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Déclaration liens d’intérêts
2020 - 2025

u Intervenante au titre d’orateur
GSK, MSD, Menarini, Moderna, Pfizer, Sanofi

u Participation à des groupes de travail
Gilead, GSK, Mundipharma

u Invitation congrès/journées scientifiques
Eumedica, Pfizer, Sanofi

u Vice-présidente de la SPILF (2024)

u Conseil National Professionnel des maladies infectieuses et tropicales

u Cs MIME du HCSP



Cas clinique (1)

u Femme de 70 ans, Guyane 

u ATCD : HTA, abcès de cornée à pneumocoque post cataracte (2020)

u Admission 08/2023 : fièvre depuis 48H + dyspnée + épigastralgies + 
vomissement

u Ex clinique initial : 40,6°C, FR 18/mn, FC 99/mn, souffle systolique 
mitral (?), pas de foyer de crépitants, douleur HCD

u Sat O2 98% AA



Cas clinique (1)

u Biologie :

uNFS leucocytes 16 000/mm3 (85% PNN); plaquettes 168 000 /mm3,

Hb 12,6 g /dl

uASAT 143 UI/l (N<35), ALAT 208 UI/l, K+2,8 mmol/l, CRP 105 mg/l, 
clairance créat 97 ml/mn (MDRD)

u4 hémocultures positives à S. pneumoniae



Quel bilan morphologique demandez-vous ?

u Rx thoracique ?

u TDM thoracique ?

u ETT ?

u TDM abdominale ?

u Autre ?





Indication ETT ?

Sunnerhagen T, HANDOC: A Handy Score to Determine the Need for 
Echocardiography in Non-β-Hemolytic Streptococcal Bacteremia.

u Score HANDOC : streptocoques non b-
hémolytiques

uETT/ETO si score ≥ 3

uSensibilité 100% et VPN 100%

uValidation extrinsèque peu robuste

u1 étude de la même équipe

u1 autre étude sur petit effectif



Indication ETT ?

u NOVA score u DENOVA score

(Danneels P et al J Infect 2023)

(Bouza, E et al Clin Infect Dis 20215) (Berge A et al, Infection 2019)

ETT si score ≥ 4 ETT si score ≥ 3



Bactériémie à S. pneumoniae et ETT ?
Risque endocardite / espèce

(Chamat-Hedemand S et al, Circulation 2020)

u Cohorte bactériémies à Streptocoques

u Danemark, 2008-2017

u 6506 BSI

u S. pneumoniae  1.2% (0.8–1.6)

+ faible risque EI 



Bactériémie à S. pneumoniae et ETT ?
Risque endocardite / espèce

u Méta analyse / 30 ans, 
bactériémies à Streptocoques + 
endocardite

u S. mutans: 47% (95% CI 38–56%), 
S. cristatus: 41% (95% CI 21–
62%), S. gordonii: 37% (95% CI 
30–44%), S. sanguinis: 33% (95% 
CI 28–39%), and S. gallolyticus: 
31% (95% CI 27–36%)

u S. pneumoniae

(Deas G et al, www.thelancet.com 2025)



Quel bilan morphologique demandez-vous ?

u Rx thoracique 

u TDM thoracique ?

u ETT ?

u TDM abdominale ?

u Autre 



Cas clinique (2)

u ETT à J4 : 

- Hypertrophie septale globale, FEVG préservée (77 %)

- fuite mitrale modérée, par dysfonction du feuillet postérieur;

- image mobile suspecte de végétation dans le contexte, 
appendue à la face auriculaire de l'anneau mitral postérieur (12 
X 2.5 mm)

- flux mitral de type 2

- OG dilatée (44 ml/m²)



Endocardite à pneumocoque ?

u Possible car fréquence = 10% des IE sur valve native ?

u Peu probable car pas de FRD d’infection invasive à 
pneumocoque ?

u Peu probable car pas de valve prothétique ?

u Peu probable car pas de foyer de pneumonie ?



Endocardite à pneumocoque ?

u < 2% des EI (Selton-Sury C et al, CID 2012)

u 0,86% cohorte Espagne (de Egea V et al, Medicine 
2015) 

u 0,47% cohorte Brésil (Mamani RF et al,  Braz J Infect Dis 
2024)

u 1.2%  EI/bactériémies à pneumocoques, 
Danemark (0.8-1.6)

(Chamat-Hedemand S et al, Circulation 2020)

u 0.3% des infections invasives à 
pneumocoque, Canada

(Marrie TJ et al, Eur J Clin Microbiol Infect Dis 2018)

 



Clinique

(Périer A et al, Int J Cardiol 2019
de Egea V et al, Medicine 2015)

Âge
Localisations associées +++

Pneumonie
Méningite
Arthrite

Valve native (93,7%), aorte (53,2%)



Syndrome d’Austrian

u Méningite + pneumonie + 
endocardite

u 71 cas, âge moyen 56,5 ans, 
sex ratio 2,4/1

u Alcool 41%

u Trouble de la cs (69%), fièvre
(65%)

u Valve aortique (56%)

u Chirurgie valvulaire (65%)

u Admission USI (50, 70%) + VM 
(43, 86%)

u Mortalité (20, 28%)

(Madu A et al, Clin Med 2024)



Facteurs de risque ?

u Etude multicentrique / 15 ans

u Âge 60 ± 14 ans, 38 H (76%) 

u51 ans (IQR, 26–63), 71 H (64%)

u Peu de FDR EI

u 78% FDR infection à pneumocoque

(Périer A et al, Int J Cardiol 2019
de Egea V et al, Medicine 2015)



Clinique et FDR ?

u 3251 adultes + IIP 2000-2014, Canada

u 28 EI (0.3%)

u UDIV

u Présentation clinique initiale + sévère (confusion mentale, USI; 
p<0,005)

u Souffle valvulaire nouveau 39.3% vs 2.2% si pas EI (p < 0.001) 

u Mortalité 39.3%  vs 14.7% IIP sans EI

u Pas de sérotype spécifique

(Marrie TJ et al, Eur J Clin Microbiol Infect Dis 2018)



Endocardite à pneumocoque ?

u Possible car fréquence = 10% des IE sur valve native ?
u < 3%

u Peu probable car pas de FRD d’infection invasive à pneumocoque ?
u Tabagisme et consommation excessive d’alcool

u Peu probable car pas de valve prothétique ?
u Valve native

u Peu probable car pas de foyer de pneumonie ?
u 1/2



Quel bilan complémentaire ?

u ETO ?

u IRM cérébrale ?

u TEP/TDM ?

u TDM abdominale ?



Intérêt ETO + ETT ?

u 244 Bactériémies à S. aureus, 2009 – 2010

u 53 EI certaines (22%)

u Prévalence sur valve native 19%

u Prévalence sur valve prothétique ou matériel intracardiaque 38%

u 92 patients ETT sans ETO

u 8 diagnostics d’EI sur ETT

u  suivi à J30 : pas de nouveau diagnostic d’EI

u ETT de qualité « suffisante » dans un contexte où prévalence = 19%





Tep/TDM ?

u NVE :
u Sensibilité faible (31%), Spécificité 98%

u Foyers à distance (sauf cerveau)

u PVE :
u Sensibilité 84%, spécificité 86%

u Réponse au traitement ?

u Foyers à distance (sauf cerveau)

u TAVI : > 1 mois après procédure
u Analyse qualitative (répartition)

u PM/défibrillateurs :
u Infection de générateur/poche sensibilité 93–96%, spécificité 97–98%

u Sondes sensibilité  65–76%, spécificité 83–88%

(Sammartino AM et al, J Clin Med 2024)



TEP/TDM ?



Quel bilan ?



Quel traitement ?

u Amoxicilline 100 mg/kg/j pendant 4 semaines ?

u + Gentamicine 3 mg/kg pendant 2 semaines ?

u + Rifampicine 

u Ceftriaxone 2 G / j 

u Relais oral ?



Traitement ?



Traitement idem streptocoques oraux
CMI amoxicilline et ceftriaxone (≤ 0,5 mg/l)

Pas de schéma court
+ Gentamicine si CMI > 0,5 et ≤ 2 mg/l

Si méningite ceftriaxone ou vanco selon CMI
Relais oral J10 à J14 





Quel traitement ?

u Amoxicilline 100 mg/kg perfusion continue

u Relais oral ?

u 400 EI coeur gauche 

u 10 j de TTT ATBT IV 

u199 IV

u201 relais oral

u Nombre de S. pneumoniae ?



Quel traitement ?

u Pas de différence à 6 mois

u Mortalité

u Embols

u Chirurgie cardiaque en urgence

u Rechute de bactériémie



Et à 5 ans ?



(Strady C et al. Infect Dis Now 2025) 



Pronostic

u Chirurgie dans la semaine suivant le diagnostic (28, 60%; délai 6.5 j [2.0–10.5]
u Taux de survie à J90 : 83% (n=33)

u 7 décès dont 6 liées à l’EI
u 5 EI sur valve prothétique: 3 décès délai 22j (21-40,5)
u 2 rechutes 48H et 6 mois après arrêt ATBT

u Taux de survie à 2 ans : 67% (n=28)
u 5 décès 
u Âge > 65 ans (p<0,001)
u Chirurgie “protectrice” (15 vs 6; p = 0.012)
u Méningite ns, Austrian syndrome ns

u 50% des décès directement liés à l’EI



Pronostic

u Etude cas/témoins (23 ans, monocentrique)

u 28 EI à pneumocoque / 56 EI autres causes

 (21 S. aureus)

u Alcoolisme et tabagisme

u Absence de valvulopathie

u Gravité clinique : choc et insuffisance cardiaque

u Chirurgie cardiaque 64,3%

u  précoce (14.1 ± 18.2 versus 69.0 ± 61.1 j)

(M. Daudin et al, Clin Microbiol Infect 2016)



Pronostic

u Mortalité à 5 ans 54,1% 

(M. Daudin et al, Clin Microbiol Infect 2016)



Quelle prévention ?

u Vaccination anti pneumococcique ?
u Si FDR d’infection invasive à pneumocoque ou ≥ 65 ans

u Pas au décours d’une IIP en l’absence de FDR



Conclusion 

u Rare mais ça existe

u Grave

u Peu FDR EI

u Facteurs de virulence spécifiques des S. pneumoniae ?

u Traitement oral ?



Atelier 
‘Endocardites infetcieuses’

Prof. Pierre Tattevin 
Maladies Infectieuses et Réanimation Médicale, INSERM U 835

Hôpital Pontchaillou, CHU Rennes

AEPEI: Association pour l’Etude et la 
Prévention des Endocardites Infectieuses



Liens d’intérêt: conseils scientifiques 
(2020-2025) 

n Pfizer
n Advanz
n Gilead
n Basiléa
n Shionogi
n Simon Kuscher



‘Un médecin qui 
connait bien 

l’endocardite connait 
bien toute la 
médecine’

William Osler, 1888



2023 ESC Guidelines for the management 
of endocarditis
Developed by the task force on the management of endocarditis 
of the European Society of Cardiology (ESC)

Endorsed by the European Association for Cardio-Thoracic Surgery 
(EACTS) and the European Association of Nuclear Medicine (EANM)

Authors/Task Force Members: Victoria Delgado  *†, (Chairperson) (Spain),  
Nina Ajmone Marsan  ‡, (Task Force Co-ordinator) (Netherlands),  
Suzanne de Waha‡, (Task Force Co-ordinator) (Germany), Nikolaos Bonaros  
(Austria), Margarita Brida  (Croatia), Haran Burri  (Switzerland), 
Stefano Caselli  (Switzerland), Torsten Doenst  (Germany), 
Stephane Ederhy  (France), Paola Anna Erba  1 (Italy), Dan Foldager (Denmark), 
Emil L. Fosbøl  (Denmark), Jan Kovac (United Kingdom), Carlos A. Mestres  
(South Africa), Owen I. Miller  (United Kingdom), Jose M. Miro  2 (Spain), 
Michal Pazdernik  (Czech Republic), Maria Nazarena Pizzi  (Spain), 
Eduard Quintana  3 (Spain), Trine Bernholdt Rasmussen  (Denmark),  
Arsen D. Ristić  (Serbia), Josep Rodés-Cabau (Canada), Alessandro Sionis  
(Spain), Liesl Joanna Zühlke  (South Africa), Michael A. Borger  *†, 
(Chairperson) (Germany), and ESC Scientific Document Group

© The European Society of Cardiology 2023. All rights reserved. For permissions please e-mail: journals.permissions@oup.com.

* Corresponding authors: Victoria Delgado, Cardiology, Hospital University Germans Trias i Pujol, Badalona, Spain, and Institute for Health Science Research Germans Trias i Pujol (IGTP), 
Badalona, Spain. Tel: +34 934 65 12 00, E-mail: videlga@gmail.com; and Michael A. Borger, University Department of Cardiac Surgery, Leipzig Heart Center, Leipzig, Germany. Tel: +49-341- 
865-0, E-mail: Michael.Borger@helios-gesundheit.de
† The two Chairpersons contributed equally to the document and are joint corresponding authors.
‡ The two Task Force Co-ordinators contributed equally to the document.

Author/Task Force Member affiliations are listed in author information.
1 Representing the European Association of Nuclear Medicine (EANM)
2 Representing the European Society of Clinical Microbiology and Infectious Diseases (ESCMID)
3 Representing the European Association for Cardio-Thoracic Surgery (EACTS)

ESC Clinical Practice Guidelines (CPG) Committee: listed in the Appendix.

ESC subspecialty communities having participated in the development of this document:

Associations: Association of Cardiovascular Nursing & Allied Professions (ACNAP), Association for Acute CardioVascular Care (ACVC), European Association of Cardiovascular Imaging 
(EACVI), European Association of Preventive Cardiology (EAPC), European Association of Percutaneous Cardiovascular Interventions (EAPCI), European Heart Rhythm Association (EHRA), 
and Heart Failure Association (HFA).

Councils: Council for Cardiology Practice, Council on Stroke.

Working Groups: Adult Congenital Heart Disease, Cardiovascular Surgery.

Patient Forum  
The content of these European Society of Cardiology (ESC) Guidelines has been published for personal and educational use only. No commercial use is authorized. No part of the ESC 
Guidelines may be translated or reproduced in any form without written permission from the ESC. Permission can be obtained upon submission of a written request to Oxford 
University Press, the publisher of the European Heart Journal and the party authorized to handle such permissions on behalf of the ESC (journals.permissions@oup.com).

European Heart Journal (2023) 44, 3948–4042 
https://doi.org/10.1093/eurheartj/ehad193
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Cas clinique

n Mr Z, 66 ans
n ATCD

¨ HTA sous captopril
¨ Ulcère de jambe chronique

n AEG fébrile depuis 3 jours + dyspnée
n Admission

¨ T = 39°C, TA = 110/60 mmHg
¨ Multiples lésions purpuriques
¨ Souffle IM 3/6 non connu
¨ Crépitants des 2 bases



Echocardiographie

n Fuite mitrale 2/4
n FEVG 50%
n Végétation feuillet antérieur 10 mm



Votre prescription d’hémocultures

1. 2 paires bien remplies 
2. 3 paires bien remplies
3. Lors d’une seule ponction
4. Espacées de 30 minutes
5. Sur milieux spéciaux



Votre prescription d’hémocultures

1. 2 paires bien remplies 
2. 3 paires bien remplies
3. Lors d’une seule ponction
4. Espacées de 30 minutes
5. Sur milieux spéciaux
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Bloodstream infection (BSI) is a major cause of death in developed countries and the

detection of microorganisms is essential in managing patients. Despite major progress

has been made to improve identification of microorganisms, blood culture (BC) remains

the gold standard and the first line tool for detecting BSIs. Consensus guidelines are

available to ensure optimal BSI procedures, but BC practices often deviate from the

recommendations. This review provides an update on clinical and technical issues related

to blood collection and to BC performance, with a special focus on the blood sample

strategy to optimize the sensitivity and specificity of BCs.

Keywords: bloodstream infection, blood culture, single sampling strategy, multi-sampling strategy, sensitivity,

specificity, contamination

INTRODUCTION

Bloodstream infections (BSIs) represent a growing public health concern, with an estimated burden
of 1,200,000 episodes of BSI each year in Europe, and 157,000 attributable deaths (Goto and Al
Hasan, 2013). BSI ranks among the top seven causes of death in North America and Europe.
The diagnosis of BSI relies on the documentation of pathogens in blood—either bacteremia, or
fungemia—through blood cultures (BCs). Indeed, although the last decades have experienced
dramatic achievements in the development of rapid diagnostic tests relying on innovative
technologies, BCs remain the gold-standard not only for the diagnosis of BSI, but also for the
identification of the responsible pathogen(s), and for the testing of their susceptibility to anti-
infective agents. Since the mid-1970s, various original studies, systematic reviews, and guidelines
to better define the principles and practices of BCs sampling and processing have been published.
The available evidence suggests that the diagnostic yield of BCs is influenced by the collection of
appropriate specimens, from selected patients with reasonable suspicion of BSI. We performed
a systematic literature review on clinical and technical issues related to blood collection, as well as
interpretation of BCs, in adult patients suspected of BSI. We focused on the impact of BC collection
strategies on their performance for the diagnosis of BSI, as this has not been a major focus in most
recent reviews (e.g., Kirn and Weinstein, 2013; Garcia et al., 2015).

Sensibilité hémocultures pour le diagnostic d’EI

    20 mL : 65 -70 %
       40 mL : 80 – 90 %
        60 mL : 96 – 98 %

3 paires bien remplies avant tout ATB => Sensibilité >95%
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Bloodstream infections (BSIs) represent a growing public health concern, with an estimated burden
of 1,200,000 episodes of BSI each year in Europe, and 157,000 attributable deaths (Goto and Al
Hasan, 2013). BSI ranks among the top seven causes of death in North America and Europe.
The diagnosis of BSI relies on the documentation of pathogens in blood—either bacteremia, or
fungemia—through blood cultures (BCs). Indeed, although the last decades have experienced
dramatic achievements in the development of rapid diagnostic tests relying on innovative
technologies, BCs remain the gold-standard not only for the diagnosis of BSI, but also for the
identification of the responsible pathogen(s), and for the testing of their susceptibility to anti-
infective agents. Since the mid-1970s, various original studies, systematic reviews, and guidelines
to better define the principles and practices of BCs sampling and processing have been published.
The available evidence suggests that the diagnostic yield of BCs is influenced by the collection of
appropriate specimens, from selected patients with reasonable suspicion of BSI. We performed
a systematic literature review on clinical and technical issues related to blood collection, as well as
interpretation of BCs, in adult patients suspected of BSI. We focused on the impact of BC collection
strategies on their performance for the diagnosis of BSI, as this has not been a major focus in most
recent reviews (e.g., Kirn and Weinstein, 2013; Garcia et al., 2015).
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TABLE 3 | Quality of bottle filling.

Under-filled bottles Over-filled bottles

References Threshold (mL) Rate (%) Threshold (mL) Rate (%) Country

Vitrat-Hincky et al., 2011 < 8 65 >10 13.0 France

Willems et al., 2012a,b < 8 26.2–36.0 >12 7.6-12.8 Belgium

van Ingen et al., 2013 < 8 55.3 – – The Nederlands

Coorevits and Van den Abeele, 2015Q9 < 8 28.0 >12 23.2 Belgium

Chang et al., 2015 < 8 97.7 >10 0.2 South Korea

Lin et al., 2013 < 7 28.3 >10 13.3 Taiwan

Mermel and Maki, 1993 < 5 20 – – USA

Chang et al., 2015 < 3 48.4 – – South Korea

aData from 5 hospitals
bThreshold were defined as 2mL below and above the recommended volume per vial.

TABLE 4 | Rate of solitary blood cultures.

References No. of institutions Rate (%)

Gross et al., 1988 1 28.0

Makadon et al., 1987 1 20.0

Schifman et al., 1991 38 26.0 (median)

Schifman et al., 1996 909 10.1–12.1 (inpatients)

25.4–33.3 (outpatients)

Novis et al., 2001 333 12.7 (median)

Vitrat-Hincky et al., 2011 1 28.0

Neves et al., 2015 1 23.2

in interpreting positive BC results, although the clinical context,
including the presence of intravascular foreign devices, is also
of paramount importance for an accurate interpretation of BCs
positive for CoNS.

Limitations
Despite these recommendations, several issues have been
highlighted: firstly, the proportion of solitary BCs is high with
the multi-sampling strategy (Schifman et al., 1991; Vitrat et al.,
2011; Neves et al., 2015), and these are associated with a majorQ11

default of sensitivity. In addition, solitary BC makes it more
difficult to distinguish contaminants from pathogens. Secondly,
each venipuncture required for the multisampling strategy is an
additional opportunity for contamination (Aronson and Bor,
1987; Lamy et al., 2002; Patel et al., 2011). The contamination
rate per draw has been estimated at 0.5–6% (Bates et al.,
1991; Salluzzo and Reilly, 1991; Washington, 1992; Arendrup
et al., 1996; Garcia et al., 2015). However, considering that only
one positive sample may be interpreted as a confirmation that
the patient has, indeed, BSI, and that the prevalence of BSI
among patients suspected of BSI is relatively low, the proportion
of false-positive among patients with positive BC may be as
high as 20–56% (Bates et al., 1991; Salluzzo and Reilly, 1991;
Little et al., 1997). The consequences of BC contamination
and false positives, although poorly studied, are not trivial, as
they may lead to longer hospital stays, useless prescription of

antibacterial or antifungal agents, additional investigations (e.g.,
echocardiography, repeated sampling for BC; Bates et al., 1991;
Souvenir et al., 1998; Hall and Lyman, 2006; Gander et al.,
2009; Alahmadi et al., 2011). In a retrospective case-control
study on 254 false-positive BC results, Alahmadi et al. (2011)
demonstrated that hospital length of stay increased by 5.4 days
(2.8–8.1), with an additional hospital cost of £1,270,381 per year.
In another study, contaminated BCs increased patient charges
by 47% with an estimated cost of $8,720 per contamination
(Gander et al., 2009). Souvenir et al. (1998) reported that almost
half of patients with positive BCs that were finally classified as
“contaminants” were treated with antibiotics, including 34% by
vancomycin. Additional costs were estimated at $1000 per patient
in this study, with a median increase in length of stay of 4.5
days (Souvenir et al., 1998). False-positive BCs generated a 20%
increase in laboratory tests and a 39% increase in intravenous
antibiotic charges in another study (Bates et al., 1991).

Finally, the theoretical concept of intermittent bacteremia or
fungemia that supports the multi-sampling strategy has never
been proved. Evidence suggests that most cases of clinically
significant BSI are associated with continuous bacteremia or
fungemia over a 24 h period, but with very low concentrations of
circulating microorganisms (Jonsson et al., 1993; Li et al., 1994;
Riedel et al., 2008).

Single-Sampling Strategy
Rationale
The single-sampling strategy collects the total volume of blood
from one single draw, a “BC set” of 4 to 6 bottles. This strategy
satisfies both the need to collect a sufficient volume of blood,
and the need to decrease contamination rate by limiting the
number of punctures. In addition, this would be associated
with decreased workload and risk of occupational exposure
to blood-transmissible pathogens for nurses, decreased cost,
and improved comfort for patients, by reducing the number
of invasive, potentially painful, procedures. This strategy was
developed since the late 1990s, based on the following: (i)
the concept of intermittent bacteremia or fungemia may be
erroneous (Jonsson et al., 1993; Li et al., 1994; Riedel et al., 2008);
(ii) the key determinant for the capacity of BCs to diagnose BSI is
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TABLE 3 | Quality of bottle filling.

Under-filled bottles Over-filled bottles

References Threshold (mL) Rate (%) Threshold (mL) Rate (%) Country
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Coorevits and Van den Abeele, 2015Q9 < 8 28.0 >12 23.2 Belgium

Chang et al., 2015 < 8 97.7 >10 0.2 South Korea

Lin et al., 2013 < 7 28.3 >10 13.3 Taiwan

Mermel and Maki, 1993 < 5 20 – – USA

Chang et al., 2015 < 3 48.4 – – South Korea

aData from 5 hospitals
bThreshold were defined as 2mL below and above the recommended volume per vial.

TABLE 4 | Rate of solitary blood cultures.

References No. of institutions Rate (%)
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Schifman et al., 1991 38 26.0 (median)

Schifman et al., 1996 909 10.1–12.1 (inpatients)

25.4–33.3 (outpatients)

Novis et al., 2001 333 12.7 (median)

Vitrat-Hincky et al., 2011 1 28.0

Neves et al., 2015 1 23.2

in interpreting positive BC results, although the clinical context,
including the presence of intravascular foreign devices, is also
of paramount importance for an accurate interpretation of BCs
positive for CoNS.

Limitations
Despite these recommendations, several issues have been
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2011; Neves et al., 2015), and these are associated with a majorQ11
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Souvenir et al., 1998; Hall and Lyman, 2006; Gander et al.,
2009; Alahmadi et al., 2011). In a retrospective case-control
study on 254 false-positive BC results, Alahmadi et al. (2011)
demonstrated that hospital length of stay increased by 5.4 days
(2.8–8.1), with an additional hospital cost of £1,270,381 per year.
In another study, contaminated BCs increased patient charges
by 47% with an estimated cost of $8,720 per contamination
(Gander et al., 2009). Souvenir et al. (1998) reported that almost
half of patients with positive BCs that were finally classified as
“contaminants” were treated with antibiotics, including 34% by
vancomycin. Additional costs were estimated at $1000 per patient
in this study, with a median increase in length of stay of 4.5
days (Souvenir et al., 1998). False-positive BCs generated a 20%
increase in laboratory tests and a 39% increase in intravenous
antibiotic charges in another study (Bates et al., 1991).

Finally, the theoretical concept of intermittent bacteremia or
fungemia that supports the multi-sampling strategy has never
been proved. Evidence suggests that most cases of clinically
significant BSI are associated with continuous bacteremia or
fungemia over a 24 h period, but with very low concentrations of
circulating microorganisms (Jonsson et al., 1993; Li et al., 1994;
Riedel et al., 2008).

Single-Sampling Strategy
Rationale
The single-sampling strategy collects the total volume of blood
from one single draw, a “BC set” of 4 to 6 bottles. This strategy
satisfies both the need to collect a sufficient volume of blood,
and the need to decrease contamination rate by limiting the
number of punctures. In addition, this would be associated
with decreased workload and risk of occupational exposure
to blood-transmissible pathogens for nurses, decreased cost,
and improved comfort for patients, by reducing the number
of invasive, potentially painful, procedures. This strategy was
developed since the late 1990s, based on the following: (i)
the concept of intermittent bacteremia or fungemia may be
erroneous (Jonsson et al., 1993; Li et al., 1994; Riedel et al., 2008);
(ii) the key determinant for the capacity of BCs to diagnose BSI is
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ABSTRACT
The blood volume cultured in the detection of bacteraemia 
is a major variable in treating patients with systemic 
inflammatory response syndrome. The fact that drawing 
optimal volumes (8–10 mL) of blood for culture increases 
the sensitivity of the method is well established. This 
study aimed to optimise the mean blood volumes (mBVs) 
to that recommended level in a small rural hospital 
by implementing a continuous quality improvement 
programme in clinical microbiology. The education 
of phlebotomists, followed by monthly feedback and 
coaching sessions, can influence the blood volume drawn 
by phlebotomists and improve the sensitivity of blood 
cultures. Statistically significant increase (p<0.001) in both 
mBVs and median blood culture volumes occurred within 
5 months compared with the baseline values obtained in 
the preceding 10 months. This quality improvement was 
sustained over 1 year. The mBVs inoculated into aerobic 
culture bottles met the manufacturer’s instructions of a fill 
volume of 8 to 10 mL of blood per bottle and optimised the 
yield of isolation of organisms from blood cultures.

INTRODUCTION
Sepsis and septic shock may be two of the 
more frequent causes of death in hospitals.1 
Many institutions have initiated campaigns 
called ‘Surviving Sepsis’ in USA to improve 
patient outcomes from systemic inflamma-
tory response syndrome. The appropriate 
initiation of antimicrobial therapy is associ-
ated with reduced mortality risk, intensive 
care unit stay and antibiotic overuse.2 The 
blood volume (BV) cultured in the detec-
tion of bacteraemia and fungemia is a major 
variable in detecting bloodstream infections 
(BSIs). Hall et al3 in 1976 and Ilstrup and 
Washington4 in 1983 showed that an increase 
in yield from blood cultures occurred as the 
inoculated volume increased. Bouza et al5 
confirmed Washington’s dictum that ‘the 
higher the volume of blood cultured, the 
higher the yield of blood cultures’ was true 
even with automated blood culture instru-
ments. Drawing the optimal blood culture 
volume (BCV) leads to more pathogen iden-
tifications of BSIs and better use of antimicro-
bials than having an insufficient blood sample 
yielding false-negative blood culture results.

In this context, we designed a contin-
uous quality improvement (CQI) project to 
optimise BVs inoculated into blood culture 
bottles at Mayo Clinic Health System in 
Waycross, a small rural hospital in South-
east Georgia. This study aimed to optimise 
the mean blood volumes (mBVs) drawn by 
phlebotomists in the hospital. Our goal was 
to have the mBV match the volume recom-
mended by the manufacturer’s instructions 
for our instruments.

MATERIALS AND METHODS
Continuous quality improvement initiative
We evaluated the adequacy of BV in the 
aerobic blood culture bottle per venipuncture 
monthly from July 2014 through December 
2016 by using an automated blood culture 
monitoring system by BD Diagnostics within 
its BACTEC EpiCenter module. Once the 
mBVs were established to be not the recom-
mended volumes of blood by the manufac-
turer and established in the literature, an 
intervention targeting the phlebotomist was 
made. This CQI intervention was designed 
to provide education, feedback and coaching 
to each phlebotomist in the Department of 
Pathology at Mayo Clinic Health System in 
Waycross regarding the adequacy of BCVs 
drawn from adult patients (≥18 years). The 
CQI initiative consisted of (1) an educational 
session and retrospective review of prior mBVs 
as a group and per individual phlebotomist 
and (2) continuous feedback and coaching 
sessions monthly after implementation of the 
CQI to sustain the success of obtaining the 
targeted amount of BV for each bottle.

Educational session and retrospective review
An educational session was conducted with 
all phlebotomists by the supervisor of the 
clinical microbiology service. The central 
topics were the importance of obtaining 
adequate BCVs and using correct techniques. 
The direct association between obtaining the 
targeted BVs for the blood culture test (as 

 3Sacco KA, et al. BMJ Open Quality 2018;7:e000228. doi:10.1136/bmjoq-2017-000228
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targeted BV per bottle. Feedback and coaching facilitated 
a return to the targeted mBVs in the following months.

Gram-negative rod organisms were isolated more 
frequently in 2014 compared with 2016, with optimal 
BVs obtaining 77 of 10 714 versus 115 of 10 615 
(0.72% (95% CI 0.58% to 0.90%) vs 1.08% (95% CI 
0.90% to 1.30%); p=0.006). Among the Escherichia 
coli and Klebsiella pneumoniae organisms, 71 and 101 
samples, respectively (0.66% (95% CI 0.52% to 0.83%) vs 
0.95% (95% CI, 0.78% to 1.15%); p=0.02), were isolated 
in 2014 compared with 2016. Pseudomonas aeruginosa grew 
in culture for 6 samples versus 14 samples, respectively 
(0.06% (95% CI 0.03% to 0.13%) vs 0.13% (95% CI 
0.08% to 0.22%); p=0.11) in the same time comparison. 
No significant difference in isolation yields were detected 
among Staphylococcus aureus, Streptococcus pneumoniae or 
group B streptococci isolates when comparing pre-CQI 
initiation with post-CQI initiation. Fastidious organisms 
were isolated at the same frequency in 2014 as in 2016: 20 
versus 27 (0.19% (95% CI 0.12% to 0.29%) vs 0.25% (95% 
CI 0.17% to 0.36%); p=0.36).

DISCUSSION
Blood cultures are important laboratory tests for patients 
with systemic inflammatory response syndrome. The BVs 
can be used as a quality indicator in the microbiology 
laboratory.6 Yet, many providers and phlebotomists are 
not aware of the great effect that the BV inoculated into 
a blood culture bottle has on test sensitivity for detecting 
BSIs in adult patients.7 The classic work by Hall et al3 is as 
true today in the era of automated blood culture instru-
ments as it was in the 1970s.5 The greater the BV cultured, 
the greater the BSI detection rate.3 As the detection of 
BSI improves, the antimicrobial therapy initiated will be 
more appropriate.8

Our work demonstrates that the education of phle-
botomists, followed by monthly feedback and coaching 
sessions, can influence the BV drawn by phlebotomists 
and can be sustained over 1 year. Within 5 months of 
the start of this CQI, the mBVs inoculated into aerobic 
culture bottles met the manufacturer’s instructions of a 
fill volume of 8 mL to 10 mL of blood per bottle. These 
BCVs have been maintained to the present by continuing 
to provide feedback and coaching as needed. The 
BACTEC BV monitoring tool on the EpiCenter module, 
in conjunction with BACTEC FX, uses algorithms to derive 
the starting BV inoculated into aerobic blood culture 
bottles. The recently developed BACTEC EpiCenter 
module calculates the mean volumes of negative aerobic 
bottles and generates box plots and histograms to deter-
mine the virtual volume. Chang et al9 showed that the 
virtual volumes calculated in the EpiCenter were reliable 

Figure 1 Mean blood culture volumes over time. The arrow depicts initiation of education and coaching of phlebotomists. The 
mean volume increased and then stayed consistently increased after the education intervention in May 2015.

Table 1 Statistically significant increase (p<0.001) in both 
mean and median blood culture volumes

Blood volume , mL

Timing

Preintervention Postintervention

Mean (95% CI) 3.51 (3.24 to 3.78) 9.00 (8.58 to 9.42)
Median (IQR) 3.50 (3.30–3.80) 8.90 (8.50–9.20)
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Background. The sensitivity of blood cultures increases with the volume of blood collected. However, hospitals face challenges 
in collecting adequate volume, and underfilled blood bottles are ubiquitous.

Methods. Blood bottle fill volumes were measured using an automated monitoring system across multiples sites (10 hospitals, 
3 laboratories) within a large suburban/urban health system. Baseline fill volumes were measured for 4 months. A quality improve-
ment program was then implemented over 36 months. Strategies to improve fill volumes included education, standardized data col-
lection, novel and unblinded information cascades, targeted communication, and bottle markings for blood collectors.

Results. A total of 516 201 blood cultures were evaluated over 40 months. In the preimplementation period (January–April 
2015), no hospitals collected the recommended 8–10  mL/bottle, and the average system fill volume was 2.3  mL. In the final 
postimplementation period (January–April 2018), 7 of 10 hospitals achieved ≥8 mL per bottle and the system average increased 
to 8.6 mL (P < .0001). The positivity rate increased 20%, from 7.39% to 8.85% (P < .001), whereas the contamination rate did not 
change and remained low. Compared to the preimplementation period, the odds of positive cultures containing potential pathogens 
increased to 1.18 (95% confidence interval, 1.05–1.32; P = .003).

Conclusions. Here we show that underfilled blood cultures are extremely common but that operational and educational 
strategies can result in sustained improvements across a complex network of hospitals and laboratories. This leads to increased de-
tection of pathogens, which can have tremendous impact on the management of bloodstream infections and sepsis.

Keywords. blood culture; fill volume; quality improvement; sensitivity; positivity.

Bloodstream infections are a major cause of morbidity, hospital 
readmissions, and mortality [1]. Blood cultures are the primary 
diagnostic tool for identifying the causative agents of sepsis. 
However, 28%–49% of patients with severe sepsis are negative 
for a bacterial pathogen [2, 3]. An evaluation of >6 million cases 
of severe sepsis found that culture-negative results correlate 
with an increased number of comorbidities, organ dysfunction, 
and a higher mortality rate [4]. The most important diagnostic 
variable affecting the sensitivity of blood cultures is collecting 
sufficient quantities of blood [2, 5, 6]. Higher volumes of blood 
result in greater organism recovery, and some studies suggest 
that each additional milliliter of blood collected can result in 
a 2%–4% increase in the positivity rate [7–9]. To achieve a 

sensitivity of >95%, as much as 60 mL of blood should be col-
lected [10–12].

Despite well-established literature demonstrating the im-
portance of blood culture volume on pathogen yield, collecting 
adequate volumes remains a challenge for hospitals. Multiple 
factors can affect the quality of blood culture draws. For in-
stance, phlebotomy teams and directed education initiatives 
are associated with lower contamination rates, while higher pa-
tient age and high Acute Physiologic Assessment and Chronic 
Health Evaluation (APACHE II) scores are associated with 
lower collection volumes [9, 13]. Current sepsis management 
guidelines recommend collection of at least 2–4 sets of blood 
cultures (40–80 mL of blood), with each set typically consisting 
of a 10-mL aerobic and a 10-mL anaerobic bottle to identify the 
organisms causing bacteremia [14, 15]. However, blood culture 
bottles are routinely underfilled, with as many as 40%–85% of 
blood cultures containing inadequate volume [8, 13, 16, 17].

Microbiology laboratories accredited by the College of 
American Pathologists are required to support collection of 
adequate blood culture volume by routinely monitoring and 
providing feedback to blood collectors [18]. Blood bottle fill 
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Figure 2. Weighted average of the blood bottle fill volumes for 10 hospitals. A, Average fill volume over 40 months (January 2015–April 2018, solid black line). ± 2 standard 
deviations for each 4 month period are shown in a dashed black lines. Gray shading shows the pre- and final post-implementation comparator periods. B, Comparison of blood 
bottle fill volume between the pre-implementation and final post-implementation phases.

Figure 1. Timeline of strategies employed across the health system to improve blood bottle fill volume. Laboratory-, hospital-, and system-driven initiatives were discrete 
or ongoing throughout the study. Abbreviations: CMO, chief medical officer; CNO, chief nursing officer; ED, emergency department.
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to 8.6 mL (P < .0001). The positivity rate increased 20%, from 7.39% to 8.85% (P < .001), whereas the contamination rate did not 
change and remained low. Compared to the preimplementation period, the odds of positive cultures containing potential pathogens 
increased to 1.18 (95% confidence interval, 1.05–1.32; P = .003).

Conclusions. Here we show that underfilled blood cultures are extremely common but that operational and educational 
strategies can result in sustained improvements across a complex network of hospitals and laboratories. This leads to increased de-
tection of pathogens, which can have tremendous impact on the management of bloodstream infections and sepsis.
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Bloodstream infections are a major cause of morbidity, hospital 
readmissions, and mortality [1]. Blood cultures are the primary 
diagnostic tool for identifying the causative agents of sepsis. 
However, 28%–49% of patients with severe sepsis are negative 
for a bacterial pathogen [2, 3]. An evaluation of >6 million cases 
of severe sepsis found that culture-negative results correlate 
with an increased number of comorbidities, organ dysfunction, 
and a higher mortality rate [4]. The most important diagnostic 
variable affecting the sensitivity of blood cultures is collecting 
sufficient quantities of blood [2, 5, 6]. Higher volumes of blood 
result in greater organism recovery, and some studies suggest 
that each additional milliliter of blood collected can result in 
a 2%–4% increase in the positivity rate [7–9]. To achieve a 

sensitivity of >95%, as much as 60 mL of blood should be col-
lected [10–12].

Despite well-established literature demonstrating the im-
portance of blood culture volume on pathogen yield, collecting 
adequate volumes remains a challenge for hospitals. Multiple 
factors can affect the quality of blood culture draws. For in-
stance, phlebotomy teams and directed education initiatives 
are associated with lower contamination rates, while higher pa-
tient age and high Acute Physiologic Assessment and Chronic 
Health Evaluation (APACHE II) scores are associated with 
lower collection volumes [9, 13]. Current sepsis management 
guidelines recommend collection of at least 2–4 sets of blood 
cultures (40–80 mL of blood), with each set typically consisting 
of a 10-mL aerobic and a 10-mL anaerobic bottle to identify the 
organisms causing bacteremia [14, 15]. However, blood culture 
bottles are routinely underfilled, with as many as 40%–85% of 
blood cultures containing inadequate volume [8, 13, 16, 17].

Microbiology laboratories accredited by the College of 
American Pathologists are required to support collection of 
adequate blood culture volume by routinely monitoring and 
providing feedback to blood collectors [18]. Blood bottle fill 
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Figure 2. Weighted average of the blood bottle fill volumes for 10 hospitals. A, Average fill volume over 40 months (January 2015–April 2018, solid black line). ± 2 standard 
deviations for each 4 month period are shown in a dashed black lines. Gray shading shows the pre- and final post-implementation comparator periods. B, Comparison of blood 
bottle fill volume between the pre-implementation and final post-implementation phases.

Figure 1. Timeline of strategies employed across the health system to improve blood bottle fill volume. Laboratory-, hospital-, and system-driven initiatives were discrete 
or ongoing throughout the study. Abbreviations: CMO, chief medical officer; CNO, chief nursing officer; ED, emergency department.
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Figure 3. Comparison of bottle fill levels between the preimplementation and final postimplementation periods at the largest hospital (hospital A). A, Percentage of bottles 
measured in the preimplementation period (n = 11 015) and postimplementation period (n = 11 851) at each fill level. Fill levels were binned into the following categories: low, 
moderate, appropriate, and overfilled levels. The pre-and postimplementation groups were significantly different (P < .01). B, Odds of exposure for each fill level category in 
the postimplementation period compared to the preimplementation period.

Figure 4. Correlation of blood bottle fill volume with positivity rate. A, The blood culture positivity rate for the health system (6.69% in January 2015, 9.34% in April 
2018). The dotted line is the trend line. Dotted lines show the trends. B, Comparison between contamination and positivity rates for the preimplementation and final 
postimplementation periods. ns = not significant. C, Number of positive cultures detected during the entire postimplementation period at each hospital. Gray: the number of 
positive cultures expected from each hospital using the preimplementation positivity rate. Red: additional positive cultures actually detected during the postimplementation 
period. Percentage labels show the percentage of additional to expected positives. One hospital (hospital I, see Supplementary Figure 2) began the program in October 2015; 
the first 4 months was used as the preimplementation period and the remaining months were used as the postimplementation period. D, Correlation of blood bottle fill volume 
with positivity rate. System-wide monthly fill amounts were plotted against each monthly positivity rate. The dotted line is the trend line.
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Abstract
We investigated the impact of a multimodal intervention to improve the compliance of BC collections as a composite out-
come, taking into account both blood volume collected and absence of solitary BC. We performed a quasi-experimental 
study using a before-after design (5 months for pre- and post-intervention evaluation) in an adult emergency department at 
a tertiary care hospital that showed that a multimodal intervention was associated with a dramatic increase in the proportion 
of blood cultures that were collected as recommended per national guidelines, from 17.3% (328/1896) to 68.9% (744/1080), 
P < 0.0001. The implementation of such intervention in other settings could improve the diagnosis of bloodstream infections 
and reduce irrelevant costs.

Introduction

Sepsis is a life-threatening multiorgan dysfunction affecting 
up to 49 million patients/year worldwide, with in-hospital 
mortality rates around 20% [1]. Identification of the patho-
gen involved through blood cultures (BC), combined with 
drug-susceptibility testing, is paramount to get the right 
diagnosis [2], optimize antimicrobial treatment [3], and 
reduce mortality [4].

Current sepsis guidelines recommend to obtain at least 
two sets with 35–40 mL of blood, directly inoculated on aer-
obic and anaerobic bottles, ensuring > 90% sensitivity [5, 6]. 
However, despite the importance of blood volume collected 
to reliably detect pathogens, recent studies have shown that 
20–97% of BC bottles contain less than the recommended 

volume and that for 10–33% of patients, only one pair of 
BC is collected during the first 24-h period, this detrimental 
situation being referred to as “solitary BC” [7].

Although several studies reported a positive impact of 
educational interventions to optimize the volume of blood 
collected for BC [8–10] and reduce the proportion of soli-
tary BC [7, 11], no study has investigated the simultaneous 
impact of interventions on these outcomes, which is key to 
attain the recommended target of 35–40 mL blood collected.

Here, we aim to investigate the impact of a multimodal 
intervention to improve the compliance of BC collections as 
a composite outcome, taking into account both blood volume 
collected in each bottle and absence of solitary BC.

Methods

Study population

We conducted a quasi-experimental study using a before-
after design in the adult emergency department (AED) of 
the Rennes University Hospital, a 1500-bed tertiary care 
center in western France. We selected this department for 
the intervention as a baseline assessment of BC use in our 
hospital revealed that AED was the largest user of BC, with 
the highest proportion of non-compliance with guidelines.

The pre-intervention evaluation was carried out from 
April 1 to August 31, 2020, before any educational 
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Pre-intervention 
period

Post-intervention 
period P value

Number of patients 8 584 25 977
Number of patients with at least one 
pair of blood cultures sampled 624 (7.27%) 1 080 (4.2%) <0.0001
Appropriateness of blood cultures 
sampling per hospital stay

No 491 (78.7%) 336 (31.1%)
Yes 133 (21.3%) 744 (68.9%) <0.0001

Solitary blood culture *
No 229 (36.7%) 978 (90.6%)

Yes 395 (63.3%) 102 (9.4%) <0.0001
Appropriate volume for each bottle 

No
Yes

231 (37.0%)
393 (63.0%)

185 (17.1%)
895 (82.9%) <0.0001

Supplementary Material VI  Patient characteristics and appropriateness of blood cultures before 
(first months of 2021 as a reference) and after the intervention
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ÞSingle sampling of 6 blood culture bottles (60 mL) 
in patients with suspected IE

Better diagnostic yield, earlier start of empirical ATB when indicated
Cheaper, less pain for patients, decreased workload for nurses…

Strady C et al. Infect Dis Now 2025 
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1. Sérologie fièvre Q 
2. Hémocultures fongiques
3. Demande cultures prolongées
4. PCR multiplex ‘septifast’
5. Sérologie Bartonella sp.
6. Nope 
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BCNE: highlights

n In most cases, BCNE is a failure, due to inappropriate use 
of ATB and/or sub-optimal diagnostic tests

n Appropriate sampling of blood culture bottles in patients 
suspected of infective endocarditis (IE) is key

n Which implies:
¨ Early access to trained health care workers
¨ Effective antimicrobial stewardship program
¨ Appropriate sampling of blood cultures bottles when prescribed

Simone DC et al. J Am Heart Assoc 2025
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Duval X et al. J Am Coll Cardiol 2015

n Population-based prospective cohort studies
¨ 1991 (n=323): 13% BCNE
¨ 1999 (n=331): 7% BCNE
¨ 2008 (n=339): 7% BCNE
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Abstract: Infective endocarditis is a potentially fatal condition, and identifying the pathogen is crucial to optimizing antibiotic 
treatment. While a blood culture takes time and may yield negative results, it remains the gold standard for diagnosis, blood culture- 
negative endocarditis, which accounts for up to 20% of infective endocarditis cases, poses a clinical challenge with increasing 
mortality. To better understand the etiology of blood culture-negative infective endocarditis, we reviewed non-culture-based strategies 
and compared the results. Serology tests work best in limited pathogens, such as Coxiella burnetii and Bartonella infections. Most of 
the pathogens identified by broad-range PCR tests are Streptococcus spp, Staphylococcus spp and Propionibacterium spp. adding 
specific real-time PCR assays to the systematic PCR testing of patients with blood culture-negative endocarditis will increase the 
efficiency of diagnosis. Recently, metagenomic next-generation sequencing has also shown promising results. 
Keywords: endocarditis, diagnosis, serology, PCR, metagenomic sequencing, Streptococcus

Introduction
Infectious endocarditis is one of the most serious and potentially fatal diseases. For the diagnosis of infectious endocarditis, 
the cornerstone method currently involves culture-based techniques. However, blood culture-negative endocarditis, which 
constitutes up to 20% of all infective endocarditis cases, poses a significant clinical challenge.1,2 Therefore, a lot of efforts 
have been made to develop non-culture-based diagnostics.3,4 It is critical to identify the specific underlying microbial 
etiology in blood culture-negative endocarditis in order to refine the regimen of empirical antibiotics.5

Haemophilus aphrophilus, Aggregatibacter actinomycetemcomitans, Cardiobacterium hominis, Eikenella corrodens, 
and Kingella kingae, known collectively as the HACEK group, were historically the most prevalent pathogens in blood 
culture-negative endocarditis; however, modern blood culture can identify the aforementioned organism in at least five 
days of incubation.6,7 Blood culture-negative endocarditis is now more commonly caused by fastidious, slow-growing 
bacteria, particularly Coxiella burnetii, Bartonella species, and other nonculturable organisms. The most common causes 
of culture-negative endocarditis are unculturable microorganisms and previous administration of antimicrobial agents is 
also a cause of blood culture endocarditis.8

The diagnosis of blood culture-negative endocarditis is frequently delayed, increasing the risk of morbidity and 
mortality. It has been noted that in culture-negative endocarditis patients, long-term mortality is higher than in culture- 
positive endocarditis patients. An ancillary analysis study of 3113 infective endocarditis cases found that in the culture- 
negative groups receiving antimicrobial therapy only, the 30-day mortality was significantly higher in culture-negative 
endocarditis group compared with the culture-positive endocarditis group, 14.9% and 10.2%, respectively. Furthermore, 
heart failure and heart murmur were observed more in culture-negative endocarditis patients.9
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have the disadvantage that a single serum sample can be inaccurate, since the IgM phase may persist for a longer period 
and can result in false-positive tests, which limits its use in acute infections.

Histopathology
In endocarditis cases who underwent operation, the excised valve can be submitted for histopathology and microbiolo-
gical evaluation, including tissue staining, such as Gram, Giemsa, acid-fast, Warthin-Starry, and Periodic acid-Schiff 
stain to identify the etiologic agent.19 Furthermore, Bartonella spp., C. burnetii, and T. whipplei could be identified using 
immunohistochemical studies with specific polyclonal or monoclonal antibodies.20–22 Histopathological studies provide 
a definite diagnosis in some cases. They may also help distinguish infectious endocarditis from neoplasms and 
autoimmune disorders that mimic infectious endocarditis. Few identifiable pathogens and low sensitivity limit its use 
in culture-negative endocarditis.

Polymerase Chain Reaction (PCR)
Over the past twenty years, molecular techniques have been developed for the diagnosis of endocarditis.23 PCR has also 
been used to detect pathogens in both blood and excised tissues.

Specific PCR and broad-range bacterial PCR have been used in diagnosis of endocarditis. However, low microbial 
biomass is a great challenge for PCR methods used in blood samples. Infective endocarditis associated with low grade 
bacteremia could have microbial load as low as 1 CFU/mL.24 Because bacterial DNA often presents in low level in blood 
and in abundance in valve tissue. One study showed specific PCR was more sensitive when used in excised valve 
compared with blood. Sensitivity of a Bartonella PCR assay on valve tissue was 92% compared to 33% and 36% in blood 
and serum, respectively.25 As for broad-range bacterial PCR, although it had been applied to blood samples, sensitivity 
was still higher when used in excised valve tissue. Another study showed PCR method detected 66% of endocarditis via 
excised valve versus 14% with blood sample.17 In addition to low biomass, substances presented in blood could also 
interfere with the 16S/18S PCR reaction. Iron and immunoglobulin were examples of PCR inhibitors. Iron was mainly 
associated with hemoglobin from erythrocytes and lactoferrin from leucocytes which may inhibit PCR due to its 
inhibition of DNA synthesis. Immunoglobulin, IgG, on the other hand, could connect with single-strand DNA to inhibit 

Table 1 Studies Using Serologic Tests for the Diagnosis of Blood Culture Negative Endocarditis

Country Duration Number Sample Pathogen

France1 1983–2001 348 (268/348) Serology Coxiella burnetii (167) 
Bartonella sp (99) 

Mycoplasma hominis (1) 

Legionella pneumophila (1)

France16 1994–2004 248 (36/248) Serology Coxiella burnetii (27) 

Bartonella sp (5) 
Legionella pneumophila (2) 

Aspergillus sp (1) 

Chlamydia (1)

France17 

UK 

Algeria

2001–2009 745 (356/745) Serology Coxiella burnetii (274) 
Bartonella sp (80) 

Legionella pneumophila (1) 

Legionella anisa (1)

France4 2010–2015 283 (41/283) Serology Coxiella burnetii (23) 

Bartonella quintana (13) 
Bartonella henselae (4) 

Legionella pneumophila (1)
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Abstract: Infective endocarditis is a potentially fatal condition, and identifying the pathogen is crucial to optimizing antibiotic 
treatment. While a blood culture takes time and may yield negative results, it remains the gold standard for diagnosis, blood culture- 
negative endocarditis, which accounts for up to 20% of infective endocarditis cases, poses a clinical challenge with increasing 
mortality. To better understand the etiology of blood culture-negative infective endocarditis, we reviewed non-culture-based strategies 
and compared the results. Serology tests work best in limited pathogens, such as Coxiella burnetii and Bartonella infections. Most of 
the pathogens identified by broad-range PCR tests are Streptococcus spp, Staphylococcus spp and Propionibacterium spp. adding 
specific real-time PCR assays to the systematic PCR testing of patients with blood culture-negative endocarditis will increase the 
efficiency of diagnosis. Recently, metagenomic next-generation sequencing has also shown promising results. 
Keywords: endocarditis, diagnosis, serology, PCR, metagenomic sequencing, Streptococcus

Introduction
Infectious endocarditis is one of the most serious and potentially fatal diseases. For the diagnosis of infectious endocarditis, 
the cornerstone method currently involves culture-based techniques. However, blood culture-negative endocarditis, which 
constitutes up to 20% of all infective endocarditis cases, poses a significant clinical challenge.1,2 Therefore, a lot of efforts 
have been made to develop non-culture-based diagnostics.3,4 It is critical to identify the specific underlying microbial 
etiology in blood culture-negative endocarditis in order to refine the regimen of empirical antibiotics.5

Haemophilus aphrophilus, Aggregatibacter actinomycetemcomitans, Cardiobacterium hominis, Eikenella corrodens, 
and Kingella kingae, known collectively as the HACEK group, were historically the most prevalent pathogens in blood 
culture-negative endocarditis; however, modern blood culture can identify the aforementioned organism in at least five 
days of incubation.6,7 Blood culture-negative endocarditis is now more commonly caused by fastidious, slow-growing 
bacteria, particularly Coxiella burnetii, Bartonella species, and other nonculturable organisms. The most common causes 
of culture-negative endocarditis are unculturable microorganisms and previous administration of antimicrobial agents is 
also a cause of blood culture endocarditis.8

The diagnosis of blood culture-negative endocarditis is frequently delayed, increasing the risk of morbidity and 
mortality. It has been noted that in culture-negative endocarditis patients, long-term mortality is higher than in culture- 
positive endocarditis patients. An ancillary analysis study of 3113 infective endocarditis cases found that in the culture- 
negative groups receiving antimicrobial therapy only, the 30-day mortality was significantly higher in culture-negative 
endocarditis group compared with the culture-positive endocarditis group, 14.9% and 10.2%, respectively. Furthermore, 
heart failure and heart murmur were observed more in culture-negative endocarditis patients.9
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adjustments to guidelines on diagnostic testing. Instead of the previously mentioned HACEK group, currently, the 
dominant pathogens include Staphylococcus aureus (27%) and Streptococcus pneumonia (23%).41 Enterococcus spp., 
especially Enterococcus faecalis, accounts for about 10% of cases. Gram-negative bacilli, including the HACEK group 
organisms, accounts for 5% of cases.3

With the advance of techniques and increase in endovascular procedures, there has been an increase in nosocomial 
infective endocarditis.13 In a cohort study of 3116 adult patients with diagnosis of infective endocarditis between 
January 2016 and March 2018, native valve infective endocarditis accounts for 56.6% of the cases, followed by 
prosthetic valve infective endocarditis (30.1%) and cardiac device related infective endocarditis (9.9%).42 

Microorganisms obtained from cultures of cardiac-device-related infective endocarditis patients were predominantly 
Staphylococcus spp. (54%), followed by Streptococcus spp. (12%) and Enterococcus spp. (5%).10 Despite the develop-
ment of diagnostic tools, there are still up to 50% in-hospital mortality.43 No significant improvement compared to the 
last decades. Therefore, other techniques are emerging as additional diagnostic tools.

In recent years, a method has been developed for detecting pathogens in blood culture-negative endocarditis by 
sequencing of clinical specimens. The most common methods of next-generation sequencing includes (1) whole-genome 
sequencing, sequencing and assembly of the genome of a pathogen of interest, especially used in the outbreak of new 
species to evaluate genetic relatedness.44,45 (2) targeted NGS with different methods for amplification or probe 
hybridization, for example, using 16S rDNA bacterial profiling or PCR amplification of other specified targets followed 
by NGS.45,46 (3) metagenomic next-generation sequencing (mNGS). Currently, the data of mNGS suggest that it has high 
efficiency and accuracy in the diagnosis of blood culture negative endocarditis.14,15 In a study involving 44 patients with 
endocarditis using mNGS for diagnosis, superior sensitivity and a shorter turnaround time were demonstrated compared 
with culture-based methods.47 In 99 cases of endocarditis, mNGS demonstrated greater sensitivity than culture-based 
techniques. Valve mNGS displayed a sensitivity of 85.9%, with a specificity of 72.7% compared to blood/valve culture 
(sensitivity: 29.3%/16.2%, specificity: 100%/100%). In addition, mNGS identified more Streptococcus sanguis, 
Streptococcus buccalis, and Streptococcus griseus, as well as Proteobacteria and Actinomycetes cases.48

Streptococcus is an important genus of human and animal pathogens. Based on 16S rRNA gene sequence similarity, 
the genus had different groups. However, the variability of members in these groups is low and made it difficult for 16S 
PCR to distinguish.49 In a prospective cohort study, mNGS identified more Streptococcus sanguis, Streptococcus 
buccalis, and Streptococcus griseus, as well as Proteobacteria and Actinomycetes cases.48

Table 2 Studies Using Specific PCR Method for the Diagnosis of Blood Culture-Negative 
Endocarditis

Country Duration Number Sample Pathogen

France1 1983–2001 348 (88/348) Valve Coxiella burnetii (41) 

Bartonella (47)

France4 2010–2015 283 (45/283) Valve Bartonella henselae (2) 
Bartonella quintana (2) 
Coxiella burnetii (3) 
Tropheryma whippelii (2) 
Enterococcus faecalis (8) 
Enterococcus faecium (2) 
Mycoplasma hominis (1) 
Staphylococcus aureus (10) 
Streptococcus gallolyticus (12) 
Streptococcus infantarius (1) 
Streptococcus oralis (2)

Switzerland60 2018 1 (1/1) Valve Cardiobacterium hominis (1)
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n Retrospective study, the Netherlands/France, 2010-2020

¨ 105 patients with definite C. acnes endocarditis (7 sites)
¨ Mean age, 61 years / 91% males / 89% PVE
¨ Median time to positive BC: 7 days (IQR 6-9)  

Original Investigation | Infectious Diseases

Clinical Characteristics and Outcomes of Patients
With Cutibacterium acnes Endocarditis
Floris J. Heinen, MD; Florent Arregle, MD; Floris S. van den Brink, MD, PhD; Nina Ajmone Marsan, MD, PhD; Lucas Bernts, MD, PhD; Patrick Houthuizen, MD, PhD;
Otto Kamp, MD, PhD; Nienke Roescher, MD, PhD; Naomi Timmermans, MD; Nelianne Verkaik, MD, PhD; Jolien Roos-Hesselink, MD, PhD; Marco C Post, MD, PhD;
Gilbert Habib, MD, PhD; Wilco Tanis, MD, PhD

Abstract

IMPORTANCE It is suggested that patients with Cutibacterium acnes endocarditis often present
without fever or abnormal inflammatory markers. However, no study has yet confirmed this
statement.

OBJECTIVE To assess the clinical characteristics and outcomes of patients with C acnes
endocarditis.

DESIGN, SETTING, AND PARTICIPANTS A case series of 105 patients presenting to 7 hospitals in
the Netherlands and France (4 university hospitals and 3 teaching hospitals) with definite
endocarditis according to the modified Duke criteria between January 1, 2010, and December 31,
2020, was performed. Clinical characteristics and outcomes were retrieved from medical records.
Cases were identified by blood or valve and prosthesis cultures positive for C acnes, retrieved from
the medical microbiology databases. Infected pacemaker or internal cardioverter defibrillator lead
cases were excluded. Statistical analysis was performed in November 2022.

MAIN OUTCOMES AND MEASURES Main outcomes included symptoms at presentation, presence
of prosthetic valve endocarditis, laboratory test results at presentation, time to positive results of
blood cultures, 30-day and 1-year mortality rates, type of treatment (conservative or surgical), and
endocarditis relapse rates.

RESULTS A total of 105 patients (mean [SD] age, 61.1 [13.9] years; 96 men [91.4%]; 93 patients
[88.6%] with prosthetic valve endocarditis) were identified and included. Seventy patients (66.7%)
did not experience fever prior to hospital admission, nor was it present at hospitalization. The median
C-reactive protein level was 3.6 mg/dL (IQR, 1.2-7.5 mg/dL), and the median leukocyte count was
10.0 × 103/µL (IQR, 8.2-12.2 × 103/µL). The median time to positive blood culture results was 7 days
(IQR, 6-9 days). Surgery or reoperation was indicated for 88 patients and performed for 80 patients.
Not performing the indicated surgical procedure was associated with high mortality rates. Seventeen
patients were treated conservatively, in accordance with the European Society of Cardiology
guideline; these patients showed relatively high rates of endocarditis recurrence (5 of 17 [29.4%]).

CONCLUSIONS AND RELEVANCE This case series suggests that C acnes endocarditis was seen
predominantly among male patients with prosthetic heart valves. Diagnosing C acnes endocarditis is
difficult due to its atypical presentation, with frequent absence of fever and inflammatory markers.
The prolonged time to positivity of blood culture results further delays the diagnostic process. Not
performing a surgical procedure when indicated seems to be associated with higher mortality rates.
For prosthetic valve endocarditis with small vegetations, there should be a low threshold for surgery
because this group seems prone to endocarditis recurrence.

JAMA Network Open. 2023;6(7):e2323112. doi:10.1001/jamanetworkopen.2023.23112

Key Points
Question What are the clinical
characteristics and outcomes of patients
with Cutibacterium acnes endocarditis?

Findings In this case series including
105 patients, C acnes endocarditis was
seen predominantly among male
patients with prosthetic heart valves
and was characterized by absence of
fever, close to normal inflammatory
markers, and a prolonged time to
positive blood culture results. Surgical
treatment was required in a high
proportion of patients.

Meaning This study suggests that C
acnes endocarditis is difficult to
diagnose because typical endocarditis
features are often absent; it is
recommended to extend blood culturing
for male patients with new-onset
prosthetic valve dysfunction, peripheral
embolization, or signs of heart failure.

+ Supplemental content

Author affiliations and article information are
listed at the end of this article.
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NB. Commercial shotgun 
‘Karius’: 2000 USD/sample



Leçon n°1: rester simple !

  3 paires d’hémocultures avant antibiothérapie
  10 ml/flacon, aéro + anaérobies 
  > 90% des diagnostics
  dans des délais ‘standards’ (< 5 jours)

  Pas de nécessité d’avertir le laboratoire à J0

  Aucune sérologie n’est indiquée



CAT si EI probable, mais 
hémocultures négatives 48-72 h

 Prolongation incubation hémocultures
  Sérologies Bartonella spp. et fièvre Q
 Prélèvement pour métagénomique ?
 Revoir le dossier ‘à fond’
  forte VPN de 3 hémoc si pas d’ATB avant
  hypothèse 1 = ce n’est pas une EI
  sinon, chasser les ‘moutons à 5 pattes’



Cas clinique

n Mr Z, 66 ans
n ATCD

¨ Ulcère de jambe chronique
n AEG fébrile depuis 3 jours + dyspnée
n Admission

¨ T = 39°C, TA = 110/60 mmHg
¨ Multiples lésions purpuriques
¨ Crépitants des 2 bases

n ETT
¨ IM 2/4 avec végétation 10 mm



Quel(s) traitement(s)  instaurez 
vous?

1. amoxicilline + gentamicine
2. amoxicilline + (cl)oxacilline + gentamicine
3. amoxicilline + céfazoline
4. amoxicilline-acide clavulanique + gentamicine
5. amoxicilline + ceftriaxone
6. on attend les hémocultures



Quel(s) traitement(s)  instaurez 
vous?

1. amoxicilline + gentamicine
2. amoxicilline + (cl)oxacilline + gentamicine
3. amoxicilline + céfazoline
4. amoxicilline-acide clavulanique + gentamicine
5. amoxicilline + ceftriaxone
6. on attend les hémocultures



Traitements empiriques
n Contexte 

¨Cibles: 
1. staphylocoques (35%)
2. streptocoques (35%)
3. entérocoques (10%)
4. divers (15%)
5. EI non documentées (5%)

¨Recos anciennes (US 2005 & Europe 2009) 
n EI communautaire => péni A / inhibiteur bêta-lactamase + gentamicine
n EI précoce (< 1 an) sur prothèse => vancomycine + gentamicine + rifampicine
n EI tardive sur prothèse (> 1 an) = idem EI communautaire valve native

Selton-Suty C et al. Clin Infect Dis 2012



Traitements empiriques: recos USA 2015

n Rationnel
¨ Trop d’antibiothérapie ‘intempestive’ pour suspicion d’EI
¨ Rarement une urgence immédiate
¨ Complexité croissante 

Þ Pas de schéma empirique standard
Þ  Avis infectieux (on a le temps !)
Þ  Tableaux, tenant compte du contexte, de l’évolutivité, etc. 
 

Baddour LM et al. Circulation 2015



Traitements empiriques: recos Europe 2015

n Rationnel
¨ Staphylococcus aureus = ennemi public #1 (prévalence, pronostic)
¨ Traitement optimal bactériémie S. aureus méti-S = péni M (ou céfazoline)

Habib G et al. Eur Heart J 2015
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The relationship between the initiation of antimicrobial
therapy and the incidence of stroke in infective
endocarditis: An analysis from the ICE Prospective
Cohort Study (ICE-PCS)
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Background Embolic events to the central nervous system are a major cause of morbidity and mortality in patients
with infective endocarditis (IE). The appropriate role of valvular surgery in reducing such embolic events is unclear. The purpose
of this study was to determine the relationship between the initiation of antimicrobial therapy and the temporal incidence
of stroke in patients with IE and to determine if this time course differs from that shown for embolic events in previous studies.

Methods Prospective incidence cohort study involving 61 tertiary referral centers in 28 countries. Case report forms were
analyzed from 1437 consecutive patients with left-sided endocarditis admitted directly to participating centers.

Results The crude incidence of stroke in patients receiving appropriate antimicrobial therapy was 4.82/1000 patient
days in the first week of therapy and fell to 1.71/1000 patient days in the second week. This rate continued to decline
with further therapy. Stroke rates fell similarly regardless of the valve or organism involved. After 1 week of antimicrobial
therapy, only 3.1% of the cohort experienced a stroke.

Conclusions The risk of stroke in IE falls dramatically after the initiation of effective antimicrobial therapy. The falling risk
of stroke in patients with IE as a whole precludes stroke prevention as the sole indication for valvular surgery after
1 week of therapy. (Am Heart J 2007;154:1086-94.)

Embolic events are a major cause of morbidity and
mortality in patients with infective endocarditis (IE), with
an incidence in previous studies ranging from 10% to

50%.1-8 Up to 65% of these embolic events involve the
central nervous system,9-11 with an attendant mortality
that ranges from 20% to 58%.11-13

Several risk factors for embolism in IE have been
identified, including the infecting organism, and the
location, size, or mobility of the endocardial vegeta-
tions.5,7,8,14-22 Notably, it has been empirically observed
for many years that the risk of embolism falls dramatically
after the initiation of effective antimicrobial therapy in IE.
There are a few studies that have demonstrated such an
inverse relation between the duration of antimicrobial
therapy and the risk of embolism in IE.5,20-24 To our
knowledge, only one small study looked specifically at
the temporal relationship between stroke and the
duration of antimicrobial therapy.25 This study showed
that the risk of central nervous system embolization falls
significantly within 2 weeks of the initiation of anti-
microbial therapy. The purpose of the current study was
to use the database of a large, prospective multicenter
registry of patients with IE to define more clearly the
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Figure 1

Daily incidence of stroke in ICE cohort.

Figure 2

Stroke rate after initiation of antimicrobial therapy.
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50%.1-8 Up to 65% of these embolic events involve the
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n Cohorte VIRSTA
¨ Prospective, 

observationnelle
¨ France, 2009-2011
¨ 2091 bactériémies S. 

aureus

¨ Létalité
n 23% à S4
n 34% à S12



Messages – traitement empirique

1. SAMS = ennemi public n°1
Ø Il faut que le schéma comprenne (cl)oxa ou céfazo

2. Couverture des 2 autres ‘usual suspects’
Ø amoxicilline pour les streptocoques
Ø bactéricide sur E. faecalis si combiné à céfazoline

Amoxicilline (200 mg/kg/j) + céfazoline (100 mg/kg/j) 



Mainardi JL et al. Antimicrob Agents Chemother 1995



Peiffer-Smadja N et al. J Antimicrob Chemother 2019

In vitro bactericidal activity of amoxicillin combined with different
cephalosporins against endocarditis-associated

Enterococcus faecalis clinical isolates

Nathan Peiffer-Smadja1,2†, Elena Guillotel3†, David Luque-Paz3, Naouale Maataoui2,4, F.-Xavier Lescure1,2 and
Vincent Cattoir 3,5,6*

1Service de Maladies Infectieuses et Tropicales, Hôpital Bichat-Claude Bernard, Assistance-Publique Hôpitaux de Paris, Paris, France;
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Background: The combination of amoxicillin with cefazolin could be an interesting regimen for the empirical
therapy of severe infective endocarditis, but its activity against enterococci is unknown.

Objectives: To evaluate in vitro the bactericidal activity of the combination of amoxicillin with different cephalo-
sporins including cefazolin.

Methods: Combinations of amoxicillin (at MIC%1=4) with cefazolin, cefotaxime, ceftriaxone, cefepime, ceftaroline
or ceftobiprole (at the mean free plasma concentration) were studied using time–kill experiments for 10
endocarditis-associated Enterococcus faecalis strains and 2 reference strains.

Results: The combinations amoxicillin/cefazolin, amoxicillin/cefotaxime, amoxicillin/ceftriaxone and amoxicil-
lin/cefepime were synergistic at 12 and 24 h against 12/12 strains and amoxicillin/ceftobiprole and amoxicillin/
ceftaroline against 10/12 strains. The combination amoxicillin/cefepime was bactericidal at 24 h against 9/12
strains, the combination amoxicillin/cefazolin against 8/12 strains, the combinations amoxicillin/ceftaroline,
amoxicillin/cefotaxime and amoxicillin/ceftobiprole against 7/12 strains and the combination amoxicillin/cef-
triaxone against 6/12 strains.

Conclusions: The combination amoxicillin/cefazolin is as synergistic and bactericidal in vitro as amoxicillin/cefo-
taxime or amoxicillin/ceftriaxone against E. faecalis.

Introduction
Enterococci are the third leading cause of infective endocarditis
(IE), accounting for 10% of all cases and one-third of nosocomial
IE cases.1 Enterococcal IE is primarily caused by Enterococcus
faecalis (95%) followed by Enterococcus faecium (5%) or other
species (<1%).2 The severity and frequency of enterococcal IE
have led European guidelines to recommend that initial empirical
treatment of acute severely ill patients with IE should cover enter-
ococci, in addition to streptococci and staphylococci.3

Consequently, the empirical antibiotic regimen proposed by
European guidelines in community-acquired native valve IE or late
prosthetic valve infections associates high-dose ampicillin and
oxacillin with gentamicin.3 Synergy between third-generation

cephalosporins (TGCs) and ampicillin was discovered in 1995 by
Mainardi et al.4 and then confirmed in many in vitro studies.5 The
saturation of different PBPs by ampicillin and TGCs could be re-
sponsible for the observed synergy.4 More recently, some studies
have shown synergistic activity of ampicillin combined with cefe-
pime or ceftaroline.6 In parallel, clinical studies have demonstrated
that the combination of ampicillin with TGCs is as effective as, and
less toxic than, the combination ampicillin/gentamicin.7,8 The
combination of ampicillin with TGCs currently represents the treat-
ment of choice in enterococci with high-level aminoglycoside re-
sistance (HLAR).3 In empirical therapy of IE, the use of the
combination of ampicillin with TGCs is prevented by its lesser effi-
cacy against Staphylococcus aureus.9 An alternative empirical regi-
men for IE may be a synergistic bactericidal combination of two

VC The Author(s) 2019. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
For permissions, please email: journals.permissions@oup.com.
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exhibited bactericidal activity comparable to amoxicillin/ceftriax-
one, amoxicillin/cefotaxime and amoxicillin/cefepime, and
seemed to perform better than amoxicillin/ceftobiprole and
amoxicillin/ceftaroline (Figure 1a). On average, amoxicillin/cefazo-
lin was the most bactericidal combination at 24 h. Since they were
highly active against E. faecalis (Table S1), the bactericidal activity
of ceftaroline and ceftobiprole was tested alone. We then
observed that there was no statistically significant superior activity
of the combination amoxicillin/ceftaroline or amoxicillin/ceftobi-
prole over cephalosporins alone (Figure 1b).

Discussion
We found that the combination of cefazolin with amoxicillin has a
synergistic effect and an in vitro bactericidal activity equivalent to
that observed for the combinations between amoxicillin and TCGs.
We also confirmed the interesting in vitro bactericidal effect of
amoxicillin/cefepime and amoxicillin/ceftaroline15 and provided
original data on the bactericidal activity of amoxicillin/ceftobiprole.
The in vitro bactericidal activity of each combination was variable
depending on the cephalosporin and the strain, but ceftaroline
and ceftobiprole seemed less consistently bactericidal in combin-
ation with amoxicillin than other cephalosporins. It might be
related to a lower biological free peak, to a differential binding pro-
file to relevant PBPs and/or significant activity against
E. faecalis preventing any synergism.16,17 Mechanistic insight stud-
ies are needed to better understand the difference in synergistic
and bactericidal effect between combinations.13

The combination of amoxicillin with cefazolin, a first-generation
cephalosporin, seems particularly interesting. Indeed, cefazolin
and amoxicillin are known to have good activity against staphylo-
cocci and streptococci/enterococci, respectively, and our results
suggest that their combination could have an equivalent activity
to the combination of TGCs with amoxicillin against enterococci. As
compared with high-dose ampicillin and oxacillin with gentamicin,
amoxicillin/cefazolin could lead to a reduced risk of nephrotoxicity
as the use of an aminoglycoside is known to be nephrotoxic and
high-dose cloxacillin was linked to direct tubular toxicity and/or
tubular precipitation,18 and it could reduce the risk of encephalop-
athy that is more frequent with a combination of two high-dose

penicillins than with a cephalosporin, even in patients with normal
renal function.19 The combination amoxicillin/cefazolin could
also represent an alternative regimen to the combination of TGCs
with amoxicillin for the treatment of IE caused by E. faecalis,
including strains with an HLAR phenotype, as the ecological impact
of first-generation cephalosporins on intestinal microbiota is much
lower than the impact of TGCs.10,20,21 Our results open the road to
studies using amoxicillin/cefazolin in E. faecalis infection models
such as in vitro pharmacodynamic models or animal mod-
els.6,7,22,23 Further clinical studies also need to be undertaken to
evaluate the in vivo efficacy and safety of amoxicillin/cefazolin for
the treatment of IE caused by E. faecalis as well as its ecological
impact.
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Figure 1. Mean time–kill curves of amoxicillin alone and in combination with different cephalosporins (a), and of amoxicillin, ceftaroline, ceftobiprole,
amoxicillin/ceftaroline and amoxicillin/ceftobiprole (b) for the 12 studied E. faecalis strains. Error bars represent SEMs of triplicate experiments for the
12 strains. AMX, amoxicillin; CTX, cefotaxime; CRO, ceftriaxone; CFZ, cefazolin; FEP, cefepime; CPT, ceftaroline; CBP, ceftobiprole. This figure appears in
colour in the online version of JAC and in black and white in the print version of JAC.
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Cas clinique (suite)

n Deux hémocultures sont positives à Staphylococcus 
aureus

n PLP 2A négative



Quel(s) traitement(s) prescrivez 
vous ?

1. (cl)oxacilline
2. (cl)oxacilline + gentamicine
3. céfazoline + gentamicine
4. triméthoprime-sulfaméthoxazole + 

clindamycine
5. daptomycine
6. céfazoline



Quel(s) traitement(s) prescrivez 
vous ?  Réponses

1. (cl)oxacilline
2. (cl)oxacilline + gentamicine
3. céfazoline + gentamicine
4. triméthoprime-sulfaméthoxazole + 

clindamycine
5. daptomycine
6. céfazoline



Faut-il opérer 
toutes les EI à 
S. aureus , 
comme 
préconisé par 
les recos ESC 
2023 ?

Tattevin P et al  Heart 2025 (in press)



Jean B et al JAMA Network Open 2024



Si c’était une EI sur prothèse 
valvulaire, quel(s) traitement(s) ?

1. céfazoline
2. céfazoline + gentamicine
3. céfazoline + gentamicine + rifampicine
4. céfazoline + gentamicine puis rifampicine
5. céfazoline + rifampicine



Si c’était une EI sur prothèse 
valvulaire, quel(s) traitement(s) ?

1. céfazoline
2. céfazoline + gentamicine
3. céfazoline + gentamicine + rifampicine
4. céfazoline + gentamicine puis rifampicine
5. céfazoline + rifampicine



Strady C et al. Infect Dis Now 2025



Dapto plutôt que vanco en 1ère ligne 
pour les EI à SARM ou SCNMR

1. Efficacités équivalentes si bien utilisées
2. Daptomycine + simple et mieux tolérée

ü Dosages ‘optionnels’
ü Pas besoin de dose de charge
ü Surveillance bio 1/semaine (CPK, éosino)

3. Sans négliger les contraintes de la daptomycine
ü Fortes doses (10 mg/kg x 1/j)
ü Stop statines
ü Association tant que patient bactériémique 
 (+ betalactamine ou fosfomycine)

Delgado V et al. Eur Heart J 2023 Strady C et al. Infect Dis Now 2025 



Ø Pas d’aminoside dans les EI sur valve native (sauf choc?)
Ø Bithérapie si EI sur prothèse: dapto ou céfazoline 
 + gentamicine puis rifampicine

Ø Pour les SAMS, une bêtalactamine antistaphylococcique: 
(cl)oxacilline ou céfazoline 

Ø Dapto pour les staphylocoques meti-R, en association 
jusqu’à hémoc neg

Mémo: antibiothérapie des 
endocardites à staphylocoques



Pries-Heje MM et al. Eur Heart J 2023



Pries-Heje MM et al. Eur Heart J 2023



Delgado V et al. Eur Heart J 2023



Leanza GM et al. Infection 2024

ü 263 EI traitées par dalbavancine en ‘consolidation’
• 128 valves natives / 107 prothèses / 28 dispositifs intra-cardiaques
• 83 SCN / 78 S. aureus (19 SARM) / 53 entérocoques / 35 streptos 

ü Echecs <10%, semblent plus fréquents si
• Relais précoce par dalbavancine (<2 semaines IV)
• EI à entérocoques (E. faecalis)

ü Tolérance excellente



Messages – diagnostic

1. Trouvez un moyen pour que les flacons 
d’hémocultures soient bien remplis chez vous

2. Suspicion d’EI =>
Ø 3 paires d’hémocultures bien remplies sur ponction unique
Ø autres prélèvements guidés par clinique

3. Si pas de diagnostic à 48-72 h 
Ø Tel labo pour prolongation incubation hémocultures
Ø Sérologies Bartonella sp. et fièvre Q
Ø Chercher autre chose…
Ø Prélèvement pour métagénomique ?



Messages – traitement empirique

1. SAMS = ennemi public n°1
Ø Il faut que le schéma comprenne (cl)oxa ou céfazo

2. Couverture des 2 autres ‘usual suspects’
Ø amoxicilline pour les streptocoques
Ø bactéricide sur E. faecalis si combiné à céfazoline

Amoxicilline (200 mg/kg/j) + céfazoline (100 mg/kg/j) 



Messages: antibiothérapie des 
endocardites à staphylocoques

Ø Pas d’aminoside dans les EI sur valve native (sauf choc?)
Ø Bithérapie si EI sur prothèse: dapto ou céfazoline 
 + gentamicine puis rifampicine

Ø Pour les SAMS, une bêtalactamine antistaphylococcique: 
(cl)oxacilline ou céfazoline 

Ø Dapto pour les staphylocoques meti-R, en association 
jusqu’à hémoc neg



Tous les 2 ans, 100% anglophone, alternance Europe / reste du Monde
- Endocardites & autres infections cardio-vasculaires
- Infectiologues/Cardiologues/microbios/chir cardiaque/imagerie
- Objectifs 2026: 250/300 participants
- Sessions plénières + posters

https://www.iscvid.org/


