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Abstract
Purpose Patients with non-beta-hemolytic streptococcal bacteremia (NBHSB) are at risk of infective endocarditis (IE). 
Patients with cardiac implantable electronic device (CIED) have been described to have an increased risk of IE. The aim of 
the study was to describe a population-based cohort of patients with NBHSB and CIED and variables associated with IE 
and recurrent NBHSB.
Methods All episodes with NBHSB in blood culture from 2015 to 2018 in a population of 1.3 million inhabitants were 
collected from the Clinical Microbiology Laboratory, Lund, Sweden. Through medical records, patients with CIED during 
NBHSB were identified and clinical data were collected. Patients were followed 365 days after NBHSB.
Results Eighty-five episodes in 79 patients with CIED and NBHSB constituted the cohort. Eight patients (10%) were diag-
nosed with definite IE during the first episode, five of whom also had heart valve prosthesis (HVP). In 39 patients (49%) 
transesophageal echocardiography (TEE) was performed of which six indicated IE. Four patients had the CIED extracted. 
Twenty-four patients did not survive (30%) the study period. Four patients had a recurrent infection with NBHSB with the 
same species, three of whom had HVP and had been evaluated with TEE with a negative result during the first episode and 
diagnosed with IE during the recurrency.
Conclusion The study did not find a high risk of IE in patients with NBHSB and CIED. Most cases of IE were in conjunction 
with a simultaneous HVP. A management algorithm is suggested.
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Introduction

Infective endocarditis (IE) is a life-threatening infection, 
demanding long antibiotic treatment and, under some cir-
cumstances, thoracic surgery or other interventions [1]. IE 
can be caused by a plethora of different bacteria [1]. The 
most common causative agents are Staphylococcus aureus, 
Enterococcus faecalis, and non-beta hemolytic streptococci 
(NBHS), together constituting the responsible agent for 
approximately 70% of the IE cases diagnosed [2–4]. In clini-
cal practice, a positive blood culture (BC) with any of these 
bacteria, or other bacteria prone to cause IE, is often the first 
observation indicating that a patient has IE.

Cardiac implantable electronic devices (CIEDs) are 
increasingly used to treat various conditions [5]. In the cir-
cumstances with bacteremia in a patient with a CIED, an 
increased risk of IE has been described and extraction of the 
CIED has been associated with a reduced risk of treatment 
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failure, why extraction is recommended in cases of CIED 
IE [6]. However, these recommendations are derived from 
studies of S. aureus IE or from tertiary referral centers [7, 
8]. In one study of NBHS bacteremia (NBHSB), CIED was 
not found to be significantly associated to IE, and thus not 
included in the HANDOC score, designed to assess the 
risk of IE in patients with NBHSB [9]. In a large study of 
streptococcal blood stream infections by Chamat-Hedemand 
et al., CIED was found to be a significant risk factor for IE 
(odds ratio 1.7) [10], but the exact risk of IE in the group 
of patients with CIED and NBHSB was not addressed. In a 
recent publication on NBHSB and risk factors for IE, CIED 
was significantly associated with IE in univariable analysis 
but in multivariable analysis, no correlation was seen, likely 
due to the covariation with other risk factors [11].

The risk of IE has been shown to be very different 
between different NBHS groups and species [9, 10]. How-
ever, the nomenclature and taxonomy of the NBHS are com-
plicated and misunderstandings are common, why a com-
parison of the results of different studies has been impaired.

The aims of this study were to describe a population-
based cohort of patients with CIED and NBHSB, the rate of 
IE and recurrent infection, identify variables associated to 
IE, and to describe the clinical presentation of the recurrent 
infections. We also aimed to suggest how this complicated 
clinical situation can be managed.

Materials and methods

The cohort

Information on all consecutive BCs positive for NBHS 
from January 2015 to December 2018, was obtained from 
the laboratory databases of Clinical Microbiology, Region 
Skåne, Lund, Sweden, the only laboratory in the region, with 
a catchment area population of 1.36 million inhabitants in 
2018. All medical records of patients older than 18 years 
were studied retrospectively and patients with CIED at place 
at the time of the bacteremia constituted the study cohort. 
From these patients, detailed information was collected and 
stored in accordance with the ethical approval obtained from 
the Swedish Ethics Committee (2020-00314). Data were col-
lected by JL and were validated by MR and AB.

Definitions

The definitions of IE and CIED infection were used accord-
ing to the European Society of Cardiology (ESC) criteria 
by Habib et al. [12]. In the last analysis in the result section, 
the European Heart Rhythm Association (EHRA) diagnos-
tic criteria from Blomström-Lundqvist et al. [6], ESC 2023 
guidelines diagnostic criteria [1], and the Duke-International 

Society for Cardiovascular Infectious Diseases (ISCVID) 
criteria [13]. The minor criterium predisposition to IE was 
used according to Dajani et al. [14], and in the comparison 
of the different diagnostic criteria systems, with the modi-
fications described in the respective system. All changes 
seen on TTE or TEE, indicating IE, were considered to be 
caused by infection due to the difficulty to differentiate from 
changes due to other causes [15] and the assumed high pre-
test probability for CIED IE in this cohort. All infections 
fulfilling the criteria for definite IE were referred to as CIED 
IE irrespective whether changes were found on the CIED or 
heart valves [6].

An episode of NBHSB was defined by the start of the 
clinical symptoms or signs in a patient resulting in BC being 
taken, showing growth of NBHS. An episode was delimited 
by at least 7 days of effective treatment and clinical improve-
ment or, if not fulfilled, after 30 days. A later clinical condi-
tion resulting in a BC being taken with growth of NBHS, 
of the same species as in the first episode, within the study 
period of 365 days, was referred to as a “recurrent infec-
tion” or “recurrence” and was not included in the study as 
a first or primary episode in Tables 1, 2, and 3. The expres-
sion “recurrent infection” or “recurrence” was used in this 
study since it cannot be determined whether the infection 
was caused by the same bacterium, indicating relapse, or by 
another NBHS clone indicating a reinfection.

The primary endpoint was definite IE. The secondary 
endpoint was recurrent infection with the same species of 
NBHS during the observation period.

Origin of infection and other focal infections caused by 
NBHS were defined as described [16]. Comorbidities were 
retrieved from registrations in the medical records prior to 
the episode and classified according to the Charlson index 
modified by Quan et al. [17, 18]. The HANDOC scores were 
calculated as described [9].

Microbiology

During the study period guidelines recommended that two 
sets of blood culture bottles (aerobic and anaerobic) should 
be taken from two separate venipunctures. The BC system 
in use was BACTEC FX (BectonDickinson, Franklin Lakes, 
United States), using a 5-day incubation unless otherwise 
requested. The main method for species determination was 
matrix-assisted laser desorption/ionization time-of-flight 
mass spectrometry (MALDI-TOF MS: Bruker Daltonics, 
using the Bruker MBT Compass library version most recent 
at the time of sample analysis), with a PCR and 16S sequenc-
ing using the Sanger method as a second line method for 
selected hard-to-identify isolates. Species designations were 
used according to the 2022 International Code of Nomen-
clature of Prokaryotes (ICPN) and the List of Prokaryotic 
names with Standing in Nomenclature (LPSN) [19, 20]. The 
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grouping of streptococcal species into the S. mitis group, S. 
anginosus group, S. sanguinis group, S. salivarius group, S. 
mutans group, and S. bovis group was done in concordance 
with previous publications [9, 21–23].

Data collection and analysis

The collection of the microbiological and clinical data 
of an episode was from 365 days before its start until 
365 days after the first positive BC during that episode. 
The collected variables are listed in the Supplementary 
material. The number of CIED carriers in the Region was 

taken from the Swedish Pacemaker and Implantable Car-
dioverter-Defibrillator Registry.

The analysis of the collected data was conducted in 
Stata, version 15.1 (StataCorp, College Station, TX, 
USA). To describe the differences in dichotomous vari-
ables the χ2 test was used and if the prerequisites were 
not met, the p-value of Fisher’s exact test was used. Dif-
ferences between continuous variables were analyzed with 
Wilcoxon’s rank-sum test as normal distribution was not 
assumed. Values are presented as proportions or medians 
with interquartile ranges (IQR).

Table 1  Background and presentation of the patients with CIED and NBHSB

Univariable analysis of differences between patients diagnosed with definite IE and patients without definite IE. Values are given as numbers and 
proportions (%) and for continuous variables as medians and IQR. The p-value of differences in continuous variable were calculated with Wil-
coxon’s rank sum test. In categorical variables, the differences were calculated using the χ2 test when applicable and Fisher’s exact test in other 
cases. Differences with a p-value of < 0.05 are considered significant and are shown in bold
a Most common focal infections were: abdominal focus: 10 patients, pneumonia: three patients, urinary tract infection: two patients, and oral 
infection: two patients

Characteristics All (n = 79) (%) Episodes with definite IE 
(n = 8) (%)

Episodes without definite IE 
(n = 71) (%)

p-Value

Age (years) 84 (76–88) 84 (70–87) 84 (76–88) 0.81
Sex (female) 18 (23) 2 (25) 16 (23) 1.00
Charlson score 2 (1–4) 2 (1–4) 2 (1–4) 0.81
Acquisition 0.046
 Community 40 (51) 7 (88) 33 (46) 0.06
 Health care associated 27 (34) 1 (12) 26 (37) 0.25
 Nosocomial 12 (17) 0 (0) 12 (15) 0.35

CIED implantation (years) 5 (3–8) 6 (4–8) 5 (2–8) 0.27
Type of CIED 1.00
 PPM 69 (87) 7 (88) 62 (87)
 ICD 10 (13) 1 (12) 9 (13)
 Predisposition, any 24 (31) 6 (75) 18 (26) 0.01
  Cardiac predisposition 24 (19) 6 (75) 18 (26) 0.01
  Native valve disease 9 (11) 1 (12) 8 (11) 1.00
  Prosthetic heart valve 15 (14) 5 (62) 10 (14) 0.005
  Previous endocarditis 2 (3) 0 (0) 2 (3) 1.00
  Intravenous drug user 0 (0) 0 (0) 0 (0) 1.00

Heart murmur or valve disease 27 (34) 6 (75) 21 (27) 0.97
Fever ≥ 38° 62 (78) 5 (62) 57 (80) 0.36
Embolization 1 (1) 0 (0) 1 (1) 1.00
BC major criterion for IE 42 (53) 8 (100) 34 (48) 0.006
Time to positive BC (h) 18 (11–29) 17 (13–22) 18 (11–30) 0.55
SOFA score (≥ 2 points) 32 (41) 4 (50) 28 (39) 0.71
Known origin of infection 22 (28) 1 (12) 21 (30) 0.67
 Pocket infection 1 (1) 0 (0) 1 (1)
 Other origin of  infectionsa 21 (27) 0 (0) 21 (30)

Unknown origin of infection 57 (72) 7 (88) 50 (70) 0.43
Duration of symptoms (days) 3 (1–6) 4 (2–22) 2 (1–6) 0.13
HANDOC score (points) 2 (1–4) 5 (4–5) 1 (2–4)  < 0.001
Positive HANDOC score (≥ 3 points) 34 (43) 8 (100) 26 (37) 0.001
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Results

The cohort

The data extraction from the laboratory resulted in 
1637 episodes of NBHSB in the four-year study period 
(2015–2018). In 79 patients with 85 episodes, a CIED was 
found at place at the time for the bacteremia. During the 
study period, the average number of persons with CIED 
and population in the region, was 8869 and 1 315,000, 

respectively, giving an incidence of 0.22 NBHSB/1000 
CIED/year. The first episode in each patient was further 
studied and accounted for in Tables 1, 2, and 3. The six 
episodes of recurrent infections are described in Table 4. 
Definite IE was diagnosed during eight of the primary 
episodes and the CIED was extracted during four episodes. 
After the IE episodes, no recurrent infections were diag-
nosed during the observation time. The 71 episodes not 
diagnosed with definite IE, were followed by a recurrent 
episode in four patients, and IE was diagnosed in three of 
these patients during the recurrences (Fig. 1).

Table 2  BC results from the 
cohort of patients with CIED 
and NBHSB

Univariable logistic regression of differences between patients diagnosed with definite IE and patients 
without definite IE. Values are given as numbers and proportions (%). The p-value of differences were cal-
culated using the χ2 test when applicable and Fisher’s exact test in other cases. Differences with a p-value 
of < 0.05 are considered significant and are shown in bold

BC results All (n = 79) (%) Episodes with defi-
nite IE (n = 8) (%)

Episodes without defi-
nite IE (n = 71) (%)

P-value

All NBHS BC results: 0.047
 S. mitis group 29 (37) 3 (38) 26 (37) 1.00
 S. sanguinis group 2 (3) 0 (0) 2 (3) 1.00
 S. bovis group 17 (22) 2 (25) 15 (21) 1.00
 S. anginosus group 16 (20) 0 (0) 16 (23) 0.20
 S. mutans group 3 (4) 2 (25) 1 (1) 0.03
 S. salivarius group 11 (14) 1 (12) 10 (14) 1.00
 Other NBHS 1 (1) 0 (0) 1 (1) 1.00

Table 3  Management and 
outcome of the patients with 
CIED and NBHSB

Univariable analysis of differences between patients diagnosed with definite IE and patients without defi-
nite IE. Values are given as numbers and proportions (%) and for continuous variables as medians and IQR. 
The p-value of differences in continuous variable were calculated with Wilcoxon’s rank sum test. In cat-
egorical variables, the differences were calculated using the χ2 test when applicable and Fisher’s exact test 
in other cases. Differences with a p-value of < 0.05 are considered significant and are shown in bold

Characteristics All (n = 79) (%) Episodes with defi-
nite IE (n = 8) (%)

Episodes without defi-
nite IE (n = 71) (%)

p-Value

Management
TTE performed 54 (68) 8 (100) 46 (65) 0.051
 Positive for IE 4 (5) 3 (38) 1 (1)

TOE performed 39 (49) 7 (88) 32 (45) 0.029
 Positive for IE 8 (10) 6 (75) 2 (3)  < 0.001
 CIED changes 5 (6) 3 (38) 2 (3) 0.006

PET-CT performed 4 (5) 1 (12) 3 (4) 0.35
 Positive for IE 1 (1) 1 (12) 0 (0) 0.10
 CIED changes 0 (0) 0 (0) 0 (0) 1.00

Extraction of CIED 4 (3) 2 (25) 2 (3) 0.049
Treatment, total, (days) 13 (10–21) 28 (22–29) 13 (10–18)  < 0.001
Outcome
Recurrence in NBHSB 4 (5) 0 (0) 4 (6) 1.0
 Diagnosed with IE 3 (4) 0 (0) 3 (75) 1.0

Death within 30 days 14 (18) 1 (12) 13 (18) 1.00
Death within 365 days 24 (30) 3 (38) 21 (30) 0.69
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Variables associated with IE

For the first episodes in the patients of the cohort, clinical 
variables are presented using univariable analysis to identify 
variables associated with IE (Table 1). Community acquisi-
tion was more common in the IE group. Predisposition and 
one of its components, HVP, and a BC fulfilling the major 
criterion for IE were significantly more common among 
patients diagnosed with IE. Both the HANDOC score as a 
continuous variable and the positive HANDOC score with 
the stipulated cut off of ≥ 3 points were significantly associ-
ated with IE.

In Table 2, the distribution of IE and non-IE episodes, 
between the different groups of species constituting the 
NBHS are described. The patients with bacteremia due to 
the S. mutans group of species had two episodes of IE out 
of three episodes and none of the 16 episodes of the S. angi-
nosus group bacteremias were diagnosed with IE. The dis-
tribution was significantly different from the one expected 
by chance, p-value 0.047 (Table 2).

Management and outcome

The management and outcome of the patients in the 79 epi-
sodes are described (Table 3) using univariable analysis. In 
56 episodes (71%) an echocardiography was performed, 39 
patients (49%) were examined with TEE. Four patients were 
evaluated with PET-CT, out of which one was indicative of 
IE. No cardiac CT was performed. In 62 episodes, a total of 
83 examinations (51 radiology of the lungs, 13 CT of the 
lungs, and 19 CT of the abdomen) were performed to iden-
tify embolic events. Of these, two indicated embolization.

The CIED was extracted in four patients, all with 
changes visualized on the CIED, and two fulfilling the 
criteria for definite IE. No patient had a positive culture 
from an extracted CIED and in one patient, the 16S analy-
sis of the extracted CIED confirmed the BC result. The 
1-year overall mortality in the entire cohort was 30% and 
the median time to death was 19 days (IQR 6–80 days). 
The comparison between patients diagnosed with definite 
IE and without the diagnosis demonstrated significant dif-
ferences in the rate of echocardiography performed, the 
rate of extraction, and the treatment time (Table 3). No 
significant differences were seen in recurrences, mortal-
ity, or time to death from the positive BC. Three patients 
diagnosed with definite CIED IE died during the obser-
vation time, after 9, 58, and 95 days, respectively, all 
without extraction of the CIED. The mortality in each 
group of NBHS species was analyzed: in episodes caused 
by bacteria from the S. sanguinis and S. mutans groups 
none of the five patients died, while in the S. salivarius 
group 7/11 patients (64%) died during the study period. Ta
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However, differences in mortality between the different 
bacterial groups were not statistically significant (data 
not shown).

The recurrent infections

In the four episodes followed by a recurrent NBHSB, 
three of the patients had HVP and in the same three TEE, 
but not PET-CT, was performed during the first episode 
(Table 4). No focal infection was diagnosed in any of 
these four patients and the patients were treated with 
antibiotics for 2, 10, 15, and 15 days, respectively. The 
patients had positive BC with the same group of NHBS 
in both episodes. Two of the patients with recurrence had 
bacteremia with an isolate of the S. bovis group, one from 
the S. salivarius group, and one from the S. mitis group.

The three patients with HVP were all diagnosed to 
have an IE during the recurrency. Two of the patients had 
the major structural criterion identified by a positive TEE 
and one had a PET-CT showing IE. In none of the epi-
sodes of recurrent infections there were visible changes 
on the CIED. Two of these patients were subjected to 
surgery and one died during the treatment but 54 days 
after the second episode (Table 4).

Alternative diagnostic criteria systems

In this study, the diagnostic criteria of ESC 2015 were 
used [12]. A comparison with three other diagnostic cri-
teria systems is described in Table 5. The ESC 2015 and 
EHRA 2020 result in the same distribution of definite, 
possible, and rejected IE. The results of the ESC 2023 
and the Duke-ISCVID diagnostic criteria systems result 
in the same distribution of classification of IE but differs 
from the former, as one additional episode was classified 
as definite IE and four episodes were reclassified from 
rejected IE to possible IE (Table 5).

Fig. 1  Flow chart describing the cohort of patients with CIED and NBHSB, IE, extraction of the CIED, and recurrent infection

Table 5  The outcome of four different diagnostic criteria systems

The diagnostic criteria systems have been abbreviated: ESC 2015 
[12], EHRA 2020 [6], Duke-ISCVID 2023 [13], and the ESC 2023 
[1]. The ESC 2015 diagnostic criteria were used in this study

Patients, n = 79 ESC 2015 EHRA 2020 ESC 2023 Duke-
ISCVID 
2023

Definite IE 8 8 9 9
Possible IE 39 39 42 42
Rejected IE 33 33 28 28
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Discussion

The main finding in this study is that IE is found in 10% 
of a population-based cohort of patients with CIED and 
NBHSB and extraction of the CIED was not performed 
unconditionally in cases of CIED IE. Further, a low rate of 
recurrent infections (5%) was encountered. Finally, three 
patients were diagnosed with IE during the recurrent infec-
tions, all related to an HVP.

The role of CIED in the pathogenesis of IE is debated. 
Whether CIED is a risk factor for IE, most likely depends 
on the species of the causing bacterium. In studies of 
patients with S. aureus bacteremia it was demonstrated 
that CIED was a risk factor for IE [7, 24] while in Ente-
rococcus faecalis bacteremia, the presence of a CIED was 
not shown to be associated with IE [16]. In a previous 
study of NBHSB [9], CIED was not significantly associ-
ated with IE (but with a p-value close to 0.05). In that 
study, CIED covaried with HVP, which was shown to 
predict IE (unpublished data). In another NBHSB and IE 
study, CIED was associated to IE in univariable analysis 
but in multivariable analysis, an odds ratio of 0.66 was 
found [11]. Chamat-Hedemand et al. described a large 
cohort of patients with patients with CIED and strepto-
coccal bacteremia but in the calculation resulting in CIED 
being a significant risk factor for IE, the patients with 
bacteremia with species addressed in this study only con-
stitute a minority (approximately 30%).

In two alternative IE diagnostic criteria systems [1, 13], 
CIED is included among the different conditions constitut-
ing the predisposition minor criterium, resulting in that 
all patients in this cohort have that minor criterion. This 
change in the diagnostic criteria did not result in any pro-
found differences in the rates of definite and possible IE. 
The data presented in this study neither indicate CIED to 
be a strong risk factor for IE in NBHSB nor that it con-
tributes to a better performance for the diagnostic criteria 
if introduced as a minor criterion.

The results of this study were in line with the findings 
in several studies [9, 21, 25], showing that the risk of IE 
was diverse between groups of NBHS. S. sanguinis, S. 
bovis, and S. mutans are prone to cause IE, S. mitis and 
S. salivarius are connected to an intermediate risk, and S. 
anginosus is unlikely to cause IE.

In only four patients (5%) in the entire cohort, the 
CIED was extracted and in patients fulfilling the criteria 
for definite IE, two out of 8 (25%) of the patients had the 
CIED extracted. None of the patients with IE had a recur-
rent infection that would indicate treatment failure. The 

guidelines recommend extraction of the CIED in cases 
diagnosed with CIED infection or CIED IE [6] but this was 
not performed in our cohort, challenging the necessity to 
follow the recommendations.

Four out of 71 patients (6%) not diagnosed with IE had 
a recurrent infection with NBHSB, and none was found to 
have CIED changes. However, three patients had suspected 
undiagnosed left sided HVP IE. Although beyond the scope 
of this study, the three missed HVP IE with recurrent infec-
tions illustrate the importance of continuing the evaluation 
of a patient with HVP, NBHSB, and a negative TEE. Such 
patients could be subjected to PET-CT, cardiac CT, repeated 
TEE, or followed clinically for early detection of a relapse 
[6, 12, 13].

Based on our results, we suggest a management strategy 
that includes that all patients should be evaluated with TEE 
and, if negative, a PET-CT or possibly cardiac CT could be 
considered if the suspicion of CIED IE remains. The size 
of our study does not permit us to identify specific risk fac-
tors for IE in patients with CIED and thus the HANDOC 
score is suggested to be used to direct the management 
after a negative TEE. None of the diagnosed episodes of 
definite IE, nor any of the patients with a recurrent infec-
tion, had a negative HANDOC-score. Thus, we propose 
that the risk of IE would be negligible with both a negative 
TEE and a negative HANDOC score and further evaluation 
for IE could be omitted (Fig. 2). Another line of inquiry 
would be to test the hypothesis that TEE can be omitted 
in patients with CIED, NBHSB, and a negative HANDOC 
score. However, this suggestion has to be tested in future 
prospective studies.

Although this is the largest study cohort focusing on 
CIED-carrying patients with NBHSB, it has obvious limi-
tations. The retrospective design and the far from com-
plete evaluation using TEE (49%), make it possible that 
some patients with changes on the CIED could have been 
missed. Moreover, only four patients were subjected to 
PET-CT, also possibly contributing to under-diagnosis. 
Furthermore, despite the long follow-up and thorough 
evaluation of the medical records, some patients could 
have died of an undiagnosed IE, another undiagnosed 
NBHS infection, or a recurrent infection. Finally, we do 
not know if the recurrent infections were true relapses 
or reinfections with another clone from the same group 
NBHS.

Despite the shortcomings, we believe that the observation 
of low frequency of CIED infections in NBHSB and the sug-
gestion of a management algorithm has implications for the 
management of the patients.



 A. Berge et al.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s15010- 024- 02221-0.

Acknowledgements We acknowledge the help by Mrs. Lena Hylle-
busk with obtaining microbiology data and Mrs. Maria Andersson for 
administrative help.

Author contributions All authors have seen and approved the manu-
script, contributed significantly to the work, and the manuscript has not 
been previously published nor is not being considered for publication 
elsewhere.

Funding Open access funding provided by Karolinska Institute. The 
work was supported by the Swedish Government Fund for Clinical 
Research (ALF) and the foundations of Österlund and Skåne University 
Hospital to MR.

Data availability The datasets analyzed during the current study are 
available from the corresponding author on reasonable request.

Declarations 

Conflict of interest All the authors declare that no competing or finan-
cial interests exist.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

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 endo-
carditis: developed by the task force on the management of endo-
carditis of the European Society of Cardiology (ESC) Endorsed by 
the European Association for Cardio-Thoracic Surgery (EACTS) 
and the European Association of Nuclear Medicine (EANM). Eur 
Heart J. 2023;44:3948–4042.

 2. Baddour LM, Shafiyi A, Lahr BD, Anavekar NS, Steckelberg JM, 
Wilson WR, et al. A contemporary population-based profile of 
infective endocarditis using the expanded Rochester epidemiology 
project. Mayo Clin Proc. 2021;96:1438–45.

 3. Pant S, Patel NJ, Deshmukh A, Golwala H, Patel N, Badheka A, 
et al. Trends in infective endocarditis incidence, microbiology, 
and valve replacement in the United States from 2000 to 2011. J 
Am Coll Cardiol. 2015;65:2070–6.

 4. Noubiap JJ, Nkeck JR, Kwondom BS, Nyaga UF. Epidemiology 
of infective endocarditis in Africa: a systematic review and meta-
analysis. Lancet Glob Health. 2022;10:e77–86.

 5. Priori SG, Blomström-Lundqvist C, Mazzanti A, Blom N, Borg-
grefe M, Camm J, et al. 2015 ESC Guidelines for the management 
of patients with ventricular arrhythmias and the prevention of sud-
den cardiac death: the task force for the management of patients 
with ventricular arrhythmias and the prevention of sudden cardiac 
death of the European Society of Cardiology (ESC). Endorsed by: 
Association for European Paediatric and Congenital Cardiology 
(AEPC). Eur Heart J. 2015;36(41):2793–867.

 6. Blomström-Lundqvist C, Traykov V, Erba PA, Burri H, Nielsen 
JC, Bongiorni MG, et al. European Heart Rhythm Association 
(EHRA) international consensus document on how to prevent, 
diagnose, and treat cardiac implantable electronic device infec-
tions-endorsed by the Heart Rhythm Society (HRS), the Asia 
Pacific Heart Rhythm Society (APHRS), the Latin American 
Heart Rhythm Society (LAHRS), International Society for Cardi-
ovascular Infectious Diseases (ISCVID) and the European Society 
of Clinical Microbiology and Infectious Diseases (ESCMID) in 

Fig. 2  Flow chart for the suggested management strategy for patients with CIED and NBHSB

https://doi.org/10.1007/s15010-024-02221-0
http://creativecommons.org/licenses/by/4.0/


Non‑betahemolytic streptococcal bacteremia, cardiac implantable electronic device,…

collaboration with the European Association for Cardio-Thoracic 
Surgery (EACTS). Europace. 2020;22:515–49.

 7. Palraj BR, Baddour LM, Hess EP, Steckelberg JM, Wilson WR, 
Lahr BD, Sohail MR. Predicting risk of endocarditis using a clini-
cal tool (PREDICT): scoring system to guide use of echocardiog-
raphy in the management of Staphylococcus aureus bacteremia. 
Clin Infect Dis. 2015;61:18–28.

 8. Sohail MR, Palraj BR, Khalid S, Uslan DZ, Al-Saffar F, Fried-
man PA, et al. Predicting risk of endovascular device infection 
in patients with Staphylococcus aureus bacteremia (PREDICT-
SAB). Circ Arrhythm Electrophysiol. 2015;8:137–44.

 9. Sunnerhagen T, Törnell A, Vikbrant M, Nilson B, Rasmussen M. 
HANDOC: A handy score to determine the need for echocardi-
ography in non-β-hemolytic streptococcal bacteremia. Clin Infect 
Dis. 2018;66:693–8.

 10. Chamat-Hedemand S, Dahl A, Østergaard L, Arpi M, Fosbøl E, 
Boel J, et al. Prevalence of infective endocarditis in streptococ-
cal bloodstream infections is dependent on streptococcal species. 
Circulation. 2020;142:720–30.

 11. Seo H, Hyun J, Kim H, Park S, Chung H, Bae S, et al. Risk and 
outcome of infective endocarditis in streptococcal bloodstream 
infections according to streptococcal species. Microbiol Spectr. 
2023;11: e0104923.

 12. Habib G, Lancellotti P, Antunes MJ, Bongiorni MG, Casalta JP, 
Del Zotti F, et al. 2015 ESC guidelines for the management of 
infective endocarditis: the task force for the management of infec-
tive endocarditis of the European Society of Cardiology (ESC). 
Endorsed by: European Association for Cardio-Thoracic Sur-
gery (EACTS), the European Association of Nuclear Medicine 
(EANM). Eur Heart J. 2015;36:3075–128.

 13. Fowler VG, Durack DT, Selton-Suty C, Athan E, Bayer AS, 
Chamis AL, et al. The 2023 Duke-ISCVID criteria for infective 
endocarditis: updating the modified Duke criteria. Clin Infect Dis. 
2023;77:518–26.

 14. Dajani AS, Bisno AL, Chung KJ, Durack DT, Freed M, Gerber 
MA, et al. Prevention of bacterial endocarditis. recommendations 
by the American Heart Association. JAMA. 1990;264:2919–22.

 15. George MP, EsquerGarrigos Z, Vijayvargiya P, Anavekar NS, Luis 
SA, Wilson WR, et al. Discriminative ability and reliability of 
transesophageal echocardiography in characterizing cases of car-
diac device-lead vegetations versus non-infectious echo densities. 
Clin Infect Dis. 2020;72:1938–43.

 16. Berge A, Krantz A, Ostlund H, Naucler P, Rasmussen M. The 
DENOVA score efficiently identifies patients with monomicrobial 
Enterococcus faecalis bacteremia where echocardiography is not 
necessary. Infection. 2019;47:45–50.

 17. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method 
of classifying prognostic comorbidity in longitudinal studies: 
development and validation. J Chronic Dis. 1987;40:373–83.

 18. Quan H, Li B, Couris CM, Fushimi K, Graham P, Hider P, et al. 
Updating and validating the Charlson comorbidity index and score 
for risk adjustment in hospital discharge abstracts using data from 
6 countries. Am J Epidemiol. 2011;173:676–82.

 19. Parte AC, Sarda Carbasse J, Meier-Kolthoff JP, Reimer LC, 
Goker M. List of prokaryotic names with standing in nomen-
clature (LPSN) moves to the DSMZ. Int J Syst Evol Microbiol. 
2020;70:5607–12.

 20. Oren A, Arahal DR, Goker M, Moore ERB, Rossello-Mora R, 
Sutcliffe IC. International code of nomenclature of prokaryotes. 
Prokaryotic code (2022 revision). Int J Syst Evol Microbiol. 2023. 
https:// doi. org/ 10. 1099/ ijsem.0. 005585.

 21. Sunnerhagen T, Højgaard Andersen M, Bruun NE, Bundgaard 
H, Iversen KK, Rasmussen M. External validation of the HAN-
DOC score—high sensitivity to identify patients with non-beta-
haemolytic streptococcal endocarditis. Infect Dis. 2020;52:54–7.

 22. Poyart C, Quesne G, Trieu-Cuot P. Taxonomic dissection of the 
Streptococcus bovis group by analysis of manganese-dependent 
superoxide dismutase gene (sodA) sequences: reclassification of 
‘Streptococcus infantarius subsp. coli’ as Streptococcus lutetiensis 
sp. nov. and of Streptococcus bovis biotype 11.2 as Streptococcus 
pasteurianus sp. nov. Int J Syst Evol Microbiol. 2002;52:1247–55.

 23. Richards VP, Palmer SR, Pavinski Bitar PD, Qin X, Weinstock 
GM, Highlander SK, et  al. Phylogenomics and the dynamic 
genome evolution of the genus Streptococcus. Genome Biol Evol. 
2014;6:741–53.

 24. 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 echocardiogra-
phy in patients with Staphylococcus aureus bacteremia. J Infect. 
2016;72:544–53.

 25. Plainvert C, Matuschek E, Dmytruk N, Gaillard M, Frigo A, Bal-
laa Y, et al. Microbiological epidemiology of invasive infections 
due to non-beta-hemolytic Streptococci, France, 2021. Microbiol 
Spectr. 2023;11: e0016023.

 26. Friedman ND, Kaye KS, Stout JE, McGarry SA, Trivette SL, 
Briggs JP, et al. Health care-associated bloodstream infections in 
adults: a reason to change the accepted definition of community-
acquired infections. Ann Intern Med. 2002;137:791–7.

 27. Li JS, Sexton DJ, Mick N, Nettles R, Fowler VG Jr, Ryan T, et al. 
Proposed modifications to the Duke criteria for the diagnosis of 
infective endocarditis. Clin Infect Dis. 2000;30:633–8.

 28. Bizzini A, Durussel C, Bille J, Greub G, Prod’hom G. Perfor-
mance of matrix-assisted laser desorption ionization-time of flight 
mass spectrometry for identification of bacterial strains routinely 
isolated in a clinical microbiology laboratory. J Clin Microbiol. 
2010;48:1549–54.

 29. Sonesson A, Öqvist B, Hagstam P, Björkman-Burtscher IM, 
Miörner H, Petersson AC. An immunosuppressed patient with 
systemic vasculitis suffering from cerebral abscesses due to 
Nocardia farcinica identified by 16S rRNA gene universal PCR. 
Nephrol Dial Transplant. 2004;19:2896–900.

https://doi.org/10.1099/ijsem.0.005585

	Non-betahemolytic streptococcal bacteremia, cardiac implantable electronic device, endocarditis, extraction, and outcome; a population-based retrospective cohort study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	The cohort
	Definitions
	Microbiology
	Data collection and analysis

	Results
	The cohort
	Variables associated with IE
	Management and outcome
	The recurrent infections
	Alternative diagnostic criteria systems

	Discussion
	Acknowledgements 
	References


