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ABSTRACT 
Introduction: Cardiac surgery is required in up to half of the patients with infective endocarditis (IE). Positive valve 
cultures have been associated with higher in-hospital mortality. The aims were to identify risk factors for positive valve 
cultures and its relation to outcome.
Methods: Patients subjected to heart valve cultures due to surgery for IE in Skåne University Hospital, Lund, between 
2012 and 2021 were identified through microbiology records. Risk factors for positive valve cultures and information on 
mortality and relapse were retrieved through medical records. Univariable and multivariable logistic regressions were 
performed.
Results: A total of 345 episodes with IE in 337 patients subjected to cardiac surgery were included and valve cultures 
were positive in 78 (23%) episodes. In multivariable logistic regression, preoperative fever (adjusted odds ratio (AOR) 2.6, 
95% confidence interval (CI) 1.2–5.6, p¼ 0.02), prosthetic heart valve (AOR 3.3, CI 1.4–7.9, p¼ 0.01), a single affected 
valve (AOR 4.8, CI 1.2–20, p¼ 0.03), blood culture findings of S. aureus, enterococci, or coagulase negative staphylococci 
compared to viridans streptococci (AOR 20–48, p< 0.001), and a shorter duration of antibiotic treatment (p< 0.001), 
were associated to positive valve culture. One-year mortality was 13% and a relapse was identified in 2.5% of episodes. 
No association between positive valve cultures and one-year mortality or relapse was identified.
Conclusions: Positive valve cultures were associated to short preoperative antibiotic treatment, IE caused by staphylo-
cocci, preoperative fever and prosthetic valve but not to relapse or mortality.
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Introduction

Infective endocarditis (IE) is a severe disease requiring 
cardiac surgery in up to 50% of all cases [1]. The three 
main indications for surgery in the active phase of IE are 
heart failure, uncontrolled infection, and high risk of 
embolism [2]. The optimal timing of surgery is unknown, 
but early surgical intervention has been indicated to be 
associated with lower risks of mortality [3,4]. Early surgi-
cal intervention also reduces the risk of embolic events 
and its complications [3]. However, early surgical inter-
vention leads to a shorter duration of preoperative anti-
biotic treatment which is associated with positive valve 
cultures [5,6]. When the timing of surgery is considered, 
a risk-benefit analysis for the individual patient should 
be performed by a multidisciplinary team [2].

Patients with positive valve cultures after surgery have 
been suggested to have higher in-hospital mortality rate. 
Consequently, guidelines argue that a positive valve cul-
ture should lead to a new full course of treatment with 
antibiotics [2,7]. Prior studies have found shorter duration 
of preoperative antibiotic treatment and IE caused by 
Staphylococcus and Enterococcus species to be associated 
with positive valve cultures [5,6]. Large vegetations have 
also been associated with positive valve cultures [8]. 
Relapse is rare in IE subjected to cardiac surgery, occur-
ring in about 1% of the episodes. Previous studies suggest 
that the duration of postoperative antibiotic treatment 
does not affect the risk of relapse and positive valve cul-
tures to be unhelpful in predicting relapse in IE [9,10].

To our knowledge, the association between positive 
valve cultures and other indicators for high activity of 
infection such as preoperative fever, number of embolic 
events and cardiac abscesses have not been investi-
gated. The purpose of this study was to investigate 
whether such associations exist in our cohort and to 
evaluate the role of valve cultures as a prognostic factor 
in IE in relation to one-year mortality and relapse of IE.

Methods

Study population

Possible candidates for the study were found through 
searches of microbiological analyses performed by the 
Clinical Microbiology Laboratory at Region Skåne Medical 
Services, Lund. We included analyses performed between 
2012 and 2021 at the request of the Department of 
Cardiothoracic surgery at Skåne University Hospital, Lund. 
Only patients subjected to valve surgery and with micro-
biological analyses of valve tissue were eligible.

Children below the age of 18, patients subjected to 
valve surgery without suspicion of IE, patients who 
underwent a full course of antibiotic therapy for IE prior 
to surgery, episodes defined as reject IE according to 
ESC 2015 criteria [2] and patients with initial surgery at 
a different center were excluded. A similar study popula-
tion, but with different exclusion criteria, has previously 
been presented where the potential usefulness of 16S 
rDNA gene PCR in IE surgery was described [11].

The study was approved by the Swedish Ethical 
Review Authority (2021-05713).

Purpose and definitions

The primary purpose of this study was to investigate risk 
factors to predict valve culture positivity in patients 
undergoing surgery during active antimicrobial treat-
ment for IE. The secondary purpose was to determine if 
valve culture positivity was predictive for poor outcomes 
defined as relapse in bacteremia or death and to 
describe risk factors for one-year mortality.

For these purposes, a retrospective review of medical 
records was performed. A predetermined protocol of varia-
bles was used to collect data about microbiological analyses 
(blood cultures, valve cultures and 16S-rDNA analysis), 
demographics, predisposing factors, comorbidities, data on 
presentation, treatment, work-up and outcomes. Using the 
ESC 2015 modified criteria [2], all episodes were defined as 
definite, possible, or rejected IE. An updated version of 
Charlson comorbidity score was used to describe comorbid-
ities [12]. Valvular heart disease was defined as any form of 
congenital valve disease, moderate or severe valve stenosis 
or valve insufficiency known prior to the included episode. 
Persistent fever at the time of surgery was defined as 
temperature measurement above 38 �C within 48 h of the 
surgery. CRP at the time of surgery was defined as the CRP- 
measurement closest to the surgery, but not exceeding 48 h 
before the surgery. CRP-ratio was calculated as CRP at the 
time of surgery divided by the highest CRP recorded before 
the surgery during the same admission. CRP-ratio was used 
as an indication for remaining inflammatory activity at the 
time of surgery. Vegetation size was defined as the longest 
measurement of the largest visualized vegetation on echo-
cardiography. Preoperative antibiotic duration was defined 
as the duration of treatment with an antibiotic effective 
against the causative agent. The number of embolic events 
were divided into groups due to high numbers of embolic 
events often not being described as a fixed number in the 
medical records. Surgical intervention was defined as any 
form of cardiothoracic surgery such as valve surgery, re- 
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exploration, or surgical debridement, within the same hos-
pital stay or within 30 days. Surgical intervention was further 
divided into reoperation and re-exploration. Reoperation 
was defined as another valve surgery related to the present 
episode within the same hospital stay or within 30 days. Re- 
exploration due to complications such as bleeding, tampon-
ade, or myocardial complications where valve surgery was 
not performed was defined as re-exploration. Relapse was 
defined as bacteremia with the same causative agent as the 
previous after the end of antibiotic treatment for IE but 
within one year or relapse of IE within a year even if the 
agent was unknown. An episode of IE within a year but with 
a different causative agent was not considered as a relapse. 
Follow-up data about relapse and mortality was gathered 
for 365 days for all patients unless death occurred earlier. 
Events after day 365 were not recorded. If data was not 
available for the full 365 days, it was defined as missing.

Microbiological analysis of heart valves

Valve cultures are routinely performed in patients sub-
jected to valve surgery due to IE at our center. All valve 
cultures included in the study were performed as part of 
the clinical routine at the Clinical Microbiology Laboratory 
at Region Skåne Medical Services, Lund. Tissue culture 
methods and 16S-rDNA gene PCR and sequencing at the 
Clinical Microbiology Laboratory at Region Skåne Medical 
Services, Lund were performed as described earlier [11]. 
Growth of bacteria in the valve cultures was considered as 
positive findings if they were not regarded as contami-
nants. Valve cultures were defined as contaminated if a 
typical IE agent (Staphylococcus aureus, viridans strepto-
cocci, Streptococcus bovis, HACEK group or enterococci) 
was found in blood cultures with nontypical different 
agent in valve cultures, or if concordant findings of a 
causative agent in blood cultures and 16S-analysis did not 
match a positive finding in the valve cultures. If 16S ana-
lysis was not performed in a given episode, this was 
regarded as a negative 16S analysis.

Statistical analysis

All statistical analyses were performed in IBM SPSS 
Version 29.0 Armonk (NY). For analysis of patient charac-
teristics and follow-up data, Mann–Whitney U-test was 
used in non-normally distributed continuous variables. 
Chi-square test and Fisher’s exact test were used for cat-
egorical variables, when appropriate. To examine factors 
associated with positive valve cultures a forward step-
wise multivariable logistic regression was performed 

with the variables marked in Table 1. Episodes with 
missing data in any of the included variables were 
excluded from the regression analysis. Univariable logis-
tic regression was performed to be able to compare 
crude odds ratio (COR) and adjusted odds ratios (AOR). 
No collinearity between the independent variables was 
found. Mortality was assessed with Kaplan-Meier curves 
and Cox regression. A stepwise forward approach was 
used in Cox regression with positive valve cultures being 
forced into the analysis. Kaplan-Meier curves were 
divided into positive and negative valve cultures and 
log-rank test was used for comparison. In regression 
analysis, no more than one variable per 10 outcomes 
were used in the final models. A p-value below 0.05 was 
considered to be statistically significant.

Blood culture findings were divided into six groups for 
the multivariable logistic regression. The reference group 
for the logistic regression was set to viridans streptococci 
combined with S. bovis, to be able to compare the find-
ings with previous studies which used a similar reference 
group [6]. The other groups were S. aureus, enterococci, 
Coagulase-negative staphylococci (CoNS), other agents 
and blood culture-negative endocarditis (BCNE). For the 
logistic regression, the duration of antibiotic treatment 
was divided into 5 groups of 3 days from 0-2 with the 
last group being 11 days or more.

Results

493 patients were eligible for the study and after exclu-
sion of 157 patients, the final study population consisted 
of 336 patients with 345 episodes of IE (see Figure 1 for 
a study flow chart). Characteristics of the whole study 
population is presented in Table 1.

Microbiological findings in blood and valve cultures

Valve cultures were performed in all 345 episodes and 
blood cultures in 341 episodes. Eight valve cultures 
were defined as contaminated according to our criteria. 
Microbiological findings in these episodes can be seen 
in Appendix 1. Blood cultures and valve cultures identi-
fied a possible causative agent in 322 (94%) and 78 
(23%) episodes, respectively. Viridans streptococci (28%), 
S. aureus (26%) and enterococci (11%) were the most 
common agents in blood cultures, whereas S. aureus 
(37%), enterococci (17%) and CoNS (15%) were the most 
common bacteria in valve cultures. A full description of 
the microbiological findings is presented in Table 2.
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Factors associated with positive valve cultures in 
univariable analysis

Characteristics of the infection and differences between 
episodes with positive and negative valve cultures in uni-
variable analysis are presented in Table 1. Episodes of IE 
with positive valve cultures had a larger vegetation size on 
average, were more likely to have preoperative fever, had a 
lower median duration of antibiotic treatment, and were 
more likely to be caused by S. aureus, enterococci or CoNS.

Follow-up blood cultures were only performed in 145 
episodes. Persistent bacteremia was significantly associated 
with positive valve culture in univariable analysis. In this 

subset of patients, the causative agent was not significantly 
associated with the outcome positive valve culture 
(Table 3).

Factors associated with positive valve cultures in 
multivariable analysis

The results of multivariable logistic regression are shown in 
Table 4. Persistent bacteremia was not considered for 
inclusion since there was too much missing data. Five varia-
bles were included in the final model (duration of preopera-
tive antibiotic treatment, preoperative fever, the presence of 

Table 1. Characteristics of episodes with negative and positive valve culture.
Total (345) Median  

(IQR) or n (%)
NVC (267) Median  

(IQR) or n (%)
PVC (78) Median  

(IQR) or n (%) P-value

Patient characteristics
Age � 66 (52–73) 66 (53–73) 64 (50–74) 0.572

Sex (Male) 252 (73) 197 (74) 55 (71) 0.571

Immunosuppression � 28 (8.3) 22 (8.2) 6 (7.7) 0.881

Charlson score � 0.061

0–1 260 (75) 208 (78) 52 (67)
2–4 77 (22) 52 (19) 25 (32)
5–9 8 (2.3) 7 (2.6) 1 (1.3)
Predisposing factors 191 (55) 152 (57) 39 (50) 0.281

Prosthetic valve � 94 (27) 71 (27) 23 (30) 0.611

Previous IE 32 (9.3) 25 (9.4) 7 (9.0) 0.921

Valvular heart disease 106 (31) 88 (33) 18 (23) 0.101

Intravenous drug use 17 (4.9) 11 (4.1) 6 (7.7) 0.201

Indications for surgery
Heart failure 175 (51) 135 (51) 40 (51) 0.911

Uncontrolled infection 158 (46) 128 (48) 30 (39) 0.141

Prevention of embolism 152 (44) 112 (42) 40 (51) 0.141

Infection characteristics
Definite IE � 303 (88) 232 (87) 71 (91) 0.331

Heart abscess � 120 (35) 94 (35) 26 (33) 0.761

Vegetation size (mm) � 10 (5–16) 10 (5–15) 14 (7–20) 0.022

Preoperative fever � 92 (27) 57 (21) 35 (45) <0.0011

Embolic events � 0.111

0 183 (53) 139 (52) 44 (56)
1–3 68 (20) 59 (22) 9 (12)
4 or more 94 (27) 69 (26) 25 (32)
CRP-ratio � 0.42 (0.21–0.68) 0.36 (0.19–0.61) 0.65 (0.39–0.83) <0.0012

Duration of preoperative � antibiotic treatment (days) 9 (5–16) 11 (7–19) 5 (2–7) <0.0012

Number of affected valves � 0.041

1 298 (86) 225 (84) 73 (94)
2 47 (14) 42 (16) 5 (6.4)
Blood culture findings � <0.0011

Viridans streptococci and S. bovis 105 (30) 97 (36) 8 (10)
S. aureus 85 (25) 58 (22) 27 (35)
Enterococci 35 (10) 20 (7.5) 15 (19)
CoNS 29 (8.4) 16 (6.0) 13 (17)
Others 68 (20) 57 (21) 11 (14)
BCNE 23 (6.7) 19 (7.1) 4 (5.1)
Affected valve 0.191

Aortic valve 185 (54) 140 (52) 45 (58)
Mitral valve 100 (29) 76 (28) 24 (31)
Tricuspid valve 5 (1.4) 2 (0.7) 3 (3.8)
Pulmonary valve 8 (2.3) 7 (2.6) 1 (1.3)
Aortic & Mitral valve 37 (11) 34 (13) 3 (3.8)
Aortic & Tricuspid valve 6 (1.7) 5 (1.9) 1 (1.3)
Mitral & Tricuspid valve 3 (0.9) 2 (0.7) 1 (1.3)
Aortic & Pulmonic valve 1 (0.3) 1 (0.4) 0 (0)
1Using Pearson Chi-square test.
2Using Mann–Whitney U-test.
IQR: interquartile range; CoNS: Coagulase-negative staphylococci; IE: infective endocarditis; PVC: Positive valve cultures; NVC: Negative valve cultures.
p< 0.05 was considered statistically significant.
�Were used in multivariable logistic regression.
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a prosthetic valve, the number of affected valves, and blood 
culture findings). In the model, 316 (92%) episodes with 
complete data across all the variables marked in Table 1
were used. Missing data on vegetation sizes and CRP-ratios 
made up all of the 29 missing data entries. All five variables 
included in the final logistic model remained significantly 
associated with a positive valve culture (Table 4). Number of 
positive cases in each group of duration of antibiotic treat-
ment can be seen in Appendix 2. The analysis was per-
formed both with duration of antibiotic treatment in groups 
and as a continuous variable. Appendix 3 presents the ana-
lysis with duration of antibiotic treatment as a continuous 
variable. The same variables remained associated with posi-
tive valve cultures with slightly more narrow confidence 
intervals.

Follow-up data

Follow-up data in the whole study population as well as 
data divided into negative and positive valve cultures 
are presented in Table 5. Patients received a median 
duration of postoperative intravenous antibiotic treat-
ment of 28 days with an interquartile range of 22–32. 
Information about relapse was only available in 276 and 
one-year mortality in 315 episodes due to that some 
patients received postoperative care at hospitals outside 
of the Region of Skåne. Further surgical interventions 
were performed in 40 (11%) episodes, and it was per-
formed more frequently in NVC (13%) compared to PVC 

(6.4%), but the difference was not statistically significant. 
One-year mortality was seen in 41 (13%) episodes. One- 
year mortality was 14% and 13% respectively in patients 
with PVC and NVC, p¼ 0.72. Kaplan–Meier curves with 
one-year follow-up can be seen in Figure 2. A total of 
seven (2.5%) episodes with relapse were found. Five 
(2.4%) episodes with NVC had a relapse and two (3.1%) 
with PVC. A description of relapses is presented in 
Appendix 4. Relapse of IE was only confirmed in three 
cases (1.1%). No significant association between the 
result of valve cultures and outcomes was found.

Factors associated with one-year mortality

Differences in characteristics of the infection between 
patients who lived through the first year and those with one- 
year mortality are presented in Table 6. In univariable analysis, 
age, Charlson score, further surgical intervention and IE 
caused by S. aureus or CoNS were all associated with one year 
mortality. Five variables were included in the final model (age, 
Charlson score, blood culture findings, positive valve cultures, 
and further surgical intervention). All variables, except for 
positive valve cultures, were significantly associated with one- 
year mortality in multivariable analysis (Table 6).

Discussion

In the present study, blood cultures and valve cultures 
identified a possible causative agent in 94% and 23%, 

Figure 1. Development of the study population with reasons for exclusions.
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respectively. We found that preoperative fever; duration 
of preoperative antibiotic treatment; the presence of a 
prosthetic valve; the number of affected valves; and 
blood culture findings of S. aureus, enterococci, CoNS to 
be independently associated with positive valve culture. 
There was no association between valve culture results 
and outcomes. Age, comorbidities, further surgical inter-
vention, and blood culture findings of S. aureus and 
CoNS were associated with one-year mortality.

Gisler et al. [6] previously described Staphylococcus spe-
cies and Enterococcus species to be associated with a 

higher probability of positive valve cultures when com-
pared to viridans streptococci. Similar results were found in 
this study with S. aureus, CoNS, and enterococci all being 
associated with positive valve cultures when compared to 
viridans streptococci and S. bovis as the reference. Our 
decision to divide Staphylococcus species into S. aureus and 
CoNS, due to the difference in pathogenicity of the bac-
teria, did not seem to make a difference since both were 
associated with positive valve cultures compared to the 
reference group. One hypothesis prior to this study was 
that the association between causative agents and positive 
valve culture could be explained by the fact that patients 
with enterococci and S. aureus have a more rapid progres-
sion of the disease, which would lead to earlier surgery 
and shorter preoperative antibiotic treatment.

Persistent bacteremia was significantly associated 
with the outcome PVC and the causative agent in this 
subset of patients had no significant association with 
PVC. This result must be interpreted with caution since 
follow-up blood cultures were only performed in a 
minority of episodes. These episodes were most likely 
selected on a clinical basis and therefore not missing at 

Table 2. Microbiological findings in blood and valve cultures.
Blood cultures  
n¼ 341 n (%)

Valve cultures  
n¼ 345 n (%)

Positive result 322 (94) 78 (23)
Causative agents
Viridans streptococci 89 (28) 6 (7.7)

S. mitis-group 51 6
S. sanguinis-group 14 0
S. anginous-group 10 0
S. salivarius-group 8 0
S. mutans-group 6 0

S. aureus � 85 (26) 29 (37)
Enterococci 35 (11) 13 (17)

E. faecalis 34 13
E. faecium 1 0

CoNS 29 (9.0) 12 (15)
S. epidermidis 21 8
S. lugdunensis 4 2
S. haemolyticus 1 0
S. waneri 1 1
S. caprae 1 0
CoNS unspecified 1 1

b-hemolytic streptococci 20 (6.2) 3 (3.8)
S. agalactiae 14 2
S. dysgalactiae 3 0
S. pyogenes 1 1
Group C Streptococcus �� 1 0
Group G Streptococcus �� 1 0

S. bovis-group 16 (5.0) 2 (2.6)
HACEK-group 10 (3.1) 0 (0)

H. parainfluenzae 6 0
Cardiobacterium spp. 2 0
Aggregatibacter spp. 1 0
A. aphrophilius 1 0

Others 34 (11) 8 (10)
Aerococcus urinae 5 0
Streptococcus pneumoniae 5 0
Corynebacterium spp. 4 0
Abiotrophia defectiva 3 0
Candida spp. 3 2
Gemella spp. 3 1
Granulicatella adiacens 2 0
Rothia mucilaginosa 2 0
Capnocytophaga canimorsus 1 0
Cutibacterium acnes 1 1
Enterobacter cloacae 1 1
Escherichia coli 1 1
Klebsiella pneumoniae 1 0
Shewanella algae 1 0
Veillonella parvula 1 0
Neisseria spp. 0 1
Pantoea spp. 0 1

Polymicrobial 4 (1.2) 5 (6.4)

Causative agents are presented as a percentage of positive results.
CoNS: Coagulase-negative staphylococci.
�All S. aureus isolates were sensitive to methicillin. ��Likely to be S. dysgalactiae.

Table 3. Episodes with follow-up blood cultures.
Total  

(145) n (%)
NVC  

(111) n (%)
PVC  

(37) n (%) P-value

Persistent bacteremia 78 (54) 52 (48) 26 (70) 0.021

Causative agent in episodes  
with persistent bacteremia

0.112

Viridans streptococci and  
S. bovis

9 (12) 8 (15) 1 (4)

S. aureus 36 (46) 27 (52) 9 (35)
Enterococci 10 (13) 4 (8) 6 (23)
CoNS 10 (13) 5 (10) 5 (19)
Others 13 (17) 8 (15) 5 (19)

Causative agents are presented as a percentage of positive results.
CoNS: Coagulase-negative staphylococci; NVC: Negative valve culture; PVC: 
Positive valve culture.
1Using Pearson Chi-square test.
2Using Fisher’s exact test.

Table 4. Multivariable analysis for positive valve cultures.
COR (95% CI) P-value AOR (CI 95%) P-value

Duration of preoperative antibiotic treatment (days)
0-2 Reference Reference
3-5 0.22 (0.09–0.55) 0.001 0.14 (0.04–0.47) 0.002
6-8 0.14 (0.06–0.36) <0.001 0.05 (0.01–0.19) <0.001
9-11 0.11 (0.04–0.31) <0.001 0.03 (0.01-0.13) <0.001
11 or above 0.02 (0.01–0.05) <0.001 0.003 (0.001–0.02) <0.001
Preoperative fever 3.0 (1.8–5.1) <0.001 2.6 (1.2–5.6) 0.02
Prosthetic valve 1.2 (0.66-2.0) 0.61 3.3 (1.4–7.9) 0.01
Single affected valve 2.7 (1.0-7.1) 0.04 4.8 (1.2–20) 0.03
Blood culture findings
Viridans streptococci and S. bovis Reference Reference
S. aureus 5.6 (2.4–13) <0.001 28 (7.9–99) <0.001
Enterococci 9.1 (3.4–24) <0.001 20 (4.8–86) <0.001
CoNS 9.9 (3.5–28) <0.001 48 (11–212) <0.001
Others 2.3 (0.89–6.2) 0.09 3.5 (1.00–12) 0.05
BCNE 2.6 (0.70–9.3) 0.16 0.82 (0.11–6.1) 0.85

COR: crude odds ratio; AOR: adjusted odds ratio; CI: confidence interval. 
p< 0.05 was considered statistically significant. CoNS: Coagulase-negative staph-
ylococci; BCNE: Blood culture-negative endocarditis.
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random. Due to the high number of missing data and 
likelihood of bias this variable was not included in multi-
variable analysis.

In accordance with Gisler et al. [6] and Mekontso Dessap 
et al. [5], a shorter duration of preoperative antibiotic treat-
ment was independently associated with positive valve cul-
ture. The chosen statistical method of analyzing duration of 
preoperative antibiotic treatment as an ordinal variable 
wrongly assumes all data in the same group to be the same 
while a duration of zero or two and three or five days of 
treatment might make a big difference for the outcome of 
the valve culture. Using the variable as a continuous variable 
would not necessarily be preferred since it wrongly assumes 
that the odds decrease equally as much per day of increased 
duration of treatment as Gisler et al. showed the early days 
of antibiotic treatment to be more impactful. Since both 
statistical methods have flaws, we decided to also present 
the analysis with antibiotic treatment as a continuous vari-
able in the appendix.

Fillâtre et al. [8] found vegetation size larger than 10 mm 
to be independently associated with positive valve 

cultures. In our univariable analysis of association between 
vegetation size as a continuous variable and a positive cul-
ture, the same association was found. However, the results 
could not be reproduced in multivariable analysis in the 
current study nor in the study by Fillâtre et al.

In contrast to the present study, Gisler et al. found 
prosthetic valves not to be independently associated 
with positive valve cultures. Surprisingly, neither other 
signs of high activity of the infection such as aortic root 
abscess formation nor a high number of embolic events 
were independently associated with positive valve cul-
tures. Prior to the study, a high CRP-ratio was speculated 
to be an indication of high remaining activity of the 
infection, but CRP-ratio was not independently associ-
ated with positive valve cultures. However, in our study, 
preoperative fever was independently associated with 
positive valve cultures.

Halavaara et al. [13] reported a one-year mortality 
rate slightly higher than in our present study in patients 
who were subjected to heart valve surgery due to IE. A 
difference in mortality between patients with a positive 

Table 5. Outcomes in episodes with negative and positive valve cultures.
Total (345)  

Median (IQR) or n (%)
Negative valve cultures  

(267) Median (IQR) or n (%)
Positive valve cultures (78)  

Median (IQR) or n (%) P-value

Length of stay (days) 37 (32-50) 39 (32-50) 35 (31-48) 0.202

Surgical intervention 40 (11) 35 (13) 5 (6.4) 0.101

Reoperation 5 (1.4) 5 (1.9) 0 (0)
Re-exploration 23 (6.7) 21 (7.9) 2 (2.6)
Other 12 (3.5) 9 (3.4) 3 (3.8)
Relapse � 7 (2.5) 5 (2.4) 2 (3.1) 0.673

One-year mortality 41 (13) 31 (13) 10 (14) 0.721

1Using Pearson Chi-square test.
2Using Mann–Whitney U-test.
3Using Fisher’s exact test.
IQR: Interquartile range; IE: infective endocarditis.
p< 0.05 was considered statistically significant. �Valid data in 276 episodes.

Figure 2. Kaplan–Meier curves presenting survival in patients with positive and negative valve cultures until one year after surgery.
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and negative valve culture has previously been reported 
[6,7] but such a difference was not evident in our popu-
lation. Our follow-up data must be interpreted with cau-
tion due to missing data. However, our findings 
question the use of PVC as a prognostic factor in IE. This 
indicates that whether the valve culture is predicted to 
be positive or not, should not be a deciding factor in 
the decision of surgical timing. These findings in com-
bination with the rarity of relapse suggest that patients 
with positive valve culture get sufficient antibiotic treat-
ment with current guidelines. In accordance with Morris 
et al. [9] our study could not find an association 
between positive valve cultures and relapse of IE. 
Duration of postoperative antibiotic treatment at the 
study site differs between patients with PVC and NVC. 
The duration of postoperative treatment in PVC is 4- 
6 weeks and in NVC patients finish their initially planned 
antibiotic treatment but get at least 2 weeks of postop-
erative antibiotic treatment. This might influence the 
fact that the outcomes did not differ in PVC and NVC in 
our study, but it also suggests that patients with PVC 
get sufficient treatment when compared to NVC. 
Duration of postoperative antibiotic treatment was not 
included in the mortality analysis because a majority of 
the mortality was seen during postoperative antibiotic 
treatment. As a consequence, duration of postoperative 
antibiotic treatment was cut short in these cases and 
this would introduce a strong bias into the analysis.

Previous findings of association between staphylococ-
cal IE and mortality [6,7] were confirmed in our study in 
both univariable and multivariable analysis. Other factors 
such as age, comorbidities and further surgical interven-
tion were also associated with one-year mortality in both 
univariable and multivariable analysis. Further surgical 
intervention leads to more risks and is often performed 
in patients with complicated infections. Previous findings 
of the association between timing of surgery and mortal-
ity could not be confirmed in our study [3,4]. Other fac-
tors indicating a severe infection such as embolic events, 
heart abscesses and large vegetation size were surpris-
ingly not associated with one-year mortality.

The bacteria that were found in the valve cultures 
defined to be contaminated, were all agents where con-
tamination is a possible explanation in the clinical set-
ting. Cutibacterium acnes is however an agent seen both 
in IE and as a contamination [14]. Several other bacteria 
that were defined as causes of IE in our cohort such as 
Rothia spp [15]., Corynebacterium spp [16]. and CoNS 
[17] can also be found as contamination of blood cul-
tures. The evaluation of a finding of such bacteria in 
blood cultures is therefore important and sometimes dif-
ficult to perform.

At the time of data gathering, this study used the 
ESC 2015 criteria [2] to exclude patients defined as 
reject IE. Using the newly proposed 2023 Duke-ISCVID IE 
criteria [18] would only have a minimal effect on the 

Table 6. Characteristics of patients with one-year mortality and final mortality model.
Lived through  

the first year (274)  
Median (IQR) or n (%)

One-year mortality  
(41) Median (IQR)  

or n (%)
Crude HR  
(CI 95%) P-value

Adjusted  
HR (CI 95%) P-value

Age 65 (52–73) 71 (62–75) 1.03 (1.0–1.1) 0.03 1.03 (1.0–1.1) 0.02
Charlson score 0 (0–1) 1 (0–3) 1.3 (1.2–1.5) <0.001 1.3 (1.2–1.5) <0.001
Immunosuppression 24 (8.8) 1 (2.4) 0.28 (0.04–2.0) 0.20
Heart abscess 96 (35) 16 (39) 1.2 (0.63–2.2) 0.61
Vegetation size (mm) 10 (5–16) 12 (5–19) 1.0 (0.99–1.06) 0.19
Preoperative fever 76 (28) 9 (22) 0.74 (0.35–1.5) 0.42
Embolic events
0 147 (54) 21 (51) Reference
1–3 60 (22) 5 (12) 0.59 (0.22–1.6) 0.30
4 or more 67 (24) 15 (37) 1.5 (0.77–2.9) 0.23
CRP-ratio 0.42 (0.21–0.67) 0.45 (0.25–0.74) 1.4 (0.46–4.2) 0.56
Time to surgery (days) 8 (5–15) 12 (7–21) 1.0 (0.99–1.03) 0.19
Prosthetic valve 70 (26) 12 (29) 1.2 (0.62–2.4) 0.57
Number of affected valves
1 239 (87) 32 (78) Reference
2 35 (13) 9 (22) 1.8 (0.89–3.9) 0.10
Positive valve cultures 60 (22) 10 (24) 1.1 (0.56–2.3) 0.72 0.99 (0.46–2.1) 0.97
Blood culture findings
Viridans streptococci and S. bovis 91 (33) 6 (15) Reference Reference
S. aureus 57 (21) 19 (46) 4.4 (1.7–11) 0.002 3.6 (1.4–9.2) 0.008
Enterococci 31 (11) 3 (7.3) 1.4 (0.36–5.7) 0.62 1.2 (0.29–4.9) 0.81
CoNS 20 (7.3) 7 (17) 4.6 (1.5–14) 0.006 4.1 (1.3–13) 0.01
Others 56 (20) 5 (12) 1.3 (0.4–4.4) 0.63 1.2 (0.37–4.0) 0.75
BCNE 19 (6.9) 1 (2.4) 0.81 (0.97–6.7) 0.85 1.0 (0.12–8.4) 0.99
Surgical intervention 26 (11) 10 (29) 2.5 (1.2–5.2) 0.01 2.6 (1.2–5.6) 0.01

Abbreviations used are IQR: interquartile range; HR: hazard ratio; CoNS: Coagulase-negative staphylococci. Adjusted HR are presented for variables included in the 
final model. HR are calculated with univariable and multivariable Cox regression.
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study population as the criteria for rejecting IE are simi-
lar to those used in this study. However, it could influ-
ence the valve cultures defined as contamination, due 
to the typical agents for IE being based on the ESC 2015 
criteria. The two cases of C. acnes and one case of C. 
parapsilosis defined as contaminations, would be classi-
fied as a typical agent by 2023 Duke-ISCVID IE criteria in 
the setting of intracardiac prosthetic material. In one of 
the episodes where C. acnes was defined as contamin-
ation, a prosthetic valve was affected.

A strength of the study is the size of the study popu-
lation. To our knowledge, it is the largest study popula-
tion examining risk factors for positive valve cultures. All 
patients were subjected to surgery at the same hospital, 
serving a designated region. Patients were, however, 
included over a time period of 10 years and clinical man-
agement might therefore have differed between early 
and late episodes. The retrospective study design limits 
the possible conclusions drawn since no causality, only 
associations, can be demonstrated.

Conclusions

Our study confirms that short preoperative antibiotic 
treatment and IE caused by staphylococci are associated 
with positive valve cultures after IE-surgery and suggest 
that preoperative fever, prosthetic valve, and a single 
affected valve are also risk factors for having a positive 
valve culture. Our study could not confirm positive valve 
cultures to be associated with a higher mortality or a 
risk for relapse. Age, comorbidities, further surgical inter-
vention, and IE caused by S. aureus or CoNS were all 
associated with a higher risk of one-year mortality.
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Appendix 1. Microbiological findings in episodes with valve cultures defined as contaminated.
Blood culture Valve culture 16S-rDNA analysis

S. mitis Acinetobacter spp. Not performed
H. parainfluenzae Acinetobacter spp. H. parainfluenzae
S. haemolyticus Acinetobacter spp. S. haemolyticus
S. sanguinis Environmental bacteria S. sanguinis
S. epidermidis C. acnes CoNS
E. faecalis C. acnes E. faecalis
S. mitisþ P. aeruginosa C. parapsilosis S. mitisþ P. aeruginosa
S. gordonii P. oryzihabitans S. gordonii

Appendix 2. Number of PVC in each group of duration of antibiotic treatment.
NVC (267)  

n (%)
PVC (78)  

n (%)

Duration of preoperative antibiotic treatment (days)
0–2 9 (28) 23 (72)
3–5 40 (64) 22 (36)
6–8 53 (74) 19 (26)
9–11 33 (79) 9 (21)
11 or above 132 (97) 5 (2.6)

PVC: positive valve culture; NVC: negative valve culture. Percentage is presented as percentage of positive valve 
cultures within each group of duration of preoperative antibiotic treatment.

Appendix 3. Univariable and stepwise forward multivariable logistic regression with duration of preoperative 
antibiotic treatment as a continuous variable.

COR (95% CI) P-value AOR (CI 95%) P-value

Duration of preoperative antibiotic treatment 0.85 (0.80–0.90) <0.001 0.74 (0.66–0.82) <0.001
Preoperative fever 3.0 (1.8–5.1) <0.001 2.6 (1.2–5.4) 0.01
Prosthetic valve 1.2 (0.66-2.0) 0.61 2.9 (1.2–6.8) 0.01
Single affected valve 2.7 (1.0-7.1) 0.04 4.5 (1.1-18) 0.03
Blood culture findings
Viridans streptococci and S. bovis Reference Reference
S. aureus 5.6 (2.4–13) <0.001 17 (5.6–51) <0.001
Enterococci 9.1 (3.4–24) <0.001 13 (3.8–49) <0.001
CoNS 9.9 (3.5–28) <0.001 30 (7.7–119) <0.001
Others 2.3 (0.89–6.2) 0.09 2.5 (0.81–7.0) 0.11
BCNE 2.6 (0.70–9.3) 0.16 0.69 (0.10–4.7) 0.71

COR¼ crude odds ratio, AOR¼ adjusted odds ratio, CI¼ confidence interval. p< 0.05 was considered statistically significant. 
CoNS¼ Coagulase negative staphylococci. BCNE¼ Blood culture negative endocarditis.

10 G. JOHANSSON ET AL.

https://doi.org/10.1093/ejcts/ezy325
https://doi.org/10.1128/spectrum.01136-23
https://doi.org/10.1093/aje/kwq433
https://doi.org/10.1007/s10096-018-03451-5
https://doi.org/10.1007/s10096-018-03451-5
https://doi.org/10.1007/s10096-022-04458-9
https://doi.org/10.1007/s10096-022-04458-9
https://doi.org/10.1128/jcm.01484-22
https://doi.org/10.1007/s10096-019-03698-6
https://doi.org/10.1007/s10096-019-03698-6
https://doi.org/10.1067/mic.2002.118406
https://doi.org/10.1093/cid/ciad271
https://doi.org/10.1093/cid/ciad271


Appendix 4. Cases defined as relapses with case description and information about antibiotic treatment.

Case description

Days of  
antibiotic  
treatment

Days of  
postoperative  

antibiotic

Days to relapse  
after finished  

antibiotic treatment

Prosthetic aortic valve IE caused by Candida glabrata. Relapse with Candida 
glabrata in blood cultures and clinically verified IE.

59 43 257

Native aortic valve IE caused by S. dysgalactiae. Develops prosthetic valve IE 
with vegetations and abscess during antibiotic treatment. Reoperation.

68 62 Relapse during  
antibiotic treatment

Native aortic and mitral valve IE caused by S. aureus. Develops paravalvular 
leakage and a new vegetation during antibiotic treatment. Reoperation.

48 36 Relapse during  
antibiotic treatment

Native aortic valve IE caused by S. aureus. Relapse of S. aureus sepsis. Not 
confirmed IE.

47 22 206

Native mitral and tricuspid valve IE caused by E. faecalis in patient with 
intravenous drug use. Relapse with E. faecalis bacteraemia. Not confirmed IE.

68 31 281

Prosthetic tricuspid valve IE caused by S. aureus. Intravenous drug use. Relapse 
with S. aureus bacteraemia. Not confirmed IE.

90 86 213

Prosthetic aortic valve IE caused by S. bovis. Relapse with S. bovis bacteraemia. 
Not confirmed IE.

47 15 84
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