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cultures remained stable for all age groups across the study 
SHULRG��$SSHQGL[�)LJXUH����7DEOH�����$QQXDO�KRVSLWDO�DG-
PLVVLRQV� LQFUHDVHG� IURP� ���������� WR� ����������� EXW� WKH�
total number of hospital days admitted decreased from 
���������� WR� ���������� GXULQJ� ����±������ $IWHU� DGMXVW-
PHQW�� WKH�QXPEHU�RI�6$%�FDVHV�SHU���������KRVSLWDO�DG-
PLVVLRQV�LQFUHDVHG�E\����������&,����±�����DQG�6$%�
FDVHV�SHU���������KRVSLWDO�GD\V�LQFUHDVHG�E\����������&,�
����������$SSHQGL[�7DEOH����

&RQFXUUHQW�&RQGLWLRQV�DQG�5HFHQW�+RVSLWDO� 
&RQWDFW�EHIRUH�6$%
3DWLHQWV�ZLWK�6$%�KDG�VLJQL¿FDQWO\�PRUH�FRQFXUUHQW�FRQGL-
WLRQV�WKDQ�WKH�PDWFKHG�SRSXODWLRQ�FRQWUROV��PHDQ�&&,������
IRU� FDVH�SDWLHQWV� FRPSDUHG�ZLWK������ IRU�SRSXODWLRQ� FRQ-
WUROV��S���������6$%�FDVH�SDWLHQWV�DQG�SRSXODWLRQ�FRQWUROV�
both had increasingly more concurrent conditions during 
the study period, but the changes over time were similar 
for case-patients and population controls overall and strati-
¿HG�E\�DJH��$SSHQGL[�)LJXUH�����$SSUR[LPDWHO\������Q� �
�������RI�FDVH�SDWLHQWV�KDG�KDG�KRVSLWDO�FRQWDFW�ZLWKLQ����

days before their SAB diagnosis. The proportion of SAB 
cases with recent hospital contact remained unchanged over 
WKH� \HDUV� �$SSHQGL[�)LJXUH� ��� SDQHO�$���6WUDWL¿FDWLRQ�E\�
DJH�GLG�QRW�D൵HFW�WKLV�UHVXOW��$SSHQGL[�)LJXUH����SDQHO�%��

&)5��3RSXODWLRQ�'HDWK�5DWH��DQG�$VVRFLDWHG� 
5LVN�)DFWRUV
,Q� WKH� ��\HDU� VWXG\� SHULRG�� ���GD\� DOO�FDXVH� GHDWKV� LQ-
FUHDVHG�IURP�����LQ������WR�����LQ�������7KH�SRSXODWLRQ�
GHDWK�UDWH�IRU�6$%�URVH�VLJQL¿FDQWO\��IURP�����������&,�
����±������WR�����������&,�����±�������FRUUHVSRQGLQJ�WR�
DQ�HVWLPDWHG�LQFUHDVH�RI������055������>����&,�����±
����@�� �)LJXUH� ��� SDQHO� $��� 6WUDWL¿FDWLRQ� E\� DJH� JURXS�
VKRZHG�JUHDW�YDULDWLRQ�LQ�WUHQGV�RI�WKH�DJH�VSHFL¿F�GHDWK�
rate, with the most rapid increase in death rate for the old-
HVW�DJH�JURXSV��)LJXUH����SDQHO�%���)RU�SHUVRQV�����\HDUV�
RI�DJH��WKH�GHDWK�UDWH�LQFUHDVHG�E\������055������>����
&,����������@��

7KH� RYHUDOO� ���GD\� &)5� IRU� WKH� VWXG\� SHULRG� ZDV�
���������&,����±�����DQG� UHPDLQHG�XQFKDQJHG�RYHU�
WKH�\HDUV� �7DEOH����)LJXUH���� SDQHO�$���$�KLJKHU����GD\�
CFR was observed with increasing age and CCI score, and 
IRU� IHPDOH� FRPSDUHG� ZLWK� PDOH� FDVH�SDWLHQWV� �7DEOH� ��� 
$SSHQGL[�7DEOH�����7KH����GD\�&)5�GLG�QRW�GL൵HU�RYHU�
WLPH�E\�JHQGHU�RU�DJH��$SSHQGL[�)LJXUHV��������0XOWLYDUL-
ate analysis indicated that age was strongly associated with 
���GD\�&)5� �7DEOH�����$Q\�FRQFXUUHQW� FRQGLWLRQ�EHIRUH�
SAB was also associated with higher risk of death. Com-
pared with persons with no concurrent conditions, the risk 
for death increased for persons with increasing CCI scores 
�25������>����&,�����±����@�IRU�&&,�VFRUH��±��DQG�25�
����� >����&,�����±����@� IRU�&&,�VFRUH�>3). Female sex 
was an independent risk factor for death compared with 
PDOH�VH[��25������>����&,�����±����@���,Q�FRQWUDVW��SULRU�
hospital contact and time period were not associated with 
���GD\�&)5�

 
7DEOH��� Incidence rate and incidence rate ratio of Staphylococcus aureus bacteremia stratified by VH[�and age��'HQPDUN������–
2015* 
Characteristic IR, 6$%���������3<�(����&,� ,55����% CI�† p value 
6H[ 
 F ������������–������ Referent NA 
 M ������������–������ ����������–����� <0.001 
Age, y 
 <1 ������������–������ ������������–������ <0.001 
 1–� ����������–����� Referent NA 
 10–�� ����������–����� ����������–����� ����� 
 20–�� ����������–����� ����������–����� ����� 
 ��–�� ����������–����� ����������–����� <0.001 
 40–�� ������������–������ ����������–����� <0.001 
 50–�� ������������–������ ����������–����� <0.001 
 60–�� ������������–������ ������������–������ <0.001 
 ��–�� ������������–������ ������������–������ <0.001 
 ��–�� ��������������–������� ������������–������ <0.001 
 >�� ��������������–������� ������������–������ <0.001 
3HULRG, per�year increment NA ����������–����� <0.001 
*IR, incidence rate; IRR, incidence rate ratio; NA, not applicable; 3<��SHUVRQ�years; SAB, Staphylococcus aureus bacteremia. 
†$GMXVWHG�IRU�VH[��DJH, and period. 

 

)LJXUH��� Temporal changes in Staphylococcus aureus 
EDFWHUHPLD�LQFLGHQFH��FDVHV�SHU���������SHUVRQ�\HDUV���E\�DJH�
JURXS�DQG�\HDUV��'HQPDUN������±�����

Registre en population
Incidence 2015: 30/105/an

+ 48 %/2008
Explications ??

Mortalité J30 24% stable



Comment détecter les 
bactériémies compliquées ?



Bactériémie non compliquée
• Définition IDSA

(i) EI exclue par échographie
(ii) Absence de matériel et/ou prothèse
(iii) Hémoculture négative en 2-4j
(iv) Apyrexie à 72 de traitement efficace
(v) Pas de localisation secondaire

• Si un seul de ces critères manquent : Bactériémie 
compliquée

Liu C, et al. Clin Infect Dis 2011



Etude VIRSTA 
2009-2011 
8 CHU français



Le score VIRSTA, estimation a priori du risque
d’ENDOCARDITE en cas de bactériémie à S. aureus

Tubiana S, J Infection 2014 

The “echo sensitivity analysis”, performed in 1728
patients yielded a comparable final model with the same
ten independent predictive factors. The “modified Duke
criteria sensitivity analysis” performed in 1950 patients also
provided closely related results, with the exception of
vertebral osteomyelitis, which was removed from the final
model (see Table 1 in Appendix).

Scoring system

Score building is detailed in Table 4. After 1000 resampling
iterations using a .632 bootstrap procedure, median b coef-
ficients of the ten predictive factors were estimated. The
weights varied from 1 to 5 points, leading to a theoretical
score ranging from 0 to 30 for a given patient. In the VIRSTA
cohort, the score ranged from 0 to 20. For instance a pa-
tient who presents vertebral osteomyelitis or a community
acquired SAB without any other criteria or a patient with
severe sepsis with or without CRP>190 mg/L have a score
!2. A patient with cerebral emboli (or with pre-existing
native valve disease or with meningitis or with persistent

bacteremia or with history of injection drug use) no needs
to have more criteria to have a score "3 (Fig. 2).

The rate of endocarditis increased significantly from
1.1% (9/792) when the score was !2e17.4% (212/1216)
when the score was "3 and up to 70.8% (63/89) when the
score was "10 (Fig. 3).

TTE performance rate rose from 54.2% with a score
!2e89.9% when the score was "10. Score performance
according to different cutoffs is presented in Table 4. For a
score !2, the negative predictive value was 98.8% (95% CI
98.4; 99.4) and the sensitivity was 95.8% (95% CI 94.3; 97.8).

After exclusion of (n Z 28) patients with definite IE as
established within the first 48 h (third sensitivity analysis),
the performance of the VIRSTA score was similar (95.3% for
sensitivity and 98.9% for negative predictive value).”

Discussion

In this large multicenter prospective cohort study on adult
patients with SAB, we have developed and assessed the
performance of an IE prediction model taking into account

Table 3 Final predictive model of infective endocarditis and median b Coefficients estimated by Multivariate Logistic Regres-
sion Model and Bootstrapping Procedure in the 2008 enrolled Staphylococcus aureus bacteremia patients, VIRSTA Study.

Multivariate analysis .632 Bootstrap procedure

Odds ratio
(95% CI)

p-Value b b0 Weight

Cerebral or peripheral emboli 10.4 (6.0; 17.9) <0.0001 2.33 2.37 5
Meningitis 9.6 (3.2; 29.2) <0.0001 2.27 2.31 5
Permanent intracardiac device or previous IE 7.3 (4.9; 10.9) <0.0001 1.99 2.02 4
Pre-existing native valve disease 3.6 (2.3; 5.7) 1.29 1.29 3
Intravenous drug use 5.8 (2.8; 11.7) <0.0001 1.75 1.77 4
Persistent bacteremia 3.9 (2.8; 5.7) <0.0001 1.38 1.40 3
Vertebral osteomyelitis 3.2 (1.2; 8.9) 0.03 1.17 1.15 2
Community or non nosocomial health care
associated acquisition

2.6 (1.8; 3.7) <0.0001 0.96 0.96 2

Severe sepsis or shock 2.0 (1.4; 2.9) 0.0001 0.71 0.72 1
C-reactive protein >190 mg/L 1.9 (1.3; 2.7) 0.0006 0.64 0.65 1

CI, Confidence Interval.

Table 4 Performance score for IE in 2008 patients with Staphylococcus aureus bacteremia, VIRSTA Study.

VIRSTA score Sensitivity (CI 95%) Specificity (CI 95%) Positive predictive
value (CI 95%)

Negative predictive
value (CI 95%)

0 versus "1 99.3 (99.2; 99.3) 18.5 (17.3; 19.6) 13.1 (12.1; 14.2) 99.5 (99.5; 99.6)
!1 versus "2 97.2 (96.1; 98.7) 32.2 (30.8; 33.5) 15.1 (13.9; 16.2) 98.9 (98.4; 99.5)
!2 versus "3 95.8 (94.3; 97.8) 44.2 (42.6; 45.6) 17.6 (16.2; 18.9) 98.8 (98.4; 99.4)

!3 versus "4 85.5 (82.4; 88.6) 61.9 (60.5; 63.3) 21.8 (20.0; 23.5) 97.2 (96.5; 97.8)
!4 versus "5 78.3 (74.8; 81.9) 74.4 (73.1; 75.7) 27.5 (25.3; 29.7) 96.5 (95.9; 97.1)
!5 versus "6 70.1 (66.0; 74.1) 83.2 (82.1; 84.3) 34.0 (31.3; 36.7) 95.8 (95.1; 96.4)
!6 versus "7 57.9 (53.9; 62.1) 91.1 (90.2; 92.0) 44.6 (40.9; 48.4) 94.6 (93.9; 95.3)
!7 versus "8 45.7 (41.5; 49.7) 95.1 (94.5; 95.8) 53.7 (49.1; 58.6) 93.4 (92.7; 94.1)
!8 versus "9 38.5 (34.6; 42.4) 97.3 (96.8; 97.8) 63.9 (58.4; 69.1) 92.8 (92.0; 93.5)
!9 versus "10 26.7 (23.2; 30.2) 98.7 (98.5; 99.0) 71.9 (65.4; 78.4) 91.6 (90.8; 92.4)
!10 versus "11 20.4 (17.0; 23.8) 99.4 (99.2; 99.7) 81.8 (75.0; 88.2) 91.0 (90.1; 91.8)

CI, Confidence Interval. The bold values correspond to the cut-off, and the shade values are those corresponding to a score above the
cut-off of three.
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The “echo sensitivity analysis”, performed in 1728
patients yielded a comparable final model with the same
ten independent predictive factors. The “modified Duke
criteria sensitivity analysis” performed in 1950 patients also
provided closely related results, with the exception of
vertebral osteomyelitis, which was removed from the final
model (see Table 1 in Appendix).

Scoring system

Score building is detailed in Table 4. After 1000 resampling
iterations using a .632 bootstrap procedure, median b coef-
ficients of the ten predictive factors were estimated. The
weights varied from 1 to 5 points, leading to a theoretical
score ranging from 0 to 30 for a given patient. In the VIRSTA
cohort, the score ranged from 0 to 20. For instance a pa-
tient who presents vertebral osteomyelitis or a community
acquired SAB without any other criteria or a patient with
severe sepsis with or without CRP>190 mg/L have a score
!2. A patient with cerebral emboli (or with pre-existing
native valve disease or with meningitis or with persistent

bacteremia or with history of injection drug use) no needs
to have more criteria to have a score "3 (Fig. 2).

The rate of endocarditis increased significantly from
1.1% (9/792) when the score was !2e17.4% (212/1216)
when the score was "3 and up to 70.8% (63/89) when the
score was "10 (Fig. 3).

TTE performance rate rose from 54.2% with a score
!2e89.9% when the score was "10. Score performance
according to different cutoffs is presented in Table 4. For a
score !2, the negative predictive value was 98.8% (95% CI
98.4; 99.4) and the sensitivity was 95.8% (95% CI 94.3; 97.8).

After exclusion of (n Z 28) patients with definite IE as
established within the first 48 h (third sensitivity analysis),
the performance of the VIRSTA score was similar (95.3% for
sensitivity and 98.9% for negative predictive value).”

Discussion

In this large multicenter prospective cohort study on adult
patients with SAB, we have developed and assessed the
performance of an IE prediction model taking into account

Table 3 Final predictive model of infective endocarditis and median b Coefficients estimated by Multivariate Logistic Regres-
sion Model and Bootstrapping Procedure in the 2008 enrolled Staphylococcus aureus bacteremia patients, VIRSTA Study.

Multivariate analysis .632 Bootstrap procedure

Odds ratio
(95% CI)

p-Value b b0 Weight

Cerebral or peripheral emboli 10.4 (6.0; 17.9) <0.0001 2.33 2.37 5
Meningitis 9.6 (3.2; 29.2) <0.0001 2.27 2.31 5
Permanent intracardiac device or previous IE 7.3 (4.9; 10.9) <0.0001 1.99 2.02 4
Pre-existing native valve disease 3.6 (2.3; 5.7) 1.29 1.29 3
Intravenous drug use 5.8 (2.8; 11.7) <0.0001 1.75 1.77 4
Persistent bacteremia 3.9 (2.8; 5.7) <0.0001 1.38 1.40 3
Vertebral osteomyelitis 3.2 (1.2; 8.9) 0.03 1.17 1.15 2
Community or non nosocomial health care
associated acquisition

2.6 (1.8; 3.7) <0.0001 0.96 0.96 2

Severe sepsis or shock 2.0 (1.4; 2.9) 0.0001 0.71 0.72 1
C-reactive protein >190 mg/L 1.9 (1.3; 2.7) 0.0006 0.64 0.65 1

CI, Confidence Interval.

Table 4 Performance score for IE in 2008 patients with Staphylococcus aureus bacteremia, VIRSTA Study.

VIRSTA score Sensitivity (CI 95%) Specificity (CI 95%) Positive predictive
value (CI 95%)

Negative predictive
value (CI 95%)

0 versus "1 99.3 (99.2; 99.3) 18.5 (17.3; 19.6) 13.1 (12.1; 14.2) 99.5 (99.5; 99.6)
!1 versus "2 97.2 (96.1; 98.7) 32.2 (30.8; 33.5) 15.1 (13.9; 16.2) 98.9 (98.4; 99.5)
!2 versus "3 95.8 (94.3; 97.8) 44.2 (42.6; 45.6) 17.6 (16.2; 18.9) 98.8 (98.4; 99.4)

!3 versus "4 85.5 (82.4; 88.6) 61.9 (60.5; 63.3) 21.8 (20.0; 23.5) 97.2 (96.5; 97.8)
!4 versus "5 78.3 (74.8; 81.9) 74.4 (73.1; 75.7) 27.5 (25.3; 29.7) 96.5 (95.9; 97.1)
!5 versus "6 70.1 (66.0; 74.1) 83.2 (82.1; 84.3) 34.0 (31.3; 36.7) 95.8 (95.1; 96.4)
!6 versus "7 57.9 (53.9; 62.1) 91.1 (90.2; 92.0) 44.6 (40.9; 48.4) 94.6 (93.9; 95.3)
!7 versus "8 45.7 (41.5; 49.7) 95.1 (94.5; 95.8) 53.7 (49.1; 58.6) 93.4 (92.7; 94.1)
!8 versus "9 38.5 (34.6; 42.4) 97.3 (96.8; 97.8) 63.9 (58.4; 69.1) 92.8 (92.0; 93.5)
!9 versus "10 26.7 (23.2; 30.2) 98.7 (98.5; 99.0) 71.9 (65.4; 78.4) 91.6 (90.8; 92.4)
!10 versus "11 20.4 (17.0; 23.8) 99.4 (99.2; 99.7) 81.8 (75.0; 88.2) 91.0 (90.1; 91.8)

CI, Confidence Interval. The bold values correspond to the cut-off, and the shade values are those corresponding to a score above the
cut-off of three.
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Variables mesurées à 48 heures



Performances du score VIRSTA pour 
prédire l’existence d’une EI

Score Sensitivity Specificity PPV NPV

Patients with IE 
with the 

corresponding 
value

Total Nb of 
patients with the 
corresponding 

value

0 99.29 (99.23 ;99.34) 18.48 (17.29 ;19.60) 13.14 (12.15 ; 14.20) 99.52 (99.49 ; 99.55) 1 331

1 97.16 (96.06 ;98.65) 32.20 (30.80. 33.51) 15.09 (13.93 ; 16.24) 98.92 (98.42 ; 99.47) 5 250

2 95.83 (94.31 ; 97.79) 44.18 (42.60 ;45.59) 17.55 (16.22 ;18.86) 98.83 (98.41 ; 99.40) 3 217

3 85.52 (82.35 ; 88.64) 61.93 (60.51 ; 63.32) 21.77 (20.04 ; 23.53) 97.18 (96.54 ; 97.81) 23 341

4 78.28 (74.82 ; 81.88) 74.43 (73.09 ; 75.74) 27.46 (25.26 ; 29.69) 96.52 (95.88 ; 97.14) 16 239

5 70.14 (65.99 ; 74.07) 83.16 (82.06 ; 84.32) 33.99 (31.27 ; 36.73) 95.75 (95.09 ; 96.37) 18 174

6 57.92 (53.90 ; 62.06) 91.10 (90.18 ; 92.02) 44.60 (40.92 ; 48.37) 94.60 (93.90 ; 95.26) 27 169

7 45.70 (41.51 ; 49.65) 95.13 (94.47 ; 95.84) 53.72 (49.14 ; 58.57) 93.41 (92.67 ; 94.10) 27 99

8 38.46 (34.55 ; 42.35) 97.31 (96.83 ; 97.80) 63.91 (58.38 ; 69.14) 92.75 (91.97 ; 93.45) 16 55

9 26.70 (23.18 ; 30.24) 98.71 (98.39 ; 99.04) 71.95 (65.42 ; 78.43) 91.59 (90.77 ; 92.38) 26 51

≥ 10 20.36 (17.02 ; 23.81) 99.44 (99.21 ; 99.65) 81.82 (75.00 ; 88.24) 90.99 (90.12 ; 91.79) 59 82

Score VIRSTA  < 3
• VPN: 98,8%
• RV(-) = 0.2
• 40% de la population 
• Probabilité d’EI : 1.1%

Tubiana S., J. Infect 2016



Validation du score VIRSTA sur une cohorte 
indépendante

• Medellin, Colombie
• Etude rétrospective 2012-

2018
• 922 bactériémies à S. 

aureus consécutives
• 16% communautaires
• 26% SARM
• 65% avec échographie
• 62 EI (6,7%)

Peinado-Acevedo JS, Clin Infect Dis 2021 
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of the need for echocardiographic evaluation, and is based pri-
marily on clinical variables that are readily available from usual 
patient care. Only 2 laboratory tests are required (polymerase 
chain reaction and blood cultures), which are part of the rou-
tine care of patients with!SAB.

Among the limitations of the study, we acknowledge its 
retrospective nature and the percentage of missing data on 
control blood cultures and polymerase chain reaction. "ere 
was a considerable percentage of patients who did not un-
dergo echocardiography, making it impossible to rule out IE 
in these cases. Despite this, we are reassured about our results 
because we did not #nd di$erent performances with several 
sensitivity analyses. For the VIRSTA scale, early documen-
tation of extracardiac events is sometimes di%cult, because 
clinical suspicions and/or imaging con#rmations are some-
times late with respect to the echocardiogram. In addition, 
the inclusion of patients from 2 highly complex institutions 
means that patients with greater comorbidities and condi-
tions predisposing to IE are included. Sample size is a limi-
tation because there were only 62 diagnoses of IE, compared 
with 221 cases (11.0%) in the VIRSTA cohort and 85 cases 
(13%) in the PREDICT!cohort.

Prediction scores should not replace clinical judgment and 
presence of a skilled clinical physician is essential to the correct 
use of these tools. We consider that in patients with SAB and 
clinical suspicion of IE (eg, new murmur, heart failure, periph-
eral embolism, or immunological phenomena) or VIRSTA !3, 
echocardiography should be performed early and ideally TE 
echocardiography. But, in those with VIRSTA <3 points, the 
probability of IE was very low (0.44%), and performing TE ech-
ocardiography could not o$er any bene#t. For this reason, ef-
forts in this group of patients should be directed to optimizing 

interventions that are expected to be broadly bene#cial (eg, 
appropriate antimicrobial choice, expedited source control, in-
fectious diseases specialist consultation) [40–43]. On the other 
hand, dialysis-dependent patients are considered to have vari-
able risk of IE in the context of SAB [44, 45]. Speci#cally, patients 
with central venous catheter can have thrombi attached to the 
catheter in superior vena cava or right atrium, sometimes visu-
alized in transesophageal echocardiography, and although they 
do not meet the operational de#nitions of IE, may be potentially 
infected and require targeted therapeutic decisions. For this 
reason, until more evidence is available, we suggest the system-
atic performance of echocardiography in this group of patients.

Supplementary!Data
Supplementary materials are available at Clinical Infectious Diseases on-
line. Consisting of data provided by the authors to bene#t the reader, 
the posted materials are not copyedited and are the sole responsibility 
of the authors, so questions or comments should be addressed to the 
corresponding!author.
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Figure 2. Area under the curve for VIRSTA and PREDICT scores. Abbreviations: PREDICT, Predicting Risk of Endocarditis Using a Clinical Tool.
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Score VIRSTA  < 3
• VPN: 99,5%
• RV(-) = 0.06
• 49% de la population 
• Probabilité d’EI : 3,2%



Les cliniciens appliquent le score VIRSTA 
sans le savoir

• 50 scénarios
• 656 cliniciens 

(infectiologues: 78%)
• Européens plus invasifs

Results
During the survey period, 656 respondents from 24 countries provided echocardiography
recommendations for at least 1 survey scenario, giving a total of 4837 echocardiography
recommendations (median [interquartile range], 96 [85-106] responses per scenario). Most
respondents were infectious diseases physicians, and more than half reported an annual caseload of
more than 20 cases of SAB (Table 1). Response rates were estimable for the mailing lists of the
Australasian Society of Infectious Diseases (255 complete and partial responses from roughly 700
clinician members [approximately 35%]) and the Emerging Infections Network (204 complete and
partial responses from roughly 1300 physicians with an adult infectious diseases practice
[approximately 15%]).

There was little consensus among respondents as to the preferred echocardiography strategy
in any of the 50 scenarios. Poor interrater agreement was evident across the 6 response categories,
with a modified Fleiss ! statistic of only 0.06 (bootstrapped 95% CI, 0.05-0.07). In only 1 scenario
was a single echocardiography strategy chosen by at least 50% of respondents: a patient aged 91
years with brief nosocomial SAB without sepsis or any clinical focus of infection, for whom 45 of 90
respondents (50%) preferred the strategy of TTE as the only study. Every 1 of the 6 strategies was
selected by at least 1 respondent in 44 of the 50 scenarios (the strategy of no echocardiography was
the only omission in 4 of the remaining scenarios).

Although disagreement persisted, trends in echocardiography recommendations were evident
when scenarios were grouped by VIRSTA score. Highly exclusionary echocardiography strategies
were increasingly favored as the number of risk factors for endocarditis increased (multivariate odds
ratio per point of the VIRSTA score, 1.4; 95% CI, 1.4-1.5; P < .001). (Figure; eFigure 2 in the
Supplement). Scenarios describing patients with a VIRSTA score of 5 or greater (roughly
corresponding to a risk of endocarditis >10%) attracted a recommendation in favor of 1 of these
highly exclusionary strategies in 1418 of 1736 responses (82%; 95% CI, 80%-83%). In contrast,
recommendations were roughly evenly divided for lower-risk scenarios. For scenarios with a VIRSTA
score of 5 or less, 1611 of 3101 recommendations (52%; 95% CI, 50%-54%) were in favor of a highly
exclusionary strategy (P < .001 for the comparison). Interrater agreement at the level of the
individual scenario was lower for these lower-risk scenarios (modified Fleiss !, 0.04; 95% CI, 0.03-
0.05) compared with the higher-risk scenarios (modified Fleiss !, 0.08; 95% CI, 0.07-0.10).

The results of the multivariable analysis for the binary outcome of the recommendation of a
highly exclusionary strategy are presented in Table 2. In addition to the association with VIRSTA
score, this analysis also identified the presence of an extracardiac focus requiring prolonged
treatment as having an independent association with recommendation against a highly exclusionary

Table 1. Characteristics of the 656
Respondents Providing at Least 1
Echocardiography Recommendation

Characteristic No. (%)
Region of practice

Australia and New Zealand 255 (39)

United States and Canada 204 (31)

Continental Europe 98 (15)

United Kingdom and Ireland 53 (8)

Southeast and East Asia 24 (4)

Othera 22 (3)

Primary clinical specialty

Infectious diseases 510 (78)

Clinical microbiology 65 (10)

Cardiology 43 (7)

Otherb 38 (6)

Postfellowship clinical experience, y

Yet to complete postgraduate
training

84 (13)

0-10 265 (41)

11-20 146 (22)

>20 159 (24)

Not stated 2 (0)

Annual Staphylococcus aureus
bacteremia caseload, No. of cases

0-10 95 (15)

11-20 199 (30)

21-50 242 (37)

>50 119 (18)

Not stated 1 (0)

a Israel had 15 respondents; Turkey, 4; Tanzania, 1;
Colombia, 1; and Belarus, 1.

b Other internal medicine specialties had 22
respondents; critical care specialties, 6;
pediatrics, 5; emergency medicine, 3; general
surgery, 1; and clinical pharmacology, 1.

Figure. Recommendations in Favor of a Highly Exclusionary Echocardiography Strategy
by Scenario VIRSTA Score
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331Recommendations

Highly exclusionary strategies
(TEE, TTE+TEE, and TEE|TTE–)

Other strategies
(NE, TTE, and TEE|TTE+)

Proportions are accompanied by Wilson score 95%
confidence intervals (error bars). NE indicates no
echocardiography; TEE, transesophageal
echocardiography alone; TTE, transthoracic
echocardiography alone; TTE+TEE, both TTE and TEE;
TEE|TTE", TTE first, followed by TEE only if the TTE
result is negative for endocarditis; and TEE|TTE+, TTE
first, followed by TEE only if the TTE result is positive
for endocarditis.
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Bactériémie persistante, c’est bien > 48 heures
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The second day of bacteraemia after initiation of active 
antibiotic treatment was the most pronounced and 
earliest cuto! that significantly di!ered between survi-
ving patients and those who died.

Previous studies have reported a 1·6–5·6 times 
increased mortality if S aureus bacteraemia persisted.3,5,6,13 
However, their comparability is hampered because 
di!erent counting methods and durations were applied to 
define persistent bacteraemia. Studies on persistent 
bacteraemia either calculate dura tion of bacteraemia from 
the day of first positive blood culture,3,5,11,12,20,24 or begin 
counting from the day active antibiotic therapy was started 
after the first positive blood culture.6,10,13–15 We directly 
compared both definitions in our cohort. Our results 
confirmed that the antibiotic-adjusted definition had a 
stronger association with mortality. This finding is 
reasonable because sustained bacteraemia despite active 
antibiotic therapy suggests the presence of specific 
microbiological features (eg, antibiotic tolerance), of 
di"cult-to-eradicate sites of infec tion (eg, abscesses), or of 
patient-related factors impeding the rapid clearance of 
bacteria from the blood. We therefore continued our 
analysis using this definition.

By contrast with previous studies,3,25 neither renal 
failure nor MRSA infection were associated with pro-
longed duration of bacteraemia, which probably reflects 
di!erent characteristics of our study population, which 
had a low prevalence (11%) of MRSA.

The cohort included a broad spectrum of patients 
typically found in European tertiary care centres. The 
whole cohort reached a 30-day mortality of 18% and 
90-day mortality of 28%, which is similar to the reported 
30-day mortality of 9–26%,24,26,27 and 90-day mortality of 
14–34%.28–30 However, 90-day mortality nearly doubled 
from 22% with 1 day of bacteraemia to 43% with 5–7 days 
of bacteraemia. To analyse if and how the duration of 
bacteraemia contributed independently to mortality, 

we did a time-dependent multivariable risk analysis. 
Thereby we could exclude survival time selection bias 
arising from patients with prolonged bacteraemia, who 
by definition survive while bacteraemic. We found that 
the adjusted HR for mortality increased until day 4 and 
plateaued thereafter (figure 3). This plateau after 4 days 
might be the expression of bacterial or host adaptations 
leading to a new so-called steady state between staphy-
lococcal virulence and host defence. Further, delayed 
clearance of bacteraemia increased the risk of metastatic 
infection up to 3·5 times in accordance with previous 
studies that reported a two to eight times increased 
risk.4,6,12,24

Unexpectedly, we found that day 2 of bacteraemia under 
antibiotic therapy represented the best cuto! to define 
persistent bacteraemia. Not only was it the most pro-
nounced cuto! significantly di!erentiating patients who 
died and patients who survived but also the earliest cuto! 
with this property. Minejima and colleagues presented a 

Figure !: Adjusted hazard ratio for 90-day mortality with increasing duration of bacteraemia
(A) Reference day 1. (B) Calculated from the corresponding time-dependent Cox regression model taking days as individual splines. Faint lines represent 95% CI. 
HR=hazard ratio. SOFA=sequential organ failure assessment. *Duration of bacteraemia is calculated as a non-linear e!ect.
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increased risk of 90-day mortality if bacteraemia persisted 
after day 1 (figure 1B). As antibiotics are needed to clear an 
infection and because the antibiotic-adjusted definition 
showed a stronger association with 90-day mortality, we 
chose this criterion for our further analysis. With this 
criterion, median duration of bacteraemia was 3 days 
(IQR 2–5) in the 315 patients with positive follow-up blood 
cultures.

Patients with more than 1 day of bacteraemia presented 
with a higher Charlson comorbidity index score, higher 
SOFA score, higher amounts of C-reactive protein, and a 
longer interval from start of symptoms until first blood 
culture (table 1). Positive follow-up cultures were more 
frequent in endocarditis and less frequent in peripheral 
intravenous catheter-related infections. The proportion 
of patients diagnosed with endocarditis increased from 
91 (9%) of 987 at day 1 of bacteraemia to eight (29%) of 
28 if persistent up until day 8, followed by osteoarticular 
infections with 141 (14%) of 987 at day 1 and six (21%) of 
28 if persistent until day 8 (appendix 2 p 4).

All outcomes were significantly more frequent in 
patients with delayed clearance of bacteraemia (table 2). 
Duration-stratified Kaplan-Meier curves depict the 
survival dynamics after adjusting for immortal-time bias 
(figure 2). Crude 90-day mortality increased from 22% 
(148 of 672) with 1 day of bacteraemia, to 39% (85 of 218) 
with 2–4 days, 43% (30 of 69) with 5–7 days, and 36% 
(10 of 28) with more than 7 days of bacteraemia (single 
day analysis in appendix 2 p 5). A new metastatic focus 
occurred significantly more often in patients with delayed 
clearance—the highest rate of 22% (15 of 69) was found 
in patients with 5–7 days of bacteraemia. Patients with 
positive follow-up cultures developed a new metastatic 
focus in 40% (16 of 40) of cases, while still bacteraemic. 

The most frequent sites of metastatic spread in patients 
with more than 1 day of bacteraemia were deep tissue 
(eg, psoas abscess) in 14 (4%) of 315 patients, native or 
prosthetic cardiac valves in ten (3%) patients, and 
osteoarticular in nine (3%) patients (appendix 2 p 6).

Looking at clinical management, patients with addit-
ional days of bacteraemia more commonly received a 
transoesophageal echocardiograph, intensive-care therapy, 
and antibiotic combination therapy (table 2). Infectious 
disease specialists were involved in 864 (88%) of 987 of all 
cases and there was no di!erence between the groups. The 
time to removal of an infective focus was significantly 
longer in patients with positive follow-up cultures (table 2). 
If a removable focus was not removed, 90-day mortality 
increased from 20% (62 of 310) to 37% (seven of 19; 
appendix 2 p 7). If bacteraemia did not resolve despite 
removal of the suspected focus, mortality increased from 
17% (43 of 254) to 34% (19 of 56).

To adjust for potential confounders, we did a multi-
variable time-dependent analysis. We detected no 
relevant collinearity of the variables included in the final 
Cox model (variance inflation factor <1·2). The analysis 
revealed a steady increase of the HR for 90-day mortality 
up to 4 days of bacteraemia. Thereafter, the adjusted HR 
reached a plateau and did not increase further (figure 3). 
Including frailty for centre di!erences or clustering 
did not detect a significant influence of centre on the 
main model (data not shown).

To define a clinically relevant cuto! for persistent 
bacteraemia, we reasoned that the earliest cuto! with a 
significantly increased hazard for mortality has the 
highest clinical relevance to the patient and might help 
to guide the physician’s e!orts to intensify focus diag-
nostics and appropriate treatment. The cuto! at 2 days 

1 day (n=672) 2–4 days (n=218) 5–7 days (n=69) >7 days (n=28) Total (n=987) p value

Outcome

30-day mortality 84 (13%) 60 (28%) 21 (30%) 9 (32%) 174 (18%) <0·0001

90-day mortality 148 (22%) 85 (39%) 30 (43%) 10 (36%) 273 (28%) <0·0001

In-hospital mortality 101 (15%) 72 (33%) 26 (38%) 9 (32%) 208 (21%) <0·0001

Any new metastatic focus* 39 (6%) 22 (10%) 15 (22%) 3 (11%) 79 (8%) <0·0001

New metastatic focus >7 days† 22 (3%)  8 (4%) 6 (9%) 3 (11%) 39 (4%) 0·040

Patient management

Infectious disease specialist 
consultation

591 (88%) 188 (86%) 60 (87%) 25 (89%) 864 (88%) 0·97

Transthoracic echocardiography 407 (61%; 2%) 122 (56%; 3%) 37 (54%; 1%) 17 (61%; 0%) 583 (60%; 2%) 0·57

Transoesophageal 
echocardiography

177 (26%; 3%) 75 (34%; 5%) 32 (46%; 1%) 17 (61%; 0%) 301 (31%; 3%) <0·0001

Intensive care unit treatment 184 (27%; 3%) 78 (36%; 2%) 30 (43%; 0%) 15 (54%; 0%) 307 (32%; 3%) 0·0008

Combination antibiotic therapy 205 (31%) 77 (35%) 31 (45%) 15 (54%) 328 (34%) 0·0059

Focus of any kind removed 224 (33%) 60 (28%) 19 (28%) 6 (21%) 309 (31%) 0·22

Interval until focus removal, days 0 (–1 to 1; 3%) 0 (0 to 2; 0%) 1 (1 to 5; 11%) 1 (0 to 15; 0%) 1 (0 to 2; 3%) 0·0068

Data are n (%), n (%; % missing), median (IQR), or median (IQR; percentage missing). *Not evident at initial clinical presentation. †New focus diagnosed more than 7 days 
after first blood culture.

Table !: Outcome and management of patients grouped by the duration of bacteraemia

Cohorte ISAC-10
987 patients
17 centres
Durée de bactériémie sous AB efficace

Kuehl et al., Lancet Infect Dis 2020



Etude TEPSTAR: recherche d’un consensus sur 
la recherche des autres foyers profonds
• Objectif: harmonisation des pratiques
• Méthode Delphi

• Accord fort (2ème tour):
• IRM crâne si EI ou manifestations neurologiques
• IRM rachidienne orientée par symptômes (après J7)
• TDM thorax et/ou abdomen si symptômes

• Pas de consensus:
• TDM TAP systématique
• Diagnostic des thrombophlébites septiques

Dufour S, JNI 2018



Place du 18FDG TEP-TDM dans la recherche de 
foyers infectieux ?
• Outil diagnostique valide et précoce dans l’endocardite sur prothèse, la 

spondylodiscite, les artérites natives ou sur matériel
• Performant pour la détection de foyers inflammatoires en cas de fièvre 

persistante d’origine indéterminée, sa négativité autorise l’utilisation 
d’immunosuppresseurs pour la plupart des experts

• Dans deux études écologiques avant-après, les infectiologues et 
nucléaristes néerlandais ont suggéré que l’utilisation systématique du TEP-
TDM dans les bactériémies à CG+
• augmentait la mise en évidence de foyers secondaires 
• diminuait le risque de rechutes
• réduisait la mortalité de 40 à 60%

Vos FJ J Nucl Med 2010, Berrevoets M, J Nucl Med 2017, Duval X, CID 2020, Casali M, Clin Transl Imag 2021



Antibiothérapie à la phase aiguë: 
monothérapie ou association ?



Etude TEPSTAR: recherche d’un consensus sur 
le traitement antibiotique initial 
Antibiothérapie empirique : 
Origine communautaire : céfazoline ou pénicilline M 
Origine nosocomiale : ajout de la vancomycine ou daptomycine
Critère de gravité : ajout de la gentamicine 

Antibiothérapie documentée : 
Sensibilité à la méticilline : céfazoline ou pénicilline M (accord fort, 1er

tour)
Allergie aux bétalactamines ou résistance à la méticilline : vancomycine 
ou daptomycine (accord relatif, 2ème tour)

Dufour S, JNI 2018



Traitement initial: la base est un 
antistaphylococcique

thewhole cohort anddidnot change signi!cantlyafter adjustment by
treatment variables. Antistaphylococcal penicillins and vancomycin
prescriptions were associated with better outcome, alone and in as-
sociation with an aminoglycoside. Time from !rst positive blood
culture sampling to!rst antibioticwas associatedwithbetter survival
only after adjusting for main prognostic factors.

Discussion

In this large prospective multicentre study conducted in eight
tertiary care centres, we showed that case-fatality is still very high in
SAB patients andmainly associatedwith older age, sepsis, metastatic
cancer, pulmonary localisation (primary and secondary foci), and
unknown primary focus. Early initiation of antibiotics and use of
speci!c !rst-line antibiotics including antistaphylococcal penicillins
and vancomycin, alone or in combination with an aminoglycoside,
were associated with better survival in patients infected with MSSA.

Our conclusions may be affected by a referral bias. As some
patients were transferred to tertiary care centres, we may over-
estimate the case-fatality rate of SAB. Follow-up was incomplete in
119/2091 patients (5.7%) who were younger and had fewer
comorbidities and complications. Therefore one can assume they
were less likely to die within 12 weeks. The main strengths of our
study were the multicentre recruitment, and the detailed pro-
spective clinical data including antibiotic treatment in a large
cohort of patients. We preferred to analyse global case-fatality at
week 12 because diagnosis of disease-speci!c death is subject to
interpretation and because longitudinal data suggest a high pro-
portion of deaths attributable to SAB as far as week 12 [14,23,24].

Older age and sepsis are major consensual lethal factors
[4,8e17]. Some authors have suggested not adjusting on sepsis
because it is too close to outcome [16,25], but severe sepsis is one of
the rare major potentially modi!able factors although its de-
terminants and triggers are insuf!ciently understood. Metastatic
cancer is also a major factor [12,15], but prolonging follow-up as in

our study leads to measuring some underlying conditions' own
contributions to outcome. Unknown primary focus is associated
with worse outcome in most reports [10e12,17]. These patients are
older and have more severe disease, but the main explanation of
this !nding is still unknown. Thorough investigation for primary
focus and earlier infectious source control may be ways to reduce
case-fatality in patients without identi!ed primary focus. Pulmo-
nary localisation is more dif!cult to diagnose and is also associated
with higher case-fatality [8,10e12,17]. These patients need close
monitoring and intensive care.

As in most other studies [8,9,11,14,17], setting of acquisition was
not associated with prognosis of SAB in our cohort: community-

Table 3
First-line antibiotics, patients' characteristics, and outcome in patients with methicillin-sensitive Staphylococcus aureus (MSSA) bacteraemia in the VIRSTA study (n ! 1538)

First-line antibiotics Patients' characteristics Outcome at
4 weeks

Outcome at
12 weeks

Patients
treated

! % of MSSA
patients

Median duration
(IQR) (days)

Median age
(years)

Septic
shock

! % of
treated

Case
fatality

! % of
treated

Case
fatality

! % of
treated

Monotherapy
Antistaphylococcal

penicillin (ASP)
80 5.2 9 (4e21) 64.1 10 12.5 12 15.0 17 21.3

Amoxicillin/clav. 127 8.3 3 (2e7) 66.5 11 8.7 29 22.8 46 36.2
Other b-lactama 139 9.0 3 (2e5) 71.9 21 15.1 31 22.3 47 33.8
Vancomycin 92 6.0 2 (1e5) 65.3 11 12.0 11 12.0 20 21.7
Other monotherapyb 138 9.0 4.5 (2e11) 63.8 24 17.4 19 13.8 37 26.8
Bitherapy
ASP " aminoglycoside 138 9.0 8 (4e15) 60.9 19 13.7 20 14.5 27 19.6
Other b-lactamc "

aminoglycoside
72 4.7 3 (2e4) 70.1 19 26.4 21 29.2 31 43.1

Vancomycin " aminoglycoside 106 6.9 2 (1e4) 65.2 10 9.4 12 11.3 19 17.9
Vancomycin " b-lactam 54 3.5 4 (1.5e8) 61.7 7 13.0 5 9.3 11 20.4
Other bitherapyd 333 21.7 4 (2e9) 66.0 55 16.5 66 19.8 107 32.1
Multiple therapy
Strategy with # 3 antibiotics 259 16.8 2 (1e4) 64.9 100 38.6 74 28.6 106 40.9

Time to !rst antibiotic initiation
> 24 hours after blood

culture collection
696 45.3 4 (2e9) 66.5 101 14.5 130 18.7 211 30.3

$ 24 hours after blood
culture collection

842 54.8 3 (2e7) 65.6 186 22.1 170 20.2 257 30.5

ASPs were the antistaphylococcal penicillins: oxacillin and cloxacillin.
a Ceftriaxone or cefotaxim (53%), amoxicillin (28%).
b Fluoroquinolone (30%).
c Ceftriaxone " aminoglycoside (44%).
d Ceftriaxone " "uoroquinolone (17%).
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Fig. 1. Kaplan-Meier survival estimates according to !rst-line antibiotic use in patients
with methicillin-sensitive Staphylococcus aureus (MSSA) bacteraemia in the VIRSTA
study (n ! 1538). Log-rank test p < 0.001. Case-fatality rates at 12 weeks among these
!rst-line antibiotics groups were 20.0% (7/35) for regimens including an anti-
staphylococcal penicillin and vancomycin, 23.1% (70/303) for regimens including an
antistaphylococcal penicillin, 26.1% (106/406) for regimens including vancomycin, and
35.9% (285/794) for any other regimen.

P. Braquet et al. / Clinical Microbiology and Infection 22 (2016) 948.e1e948.e7948.e5

Braquet et al., Clin Microbiol Infect 2016



Lipo-glycopeptides
et bétalactamines: 
l’effet bascule 
(seesaw effect)
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Figure 1. Proposed mechanism for vancomycin and beta-lactam synergy. Repeated exposure to vancomycin increases the cell wall thickness leading to increased target sites
for  vancomycin, ultimately reducing the effectiveness of vancomycin. Exposure to beta-lactams thins the cell wall increasing the ability for vancomycin to bind and inhibit
target  sites during cell wall synthesis.

daptomycin-nonsusceptible MRSA using clinical bloodstream and
endocarditis isolates (Dhand et al., 2011; Yang et al., 2010). Using
Bodipy-labeled daptomycin, Dhand et al. (2011) explained this
synergy by demonstrating that nafcillin markedly increased the
amount of daptomycin binding to the cytoplasmic membrane
of a daptomycin-nonsusceptible VISA isolate. Media containing
subinhibitory concentrations of nafcillin resulted in a reduction
in daptomycin MIC  to within the susceptible range. This same
group of investigators showed a similar effect of ampicillin
on ampicillin-resistant vancomycin-resistant Enterococcus faecium
(Sakoulas et al., 2012).

Oxacillin exposure increases the net surface negativity leading
to more favorable binding of the positively charged daptomycin-
Ca2+ complex (Fig. 2). Similar findings have been documented with
ceftriaxone, ampicillin, imipenem, and ceftaroline, suggesting that
lowering the cell surface charge is likely a beta-lactam class effect
(Mehta et al., 2012; Sakoulas et al., 2012). A recent retrospec-
tive analysis of MRSA bacteremia in cases of renal insufficiency
and endovascular source of infections showed that the addition
of beta-lactam to daptomycin may  improve outcome compared to
daptomycin monotherapy (Moise et al., 2013).

Additionally, ceftaroline-fosamil, the newest FDA-approved
cephalosporin, has recently shown promising results against van-
comycin and daptomycin-nonsusceptible MRSA as monotherapy
or in combination regimens (Rose et al., 2012; Werth et al., 2012,
2013a). In a recent publication, Werth et al. studied the bacteri-
cidal activity of ceftaroline in a PK/PD model against three pairs of
isogenic MRSA strains when one isolate of each pair demonstrated
decreased vancomycin or daptomycin susceptibility compared to
its counterpart. In these experiments ceftaroline appeared to be
more active against the less glycopeptide-susceptible strain of
each pair (Werth et al., 2013a). In addition to tending toward
improved activity and lower MICs against MRSA that are nonsus-
ceptible to glycopeptides and lipopetides, ceftaroline also appears
to be more reliably synergistic with vancomycin against hVISA
and VISA than oxacillin, even at subinhibitory concentrations

(Werth et al., 2013b). A third study, utilizing a 96 h in vitro
PK/PD model, employed two  isogenic MRSA isolates, one a
daptomycin-susceptible hVISA (D592) and the other a daptomycin-
nonsusceptible VISA (D712) isolate (Werth et al., 2012). The
activities of daptomycin, ceftaroline, and vancomycin alone,
and daptomycin or vancomycin in combination with ceftaroline
were evaluated. The results demonstrated that daptomycin plus
ceftaroline had significantly greater in vitro activity than any
monotherapy regimen against both isolates. When comparing
the two  combination regimens, daptomycin plus ceftaroline
exhibited significantly greater activity against the daptomycin-
nonsusceptible VISA strain as compared to vancomycin plus
ceftaroline, but both regimens maintained bactericidal activity
throughout the duration of the model. Ceftaroline does have
high affinity for the mutated PBP2a produced by MRSA, which
may  appear to offer a simple explanation for its increased activ-
ity against these isolates. However, research has shown that
with increasing glyco- and lipopeptide nonsusceptibility the con-
centration of PBP2a on the cell membrane decreases, and the
concentrations of the other PBPs increase (Moreira et al., 1997;
Sieradzki et al., 1999b). Thus, synergism, rather than a targeted
anti-PBP2a effect, is likely the mechanism behind this observed
antibacterial activity.

The positive results of the daptomycin plus ceftaroline com-
bination have also translated to positive clinical outcomes. Rose
et al. (2012) recently published a case report of a woman with
end-stage renal disease, on chronic hemodialysis, who developed
daptomycin-nonsusceptible (MIC 2.0 !g/mL) MRSA bacteremia
secondary to endocarditis. The patient was  treated with dapto-
mycin monotherapy (6 mg/kg every 48 h) and had persistently
positive blood cultures for 12 days at which time ceftaroline-
fosamil was  added. Four days after starting the daptomycin
plus ceftaroline-fosamil combination the bloodstream infection
cleared. In vitro experiments mimicking the patient’s treatment
course achieved similar results including acquired daptomycin-
non-susceptibility after monotherapy, enhanced bacterial killing

Figure 2. Proposed mechanisms for daptomycin and beta-lactam synergy. Daptomycin acts like a cationic peptide antibiotic and is attracted to the negative charge of the
bacterial cell membrane. Once in contact with the cytoplasmic membrane (CM) daptomycin disrupts the CM causing a rapid release of electrolytes from the cytoplasm
leading to depolarization and death of the cell. Exposure to beta-lactams increases the negative charge of the cell surface leading to an increase in daptomycin binding and
improved bactericidal activity.
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Figure 1. Proposed mechanism for vancomycin and beta-lactam synergy. Repeated exposure to vancomycin increases the cell wall thickness leading to increased target sites
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target  sites during cell wall synthesis.
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(Mehta et al., 2012; Sakoulas et al., 2012). A recent retrospec-
tive analysis of MRSA bacteremia in cases of renal insufficiency
and endovascular source of infections showed that the addition
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and VISA than oxacillin, even at subinhibitory concentrations
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nonsusceptible VISA (D712) isolate (Werth et al., 2012). The
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the two  combination regimens, daptomycin plus ceftaroline
exhibited significantly greater activity against the daptomycin-
nonsusceptible VISA strain as compared to vancomycin plus
ceftaroline, but both regimens maintained bactericidal activity
throughout the duration of the model. Ceftaroline does have
high affinity for the mutated PBP2a produced by MRSA, which
may  appear to offer a simple explanation for its increased activ-
ity against these isolates. However, research has shown that
with increasing glyco- and lipopeptide nonsusceptibility the con-
centration of PBP2a on the cell membrane decreases, and the
concentrations of the other PBPs increase (Moreira et al., 1997;
Sieradzki et al., 1999b). Thus, synergism, rather than a targeted
anti-PBP2a effect, is likely the mechanism behind this observed
antibacterial activity.

The positive results of the daptomycin plus ceftaroline com-
bination have also translated to positive clinical outcomes. Rose
et al. (2012) recently published a case report of a woman with
end-stage renal disease, on chronic hemodialysis, who developed
daptomycin-nonsusceptible (MIC 2.0 !g/mL) MRSA bacteremia
secondary to endocarditis. The patient was  treated with dapto-
mycin monotherapy (6 mg/kg every 48 h) and had persistently
positive blood cultures for 12 days at which time ceftaroline-
fosamil was  added. Four days after starting the daptomycin
plus ceftaroline-fosamil combination the bloodstream infection
cleared. In vitro experiments mimicking the patient’s treatment
course achieved similar results including acquired daptomycin-
non-susceptibility after monotherapy, enhanced bacterial killing

Figure 2. Proposed mechanisms for daptomycin and beta-lactam synergy. Daptomycin acts like a cationic peptide antibiotic and is attracted to the negative charge of the
bacterial cell membrane. Once in contact with the cytoplasmic membrane (CM) daptomycin disrupts the CM causing a rapid release of electrolytes from the cytoplasm
leading to depolarization and death of the cell. Exposure to beta-lactams increases the negative charge of the cell surface leading to an increase in daptomycin binding and
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Essais d’associations 
sur le SARM: 
Vancomycine ou 
daptomycine +/-
bétalactamine antistaph. 
(étude CAMERA-2)

• Essai randomisé
• Vancomycine: 99%
• Cloxacilline:  65%
• Patients relativement peu 

graves
• Toxicité rénale augmentée 

(pas avec céfazoline)

in eTable ! in Supplement ". Thirty (#$%) of the %%% who re-
ceived only flucloxacillin (#&/'( [#!%]) or cloxacillin (&/#%
[#)%]) developed AKI (using modified RIFLE criteria) com-
pared with % ()%) of the #$ who received only cefazolin.

Discussion
In patients with MRSA bacteremia, the addition of $ days of
an antistaphylococcal *-lactam to standard therapy did not sta-
tistically significantly reduce the occurrence of a composite of
'(-day mortality, microbiological persistence, relapse, or treat-
ment failure. The trial was stopped early because of an excess
of AKI in the combination therapy group.

Methicillin-resistant S aureus bacteremia is difficult to
treat and associated with high mortality.# Novel treatment
regimens need to balance potential improvements in effi-
cacy with additional toxicities. The promise of efficacy of
combination therapy for S aureus bacteremia demonstrated
in in vitro and animal models has not been borne out in pro-
spective studies measuring clinically relevant outcomes. In
trials spanning "& years, neither the addition of an amino-
glycoside for S aureus endocarditis%! nor of rifampicin for

S aureus bacteremia%' resulted in improved clinical out-
comes; both agents were associated with increased toxicity.
In the current trial, the signal of improved efficacy in the
combination treatment group of a reduction in persistent
bacteremia was counterbalanced by higher rates of AKI.
Given the early termination, the trial may have been under-
powered to demonstrate an improvement in the composite
primary end point; however, it is likely that any potential
gains in efficacy with combination therapy would be offset
by the increased toxicity. These clinical trials demonstrating
a lack of benefit for combination therapy across a broad
range of patients with S aureus bacteremia should give
pause to enthusiasm for combination therapy outside of
clinical trials.

Duration of bacteremia is often considered a clinically use-
ful surrogate end point for S aureus bacteremia. However, a re-
duction in duration of bacteremia with either a *-lactam or
gentamicin%! has not translated to improved clinical out-
comes in prospective trials. Therefore, the limitations of du-
ration of bacteremia as a surrogate end point should be rec-
ognized in the design of future studies.

Cefazolin has been associated with less AKI than anti-
staphylococcal penicillins in retrospective data of patients with

Table 3. Primary and Secondary Outcomes

Outcomes

No./Total No. (%)

Risk Difference, % (95% CI) P ValueCombination Therapy Standard Therapy
Primary Outcomea,b

Primary analysis population 59/170 (35) 68/175 (39) !4.2 (!14.3 to 6.0) .42

Per protocol 47/144 (33) 68/175 (39) !6.2 (!16.7 to 4.3) .25

Secondary Outcomesc

All-cause mortalityd

Day 14 13/170 (8) 13/174 (7) 0.2 (!5.4 to 5.8) .95

Day 42 25/170 (15) 19/174 (11) 3.8 (!3.3 to 10.8) .29

Day 90 35/170 (21) 28/174 (16) 4.5 (!3.7 to 12.7) .28

Persistent bacteremiae

Day 2 50/167 (30) 61/173 (35) !5.3 (!15.3 to 4.6) .29

Day 5 19/166 (11) 35/172 (20) !8.9 (!16.6 to !1.2) .02

Microbiological relapsea 14/169 (8) 18/175 (10) !2.0 (!8.1 to 4.1) .52

Microbiological treatment failurea 16/170 (9) 17/175 (10) !0.3 (!6.5 to 5.9) .92

Acute kidney injuryf 34/145 (23) 9/145 (6) 17.2 (9.3 to 25.2) <.001

Duration of intravenous antibiotics,
mean (SD), d

29.3 (19.5) 28.1 (17.4) .72

a The primary outcome was a composite of mortality at day 90, persistent
bacteremia at day 5, microbiological relapse (a positive blood culture
for methicillin-resistant Staphylococcus aureus [MRSA] at least 72 hours
after a preceding negative culture), and microbiological treatment
failure (a positive sterile-site culture for MRSA at least 14 days after
randomization).

b The primary analysis population consisted of all participants with data
available for the primary end point, who were analyzed according to treatment
randomization, regardless of treatment received. The per-protocol population
was defined as (1) for the combination group, those who received at least 75%
of study !-lactam doses; (2) for the standard treatment group, those who
received no more than 1 defined daily dose of study !-lactam; and (3) for both
groups, those with data available for the primary end point.

c Results for secondary outcomes are reported for the primary analysis
population. Results for secondary outcomes for the per-protocol population
are found in eTables 1 and 3 in Supplement 3.

d One patient did not have mortality data available but did meet the criteria for
persistent bacteremia and so met the primary composite end point.

e The median time from the date of first positive blood culture to study day 2
was 4 days and from date of first positive blood culture to study day 5
was 7 days.

f Participants undergoing dialysis at randomization were excluded from the
acute kidney injury (AKI) outcome. Acute kidney injury was defined as at least
stage 1 modified RIFLE criteria (1.5-fold increase in serum creatinine) at any
time within the first 7 days or new need for renal replacement at any time
between day 1 and day 90. There were 5 participants in the combination
therapy group and 11 in the standard therapy group who did not have baseline
creatinine measurement data but could still qualify for AKI if they required
renal replacement therapy. When these participants with missing baseline
creatinine measurement data were excluded from the analysis, AKI occurred
in 34 of 140 (24%) in the combination therapy group and 9 of 134 (7%) in the
standard therapy group (risk difference, 18%; 95% CI, 9.3%-26%; P < .001).
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Daptomycine + céphalosporines = à voir

Etude de cohorte comparative 
229 bactériémies à SARM
Deux HU américains 
OR ajusté d’échec vs daptomycine
monothérapie = 0,38

Biais d’indications probables: 65% 
des associations utilisées pour 
traitement empirique ou infection 
associée 

Jorgensen et al., Clin Infect Dis 2020

8 • CID 2020:71 (1 July) • Jorgensen et!al

the primary antibiotic in the majority (99%) of patients in 
CAMERA-2. Would outcomes have been more favorable if 
DAP, which is not nephrotoxic alone, were used more fre-
quently? Our results suggest important patient outcomes 
(mortality and recurrence) may indeed be improved in pa-
tients receiving DAP+BL combination therapy; however, like 
CAMERA-2, AKI was unexpectedly higher in the combina-
tion arm. Cephalosporins were implicated in the present study, 
making this safety signal particularly perplexing. Minimizing 
exposure to concomitant nephrotoxins is an important con-
sideration when utilizing DAP+BL as this was a potential con-
tributor in most AKI!cases.

"e increase in CDAD with DAP+BL, although not statis-
tically signi#cant, is a sobering reminder that combination 
therapy is associated with collateral damage and must be used 
judiciously. On the other hand, the unacceptably high rate 
of clinical failure that patients continue to experience with 
standard therapies supports carefully designed future prospec-
tive, comparative, randomized, controlled studies of DAP+BL 
and vancomycin+cefazolin versus monotherapy, including 
ce$aroline monotherapy. Our results and those of CAMERA-2 
underscore the importance of diligently evaluating harms as 
well as bene#ts in future studies.

"is study has several important limitations. First, treatment 
was not assigned randomly and confounding is a potential issue. 
We addressed this by applying IPTW, which o%ers many advan-
tages over regression adjustment [38, 48]. However, as with any 

statistical adjustment method, it relies on correct model speci-
#cation and is unable to control for unmeasured confounders 
[38, 48]. Next, the majority of DAP+BL patients received a 
cephalosporin and additional studies supporting our #ndings 
with penicillins and carbapenems would be valuable. Most pa-
tients received DAP as the second MRSA-active agent. Prior 
therapy could have impacted outcomes and results may not be 
generalizable to earlier DAP+BL administration. However, we 
sought to evaluate the impact of DAP+BL in the real-world set-
ting. At most centers DAP is reserved for complex infections 
and initiated a$er diagnostic or susceptibility testing results are 
available. Also, because DAP is generally reserved for higher-
risk patients, variables that have been associated with worse 
outcomes, such as endovascular source, were overrepresented 
in our cohort. Our results may not be reproducible in lower-
risk patients. "ere is no consensus on the most appropriate 
time to evaluate recurrence. Based on previous studies that as-
sessed the time to recurrence (both relapse and reinfection) in 
patients with S.!aureus BSI [32, 37], we selected 60!days with 
the rationale that it would capture most relapses, which may be 
impacted by e%ective antibiotics, without also capturing a large 
proportion of reinfections, which are in&uenced less by anti-
biotics for the index infection. We acknowledge that the 60-day 
time point is somewhat arbitrary. Future research to inform the 
optimal time to assess MRSA BSI recurrence is needed. Finally, 
our data were obtained from 2 medical centers in urban Detroit 
and may not be generalizable to other institutions in distinct 

Figure 2. Weighted adjusted ORs and 95% CIs for composite clinical failure. An adjusted OR <1 favors daptomycin + !-lactam; an adjusted OR >1 favors daptomycin. 
Abbreviations: CI, confidence interval; MIC, minimum inhibitory concentration; OR, odds ratio.
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Daptomycine + ceftaroline = à confirmer
Bactériémies à SARM Essai randomisé ouvert dans 3 HU américains interrompu 
précocement (40 patients/50 prévus) du fait du bénéfice significatif sur la mortalité
Nombreuses incohérences méthodologiques
DAP: 6-8 mg/kg/24h; CPT: 600 mg/8H; VAN résiduelle: 15-20 mg/L

Geriak et al., AAC 2019

13% (3/23) of the monotherapy patients were admitted to the intensive care unit at the
time of infection.

Bacteremia sources. The primary sources of bacteremia (endovascular noncatheter
versus extravascular versus catheter) were evenly distributed among the treatment
groups (Table 2). Foci of infection (more than one may be present per patient) are also
shown in Table 2. Overall, infections were evenly distributed among the groups, except
for a trend toward more vascular catheter infections in the monotherapy group
compared with the combination therapy group (13% versus 0%, P ! 0.12). Most
infections (37/40) were identified !72 h within admission.

TABLE 1 Patient demographics and characteristicsa

Characteristicb

Values by treatment:

Daptomycin plus
ceftaroline (n ! 17)

Vancomycin (n ! 21) or
daptomycin (n ! 2)

Male, n (%) 9 (53) 16 (70)
Mean age (yr) 62 62
Mean BMI 30.7 26.7

Comorbidities, n (%)
Cardiovascular Dz 9 (53) 10 (43)
Diabetes mellitus 6 (35) 11 (48)
Cerebrovascular Dz 3 (18) 0 (0)
End-stage renal Dz 3 (18) 6 (26)
Immunocompromised 0 (0) 1 (4)
Chronic lung Dz 4 (24) 12 (52)
Severe liver Dz 5 (29) 2 (9)
Malignancy 0 (0) 5 (22)
Neutropenia 0 (0) 1 (4)

Charlson index
Mean 4.7 5.5
Median 5 6

Pitt bacteremia score
Mean 1.47 1.09
Median 1 1
Acute renal failure, n (%) 3 (18) 5 (22)
Intensive care, n (%) 3 (18) 3 (13)

aP values are "0.05 for all comparisons.
bBMI, body mass index; Dz, disease.

TABLE 2 Sites of infectiona

Sourceb

Values by treatment, n (%):

Daptomycin plus
ceftaroline (n ! 17)

Vancomycin (n ! 21) or
daptomycin (n ! 2)

1° Bacteremia source
Endovascular 8 (47) 8 (35)
Secondary tissue 9 (53) 12 (52)
Catheter 0 (0) 3 (13)

Foci of infection present
Venous catheter 1 (6) 3 (13)
Urinary tract 3 (18) 4 (17)
Respiratory tract 1 (6) 6 (26)
Surgical wound 0 (0) 2 (9)
Skin/soft tissue 9 (53) 8 (35)
Bone/joint 5 (29) 4 (17)
LVAD 1 (6) 1 (4)
Intra-abdominal 0 (0) 2 (9)
Endocarditis plus TEE 3 (18) 1 (4)

aAll values are n (%). P values are "0.05 for all comparisons.
bLVAD, destination left ventricular assist device; TEE, transesophageal echocardiogram.
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Laboratory data. Relevant laboratory data in the two patient groups are shown in
Table 3. There were no differences in leukocyte count, platelet counts, calculated
creatinine clearance, and C-reactive protein between the groups. Median admission
interleukin-10 (IL-10) concentrations were 9.5 pg/ml and 7 pg/ml for the combination
therapy and monotherapy groups, respectively. All MRSA isolates where combination
therapy was used had CPT and DAP MICs of !0.5 mg/liter and a VAN MIC of !1
mg/liter according to the clinical microbiology laboratory.

Treatments. The 23 standard of care patients received a median duration of random-
ization therapy of 12 days and a total duration of therapy of 26 days. The combination
therapy arm received DAP!CPT for a median of 8 days and a mean of 11 days and a total
median treatment duration of 38 days (Fig. S1). The median time to randomization from
onset of bacteremia to initiation of study therapy was 2 days.

Outcomes. Relevant outcomes are listed in Table 4. The median bacteremia dura-
tion was 3 days for each group. In-hospital mortality was 0% (0/17) for combination
therapy and 26% (6/23) for monotherapy (P " 0.029). Among patients with an admis-
sion IL-10 concentration of !5 pg/ml, in-hospital mortality was 0% (0/3) for the
combination group and 25% (1/4) in the monotherapy group (P " 1.0). For an IL-10
concentration of #5 pg/ml, in-hospital mortality was 0% (0/14) in the combination
therapy group versus 26% (5/19) in the monotherapy group (P " 0.057).

Notably, but perhaps not surprisingly, mortality lay entirely within the patient cohort
with endovascular sources of primary infection. A subanalysis of this subgroup (called
for by expert reviewers) is shown in Table S1 in the supplemental material and detailed
clinical descriptions in Table S2 in the supplemental material. Most of these cases were

TABLE 3 Relevant laboratory and treatment dataa

Metricb

Values by treatment type:

Combination therapy Monotherapy
Vancomycin MIC (mg/liter), n (%)

0.5 5 (29) 3 (9)
1 12 (71) 20 (91)
2 0 (0) 0 (0)

Blood analyses, median (IQR)
WBC ($1,000/mm3) 17.3 (13.7, 22.6) 14.2 (9.7, 18.5)
Platelet ($1,000/mm3) 246 (144, 384) 173 (98, 323)
CrCl (ml/min) 74 (24, 119) 47 (16, 114)
Procalcitonin (ng/ml) 0.22 (0.07, 0.74) 0.72 (0.52, 8.8)
CRP (mg/liter) 127 (109, 212) 176 (108, 236)
IL-10 (pg/ml) 9.5 (5, 20.5) 7 (5.5, 20.5)

Treatment
Vancomycin trough (initial, mg/liter) N/Ac 16.2 (10.7, 19.8)
Daptomycin dose (median, mg/kg) 8.6 8.0

aP values are #0.05 for all comparisons.
bIQR, interquartile range; WBC, white blood cell; CRP, C-reactive protein.
cValues were obtained for only 3 patients prior to randomization with initial trough values (mg/liter), namely,
27, 19, and 9. N/A, not available.

TABLE 4 Study outcomes

Outcome

Values by treatment type:

P valueCombination therapy Monotherapy
Mortality, n (%)

In hospital 0 (0) 6 (26) 0.02
30 day 0 (0) 6 (26) 0.02
90 day 0 (0) 7 (30) 0.03

Bacteremia duration, median (IQR) days 3 (1.5, 5.5) 3 (1, 5.3) 0.56
Length of stay, median (IQR) days 11 (6, 14) 12 (8, 23) 0.24

Geriak et al. Antimicrobial Agents and Chemotherapy
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DAP + BL sur le SAMS ?
Essai québécois négatif

Essai randomisé de supériorité 
104 patients (puissance suffisante pour détecter une 
différence de durée de bactériémie de 1 jour) 
Céfazoline (73%) ou cloxacilline + daptomycine ou placebo

Cheng et al., Clin Infect Dis 2021

Adjunctive Daptomycin for S. aureus BSI • CID 2021:72 (1 May) • e201

DISCUSSION

Patients with MSSA BSI remain at significant risk of morbidity 
and mortality. Previous in vitro studies have suggested that 
adding daptomycin to an ASBL results in synergistic activity 
against S.! aureus [24]. However, our results demonstrate that 
this combination has no advantage over ASBL monotherapy for 

the management of patients with MSSA BSIs. While the addi-
tion of daptomycin to ASBL was safe and well tolerated, it did 
not reduce the duration of bacteremia. It also did not reduce 
90-day mortality or prevent recurrent episodes of MSSA BSI. 
Our results thus support current treatment guidelines [9, 31] 
and demonstrate that daptomycin should not be added to ASBL 
in the management of patients with MSSA!BSI.

Table 2. Secondary Outcomes

No. (%)

Variable Placebo (n = 51) Daptomycin (n = 53) Total (n = 104) P Value

All-cause mortality (30!days) 6 (11.8) 8 (15.1) 14 (13.5) .62
All-cause mortality (90!days) 9 (17.7) 10 (18.9) 19 (18.3) 1
Relapsed bacteremia within 30!days (among those who survived bacteremia episode) 0 (0) 1 (1.9) 1 (1.0) 1
Relapsed bacteremia within 90!days (among those who survived bacteremia episode) 2 (3.9) 2 (3.8) 4 (3.8) 1
Embolic or metastatic MSSA disease within 30!days 9 (17.7) 13 (24.5) 22 (21.2) .47
Embolic or metastatic MSSA disease within 90!days 9 (17.7) 13 (24.5) 22 (21.2) .47
Nephrotoxicity on presentation 6 (11.8) 9 (17.0) 15 (14.4) .57
Nephrotoxicity on treatmenta,b 13 (28.9) 21 (47.7) 34 (32.7) .15
Hepatotoxicity b 3 (5.88) 2 (3.77) 5 (4.8) .675
Rhabdomyolysis b 3 (5.88) 0 (0) 3 (2.9) 0.11

Abbreviations: MSSA, methicillin-susceptible Staphylococcus aureus.
aExcluding patients who had evidence of nephrotoxicity on presentation.!
bWithin 5!days of patient enrollment into the study.

Figure 2. Time to clearance of bacteremia by treatment assignment in (A) ITT, (B) mITT, and (C) per-protocol analyses. Abbreviations: ITT, intention-to-treat; mITT, modified 
intention-to-treat.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/72/9/e196/5871967 by guest on 10 M

ay 2021

Daptomycine Placebo p

Durée médiane de bactériémie (j) 2,04 1,65 0,4

Mortalité à J30 15% 12% 0,62

Mortalité à J90 18% 19% 1

Foyer infectieux profond => J30 25% 18% 0,47

Néphrotoxicité 48% 29% 0,15



DAP + BL sur le SAMS ?
Données d’observation catalanes

• Etude rétrospective à Barcelone, 
2011-2017
• Traitement par bétalactamine
• monothérapie 214, + daptomycine dès le 

début de la bactériémie 136

• Patients plus graves qu’à Montréal
• Biais d’indication pour la daptomycine

Grillo et al., Clin Infect Dis 2019

1486 • CID 2019:69 (1 November) • Grillo et!al

one-quarter of the cases [10]. "e high rate of persistent bac-
teremia and sepsis might have been due to patients with more 
severe disease being referred to our hospital as our hospital 
is a tertiary reference center in Catalonia [4]. As reported in 
previous studies, comorbidities, severe illness, persistent bac-
teremia, and unknown sources of infection were all associated 
with a higher mortality rate [3]. In recent decades, the high mor-
tality associated with S.!aureus bacteremia has been addressed, 
but without substantial achievements. Moreover, mortality rates 
have not varied remarkably. In our study, the 30- and 90-day 
mortality rates were about 17% and 24%, respectively, which are 
similar to those reported previously [1, 3, 25].

Importantly, no randomized trials have compared BL/D-C 
with standard therapy to date. Furthermore, the little informa-
tion that has been obtained so far from previous retrospective 
studies involves a small number of patients [14, 15, 26–29]. 
Moreover, studies assessing combination therapies have been 
performed speci#cally in patients with methicillin-resistant 
S.! aureus (MRSA) infections. In a multicenter retrospective 
study involving 106 patients, BL/D-C showed a bene#cial e$ect 
in the outcome of S.!aureus bacteremia compared to daptomy-
cin monotherapy, with a greater rate of cure. However, only 30 
patients received the combination therapy in that study, with 
the majority (n!=!22 [73%]) due to MRSA bacteremia [14]. In 
another study including 7 patients with complicated MRSA 
bacteremia, the addition of %-lactams to daptomycin as a rescue 
therapy elicited a rapid clearance of bacteremia [26]. "is com-
bination improved the in vitro bactericidal activity of dapto-
mycin and enhanced the in vivo e&cacy of daptomycin in a 
foreign-body infection model by MSSA [27]. "e combination 
of ce'aroline and daptomycin was used as a salvage treatment 
in 26 patients with persistent bacteremia, improving the time 
to bacteremia clearance; however, only 2 cases were caused by 
MSSA [15]. "e above-mentioned studies suggested that the 
addition of %-lactams to daptomycin could have a bene#cial 
e$ect in bacteremia clearance and cure in complicated S.! au-
reus infections. However, these studies mostly included patients 
with MRSA bacteremia.

In our cohort, patients with suspected infective endocarditis 
or with severe bacteremia received BL/D-C more frequently. 
"erefore, we performed propensity score matching to re-
duce the possibility of selection bias. We tried to match each 
patient in the BL/D-C group to 2 patients in the BL-M group. 
"e model could not #nd 2 matches for all the patients in the 
BL/D-C group. Both groups were well balanced, with no signi#-
cant di$erences in their baseline characteristics. Using the crite-
ria of 0.1 standard deviation, the propensity score model could 
not match only a few variables. To overcome this discrepancy, 
these unmatched variables were included as covariates in the 
adjusted Cox model. In these analyses, no di$erences in 7-, 30-, 
or 90-day mortality rates were found, and the mortality rates in 
both groups overlapped.

Table 4. Cox Model for 90-Day Mortality After Propensity Score Matching

Variable

Raw Model Adjusted Model

HR (95% CI) P Value HR (95% CI) P Value

!-lactam plus daptomycin combination 0.98 (.6–1.63) .952 0.89 (.54–1.49) .664

Cardiac valve disease … … … 1.39 (.68–2.85) .364
 Endocarditis … … … 1.69 (.7–4.05) .242
 Catheter-related … … … 0.9 (.52–1.58) .717
 Osteoarticular devices … … … 1.61 (.75–3.43) .219
 Glucocorticoids … … … 1.68 (.68–2.85) .364
Abbreviations: CI, confidence interval; HR, hazard ratio.

Figure 3. Overall mortality rates and 95% confidence intervals at 7, 30, and 
90!days in the !-lactam plus daptomycin combination vs !-lactam monotherapy 
groups after propensity score matching.
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Descriptive!Data

Baseline clinical characteristics of the patients are shown in 
Table 1. Overall, there were 245 males (70.0%), the mean age 
was 63.1! years, and the patients had a median Charlson co-
morbidity index of 5 points (range, 0–15). Catheter-related 
bacteremia was the most common source of infection, occur-
ring in 31.1% (109/350) of the cases, while high-risk sources 
of infection were observed in 24.6% (86/350) of the patients. 
Forty-nine patients (14.0%) presented with septic shock at di-
agnosis. Blood cultures after 72 hours of proper treatment were 
performed in 328 of the 350 patients (93.7%), with persistent 
bacteremia observed in 53 (15.1%) patients.

Overall, 136 (38.8%) and 214 (61.2%) patients received 
BL/D-C and BL-M, respectively. Among the 136 patients re-
ceiving BL/D-C, treatment was started during the "rst 24 hours 
in 131 patients (96.3%). In combination with daptomycin, 111 
patients (81.6%) received cloxacillin (2! g every 4 hours), 18 
(13.2%) received cefazolin (2!g every 8 hours), 5 (3.7%) received 
meropenem (1!g every 8 hours), and 2 (1.5%) received pipera-
cillin-tazobactam (4!g every 8 hours). #e median duration of 
daptomycin therapy was 9!days (IQR, 4–15!days): 54 patients 
received daptomycin for <7!days, 49 for 7–15!days, and 33 for 
>15!days. #e following signi"cant di$erences were observed be-
tween the BL/D-C and BL-M groups. Cardiac valve disease and 
long-term corticoid treatment were more frequent in patients 
treated with BL/D-C. BL/D-C was administered more o%en in 
patients with infective endocarditis and in those with more se-
vere disease as indicated by the Pitt score. Persistent bacteremia 
was more common in the BL/D-C group. Furthermore, anti-
biotic treatment duration was longer and started earlier in the 
BL/D-C group than in the BL-M group (Table 1). Daptomycin 
was active (minimum inhibitory concentration [MIC] &1!mg/L) 
against all but 1 isolate with a MIC!of!2!mg/L.

Outcome!Data

All-cause mortality was 7.7%, 17.1%, and 24.0% at 7, 30, and 
90!days, respectively. No differences were found in the mortality 
rates between the BL/D-C and BL-M groups (Figure 2). We 
performed multivariate survival analyses to compare the time 
to death between the BL/D-C and BL-M groups. Survival was 
higher in the BL-M group than in the BL/D-C group at 7!days 
(0.93 [95% CI, .89–.96] vs 0.91 [95% CI, .86–.96]), 30!days (0.84 
[95% CI, .76–.89] vs 0.80 [95% CI, .74–.87]), and 90!days (0.78 
[95% CI, .72–.83] vs 0.73 [95% CI, .66–.81]), but the log-rank 
test revealed no significant differences between the groups 
(P! =! .335; Supplementary Figure 1). An adjusted Cox model 
was performed to assess the impact of treatment on mortality 
(Table 2). In the raw and in the adjusted Cox models, treatment 
strategy had no impact on the risk of 90-day mortality.

Propensity Score Matching

During propensity score matching, 110 BL/D-C patients were 
matched with 168 BL-M patients. The baseline characteristics 

of the patients are shown in Table 3. After propensity score 
matching, 7-, 30-, and 90–day mortality rates were similar be-
tween the groups (Figure 3). As established in the Cox model 
using the propensity score, BL/D-C treatment had no effect on 
90-day mortality risk. Variables resulting in an imbalance be-
tween the groups after propensity score matching were infective 
endocarditis, cardiac valve disease, catheter-related infection, 
osteoarticular prosthetic devices, and previous use of glucocor-
ticoids. When we included these variables in the adjusted Cox 
model, the impact of BL/D-C treatment on 90-day mortality 
risk remained nonsignificant (Table 4).

Subanalysis

A separate analysis was performed for the subgroup of patients 
with high-risk sources of infection. In this subgroup, 90-day 
survival was higher in the BL/D-C group than in the BL-M 
group, but the log-rank test revealed no significant differences 
(Supplementary Table 1 and Supplementary Figures 2 and 3). 
Additionally, in a separate analysis excluding catheter-related bac-
teremia episodes, there were no differences between the groups, 
also after propensity score matching (Supplementary Tables 2–4).

DISCUSSION

The present study, which is the largest cohort study to date eval-
uating the usefulness of BL/D-C in clinical outcomes for MSSA 

Figure 2. Overall mortality rates and 95% confidence intervals at 7, 30, and 90!days 
in the !-lactam plus daptomycin combination vs !-lactam monotherapy groups.
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Daptomycine-fosfomycine: clairance plus rapide 
de la bactériémie au prix d’effets indésirables

Essai randomisé ouvert en Espagne; SARM
DAP: 10 mg/kg/j; FOS: 2 g/6h
Arrêts pour EI : OAP, troubles électrolytiques; DOOR favorable à association
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Table 2. Primary and Secondary Outcomes

Outcome
Daptomycin Plus Fosfomycin, No. 

of Patients/Total (%)
Daptomycin Alone, No. of 

Patients/Total (%)
Relative Risk   

(95% CI)

Primary endpoint    
 Treatment success at TOC 40/74 (54.1) 34/81 (42.0) 1.29 (.93–1.8)
Secondary endpoints    
 Positive blood cultures at day 3 2/74 (2.7) 15/81 (18.5) 0.15 (.04–.63)
 Positive blood cultures at day 7 0/74 (0.0) 5/81 (6.2) !6.2 (!11.4 to !.9)a

 Positive blood cultures at TOC 0/74 (0.0) 4/81 (4.9) !4.9 (!9.7 to !.2)a

 Microbiological failure at TOC 0/74 (0.0) 9/81 (11.1) !11.1 (!18.0 to –4.3)a

No. of episodes of complicated bacteremia 
at TOC

12/74 (16.2) 26/81 (32.1) 0.51 (.28–.94)

Any AE leading to treatment discontinuation 13/74 (17.6) 4/81 (4.9) 3.56 (1.21–10.44)
Overall mortality at day 7 3/74 (4.1) 6/81 (7.4) 0.55 (.14–2.12)
Overall mortality at TOC 18/74 (24.3) 22/81 (27.2) 0.9 (.53–1.54)

Abbreviations: AE, adverse event; CI, confidence interval; TOC, test of cure.
aProportion difference, as it was not possible to estimate the relative risk.

Table 1. Characteristics of Patients at Baseline in the Modified Intention-to-Treat Population

Characteristic
Daptomycin Plus Fosfomycin   

(n = 74)
Daptomycin Alone   

(n = 81)

Age, y, median (IQR) 74.0 (60.8–80.8) 72 (62.0–80.0)
Male sex 48 (64.9) 56 (69.1)
Charlson comorbidity index, median (IQR)a 3 (2–5) 4 (2–5.8)
Diabetes mellitusb 29 (30.3) 34 (41.9)
Diabetes mellitus with end organ damageb 13 (17.6) 18 (22.2)
Chronic kidney diseaseb 19 (25.7) 35 (43)
Congestive heart failureb 13 (17.6) 19 (23.4)
Malignancyb 18 (24.3) 16 (19.7)
Pitt score, mean (SD)c 1.15 (1.7) 1.22 (2.0)
Implants 20 (27.0) 27 (33.3)
 Orthopedic 11 (14.9) 13 (16.0)
 Pacemaker 8 (10.8) 4 (4.9)
Previous antibiotic therapyd 59 (79.7) 65 (80.2)
Acquisition   
 Community-acquired 7 (9.4) 4 (4.9)
 Nosocomial infection 36 (48.6) 35 (43.2)
 Healthcare-associated 31 (41.8) 42 (51.8)
Main source of infection   
 Intravascular catheter 31 (41.9) 39 (48.1)
 Skin and soft tissue infection 10 (13.5) 19 (23.5)
 Surgical site infection 7 (9.5) 4 (4.9)
 Urinary tract infection 6 (8.1) 3 (3.7)
 Unknown source 14 (18.9) 8 (9.9)
 Other 6 (7.4) 8 (9.9)
Echocardiography 53 (71.6) 59 (72.8)
Endocarditise 9 (12.2) 9 (11.1)
Days of therapy, median (IQR) 14 (11–21) 14 (10–18.5)

Data are presented as no. (%) unless otherwise indicated.

Abbreviations: IQR, interquartile range; SD, standard deviation.
aProvides a 10-year mortality risk, based on weighted comorbid conditions.
bBased on the definitions within the Charlson comorbidity index assessment.
cProvides a measure of in-hospital mortality risk in patients with bloodstream infection based on clinical variables.
dBased on administration of any antibiotic in the 10"days prior to randomization.
eBased on assessment at test-of-cure visit according to modified Duke criteria [27].
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Association à la rifampicine, essai UK, non
ARREST
Essai randomisé en aveugle 
94% SASM; 82% cloxacilline

RIF 600 mg ou 900 mg/J

Tolérance comparable

Thwaites et al., Lancet 2018
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By week 12, 56 (15%) participants in the rifampicin 
group versus 56 (14%) in the placebo group had died 
(RD 1·0%, 95% CI –4·3 to 6·2; HR 1·10, 0·76–1·60; 
p=0·60; figure 2). 25 (7%) participants in the rifampicin 
group versus 17 (4%) in the placebo group died by week 2 
(HR 1·60, 95% CI 0·86–2·95, p=0·13). Of the reported 
deaths, 14 in the rifampicin group versus 16 in the placebo 
group were definitely S aureus-related, 14 versus 12 were 
probably S aureus-related, and eight versus four were 
possibly S aureus-related (appendix p 17). 18 deaths in the 
rifampicin group versus 23 in the placebo group were not 
attributed to S aureus (remainder unattributable; overall 
p=0·64). There was no di!erence in long-term (post-
week 12) survival between the groups (p=0·69; figure 3).

There was no evidence that duration of bacteraemia 
was significantly shorter in those randomly assigned to 

rifampicin (global p=0·66; appendix p 11). C-reactive 
protein concentration decreased significantly in both 
groups, but with smaller decreases in rifampicin 
participants (global p=0·001, appendix p 12). Two (1%) 
participants who received rifampicin developed 
rifampicin-resistant S aureus bacteraemia 7 days and 
42 days after randomisation (p=0·24; appendix p 7); one 
participant had rifampicin-resistant S aureus isolated 
from another sterile site after randomisation (a 
pacemaker lead removed 4 h after the first trial drug 
dose, see appendix p 7).

By week 12, 101 (27%) participants in the rifampicin 
group versus 94 (24%) in the placebo group had 112 
versus 116 SAEs (HR 1·21, 95% CI 0·92–1·61, 
log-rank p=0·17; appendix pp 20, 21). Two participants 
with pre-existing liver disease who received rifampicin 

Figure !: Treatment failure, disease recurrence, and death from randomisation to 12 weeks
Kaplan-Meier curves of bacteriologically confirmed treatment failure or disease recurrence, or death, (A), clinically defined treatment failure or disease recurrence, 
or death, (C), and mortality (D) from randomisation to 12 weeks; and Forest plot of three priority subgroup analyses for bacteriological treatment failure or disease 
recurrence, or death from randomisation to 12 weeks (primary endpoint; B). The p value for interaction is presented in (B). HR=hazard ratio. 
MSSA=meticillin-susceptible Staphylococcus aureus. MRSA=meticillin-resistant S aureus.
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potential treatment failures or disease recurrences 
and deaths were adjudicated by an independent review 
committee masked to the treatment.

Statistical analysis
The trial was originally designed with two co-primary 
outcomes: all-cause mortality by 14 days and bacteri-
ologically confirmed treatment failure or disease re-
currence, or death, by week 12. Assuming 80% power, a 
two-sided ! of 0·025 (to adjust for multiple testing given 
two co-primary outcomes), and a 10% loss to follow-up by 
week 12, 920 participants were needed to detect a 
30% relative reduction in treatment failure or disease 
recurrence, or death, from 35% to 25%—an absolute 
di"erence of 10%, corresponding to a number needed to 
treat of ten. Assuming 80% power, a two-sided ! of 
0·025, and a 4% loss to follow-up by 14 days (as most 
participants remained in hospital during this time), 
940 participants were needed to detect a 45% relative 
reduction in mortality from 16% to 9%—an absolute 
di"erence of 7%, corresponding to a number-needed-to-
treat of 14. Therefore, the total sample size was originally 
940 participants.

Recruitment to the trial was slower than anticipated. To 
facilitate successful completion of the trial, and at the 
request of the trial funder, after 3 years of recruitment 
the 14-day mortality was changed from a co-primary to a 
secondary outcome. 12-week bacteriologically confirmed 
treatment failure or disease recurrence, or death, 
therefore became the sole primary outcome, with a 
consequent decrease in sample size (due to increase in 
the two-sided ! [type I error] from 0·025 [two co-primary 
outcomes] to 0·05 [one primary outcome]). With 12-week 
bacteriologically confirmed treatment failure or disease 
recurrence, or death, as the sole primary outcome, the 
total sample size became 770 participants (!=0·05, other 
assumptions as above).

Interim data were reviewed by an independent data 
monitoring committee (four annual meetings) using 
Haybittle-Peto criterion (p<0·001). Randomised groups 
were compared following the principle of intention-to-
treat (including all follow-up regardless of changes 
to treatment) using log-rank tests for time-to-event 
outcomes, exact tests for binary outcomes, and 
generalised estimating equations with independent 

working correlation for global tests of repeated measures. 
Primary analyses were not stratified by centre. A deep 
infection focus was defined as infection of implanted 
vascular device, native or prosthetic heart value, native or 
prosthetic bone or joint, or deep tissue infection or 

Figure !: Trial profile
*Reasons are not mutually exclusive; therefore, total is more than the number of 

participants not randomly assigned. †Seven participants with predicted 
drug interaction, two misdiagnosed (S aureus not grown from blood but only other 

samples), rifampicin considered mandatory in one, one other clinician considered 
participant should not have been assigned because of acute kidney injury, one 

other clinician considered participant should not have been randomly assigned 
because they were in another study (not of an investigational medicinal product). 

‡Final 12-week visit could occur any time from 11 weeks onwards according to the 
protocol. Consent withdrawals not included in these numbers. §Time-to-event 

analyses included all time at risk from randomisation to the earliest of the event or 
last clinical follow-up if the event had not occurred.
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excluded†

396  assigned placebo
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16 rifampicin indicated
19 participant decision
12 other
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   9 vital status not known at 11 weeks‡
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31 toxicity
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19 other
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analysis§

388 included in intention-to-treat 
analysis§

Les essais cliniques dans les BSA 
sont de réalisation difficile



La rifampicine ne serait pas même 
indispensable dans les EI sur prothèse

Rifampin in Staphylococcal Endocarditis • CID 2020:XX (XX XXXX) • 3

as appropriate. Categorical variables were compared using the 
! 2 test with Yates continuity correction. Multivariate analyses 
were performed using exact logistic regression. Clinically rele-
vant factors associated to outcome with P"<" .20 in the univar-
iate analysis, and variables associated with 1-year-mortality 
in the literature were included in the multivariate model. All 
tests were 2-tailed, and significance was set at P"<".05. Statistical 
analyses were performed using PRISM (v5.0 for Windows, 
GraphPad Software, Inc., San Diego. CA, USA) and STATA (v. 
9.0 for Windows, Statacorp LLC, College Station, TX, USA).

RESULTS

Demographics and Baseline Characteristics

During the study period, 180 episodes of staphylococcal PVE 
were managed in the participating sites, classified as definite 
(n"="149), or possible (n"="31). Of them, 101 (56.1%) received an 
antibiotic regimen with rifampin, and 79 (43.9%) were treated 
without rifampin (Figure" 1). They were 132 males (73.3%), 
and 48 females (26.7%), with a mean age of 70.4"±"12.4"years. 
PVE occurred on bioprosthesis in 111 cases (61.7%), mechan-
ical valves in 67 cases (37.2%), and both in 2 cases (1.1%). 
Cerebral emboli were reported in 53 (29.4%) cases. The caus-
ative agent was S.! aureus in 114 (63.3%) episodes, including 
17 (14.9%) with methicillin resistance. CoNS was responsible 
for 66 (36.7%) episodes, including 39 (59.0%) with methicillin 
resistance. None of the 180 isolates was resistant to rifampin. 
Valvular surgery was performed in 51 (28.3%) cases, most of 
them within 60"days after PVE diagnosis (94%). Sixty-two pa-
tients (34.4%) received VKA during the antibacterial treatment 
of their PVE. Baseline demographic, clinical, and microbiolog-
ical features of the 2 groups were similar, except for the pro-
portion of S.! aureus isolates resistant to methicillin, at 21.9% 
(14/64) in patients treated with rifampin, versus 6.0% (3/50) in 
patients who received no rifampin, P"=".04 (Table"1).

Rifampin Treatment

The median duration of rifampin was 33.0" days (IQR, 12.5–
41.2) with a median dose of 1200" mg per day (IQR, 900–
1200"mg). Median time between first positive blood culture and 
rifampin start was 7"days (IQR, 3–15"days). Rifampin had to be 
prematurely discontinued because of severe adverse events in 
31 patients (30.7%), mainly because of liver toxicity (n"="11), 
digestive disorders (n"="4), cytopenia (n"="4), VKA imbalance 
(n"="3), renal toxicity (n"="2), allergy (n"="2), treatment failure 
(n"="2), or not specified (n"="3). Of the 35 patients who were 
treated with VKA when rifampin was introduced, 15 (42.9%) 
presented VKA imbalance during rifampin treatment or during 
the week following rifampin discontinuation, deemed to be re-
lated to drug interactions (Supplementary Table 1). Four epi-
sodes of drug interactions with drugs other than VKA were 
identified, with methadone (n" =" 2), phenytoin (n" =" 1), and 
mianserin (n"="1). None of these were responsible for rifampin 
discontinuation. No emergence of resistance to rifampin was 
observed in the 6 patients who relapsed with positive blood 
cultures.

Outcome

In-hospital mortality was 23.6% (42/180), and 1-year mor-
tality was 35.4% (63/180). Thirteen patients (7.3%) relapsed. 
Outcomes were similar in patients treated with or without 
rifampin, except for hospital length-of-stay, with a mean 
of 42.3" days" ±" 18.6 in patients treated with rifampin versus 
31.3" days" ±" 14.0 in patients who did not receive rifampin, 
P"<".0001 (Table"2). Results were similar when the analysis was 
stratified by pathogen (S.!aureus and CoNS, Table"3), when it 
was restricted to patients with definite IE according to modified 
Duke classification (Supplementary Table 2), to patients with 
PVE due to methicillin-resistant staphylococci (Supplementary 
Table 3), or when it was restricted to patients who underwent 
no valve replacement (Supplementary Table 4).

#e only factor associated with 1-year mortality on univar-
iate analysis was cerebral emboli. On multivariate analysis, cere-
bral emboli (odds ratio [OR] 2.95, 95% con$dence interval [CI], 
1.30–6.70, P"=" .009), de$nite endocarditis according to modi-
$ed Duke criteria (OR 7.15, 95% CI, 1.47–34.77, P"=".018), and 
methicillin-resistant S.! aureus (OR 6.04, 95% CI, 1.34–27.26, 
P"=".019), were independently associated with 1-year mortality 
(Table"4).

DISCUSSION

The major findings of this retrospective study of staphylococcal 
PVE managed in 3 referral centers for IE are the following: (i) 
in spite of international guidelines, a large proportion of pa-
tients with rifampin-susceptible staphylococcal PVE are 
treated without rifampin (79/180, 43.9%); (ii) baseline charac-
teristics of patients treated with or without rifampin were sim-
ilar; (iii) rifampin use was not associated with any measurable Figure 1. Flow diagram of patients enrollment.
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Etude observationnelle
Grand Ouest (GERICCO)
S. aureus (63%) et SCN 
Durée médiane RIF 33 jours

arrêt prématuré 31%

Pas de différence de pronostic
mortalité à 1 an: 35% (RIF: 42%)
rechutes: 9% (no RIF: 7%)

OR ajusté de décès à 1 an, groupe RIF: 0,90 (0,38-2,11)

Durée de séjour plus longue (42 j vs 33j) et déséquilibre AVK plus 
fréquent (43% vs 22%) sous rifampicine



Bactériémie persistante: 
quelle prise en charge ?



Il faut contrôler la porte d’entrée 
et les foyers profonds
• Outre la recherche d’EI, toutes les recommandations insistent sur le traitement 

de la porte d’entrée (source control) et des foyers secondaires

• Dans une étude observationnelle (Los Angeles; 2012-2017), le seul facteur 
modifiable associé à la durée de bactériémie est le contrôle de la porte d’entrée, 
drainage ou retrait du cathéter; pas d’effet des AB

Durée bactériémie p

Courte (1-2j) Intermédiaire (3-6j) Prolongée (> 7j)

N (%) 555 (63%) 250 (28%) 79 (9%)

Avis infectiologue 50% 66% 89% < 0,001

Délai avis 2 jours 2 jours 3 jours < 0,001

Délai contrôle source 1 jour 3 jours 3,5 jours < 0,001

Minejima et al., Clin Infect Dis 2020



Modifier le traitement antibiotique ?

• Nombreuses petites séries (SARM surtout) avec des résultats parfois 
spectaculaires, mais la causalité manque
• Exemple récent (SAMS): céfazoline + ertapénème

• 8 patients ont vu leurs hémocultures stérilisées en 24 heures après 6 jours de bactériémie
• Pas de synergie in vitro
• Confirmation par modèle animal

• Relais de la vancomycine par une association comprenant de la daptomycine HD 
si SARM = niveau de preuve BIII pour l’IDSA en 2011

Ulloa et al., Clin Infect Dis 20201416 • CID 2020:71 (15 September) • Ulloa et!al

conditions (Table 3). For cefazolin and nafcillin, MICs obtained 
in RPMI! +! 5% LB under standard inoculum conditions were 
similar to results obtained in standard MHB. Isolates from cases 
2 and 5 showed 8-fold decreased cefazolin MIC in RPMI!+!5% 
LB compared to MHB when tested under high inoculum. Only 
the MSSA isolate from case 5, which had a very high cefazolin 
MIC (32!mg/L) in MHB and high bacterial inoculum, showed 
a signi"cant inoculum e#ect in RPMI!+!5% LB (cefazolin MIC 
4!mg/L). However, much higher ertapenem MICs were seen for 
all of isolates under both standard and high inoculum testing 
in RPMI!+!5% LB media. Using standard bacterial inocula, the 
ertapenem MICs observed in RPMI!+!5% LB were 15–133 times 
higher than in!MHB.

To simulate the most challenging high-inoculum MSSA in-
fections, kill curves were performed at a starting inoculum of 107 
CFU/mL in addition to standard inoculum (105 CFU/mL) with 
ertapenem and cefazolin, alone or in combination, against clin-
ical strains from cases 1–6 listed in Table 1. Results are shown in 
Supplementary Figure 1, with data from experiments in MHB 

on the le$ and those done in RPMI!+!5% LB on the right. In both 
MHB and RPMI!+!5% LB media, ertapenem and cefazolin pro-
vided heterogenous results across the 6 strains, with some strains 
showing synerg (!2 log10 killing of the combination as compared 
to the most active antibiotic alone) [16] at the 24-hour time point 
while others did not. Most strains showed regrowth at 24 hours. 
Two of the strains were also examined in a similar fashion using 
ertapenem and nafcillin, alone or in combination in both MHB 
and RPMI! +! 5% LB (Supplementary Figure 2). Both strains 
showed synergism with the combination of ertapenem plus 
nafcillin in RPMI!+!5% LB, with approximately 2 log10 killing at 
24 hours but only at high inoculums (107 CFU/mL).

%e results of cefazolin and ertapenem, alone and in com-
bination, in the endocarditis model are shown in Figure 1. In 
the presence of ertapenem, the bacterial inoculum in all but 1 

Table 2. In Vitro Studies in Mueller-Hinton Broth Under Low or High Inocula Against Nafcillin, Cefazolin, and Ertapenem From Methicillin-Susceptible 
Staphylococcus aureus Obtained From 6 Clinical Cases

Case

MIC, mg/L Checkerboard, FICI Disk Diffusion, mm

NAF CZ ETP CZ!+!ETP NAF!+!ETP ETP CZ ETP"CZ #

105 107 105 107 105 107 105 107 105 107     

1 0.25 0.50 0.25 1 0.06 0.06 0.56 0.50 0.56 0.75 30 27 32 +5
2 0.50 1 1 16 0.13 0.25 0.50 0.38 0.53 0.50 29 24 29 +5
3 0.25 0.50 0.50 8 0.06 0.06 0.75 0.56 0.38 0.56 29 26 29 +3
4 0.25 0.50 0.25 1 0.06 0.06 0.50 0.63 0.63 0.56 30 28 32 +4
5 0.25 0.50 0.50 32 0.03 0.06 0.75 0.53 0.50 0.63 30 24 28 +4
6 0.25 0.25 0.25 0.50 0.03 0.06 1 0.63 0.75 0.63 30 30 34 +4

Data in bold indicate isolates that exhibited an inoculum effect with cefazolin based on MIC; or synergy between cefazolin or nafcillin + ertapenem based on checkerboard, FICI.!FICIs were 
interpreted as follows: synergy, FICI of "0.50; additivity, FICI of >0.50 to "1.0; no interaction (indifference), FICI of >1 to "4; antagonism, FICI of >4. ETP"CZ: ertapenem disk placed for 
1 hour, then replaced by CZ disk for overnight. This was compared to CZ where a blank disk was placed for an hour and replaced with CZ for overnight incubation. The difference (#in zone 
size between CZ and ETP"CZ was measured (mm) and synergy defined as >3!mm.
Abbreviations: CZ, cefazolin; ETP, ertapenem; FICI, fractional inhibitory concentration indices; MIC, minimum inhibitory concentration; NAF, nafcillin.

Table 3. Minimum Inhibitory Concentration Under Low and High 
Inocula for Nafcillin, Cefazolin, and Ertapenem Across the 6 Clinical 
Isolates of Methicillin-Susceptible Staphylococcus aureus Used in This 
Study in Roswell Park Memorial Institute 1640 Tissue Culture Medium 
Supplemented With 5% Luria-Bertani Broth

Case

MIC, mg/L

Nafcillin Cefazolin Ertapenem

105 107 105 107 105 107

1 0.13 0.25 0.25 1 4 2
2 0.25 0.50 0.50 2 2 4
3 0.25 0.50 1 4 4 2
4 0.25 0.25 0.50 1 2 2
5 0.13 0.13 0.25 4 4 4
6 0.13 0.25 0.25 1 4 1

Data in bold indicate isolates that exhibited an inoculum effect with cefazolin based on 
MIC.

Abbreviation: MIC, minimum inhibitory concentration.

Figure 1. Efficacy of antibiotic therapy in a rat endocarditis model of infec-
tion with methicillin-susceptible Staphylococcus aureus TX0117. The results of 
therapy with cefazolin, ertapenem, and cefazolin-ertapenem for TX0117-infected 
rats are shown. Horizontal bars represent the geometric mean colony-forming unit 
titers. No antibiotics, filled circles; cefazolin, filled asterisks; ertapenem, open 
diamonds; cefazolin + ertapenem, closed diamonds. *P!<! .05, by 2-tailed Mann-
Whitney test. **P!=!.005, ****P!<!.0001, by Kruskal-Wallis 1-way analysis of vari-
ance. Abbreviations: abx, antibiotics; CFU, colony-forming units; CZ, cefazolin; ETP, 
ertapenem; ns, not significant.



Synthèse

• Détection et prise en charge éclairée des foyers profonds
• L’ETT ne paraît pas indispensable si score VIRSTA < 3 = bactériémie sur 

cathéter cliniquement non compliquée, de durée < 48 heures sous 
antibiotiques, chez un sujet qui n’est pas porteur de matériel 
intracardiaque
• La place de l’imagerie systématique dont le TEP à la recherche de foyers 

profonds reste à déterminer

• Une monothérapie antistaphylococcique reste le traitement le plus 
efficace à la phase aiguë malgré ses insuffisances
• Bithérapie = patience et longueur de temps

• daptomycine + ceftaroline ou fosfomycine sur le SARM ???



Les questions qui devraient être 
prochainement résolues
• Place du TEP-TDM: étude TEPSTAR, recrutement en cours

• Relai oral à J7: Sabato, étude terminée, résultats en attente
• Cloxacilline vs céfazoline: Cloceba, recrutement en cours
• Place de la dalbavancine dans les bactériémies sur KT: étude 

DALICATH, début proche

• Etat de l’art en 2022: recommandations conjointes IDSA-ESCMID
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