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Objectives: To ascertain whether infective endocarditis (IE) was associated with persistent bacter-
aemia/candidaemia among patients with suspected IE.
Methods: This study included bacteraemic/candidaemic adult patients with echocardiography and follow-
up blood cultures. Persistent bacteraemia/candidaemia was defined as continued positive blood cultures
with the same microorganism for 48 h or more after antibiotic treatment initiation. Each case was clas-
sified for IE by the Endocarditis Team.
Results: Among 1962 episodes of suspected IE, IE (605; 31%) was the most prevalent infection type. Per-
sistent bacteraemia/candidaemia was observed in 426 (22%) episodes. Persistent bacteraemia was more
common among episodes with Staphylococcus aureus bacteraemia compared to episodes with positive
blood cultures for other pathogens (32%, 298/933 vs 12%, 128/1029; P < 0.001). Multivariable anal-
ysis demonstrated that cardiac predisposing factors (aOR 1.84, 95% CI 1.31-2.60), community or non-
nosocomial healthcare-associated (2.85, 2.10-3.88), bacteraemia by high-risk bacteria, such as S. aureus,
streptococci, enterococci or HACEK (1.84, 1.31-2.60), two or more positive sets of index blood cultures
(6.99, 4.60-10.63), persistent bacteraemia/candidaemia for 48 h from antimicrobial treatment initiation
(1.43, 1.05-1.93), embolic events within 48h from antimicrobial treatment initiation (12.81, 9.43-17.41),
and immunological phenomena (3.87, 1.09-1.78) were associated with infective endocarditis.
Conclusions: 1E was associated with persistent bacteraemia/candidaemia, along with other commonly
associated factors.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

follow-up blood cultures heighten the suspicion of IE [1]. Follow-
up blood cultures are integral for managing intravascular infections

Blood cultures are the cornerstone for diagnosing infective en-
docarditis (IE), identifying the microbial cause in over 90% of cases
[1]. The significance of blood cultures in diagnosing IE is under-
scored by their incorporation into all versions of the Duke criteria
as a major criterion, alongside the presence of typical intracardiac
lesions [1]. In inconclusive initial assessments, persistently positive
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like IE, Staphylococcus aureus bacteraemia, and candidaemia [1-3].

The primary objective was to ascertain whether IE was as-
sociated with persistent bacteraemia/candidaemia among patients
with suspected IE.

Methods

This retrospective study was conducted at the Lausanne Uni-
versity Hospital in Switzerland (January 2014-June 2023), merg-
ing two cohorts: the cohort of patients suspected of IE, which
included patients with blood cultures drawn and echocardiogra-
phy performed specifically for the research of IE (retrospective
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Table 1
Comparison of episodes with or without infective endocarditis.
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No infective endocarditis (n = 1357)

Infective endocarditis (n = 605) P

Demographics
Male sex
Age (years)
Cardiac predisposing factors®
IV drug use
Congenital heart condition
Prosthetic valve
Prior endocarditis
Cardiac implantable electronic devices
Setting of infection onset
Community or non-nosocomial healthcare-associated
Nosocomial
Isolated pathogen
Bacteraemia by high-risk bacteria®
S. aureus
Streptococcus spp
Enterococcus spp
HACEK
Coagulase-negative staphylococci

Gram-positive other than staphylococci, streptococci and enterococci

Gram-negative other than HACEK

Fungi

Polymicrobial bacteraemia/candidaemia
>1 positive set of index blood cultures
Duration of bacteraemia/candidaemia (h)

944
67
208

771
586

1015
666
279
109
2
109
39
194
113
166
920
0

Persistent bacteraemia/candidaemia for 48 h or more from antimicrobial 237

treatment initiation
Manifestations

Fever (temperature >38 °C) 1139
Sepsis 561
Embolic events within 48h from antimicrobial treatment initiation 87
Cerebral embolic events 12
Non-cerebral embolic events 75
Immunological phenomena 16
Bone and joint infection® 250
Septic arthritis 95
Vertebral osteomyelitis 67
Non-vertebral osteomyelitis 14
Prosthetic osteoarticular infection 108

70% 451 75% 0.027
55-77 68 55-77 0.960
15% 258 43% <0.001
6% 54 9% 0.011
2% 71 12% <0.001
7% 176 29% <0.001
2% 57 9% <0.001
8% 118 20% <0.001
57% 513 85% <0.001
43% 92 15%

75% 525 87% <0.001
49% 267 44% 0.045
21% 166 27% 0.001
8% 83 14% <0.001
0.1% 19 3% 0.001
8% 43 7% 0.523
3% 13 2% 0.447
14% 19 3% <0.001
8% 11 2% <0.001
12% 16 3% <0.001
68% 570 94% <0.001
0-33 21 0-67 <0.001
18% 189 31% <0.001
84% 506 84% 0.894
41% 277 46% 0.068
6% 246 41% <0.001
0.9% 126 21% <0.001
6% 180 30% <0.001
1% 53 9% <0.001
18% 126 21% 0.215
7% 61 10% 0.024
5% 55 9% 0.001
1% 3 0.5% 0.299
8% 23 4% 0.001

CIED, cardiac implantable electronic devices; HACEK, Haemophilus spp, Aggregatibacter spp, Cardiobacterium hominis, Eikenella corrodens, Kingella kingae; ISCVID: International

Society of Cardiovascular Infectious Diseases.
Data are depicted as number/percentage or median/Q1-Q3.

4 Cardiac predisposing factors as described by the 2023 European Society of Cardiology Duke criteria.

b Staphylococcus aureus, streptococci, enterococci or HACEK.
¢ Excluding chronic osteitis.

inclusion from 2014 to 2017, and prospective inclusion from 2018
onwards), and the bacteraemia/candidaemia cohort (retrospective
inclusion from 2015 to 2021).

Inclusion criteria were adult patients with bacteraemia or can-
didaemia with clinical suspicion of IE, defined as echocardiogra-
phy performed specifically for the research of IE. Exclusion criteria
were the absence of follow-up blood cultures and death within 48
h from antibiotic treatment initiation without negative follow-up
blood cultures. Additional exclusion criteria were written refusal to
use their data and duplicate episodes.

Data regarding demographics, comorbidities, cardiac predispos-
ing factors [1], blood culture data, systemic manifestations, type of
infection, embolic events, were retrieved from patients’ electronic
health records.

Per internal guidelines, follow-up blood cultures among pa-
tients with suspected IE were taken every 24-48 h until clear-
ance. Persistent bacteraemia/candidaemia was defined as contin-
uous positive blood cultures with the same microorganism for 48
h or more from antibiotic treatment initiation, as proposed in pre-
vious study on S. aureus [4]. IE diagnosis was classified by the En-
docarditis Team and other foci of infections were diagnosed by the
infectious diseases consultant or treating physician. Antimicrobial
treatment initiation was defined as the hour of administration of

the first antimicrobial. Sepsis was defined based on the criteria of
the Sepsis-3 International Consensus [5].

Data analysis was conducted using SPSS version 26.0 (SPSS,
Chicago, Illinois, USA). Categorical variables were analysed using
the chi-square or Fisher exact test and continuous variables with
Mann-Whitney U test. Bivariable and multivariable logistic regres-
sion analyses were performed with IE being the dependent vari-
able. Variables with P < 0.1 that did not contribute to multi-
collinearity (variance inflation factor assessment) were used in
multivariable analyses. Adjusted odds ratios (aORs) and 95% con-
fidence intervals (CIs) were calculated. P < 0.05 was considered
statistically significant.

Results

Of the 2942 episodes across both cohorts, 1962 were included
(Supplementary Figure 1). The most frequently isolated pathogen
was S. aureus (933; 48%). Sepsis was observed in 838 (43%)
episodes.

IE (605; 31%) was the most prevalent infection type (Sup-
plementary Table 1); 383 (69%) native valve, 146 (26%) pros-
thetic valve, and 70 (13%) CIED-lead IE. Transthoracic echocardiog-
raphy, transoesophageal echocardiography, 8F-Fluorodeoxyglucose
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Table 2
Multivariable analysis of predictors of infective endocarditis among patients with suspected infective endocarditis.
P aoR (95% CI)
Male sex 0.757 1.05 (0.79-1.39

Cardiac predisposing factors?

Community or non-nosocomial healthcare-associated
Bacteraemia by high-risk bacteria®

>1 positive set of index blood cultures

Persistent bacteraemia/candidaemia for 48 h or more from antimicrobial treatment initiation  0.022

Sepsis

Embolic events within 48 h from antimicrobial treatment initiation

Immunological phenomena
Septic arthritis
Vertebral osteomyelitis

( )
<0001  1.84 (1.31-2.60)
<0.001  2.85 (2.10-3.88)
<0001  1.84 (1.31-2.60)
<0.001  6.99 (4.60-10.63)
1.43 (1.05-1.93)
0936  0.99 (0.76-1.28)
<0001  12.81 (9.43-17.41)
<0.001  3.87 (1.81-8.25)
0.194 1.33 (0.86-2.06)
0134  1.44(0.89-231)

a0R, adjusted odds ratios; CI, confidence interval; HACEK, Haemophilus spp, Aggregatibacter spp, Cardiobacterium hominis, Eikenella cor-

rodens, Kingella kingae.

2 Cardiac predisposing factors as described by the 2023 European Society of Cardiology Duke criteria.

b Staphylococcus aureus, streptococci, enterococci or HACEK.

Positron Emission Tomography/Computed Tomography and cardiac
CT were performed in 1835 (94%), 933 (48%), 312 (16%), and 55
(3%) episodes, respectively

Persistent bacteraemia/candidaemia for 48h or more was ob-
served in 426 (22%) episodes (Supplementary Figure 2), and was
more prevalent among IE episodes compared to those without (31%
vs 18%; P < 0.001). Among 933 patients with S. aureus bacter-
aemia, 298 (32%) had positive follow-up blood cultures for 48 h or
more after the initiation of antimicrobial treatment (Supplemen-
tary Table 2). This percentage was higher compared to the rate
of episodes exhibiting positive blood cultures for other pathogens,
which stood at 12% (128 out of 1029 cases; P < 0.001). Table 1 pro-
vides an overview of factors associated with IE. Multivariable anal-
ysis (Table 2) demonstrated that cardiac predisposing factors (P <
0.001; aOR 1.84, 95% CI 1.31-2.60), community or non-nosocomial
healthcare-associated infection (P < 0.001; aOR 2.85, 95% CI 2.10-
3.88), bacteraemia by high-risk bacteria, such as S. aureus, strep-
tococci, enterococci or HACEK (P < 0.001; aOR 1.84, 95% CI 1.31-
2.60), two or more positive sets of index blood cultures (P < 0.001;
aOR 6.99, 95% CI 4.60-10.63), persistent bacteraemia/candidaemia
for 48 h or more from antimicrobial treatment initiation (P =
0.022; aOR 1.43, 95% CI 1.05-1.93), embolic events within 48 h
from antimicrobial treatment initiation (P < 0.001; aOR 12.81, 95%
Cl 9.43-1741), and immunological phenomena (P < 0.001; aOR
3.87, 95% CI 1.09-1.78) were associated with infective endocarditis.

Discussion

Our findings revealed that among patients with suspected IE,
persistent positive blood cultures lasting at least 48 h from an-
timicrobial treatment initiation was common (22%) and associated
with IE, alongside other factors commonly associated with IE, such
as bacteraemia by typical microorganisms, non-nosocomial bacter-
aemia/candidaemia, embolic events, and immunological phenom-
ena, most of them being part of the Duke clinical criteria for the
diagnosis of IE [1].

Due to the association between IE and persistent bacter-
aemia/candidaemia, the persistently positive blood cultures for
typical pathogens figure in the major microbiological Duke crite-
rion [1]. Thus, in cases where the initial assessment for diagnosis
of IE is inconclusive, the presence of persistently positive follow-up
blood cultures should increase the suspicion of IE, by prompting
clinicians toward more thorough diagnostic investigations, includ-
ing echocardiography to identify intracardiac lesions specific to IE
[3,6-9], or thoracoabdominal or cerebral imaging to detect indirect
signs of IE, such as embolic events or metastatic complications like
bone and joint infections typically associated with IE [6,7,10].

The primary observation was the predominant association of
S. aureus with persistent bacteraemia (32%), whereas this occur-
rence was less frequent in enterococcal (14%) and notably rare in
streptococcal bacteraemia (2%). This association between persis-
tent bacteraemia and IE in S. aureus bacteraemic patients led to
its inclusion in different prediction rules for diagnosing IE, such
as VIRSTA, PREDICT, and LAUSTAPHEN |3,8,9]. Another study also
associated S. aureus with persistent bacteraemia, while strepto-
cocci showed a higher likelihood of bacteraemia clearance [11].
These findings challenge the current practice of routinely collect-
ing follow-up blood cultures until clearance in all patients with IE
suspicion, even those with non-staphylococcal IE patients.

Our study has several limitations. Firstly, many patients were
included retrospectively and it was conducted at a single cen-
ter, thereby impacting the generalizability of the results. Secondly,
even if the intervals of follow-up blood culture varied (every 1-2
days until clearance), all patients underwent their initial follow-up
blood cultures within 48 h of the index blood cultures. Thirdly, due
to prospective inclusion in the cohort of patients with suspected IE
from 2018 onwards, a higher percentage of patients (17%) did not
or were unable to sign the informed consent.

In summary, many patients with suspected IE exhibited per-
sistent bacteraemia/candidaemia, a condition associated with IE.
While follow-up blood cultures are indispensable among patients
with S. aureus bacteraemia and IE suspicion, this might not be the
case among those with streptococcal bacteraemia and IE suspicion,
as 98% of them clear their bacteraemia within 48 h from antimi-
crobial treatment initiation.

Declarations of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.
Funding

There was no funding source for this study.
Ethical approval

Ethical approval for the study was obtained from the ethics
committee of the Canton of Vaud (CER-VD 2021-02516, CER-VD
2017-02137).

Acknowledgements

None.



A. Teixeira Antunes, P. Monney, G. Tzimas et al.
Author contributions

MPO, PM and BG conceived the idea. ATA, PM, GT, PT, MK, BG
and MPO collected the patients’ data. MPO supervised the project.
MPO performed the analysis and interpreted the results. ATA wrote
the manuscript. All authors contributed to manuscript revision and
read and approved the submitted version.

Data statement

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.ijid.2024.107022.

References

[1] Delgado V, Ajmone Marsan N, de Waha S, Bonaros N, Brida M, Burri H, et al.
2023 ESC Guidelines for the management of endocarditis. Eur Heart ] 2023.

[2] Pappas PG, Kauffman CA, Andes DR, Clancy CJ, Marr KA, Ostrosky-Zeich-
ner L, et al. Clinical practice guideline for the management of candidiasis:
2016 update by the Infectious Diseases Society of America. Clin Infect Dis
2016;62:e1-50.

International Journal of Infectious Diseases 143 (2024) 107022

[3] Papadimitriou-Olivgeris M, Monney P, Mueller L, Senn L, Guery B. The LAU-
sanne STAPHylococcus aureus ENdocarditis (LAUSTAPHEN) score: a prediction
score to estimate initial risk for infective endocarditis in patients with S. au-
reus bacteremia. Front Cardiovasc Med 2022;9:961579.

Kuehl R, Morata L, Boeing C, Subirana I, Seifert H, Rieg S, et al. Defining per-

sistent Staphylococcus aureus bacteraemia: secondary analysis of a prospective

cohort study. Lancet Infect Dis 2020;20:1409-17.

[5] Singer M, Deutschman CS, Seymour C, Shankar-Hari M, Annane D, Bauer M,

et al. The third international consensus definitions for sepsis and septic shock

(Sepsis-3). JAMA 2016;315:801-10.

Rogers R, Rice LB. State-of-the-art review: persistent enterococcal bacteremia.

Clin Infect Dis 2024;78:e1-e11.

Holland TL, Bayer AS, Fowler VG. Persistent methicilin-resistant Staphylococcus

aureus bacteremia: resetting the clock for optimal management. Clin Infect Dis

2022;75:1668-74.

[8] Palraj BR, Baddour LM, Hess EP, Steckelberg JM, Wilson WR, Lahr BD, et al.

Predicting risk of endocarditis using a clinical tool (PREDICT): scoring system

to guide use of echocardiography in the management of Staphylococcus aureus

bacteremia. Clin Infect Dis 2015;61:18-28.

Tubiana S, Duval X, Alla F, Selton-Suty C, Tattevin P, Delahaye F, et al. The

VIRSTA score, a prediction score to estimate risk of infective endocarditis and

determine priority for echocardiography in patients with Staphylococcus aureus

bacteremia. J Infect 2016;72:544-53.

[10] Papadimitriou-Olivgeris M, Guery B, lanculescu N, Dunet V, Messaoudi Y, Pis-
tocchi S, et al. Role of cerebral imaging on diagnosis and management in
patients with suspected infective endocarditis. Clin Infect Dis 2023;77:371-
379.

[11] Wiggers JB, Xiong W, Daneman N. Sending repeat cultures: is there a role
in the management of bacteremic episodes? (SCRIBE study). BMC Infect Dis
2016;16:286.

[4

[6

17

[9


https://doi.org/10.1016/j.ijid.2024.107022
http://refhub.elsevier.com/S1201-9712(24)00093-6/sbref0001
http://refhub.elsevier.com/S1201-9712(24)00093-6/sbref0002
http://refhub.elsevier.com/S1201-9712(24)00093-6/sbref0003
http://refhub.elsevier.com/S1201-9712(24)00093-6/sbref0004
http://refhub.elsevier.com/S1201-9712(24)00093-6/optZ7JPxPZYHi
http://refhub.elsevier.com/S1201-9712(24)00093-6/sbref0005
http://refhub.elsevier.com/S1201-9712(24)00093-6/sbref0006
http://refhub.elsevier.com/S1201-9712(24)00093-6/sbref0007
http://refhub.elsevier.com/S1201-9712(24)00093-6/sbref0008
http://refhub.elsevier.com/S1201-9712(24)00093-6/sbref0009
http://refhub.elsevier.com/S1201-9712(24)00093-6/sbref0010

	Association of persistent positive blood cultures and infective endocarditis: A cohort study among patients with suspected infective endocarditis
	Introduction
	Methods
	Results
	Discussion
	Declarations of competing interest
	Funding
	Ethical approval
	Acknowledgements
	Author contributions
	Data statement
	Supplementary materials
	References


