSSA IE identified from the Türkiye Endocarditis Group cohort
between 2014 and 2023, 89 met the eligibility criteria and were included in the analysis. Of these, 67
patients received cefazolin and 22 received ampicillin-sulbactam as definitive therapy. The mean age of
the study population was 53.5 ± 18.5 years, and 55 patients (61.8%) were male. The most common
comorbidities were hypertension, diabetes mellitus, and chronic kidney disease, while 23.6% of patients
had multiple comorbid conditions. Predisposing factors included degenerative valvular heart disease
(23.6%), hemodialysis (16.8%), prosthetic heart valves (15.7%), and intravenous drug use (15.7%),
whereas no identifiable predisposing condition was present in 18.0% of patients. 

At the time of diagnosis, transthoracic echocardiography (TTE) was performed in 84 patients (94.4%),
while five patients underwent transesophageal echocardiography (TEE) alone. IE was diagnosed by TTE
in 66 patients (74.2%), by TEE alone in 21 patients (23.6%), and by positron emission
tomography/computed tomography (PET/CT) alone in two patients (2.2%). Overall, TEE was performed
in 77.5% of patients and PET/CT in 7.9%. The most frequently involved valves were the mitral valve
(39.3%), aortic valve (30.3%), and tricuspid valve (19.0%). Community-acquired IE accounted for 64.0% of
cases.

Embolic complications were observed in 46 patients (51.7%), including cerebral, pulmonary, and
peripheral embolic events. Acute kidney injury occurred in 13 patients (14.8%). Cardiac surgery was
performed in 34 patients (38.2%), and 82.0% of patients presented with severe disease. Overall in-
hospital mortality and one-year all-cause mortality were 18.0% and 40.7%, respectively. 

Baseline demographic characteristics, comorbidities, predisposing factors, clinical manifestations,
laboratory findings, complications, and disease severity were comparable between the cefazolin and
ampicillin-sulbactam groups. However, right-sided IE was more common among patients treated with
ampicillin-sulbactam (Table 1).

Antimicrobial Treatment Characteristics

Empirical antimicrobial therapy was initiated in 59 (66.3%) patients Vancomycin was the most frequently
prescribed empirical agent (50.8%), and 80% of vancomycin-treated patients received combination
therapy. Gentamicin was the most common companion antibiotic, whereas ceftriaxone, meropenem, and
ampicillin-sulbactam were the most frequently used β-lactam agents. There was no significant
difference between treatment groups regarding the time to initiation of empirical therapy. However, the
interval between empirical therapy and transition to definitive therapy was longer in the ampicillin-
sulbactam group than in the cefazolin group (4 [2] vs. 3 [2] days, p = 0.029).

              Patterns of empirical antimicrobial selection were generally similar between groups. All patients
who initially received empirical ampicillin-sulbactam were switched to cefazolin after the diagnosis of IE

Page 6/20



was established. Notably, none of the patients in the definitive ampicillin-sulbactam group had received
ampicillin-sulbactam as empirical therapy.

              Sequential oral therapy was administered to 14 patients (15.7%), most commonly with
cephalexin (n = 6) or amoxicillin-clavulanate (n = 5). Among patients with available follow-up data no
significant differences were observed between treatment groups regarding time to defervescence or
time to blood culture sterilization.

Clinical outcomes

No significant differences were observed between the cefazolin and ampicillin-sulbactam groups with
respect to the primary endpoint of in-hospital mortality or the secondary endpoint of recurrence. One-
year all-cause mortality was significantly lower among patients treated with ampicillin-sulbactam than
among those treated with cefazolin (20.0% vs. 47.5%, p = 0.037) (Table 2).

Risk Factors for One-Year Mortality

In univariate analyses, the presence of comorbidities and heart failure at presentation were associated
with increased one-year mortality. In contrast, tricuspid valve involvement and cardiac surgery performed
for the treatment of IE were associated with improved survival.   Because pulmonary embolism is closely
linked to right-sided IE and tricuspid valve involvement, it was excluded from the multivariable model to
avoid collinearity and overadjustment. Variables significantly associated with one-year mortality in
univariate analyses were entered into a backward stepwise multivariable logistic regression model
(Table 3). In the final model, comorbidity (OR, 4.38; 95% CI, 1.08–17.78; p = 0.039) remained
independently associated with increased mortality, whereas cardiac surgery (OR, 0.25; 95% CI, 0.081–
0.808; p = 0.020) remained independently associated with improved survival. Although ampicillin-
sulbactam treatment was associated with lower one-year mortality in univariate analyses, this
association did not remain statistically significant after adjustment for potential confounders (OR, 0.27;
95% CI, 0.071-1.017; p = 0.053). 

Discussion
To our knowledge, this is the first study specifically comparing ampicillin-sulbactam and cefazolin as
definitive treatment options for MSSA IE. In this multicentre cohort, no significant differences were
observed between the two treatment strategies with respect to in-hospital mortality, recurrence, or one-
year mortality after adjustment for potential confounders. Although one-year mortality appeared lower
among patients receiving ampicillin-sulbactam, this association did not remain statistically significant in
multivariable analysis. These findings suggest that ampicillin-sulbactam may represent a reasonable
alternative therapeutic option for MSSA IE, particularly in settings where standard antistaphylococcal
agents are unavailable.
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Clinical data regarding the use of ampicillin-sulbactam in MSSA IE are currently lacking. Most available
evidence originates from studies of MSSA bacteraemia. During a cefazolin shortage in Japan, Uda et al.
reported that ampicillin-sulbactam could serve as an effective alternative β-lactam therapy for MSSA
bacteraemia (16). Similarly, Hirai et al. observed no significant differences in 30-day or 90-day mortality
between ampicillin-sulbactam and cefazolin, although ampicillin-sulbactam was associated with a
higher incidence of liver enzyme elevations (17). Furthermore, empirical treatment with β-lactam/β-
lactamase inhibitor combinations has not been associated with increased mortality in MSSA
bacteraemia (18). Collectively, these findings support the possibility that ampicillin-sulbactam may
provide acceptable clinical outcomes in severe MSSA infections.

In contrast, previous work from our centre demonstrated that cefazolin was associated with more
favourable outcomes than ampicillin-sulbactam and other β-lactam agents in MSSA bacteraemia (14). In
addition, microbiological studies performed in our institution showed that ampicillin-sulbactam may be
more susceptible than cefazolin to the inoculum effect, particularly among strains producing type A β-
lactamase (19). These observations appear inconsistent with the findings of the present study and
warrant further consideration.

Several explanations may account for this discrepancy. First, treatment practices in Türkiye may differ
from those reported in previous bacteraemia studies. Because national IE treatment recommendations
advocate high-dose ampicillin-sulbactam (up to 12 g/day), clinicians frequently administer substantially
higher doses in endocarditis than in uncomplicated bacteraemia. It is therefore conceivable that higher
drug exposure may partially overcome the inoculum effect and improve treatment efficacy in high-burden
infections such as IE.

Second, experimental evidence supports the biological plausibility of ampicillin-sulbactam activity in
severe staphylococcal infections. Animal models have demonstrated improved efficacy of ampicillin-
sulbactam when higher sulbactam concentrations are used against β-lactamase-hyperproducing S.
aureus strains (20). Moreover, ampicillin-sulbactam has shown substantial bactericidal activity in
experimental models of staphylococcal endocarditis (21). These observations suggest that under
appropriate pharmacokinetic and pharmacodynamic conditions, ampicillin-sulbactam may retain
clinically meaningful activity even in infections characterized by a high bacterial burden.

Third, another explanation relates to the impact of empirical antimicrobial therapy. Patients with IE
frequently receive broad-spectrum antimicrobial treatment before microbiological confirmation and
initiation of definitive therapy. Such early treatment may substantially reduce bacterial burden before
targeted therapy is commenced, potentially diminishing the clinical relevance of the inoculum effect.
Because empirical treatment regimens in our cohort were highly heterogeneous and frequently included
combination therapy, the independent contribution of empirical antimicrobial exposure could not be
adequately assessed.

Although ampicillin-sulbactam treatment was associated with lower one-year mortality in univariate
analysis, this effect was no longer significant after adjustment for confounding factors. One possible
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explanation is the higher proportion of right-sided IE in the ampicillin-sulbactam group. Right-sided IE is
generally associated with more favourable outcomes than left-sided disease (22). However, in our
cohort, endocarditis location itself was not independently associated with one-year mortality, suggesting
that any confounding effect related to disease location was likely limited.

The presence of comorbidities emerged as an independent predictor of one-year mortality. This finding
is consistent with previous studies demonstrating that chronic underlying illnesses substantially
influence outcomes in both MSSA bacteraemia and IE. Large meta-analyses have shown that mortality
associated with S. aureus bacteraemia remains considerable, particularly among elderly patients and
those with significant comorbidity burdens (23). Similarly, recent nationwide epidemiological data from
Türkiye identified chronic kidney disease, advanced age, and staphylococcal aetiology as important
determinants of mortality in IE (2). Our findings further emphasize the importance of host-related factors
in determining long-term outcomes.

In contrast, cardiac surgery was independently associated with improved survival. This observation
supports the established role of timely surgical intervention in selected patients with MSSA IE. Recent
evidence suggests that clinical management strategies, source control, and surgical treatment may exert
a greater influence on patient outcomes than microbiological characteristics such as inoculum effect or
bacterial genotype (24). Our results are consistent with these observations and underscore the critical
importance of appropriate source control and multidisciplinary endocarditis team management.

This study has several limitations. First, its retrospective observational design precludes causal
inference and leaves the possibility of residual confounding. Second, the relatively small number of
patients in the ampicillin-sulbactam group limited statistical power and may have increased the risk of
type II error. Third, microbiological factors such as inoculum effect, β-lactamase type, and
pharmacodynamic parameters were not systematically evaluated. In addition, detailed safety data were
unavailable, preventing comparisons of treatment-related adverse events. Nevertheless, this study
provides valuable real-world evidence from multiple centres across Türkiye and represents one of the
few clinical investigations evaluating ampicillin-sulbactam in MSSA IE.

In conclusion, no significant differences in mortality or other major clinical outcomes were observed
between ampicillin-sulbactam and cefazolin in patients with MSSA IE. While comorbidities were
independently associated with increased mortality, cardiac surgery was associated with improved
survival. These findings suggest that clinical outcomes in MSSA IE are influenced not only by the choice
of β-lactam agent but also by patient characteristics and the adequacy of source control. Ampicillin-
sulbactam may therefore be considered an alternative treatment option when standard
antistaphylococcal agents are unavailable. Prospective studies incorporating microbiological and
pharmacodynamic assessments are needed to further clarify its role in the management of MSSA IE.

Declarations

Page 9/20



Conflicts of interest/Competing interests
The authors declare no competing interests.

Ethical Approval:

The study was conducted in accordance with the principles of the Declaration of Helsinki and was
approved by the Başkent University Faculty of Medicine Ethics Committee (Decision No. KA22/298; July
5, 2022).

Consent to participate:

As this was a retrospective study and all procedures were performed as part of routine clinical care, the
Ethics Committee did not require informed consent from the participants.

Clinical trial number

Not applicable.

Consent for publication

All authors consented to publication of the manuscript.

Funding
Not applicable. The authors have no relevant financial or non-financial interests to disclose.

Author Contribution
All authors contributed to the study and com¬mented on previous versions of the manuscript.
Conceptualisation: S.B., N.S., S.S.Y., O.K.A., E.M.S., S.O.O.; Data curation: S.B., E.M.S., N.S., A.A., S.S.Y.,
D.S., S.O.O., E.T.T.; Methodology: S.B., N.S., D.S., S.O.O., S.S.Y., O.K.A.; Formal analysis: S.B., S.S.Y., N.S.;
Supervision: A.A., S.S.Y., O.K.A.; Writing original draft: S.B., S.S.Y., N.S., E.M.S., O.K.A., D.S., M.A., S.O.O.,
E.T.T.; Writing review editing: S.B., N.S., S.S.Y, O.K.A., A.A.; All authors read and approved the final
manuscript.

Acknowledgement
*TEG Investigators; Akdeniz University Fac¬ulty of Medicine, (Antalya): Caglayan Merve Ayaz; Ankara Uni-
versity Faculty of Medicine, (Ankara): Alpay Azap, Elif Mukime Saricaoglu; Ankara Bilkent City Hospital,
(Ankara): Yasemin Tezer Tekce; Antalya Train¬ing and Research Hospital, (Antalya): Derya Seyman;
Başkent University Faculty of Medicine, (Ankara): Nuran Sari, Ozlem Kurt Azap; Başkent University

Page 10/20



Istanbul Hospital, (Istanbul): Aysegul Yesilkaya; Bezmialem Vakıf University, (Istanbul): Meliha Meric Koc;
Bozyaka Training and Research Hospital, (Izmir): Alpay Ari; Canakkale Onsekiz Mart University Faculty of
Medicine, (Canakkale): Sevil Alkan; Dr. Siyami Ersek Thoracic And Cardiovascular Surgery Training and
Research Hospital, (Istanbul): Ayfer Sensoy, Denef Berzeg Deniz, Seyda Ocalmaz; Gazi University
Fac¬ulty of Medicine, (Ankara): Pınar Aysert Yıldız; Istanbul University, Istanbul Faculty of Medicine,
(Istanbul): Reside Borce Aydin, Seniha Basaran, Serap Simsek Yavuz; Kartal Dr. Lütfi Kırdar City Hospital,
(Istanbul): Ayse Batırel; Kosuyolu Yuksek Ihtisas Training and Research Hospital, (Istan¬bul): Sirin
Menekse Yilmaz, Yesim Uygun Kizmaz; Marmara University Faculty of Medicine, (Istanbul): Elif
Tukenmez Tigen; Mehmet Akif Ersoy Thoracic and Cardiovascular Surgery Training and Research
Hospital, (Istanbul): Serpil Ozkan Ozturk; Sisli Hamidiye Etfal Training and Research Hospital, (Istanbul):
Nazife Duygu Demirbas; Umraniye Training and Research Hospital, (Istanbul): Lütfiye Nilsun Altunal;
University of Health Sci¬ence Haseki Training and Research Hospital, (Istanbul): Betul Copur, Gorkem
Guclu, Gulsah Tuncer.

Data Availability
The datasets generated during and/or analysed during the current study are available in the Seniha
Başaran repository. Data are available in the hospital’s electronic medical records.

References
1. Tzoumas A, Sagris M, Xenos D, Ntoumaziou A, Kyriakoulis I, Kakargias F, Liaqat W, Nagraj S, Patel R,

Korosoglou G, Tousoulis D, Tsioufis K, Kokkinidis DG, Palaiodimos L (2025) Epidemiological profile
and mortality of infective endocarditis over the past decade: A systematic review and meta-analysis
of 133 studies. Am J Cardiol 244:67–88. https://doi.org/10.1016/j.amjcard.2025.02.023

2. Saricaoglu EM, Basaran S, Seyman D, Arslan M, Ozkan-Ozturk S, Tezer-Tekce Y, Uygun-Kizmaz Y, Sari
N, Berzeg-Deniz D, Azap A, Simsek-Yavuz S, Kurt-Azap O, Türkiye, Endocarditis Group (TEG)
Investigators (2025) Epidemiological, clinical and microbiological aspects of infective endocarditis
in Türkiye. Eur J Clin Microbiol Infect Dis 44(6):1325–1333. https://doi.org/10.1007/s10096-025-
05095-8

3. Delgado V, Ajmone Marsan N, de Waha S, Bonaros N, Brida M, Burri H, ESC Scientific Document
Group et al (2023) 2023 ESC Guidelines for the management of endocarditis. Eur Heart J
44(39):3948–4042. https://doi.org/10.1093/eurheartj/ehad193

4. Şimşek-Yavuz S, Akar AR, Aydoğdu S, Berzeg Deniz D, Demir H, Hazırolan T, Ozatik MA, Özer N,
Sargın M, Topçuoğlu N, Turhan N, Yılmaz MB, Azap Ö, Başaran S, Çağ Y, Çağatay AA, Çınar Aydın G,
Doğan Kaya S, Hızmalı L, Işık ME, Kılıçaslan N, Menekşe Ş, Meriç-Koç M, Öztürk S, Şensoy A, Tezer-
Tekçe Y, Tükenmez-Tigen E, Uygun-Kızmaz Y, Velioğlu-Öcalmaz MŞ, Yeşilkaya A, Yılmaz E, Yılmaz N,
Yılmaz-Karadağ F (2020) Diagnosis, treatment and prevention of infective endocarditis: Turkish

Page 11/20



consensus report-2019. Turk Kardiyol Dern Ars 48(2):187–226 English.
https://doi.org/10.5543/tkda.2020.89689

5. Miller WR, Seas C, Carvajal LP, Diaz L, Echeverri AM, Ferro C, Rios R, Porras P, Luna C, Gotuzzo E,
Munita JM, Nannini E, Carcamo C, Reyes J, Arias CA (2018) The cefazolin inoculum effect Is
associated with increased mortality in methicillin-susceptible Staphylococcus aureus bacteremia.
Open Forum Infect Dis 5(6):ofy123. https://doi.org/10.1093/ofid/ofy123

6. Saeki M, Shinagawa M, Yakuwa Y, Nirasawa S, Sato Y, Yanagihara N, Takahashi S (2018) Inoculum
effect of high concentrations of methicillin-susceptible Staphylococcus aureus on the efficacy of
cefazolin and other beta-lactams. J Infect Chemother 24(3):212–215.
https://doi.org/10.1016/j.jiac.2017.10.021

7. Davis JS, Turnidge J, Tong S (2018) A large retrospective cohort study of cefazolin compared with
flucloxacillin for methicillin-susceptible Staphylococcus aureus bacteraemia. Int J Antimicrob
Agents 52(2):297–300

8. Lecomte R, Bourreau A, Deschanvres C, Issa N, Le Turnier P, Gaborit B, Chauveau M, Leroy AG, Le
Tourneau T, Caillon J, Camou F, Boutoille D (2021) 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 27(7):1015–1021. https://doi.org/10.1016/j.cmi.2020.08.044

9. Herrera-Hidalgo L, Muñoz P, Álvarez-Uría A, Alonso-Menchén D, Luque-Marquez R, Gutiérrez-
Carretero E, Fariñas MDC, Miró JM, Goenaga MA, López-Cortés LE, Angulo-Lara B, Boix-Palop L, de
Alarcón A Grupo de Apoyo al Manejo de la Endocarditis Infecciosa en España (GAMES) Cohort
Investigators (2023) Contemporary use of cefazolin for MSSA infective endocarditis: analysis of a
national prospective cohort. Int J Infect Dis 137:134–143. https://doi.org/10.1016/j.ijid.2023.10.019

10. Jaime-Ardila LJ, Támara-Rivera JL, Nocua-Báez LC, Díaz-Brochero C, Melendez-Rhenals SDM (2025)
Comparative effectiveness of cefazolin versus antistaphylococcal penicillins in methicillin-
susceptible Staphylococcus aureus infective endocarditis: a systematic review of observational
studies. Ther Adv Infect Dis 12:20499361251384146. https://doi.org/10.1177/20499361251384146

11. Prosty C, Noutsios D, Lee TC, Daneman N, Davis JS, Jager NGL, Ghanem-Zoubi N, Goodman AL,
Kaasch AJ, Kouijzer I, McMullan BJ, McDonald EG, Tong SYC, Ong SWX (2025) Cefazolin vs.
antistaphylococcal penicillins for the treatment of methicillin-susceptible Staphylococcus aureus
bacteraemia: a systematic review and meta-analysis. Clin Microbiol Infect 31(8):1272–1282.
https://doi.org/10.1016/j.cmi.2025.04.045. Staphylococcus aureus Network Adaptive Platform
MSSA/PSSA domain specific working group

12. Paul M, Zemer-Wassercug N, Talker O, Lishtzinsky Y, Lev B, Samra Z, Leibovici L, Bishara J (2011)
Are all beta-lactams similarly effective in the treatment of methicillin-sensitive Staphylococcus
aureus bacteraemia? Clin Microbiol Infect 17(10):1581–1586. https://doi.org/10.1111/j.1469-
0691.2010.03425.x

Page 12/20



13. Song KH, Jung SI, Lee S, Park S, Kim ES, Park KH, Park WB, Choe PG, Kim YK, Kwak YG, Kim YS, Jang
HC, Kiem S, Kim HI, Kim HB, Korea INfectious Diseases (KIND) study group (2019) Inoculum effect
of methicillin-susceptible Staphylococcus aureus against broad-spectrum beta-lactam antibiotics.
Eur J Clin Microbiol Infect Dis 38(1):67–74. https://doi.org/10.1007/s10096-018-3392-6

14. Basaran S, Simsek-Yavuz S, Sadic-Copur B, Yir A, Cagatay A, Oncul O, Ozsut H, Eraksoy H (2019)
Analysis of risk factors for mortality in methicillin-sensitive staphylococcus aureus bacteraemia:
cefazolin is associated with better outcome. J Ist Fac Med 82(3):131–138.
https://doi.org/10.26650/IUITFD.2019.0009

15. Habib G, Lancellotti P, Antunes MJ, Bongiorni MG, Casalta JP, Del Zotti F, Dulgheru R, El Khoury G,
Erba PA, Iung B, Miro JM, Mulder BJ, Plonska-Gosciniak E, Price S, Roos-Hesselink J, Snygg-Martin
U, Thuny F, Tornos Mas P, Vilacosta I, Zamorano JL, ESC Scientific Document Group (2015) 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 European Association of Nuclear Medicine
(EANM). Eur Heart J 36(44):3075–3128. https://doi.org/10.1093/eurheartj/ehv319

16. Uda A, Onuma K, Shigemura K, Kitagawa K, Yan Y, Osawa K, Yano I, Miyara T (2021) Impact of
cefazolin shortage on clinical outcomes of adult patients with bacteremia caused by methicillin-
susceptible Staphylococcus aureus in a tertiary care university hospital. Antibiot (Basel)
10(10):1247. https://doi.org/10.3390/antibiotics10101247

17. Hirai J, Asai N, Hagihara M, Kishino T, Kato H, Sakanashi D, Ohashi W, Mikamo H (2022) Comparative
effectiveness of ampicillin/sulbactam versus cefazolin as targeted therapy for bacteremia caused
by beta-lactamase-producing methicillin-sensitive Staphylococcus aureus: A single-center
retrospective study. Antibiot (Basel) 11(11):1505. https://doi.org/10.3390/antibiotics11111505

18. Willekens R, Puig-Asensio M, Suanzes P, Fernández-Hidalgo N, Larrosa MN, González-López JJ,
Rodríguez-Pardo D, Pigrau C, Almirante B (2022) Empirical use of β-lactam/β-lactamase inhibitor
combinations does not increase mortality compared with cloxacillin and cefazolin in methicillin-
susceptible Staphylococcus aureus bacteraemia: a propensity-weighted cohort study. J Antimicrob
Chemother 77(8):2288–2295. https://doi.org/10.1093/jac/dkac152

19. Oglou MC, Şimşek Yavuz S, Günel G, Aktaş Z, Nurtop E, Can F, Eraksoy HE (2025) Consequences of
the inoculum effect against Β-lactams in methicillin susceptible Staphylococcus aureus (MSSA)
strains. J İstanbul Fac Med 88(3):216–226. https://doi.org/10.26650/IUITFD. 1671981

20. Pefanis A, Thauvin-Eliopoulos C, Eliopoulos GM, Moellering RC Jr (1993) Activity of ampicillin-
sulbactam and oxacillin in experimental endocarditis caused by beta-lactamase-hyperproducing
Staphylococcus aureus. Antimicrob Agents Chemother 37(3):507–511.
https://doi.org/10.1128/AAC.37.3.507

21. Backo M, Gaenger E, Burkart A, Chai YL, Bayer AS (1999) Treatment of experimental staphylococcal
endocarditis due to a strain with reduced susceptibility in vitro to vancomycin: efficacy of ampicillin-
sulbactam. Antimicrob Agents Chemother 43(10):2565–2568.
https://doi.org/10.1128/AAC.43.10.2565

Page 13/20



22. Ye XT, Buratto E, Dimitriou J, Yaftian N, Wilson A, Darby J, Newcomb A (2021) Right-Sided Infective
Endocarditis: The Importance of Vegetation Size. Heart Lung Circ 30(5):741–750.
https://doi.org/10.1016/j.hlc.2020.09.927

23. Bai AD, Lo CKL, Komorowski AS, Suresh M, Guo K, Garg A, Tandon P, Senecal J, Del Corpo O,
Stefanova I, Fogarty C, Butler-Laporte G, McDonald EG, Cheng MP, Morris AM, Loeb M, Lee TC (2022)
Staphylococcus aureus bacteraemia mortality: a systematic review and meta-analysis. Clin
Microbiol Infect 28(8):1076–1084. https://doi.org/10.1016/j.cmi.2022.03.015

24. Tala-Ighil T, Royer G, Lepeule R, Fihman V, Galy A, Lim P, Rodriguez C, Jacquier H, Woerther PL (2025)
Clinical features and medical-surgical management overweight the inoculum effect and genotypic
characteristics of MSSA in infective endocarditis. J Antimicrob Chemother 80(6):1647–1655.
https://doi.org/10.1093/jac/dkaf115

Tables
Table 1. Baseline demographic, clinical, laboratory, and echocardiographic characteristics of patients
with methicillin-susceptible Staphylococcus aureus infective endocarditis according to definitive
antibiotic therapy
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Characteristics Cefazolin

(N=67)

Ampicillin-
sulbactam 

(N=22)

p
value

Age, mean ± SD 53.9 ± 17.4 52.2 ± 21.9 0.101

Male sex, n (%)   41 (61.2) 14/22 (63.6) 0.838

Predisposing conditions

Rheumatic fever sequelae, n (%)  

Prosthetic valve, n (%)  

Intracardiac device, n (%)

Bicuspid aortic valve, n (%)

Congenital heart disease, n (%)

Intravenous drug use, n (%)

Degenerative heart disease, n (%)

Previous IE episode, n (%)

54 (80.6)

5 (7.5)

13 (19.4)

4 (6.0)

4 6.0)

6 (9.0)

9 (13.4)

13 (19.4)

3 (4.5)

19 (86.4)

0

1 (4.5)

3 (13.6)

1 (4.5)

1 (4.5)

5 (22.7)

8 (36.4)

1 (4.5)

0.751

0.327

0.174

0.358

1.000

0.676

0.299

0.104

1.000

Comorbidities

Hypertension, n (%)

Diabetes mellitus, n (%)

Chronic kidney disease, n (%)

Hemodialysis, n (%)

Coronary artery disease, n (%)

Chronic obstructive pulmonary disease, n (%)

Malignancy, n (%)

Autoimmune disease, n (%) 

       Multiple comorbidities, n (%)

49 (73.1)

24 (35.8)

20 (29.9)

10 (14.9)

10 (14.9)

10 (14.9)

4 (6.0)

3 (4.5)

7 (10.4)

17 (25.4)

13 (59.1)

4 (18.2)

4 (18.2)

6 (27.3)

5 (22.7)

1 (4.5)

1 (4.5)

1 (4.5)

0

4 (18.2)

0.214

0.185

0.408

0.191

0.396

0.280

1.000

1.000

0.186

0.575

Type of acquisition: Community-acquired, n
(%)

41 (61.2) 16 (72.7) 0.328

Endocarditis side

Left side

Mitral, n (%)

Aortic, n (%)

Right side

 

47 (70.1)

29 (43.3)

21 (31.3)

14 (20.9)

 

12 (54.5)

6 (27.3)

6 (27.3)

10 (45.5)

 

0.179

0.182

0.719

0.024
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Tricuspid, n (%)

Pulmonary, n (%)

Lead, n (%)

Endocard, n (%)

11 (16.4)

1 (1.5)

2 (3.0)

3 (4.5)

6 (27.3)

0

4 (18.2)

0

0.261

1.000

0.031

0.572

Clinical findings

Systolic blood pressure, mean ± SD, (N=82)

Murmur, n (%), (N=84)

Splenomegaly, n (%), (N=75)

Heart failure, n (%), (N=84)

Sepsis, n (%), (N=83)

Severe illness, n (%) 

 

115 ± 19

30 / 62 (48.4)

13 / 55 (23.6)

23 / 63 (36.5)

14 / 62 (22.6)

55 (82.1)

 

114 ± 24

8 / 22 (36.4)

6/  20 (30.0)

5 / 21 (23.8)

7 / 21 (33.3)

18 (81.8)

 

0.401

0.330

0.575

0.285

0.327

1.000

Laboratory data

       White blood cell ( /µL), median [IQR],
(N=87)

       Hemoglobin (g/dL), mean ± SD, (N=86)

       Platelet count ( /μl ), median [IQR], (N=87)

       CRP (mg/L), mean ± SD, (N=83)

       ALT (U/L), [IQR], (N=86)

       Creatinine (mg/dL), [IQR], (N=87)

       Albumin (g/dL), mean ± SD, (N=85)

 

12400 [7785]

10.2 ± 2.2

206000
[143000]

177.3 ± 114.1

26 [29]

1.15 [1.55]

2.94 ± 0.68

 

15705 [8550]

11.1 ± 1.7

173000 [124275]

228.0 ± 122.2

28 [36]

1.25 [2.30]

2.84 ± 0.60

 

0.155

0.067

0.420

0.862

0.392

0.554

0.622

Complications

Cranial embolism, n (%) 

Pulmonary embolism, n (%) 

Peripheral embolism, n (%)

Acute renal failure, n (%)

Spondylodiscitis, n (%)

Splenic infarct/abscess, n (%) 

 

13 (19.4)

10 (14.9)

11 (16.4) 

7 (10.4)

3 (2.9)

3 (4.5) 

 

4 (18.2)

6 (27.3)

2 (9.1)

5 (22.7)

1 (4.5)

1 (4.5)

 

1.000

0.191

0.506

0.143

1.000

1.000

ALT, alanine aminotransferase; CRP, C-reactive protein; IQR, interquartile range; SD, standard deviation

Table 2. Comparison of treatment characteristics and clinical outcomes between cefazolin and
ampicillin-sulbactam therapy in patients with methicillin-susceptible Staphylococcus aureus infective
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endocarditis

Characteristics

 

 

Cefazolin

(N=67)

Ampicillin-
sulbactam 

(N=22)

p
value

Cardiac surgery for treatment, n (%)  27 (40.3)

 

7 (31.8)

 

0.478

 

Empirical treatment, n (%)

Antibiotics in empirical treatmenta

Vancomycin, n (%)  

Ceftriaxone, n (%)  

Ampicillin-sulbactam, n (%)

       Meropenem, n (%) 

       Gentamicin, n (%)

       Piperacillin/tazobactam, n (%) 

Combined empirical treatment, n (%)

Sequential oral treatment, n (%)

47  (70.1)

 

24 / 47
(51.1)

8 / 47 (17.0)

10 / 47
(21.3)

9 / 47 (19.1)

8 / 47 (17.0)

4 / 47 (8.0)

24 / 47
(51.1)

10  (14.9)

12  (54.5)

 

6 / 12 (50.0)

3 / 12 (25.0)

0

2 / 12 (16.7)

1 / 12 (8.3)

3 / 12 (25.0)

7 / 12 (58.3)

4  (18.2)

0.179

 

0.948

0.679

0.105

1.000

0.670

0.141

0.653

1.000

Time to antibiotic initiation (hours), median [IQR],
(N=84)

Time to blood culture clearance (days), median
[IQR], (N=69)

Duration of fever (days),  median [IQR],  (N=41)

Empirical treatment duration (days), median [IQR],
(N=58)

Definitive treatment duration (days), median [IQR]

Treatment duration (days), median [IQR]

Total length of stay (days), median [IQR]

17 [45]

5 [4]

3 [2]

3 [2]

38 [18]

42 [17]

42 [23]

4 [71]

4 [2]

2.5 [2]

4 [2]

40 [14]

43 [16.7]

45 [17]

0.077

0.158

0.322

0.029

0.048

0.275

0.447

In-hospital mortality, n (%)

One-year all-cause mortality, n (%), (N=81)

Recurrence, n (%), (N=68)

15 (22.4)

29 / 61
(47.5)

4 / 51 (7.8)

1 (4.5)

4 / 20 (20.0)

1 / 17 (5.9)

0.105

0.037

1.000
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IQR, interquartile range; SD, standard deviation

aThe most frequently chosen antibiotics in empirical treatment

Table 3. Univariate and multivariate logistic regression analyses of risk factors associated with one-year
mortality in patients with methicillin-susceptible Staphylococcus aureus infective endocarditis
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Univariate analysis   Multivariate
analysis

 

Characteristics

 

Survivors

(N=48)

Died

(N=33)

p
value

OR

(95%
Confidence
interval)

p
value

Age, mean ± SD 49.8 ±
18.0

59.1 ±
18.0

0.026    

Male sex, n (%)   31 (64.6) 19 (57.6) 0.524    

Comorbidity, n (%) 29 (60.4) 29 (87.9) 0.011 4.38 (1.081-
17.785)

0.039

Community acquired, n (%) 33 (68.8) 18 (54.5) 0.193    

Endocarditis side

     Left side

Mitral, n (%)

Aortic, n (%)

     Right side

Tricuspid, n (%)

Pulmonary, n (%)

Lead, n (%)

Endocard, n (%)

 

29 (61.7)

16 (33.3)

15 (31.3)

16 (34.0)

14 (29.2)

1 (2.1)

1 (2.1)

2 (4.2)

 

25 (78.1)

16 (48.5)

10 (30.3)

6 (18.8)

2 (6.1)

0

4 (12.1)

1 (3.0)

 

0.123

0.171

0.928

0.137

0.011

1.000

0.153

1.000

   

Clinical findings

      Heart failure, n (%), (N=76)

      Sepsis, n (%), (N=76)

 

10/45
(22.2)

11/44
(25.0)

 

15/32
(46.9)

9/32
(28.1)

 

0.023

0.760

   

Complications

     Cranial embolism

     Pulmonary embolism  

     Peripheral embolism

     Spondylodiscitis 

 

10/48
(20.8)

14/48
(29.2)

5/48
(10.4)

2/48
(4.2)

 

7/33
(21.2)

2/33
(6.1)

8/33
(24.2)

2/33
(6.1)

 

0.967

0.011

0.096

1.000
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Admission laboratory findings                
                                                                     
                                                                     
                                                                     
                                                                     
                   

       White blood cell     ( /µL), median
[IQR], 

      (N=79)

    Hemoglobin (g/dL), mean ± SD,
(N=78)

    Platelet count (x103/μl ), median
[IQR],

      (N=79)

   CRP (mg/L), mean ± SD, (N=75)

   ALT (U/L), median [IQR], (N=78)

   Creatinine (mg/dL), median [IQR],
(N=79)

   Albumin (g/dL), mean ± SD, (N=77)

 

12400
[7348]

10.8 ±
1.9

206000

[14200]

215 ±
124

27 [34]

1.00
[1.42]

2.8 ± 0.6

 

12650

[6488]

9.8 ± 2.4

195000

[134750]

158 ±
108

26.5 [30]

1.58
[2.01]

2.9 ± 0.7

 

0.328

 

0.058

0.980

 

0.050

0.566

0.130

0.630

   

Cardiac surgery for treatment, n (%)

Ampicillin-sulbactam treatment, n (%)

24 (50.0)

16 (33.3)

7 (21.2)

4 (12.1)

0.009

0.037

0.25 (0.081-
0.808)

0.27 (0.071-
1.017)

0.020

0.053

Empirical treatment, n (%)

Combined empirical treatment, n (%)

Time to receipt of empiric therapy
(hours), median [IQR], (N=78)

Empirical treatment duration, (days),
median [IQR], (N=53)

Time for blood culture to become
negative (days), median [IQR],  (N=64)

Recurrence, n (%), (N=68)

31 (64.6)

15/31
(48.4)

20 [22]

 

3 [3]

 

4 [2]

 

4/38
(10.5)

23 (69.7)

13/23
(56.5)

6 [34]

 

3 [2]

 

5 [4]

 

1/27
(3.7)

0.631

0.554

0.449

 

0.139

 

0.264

 

0.393

   

ALT, alanine aminotransferase; CRP, C-reactive protein; OR, odds ratio; SD, standard deviation
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